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Keep safety first in your circuit designs!

1. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(iii) prevention against any malfunction or mishap.

Notes regarding these materials

1. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

2. Renesas Technology Corp. assumes no responsibility for any damage, or infringement of any third-
party's rights, originating in the use of any product data, diagrams, charts, programs, algorithms, or
circuit application examples contained in these materials.

3. All information contained in these materials, including product data, diagrams, charts, programs and
algorithms represents information on products at the time of publication of these materials, and are
subject to change by Renesas Technology Corp. without notice due to product improvements or
other reasons. It is therefore recommended that customers contact Renesas Technology Corp. or
an authorized Renesas Technology Corp. product distributor for the latest product information
before purchasing a product listed herein.

The information described here may contain technical inaccuracies or typographical errors.
Renesas Technology Corp. assumes no responsibility for any damage, liability, or other loss rising
from these inaccuracies or errors.

Please also pay attention to information published by Renesas Technology Corp. by various means,
including the Renesas Technology Corp. Semiconductor home page (http://www.renesas.com).

4. When using any or all of the information contained in these materials, including product data,
diagrams, charts, programs, and algorithms, please be sure to evaluate all information as a total
system before making a final decision on the applicability of the information and products. Renesas
Technology Corp. assumes no responsibility for any damage, liability or other loss resulting from the
information contained herein.

5. Renesas Technology Corp. semiconductors are not designed or manufactured for use in a device or
system that is used under circumstances in which human life is potentially at stake. Please contact
Renesas Technology Corp. or an authorized Renesas Technology Corp. product distributor when
considering the use of a product contained herein for any specific purposes, such as apparatus or
systems for transportation, vehicular, medical, aerospace, nuclear, or undersea repeater use.

6. The prior written approval of Renesas Technology Corp. is necessary to reprint or reproduce in
whole or in part these materials.

7. If these products or technologies are subject to the Japanese export control restrictions, they must
be exported under a license from the Japanese government and cannot be imported into a country
other than the approved destination.

Any diversion or reexport contrary to the export control laws and regulations of Japan and/or the
country of destination is prohibited.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions on Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used astest pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSl is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pinsto high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
arein their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power isfirst supplied, the product’s state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and alow level isinput on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing whileitisin this
undefined state. For those products which have areset function, reset the LSl immediately
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system’s
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manua comprises the following items:

General Precautions on Handling of Product
Configuration of This Manual

Preface

Contents

Overview

Description of Functional Modules

» CPU and System-Control Modules

*  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

i) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

o gk wbdr

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, asthe
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix
» Product Codes, Package Dimensions, etc.
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Preface

The H8/38024 Group is a single-chip microcomputer built around the high-speed H8/300L CPU
and equipped with peripheral system functions on-chip. The H8/38024 Group incorporates
peripheral functionsincluding ROM, RAM, timer, serial communications interface (SCI), 10-bit
PWM, A/D converter, LCD controller/driver, and 1/O ports. It isa microcomputer allowing the
implementation of a sophisticated control system. Versions are available with types of internal
ROM: flash memory (F-ZTAT™*%) and PROM (ZTAT™*?). This makes it possible to design
application products with a great deal of specification fluidity, and alows for rapid and flexible
response to contingencies arising between the initial stages of production and full-scale
production.

Below is atable listing the product specifications for each group.

Notes: 1. F-ZTAT isatrademark of Renesas Technology Corp.
2. ZTAT isatrademark of Renesas Technology Corp.
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Specifications

38024 38024R | 38024S 38124
Item
ZTAT Mask Flash Flash Mask Flash Mask
Memory ROM 32 Kbytes | 8 Kbytes 32 Kbytes 32 Kbytes | 8 Kbytes | 32 Kbytes | 8 Kbytes
to to to
32 Kbytes 32 Kbytes 32 Kbytes
RAM 1 Kbyte | 512 bytes 1 Kbyte 1 Kbyte | 512 bytes| 1Kbyte | 512 bytes
or or or
1 Kbyte 1 Kbyte 1 Kbyte
Operating 45t055V 16 MHz 16 MHz — — — 16 MHz 16 MHz
voltage and 27t055V 10 MH 10 MH 16 MH 16 MH
operating .7t05. z z — — — z z
frequency  |1.8t05.5V 4 MHz 4 MHz — — — — —
27t036V — — 10 MHz 10 MHz 10 MHz — —
1.8t03.6V — — — — 4 MHz — —
I/0 ports Input only 9 9 9 ( 9 9 9 9
Output only 6 6 6 6 6 6 6
/10 51 51 51 51 51 50 50
Timers Clock (timer A) 1 1 1 1 1 1 1
Reload (timer C) 1 1 1 1 1 1 1
Compare (timer F) 1 1 1 1 1 1 1
Capture (timer G) 1 1 1 1 1 1 1
AEC 1 1 1 Please 1 1 1 1
use R
WDT 1 1 1 Rk 1 1
version.
WDT (discrete) 1 1
SCI UART/Synchronous| 8x1 8x1 |8x1 8x1 8x1 8x1 8x1
A-D 10x8 10x8 |10x8 10x8 10x8 10x8 10x 8
LCD seg 32 32 32 32 32 32 32
com 4 4 4 4 4 4 4
External interrupt (internal 13(8) 13(8) |13(8) 13(8) 13(8) 13(8) 13(8)
wakeup)
POR (power-on reset) — — — — — 1 1
LVD (low-voltage detection circuit) — — — — — — 1 1
Package FP-80A FP-80A FP-80A FP-80A FP-80A FP-80A FP-80A
FP-80B FP-80B FP-80B FP-80B
TFP-80C | TFP-80C TFP-80C TFP-80C | TFP-80C | TFP-80C | TFP-80C
TLP85V TLP85V | TLP85V
Chip Chip Chip Chip

Operating temperature

Standard specifications: —20 to 70°C, WTR: —40 to 85°C
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Target Readers: Thismanual is designed for use by people who design application systems using
the H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT, and H8/38124 Group.

To use this manual, basic knowledge of electric circuits, logic circuits and microcomputersis
required.

Purpose: This manual provides the information of the hardware functions and electrical
characteristics of the H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT, and H8/38124
Group. The H8/300L Series Programming Manual contains detailed information of executable
instructions. Please read the Programming Manual together with this manual.

How to Use the Book:
* Tounderstand general functions
- Read the manual from the beginning.

The manual explains the CPU, system control functions, peripheral functions and electrical
characteristicsin that order.

* Tounderstanding CPU functions
- Refer to the separate H8/300L Series Programming Manual.

Explanatory Note: Bit sequence: upper bit at 1eft, and lower bit at right

List of Related Documents: The latest documents are available on our Web site. Please make
sure that you have the latest version.
(http://www.renesas.conv)

» User manual for H8/38024 Group

Name of Document Document No.
H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT™, This manual
H8/38124 Group Hardware Manual

H8/300L Series Programming Manual ADE-602-040

» User manual for development tools
Name of Document Document No.

H8S, H8/300 Series, C/C++ Compiler, Assembler, Optimizing Linkage =~ ADE-702-247
Editor User’'s Manual

High-Performance Debugging Interface User's Manual ADE-702-161A
High-Performance Embedded Workshop ADE-702-201A

» Application note
Name of Document Document No.
H8/300 Series, H8/300L Series software ADE-502-052
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Notes: The following limitations apply to H8/38024 and H8/38124 programming and debugging
when the on-chip emulator is used.

1
2.

Pin 95 is not available because it is used exclusively by the on-chip emulator.

Pins 33, 34, and 35 are unavailable for use. In order to use these pins additional
hardware must be mounted on the user board.

The address range H'7000 to H'7FFF is used by the on-chip emulator and is unavailable
to the user.

The address range H'F780 to H'FB7F must not be accessed under any circumstances.
When the on-chip emulator is being used, pin 95is1/O, pins 33 and 34 are input, and
pin 35 is output.

When using the on-chip emulator, pins OSC1 and OSC2 should be connected to an
oscillator, or an external clock should be supplied to pin OSC1, even if the on-chip
oscillator of the H8/38124 Group is selected.
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List of Items Revised or Added for ThisVersion

Item Page Revisions (See Manual for Details)
1.1 Overview 6 Table 1.1 amended
Table 1.1 Features Product Code
ROM/RAM Size
Mask ROM Version ~ ZTAT Version F-ZTAT Version  Package (Byte)
HD64338024 HD64738024 HD64F38024R FP-80A 32K/1K
HD64F38024 FP-80B
TFP-80C

TLP-85V (HD64F38024R only)

Die (mask ROM/F-ZTAT version
only)

HD64338020 — — FP-80A 8K/512

3.4.2 Notes on 97 Table 3.5 amended
Rewriting Port Mode Intarrupt Request

Registel’s Flags Setto 1 Conditions

. IWPR IWPF7 When PMR5 bit WKP7 is changed from 0 to 1 while pin WKP; is low and WEGR bit
Table 3.5 Conditions WKEGST = 0.

under which Interrupt When PMRS bit WKP?7 is changed from 1 to 0 while pin WKP; is low and WEGR bit

. WKEGS?7 = 1.
Request Flag is Set . . - . .
IWPF6 When PMRS5 bit WKP6 is changed from 0 to 1 while pin WKPs is low and WEGR bit

tol WKEGSS = 0.

When PMRS5 bit WKP6 is changed from 1 to 0 while pin WKPs is low and WEGR bit
WKEGS6 = 1.

IWPF5 When PMR5 bit WKP5 is changed from 0 to 1 while pin WKPs is low and WEGR bit
WKEGSS = 0.

When PMR5 bit WKP5 is changed from 1 to 0 while pin WKPs is low and WEGR bit
WKEGSS = 1.

IWPF4 When PMR5 bit WKP4 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS4 = 0.
When PMRS5 bit WKP4 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS4 = 1.

IWPF3 When PMRS5 bit WKP3 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS3 = 0.
When PMRS5 bit WKP3 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS3 = 1.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS2 = 0.

When PMR5 bit WKP2 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS2 = 1.

IWPF1 When PMR5 bit WKP1 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS1 = 0.

When PMR5 bit WKP1 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS1 = 1.

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKP, is low and WEGR bit
WKEGSO = 0.

When PMRS5 bit WKPO is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGSO = 1.
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Item Page

Revisions (See Manual for Details)

4.1.1 Block Diagram 102

Figure 4.2 Block
Diagram of Clock Pulse
Generators (H8/38124
Group)

Figure 4.2 amended

(Before) Internal reset signal — (After) Internal reset signal
(other than watchdog timer or low-voltage detect circuit reset)

4.2 System Clock 105
Generator

Table 4.2 Crystal
Oscillator Parameters

Table 4.2
Frequency (MHz) 4 4.193

On-Chip Oscillator 108
Selection Method
(H8/38124 Group Only)

Note added

The on-chip oscillator is selected by setting the IRQAEC pin
input level during resets.*

*  Other than watchdog timer or low-voltage detect circuit
reset.

4.4 Prescalers 111 Prescalers S (PPS)
Description amended
The output from prescaler S is shared by timer A, timer C, timer
F, timer G, SCI3, the A/D converter, the LCD controller,
watchdog timer, and the 10-bit PWM. The divider ratio can be
set separately for each on-chip peripheral function.
4.5.1 Definition of 115 2. Wait time
Osc_llla_tlon Stabilization Description amended, notes *1, *2 added
Wait Time
Oscillation stabilization wait time = oscillation stabilization time + wait time
=t + (810 16,384 states)™? ............... 1)
(to 131,072 states)*?
Notes: 1. H8/38024 Group
2. H8/38124 Group
5.1 Overview 117 Table 5.1 amended
Table 5.1 Operating Operating Mode Description
Modes Watch mode The CPU halts. The time-base function of timer A, timer F,
timer G, AEC and LCD controller/driver are operable on the
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Item Page Revisions (See Manual for Details)
8.1 Overview 187, Table 8.1 amended
Table 8.1 Port 188 Functihon
. Switchi
Functions Port Description Pins Other Functions R‘gglgiitelz?sg
‘Port3 . gbitiOport  P3JAEVL | Asynchronous counter event PMR3
+ MOS input pull-up P36s/AEVH input pins AEVL, AEVH ECCR
option P3s to P33 None PMR2
« Large-current P32, TMOFH Timer F output compare PMR3
port“ P3;, TMOFL output
. MOS open drain P30/UD Timer_C c_ount up/down PMR3
output selectable selection input
(only P3s)
(Before) Input terminal — (After) input
8.9.1 Overview 222 Figure 8.8 figure title amended
Figure 8.8 Port 9 Pin
Configuration
9.2.1 Overview 238 Features
Description deleted
» Use of module standby mode enables this module to be
placed in standby mode independently when not used.
9.4.2 Register 258 Timer Control Register F (TCRF)
Descriptions Bits 2 to—Clock Select L (CKSL2 to CKSLO)
Note * amended
Note: * .... Note that the timer F counter may increment if the
setting of IRQ3 in port mode register 1 (PMR1) is changed from
0to 1 or from 1 to O while the TMIF pin is low order to changed
the TMIF pin function.
9.6.1 Overview 290 Feature
* On-chip the H8/38/124 Group, 10 internal clocks (@64, ¢/128,
@256, @512, @'1024, (2048, @4096, /8192, @n/32, or
watchdog on-chip oscillator) are available for selection for use
by the counter.
Figure 9.17 (2) Block 292 Block Diagram

Diagram of Watchdog
Timer (H8/38124
Group)

Figure amended

(Before) On-chip oscillator — (After) Watchdog on-chip
oscillator
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Item Page Revisions (See Manual for Details)
9.6.2 Register 297 Timer Mode Register (TMW)
Descriptions Bits 3 to 0—Clock Select (CKS3 to CKS0)
Bit table amended
Bit3 Bit2 Bitl Bit0
CKS3 CKS2 CKS1 CKSO Description
0 X X X Watchdog on-chip oscillator
9.7.2 Register 309 Event Counter Control/Status Register (ECCSR)
Configurations Description amended
 Bit 7—Control Overflow H (OVH)
 Bit 6—Counter Overflow L (OVL)
9.7.3 Operation 316 Event Counter PWM Operation
Figure 9.22 Event Figure 9.22 amended
Counter Operation Ndr: Value of ECPWDRH and ECPWDRL Fixed low when Ndr
Waveform = HFFFF
14.1 Overview 423 Note * added
Note: * The voltage maintained in standby mode is the same as
the RAM data retaining voltage (VRAM). See section 16.8.2,
DC Characteristics, for information on retaining voltage.
14.2.1 Low-Voltage 428 Note added
Detection Control Note: Setting values marked with an asterisk (*) are invalid.
Register (LVDCR)
Table 14.3 LVDCR
Settings and Function
Register Selections
14.2.2 Low-Voltage 428 Note amended
Detection Status Note: * These bits  initialized by resets trigged by LVDR.
Register (LVDSR)
14.3.2 Low-Voltage 432 Description amended
Detection Circuit To operate the LVDR, set the LVDE bit in LVDCR to 1, wait for
LVDR (Reset by Low 150 ps (tuvpon) until the reference voltage and the low-voltage-
Voltage Detect) Circuit: detection power supply have stabilized, based on overflow of
LVDNT, etc., then set the LVDRE bit in LVDCR to 1.
LVDI (Interrupt by Low 433 Description amended

Voltage Detect) Circuit:

To operate the LVDI, set the LVDE bit in LVDCR to 1, wait for
150 ps (tLvoon) until the reference voltage and the low-voltage-
detection power supply have stabilized, based on overflow of
LVDNT, etc., then set the LVDDE and LVDUE bits in LVDCR to
1.
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Item Page

Revisions (See Manual for Details)

14.3.2 Low-Voltage 437
Detection Circuit

Operation and
Cancellation Setting
Procedure Using LVDR
and LVDI:

Description amended

2. After waiting for LVDCNT overflow, etc., to ensure that the
stabilization time (t.voon = 150 us) for the reference voltage
and low voltage detection power supply has elapsed, clear
bits LVDDF and LVDUF in LVDSR to 0.

16.4.2 DC 462
Characteristics

Table 16.8 DC
Characteristics

16.8.1 Power Supply 487
Voltage and Operating
Ranges

Power Supply Voltage
and Oscillation
Frequency Range (On-
Chip Oscillator
Selected)

Table amended

Values
ltem Symbol Applicable Pins Min _ __ Typ Max Unit_Test Condition __ Notes
Allowable  loL Output pins — 0.5 mA
output low except port 9
current P9, to P9, — 250 mA *
(per pin)
— 10.0 *2
P95 to P9s — 100 mA =

Figure amended

RENESAS
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Item Page Revisions (See Manual for Details)

16.8.1 Power Supply 490 Figure amended
Voltage and Operating ;
Ranges !
9 1.0 f-mmmmmmm- !
Analog Power Supply
Voltage and A/D 5
Converter Operating z
Range (On-Chip < ;
Oscillator Selected) :
0.35 f=----------- '
27 55 E
AVce (V) !
« Active (high-speed) mode i
* Sleep (high-speed) mode !
16.8.2 DC 492 Table 16.21 amended
Characteristics Values
Tab|e 1621 DC Item Symbol Applicable Pins  Min Typ Max Unit  Test Condition Notes
e Ouput Vo  PlyPL,PL,  Vec-10 —  — V Vs 40Viessv
Characteristics high P30 B, e toma
voltage P4, to P4y,
P5, to P57, Vec-05 — — Vee=4.0Vto 5.5V
P6, to P67, —lon = 0.5 mA
P7,to P77,
P8, to P8, Vec-03 — — —lon =0.1 mA
PAq to PA3
493 Table 16.21 amended
Values
fem . Symbol _ApplicablePins Min Typ  Max  Unit _TestCondition _ Notes
Output low Vor P9, to P95 — — 1.5 \ Vec=4.0Vto 55V
voltage loL = 15 mA
— — 1.0 Vec =40V t055V
loL =10 mA
Pull-up —lp P13, P14, P1y, 20 — 200 HA Vec=5.0V,
MOS P3, to P37, ViN=0.0V
current P5, to P57, _ 40 — Vec =27V, Refer-
P6o to P6; V|CNC: 0.0V ence
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Item Revisions (See Manual for Details)

16.8.2 DC Table 16.21 amended, note *6 added

Characteristics Values

Table 1621 DC Item Symbol Applicable Pins  Min Typ Max Unit  Test Condition Notes
Characteristics

RAMdata VRam Voo 20 - - v L]
retaining
voltage
Applicabl Values Test
Item Symbol Pins Min Typ Max Unit  Condition Notes
Allowable output low  lor Output pins — — 20 mA Vec=4.0Vto
current (per pin) except ports 3 55V
and 9
Port 3 — — 10.0 Vec=4.0Vto
55V
Output pins —_ —_ 0.5
except port 9
Port9 — — 15.0 Vec=40Vio *°
_ _ 10.0 55V
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Item Page Revisions (See Manual for Details)
16.8.3 AC 500, Table 16.22 amended, note *2 added
Characteristics 501 Values
Applicable _______—— ~— Reference
Table 1622 Control Item Symbol Pins Min  Typ Max Unit  Test Condition Figure
. . . System clock fosc 0SC,,0SC, 2.0 — 16.0 MHz
Signal Timing oscillation - 20 Onahio oscilator
frEquenCy ) ’ Ser:ef:‘lepdosm et
OSIC clock (gosc)  tosc 0SC,;, 0SC, 625 — 500 ns F igure 16.1
cyce!lme
500 — 1429 On-chip oscillator
selected
System clock (¢) teye 2 - 128 tosc
e ST e
Note: 2. These characteristics are given as ranges between
minimum and maximum values in order to account for factors
such as temperature, power supply voltage, and variation
among production lots. When designing systems, make sure to
give due consideration to the SPEL range. Please see the Web
site for this product for actual performance data.
16.8.5 LCD 503 Table 16.25 amended
Characterls“cs Applicable Values Reference
Table 16.25 LCD ftem Symbol Pins  Mn  Typ Max Unit TestCondiion Figure
Characteristics ooy ootage e
16.8.7 Power Supply 506 Table 16.27
V_oltage Detectlor_1 _ Rated Values
Circuit Characteristics Item Symbol Min Typ Max Unit  Test Conditions
Table 16.27 Power LVD stabiization time  Twoon 80— = ws
Supply Voltage
Detection Circuit
Characteristics (1)
16.8.8 Power-On 509 Title amended
Reset Circuit
Characteristics
B.2 Functions 574 PWCR1—PWM1 Control Register
Note 1 amended
Notes: 1. t@ Period of PWM1 input clock
589 OSCCR—Clock Pulse Generator Control Register

Bit table amended

2 1 0
IROAECF| OSCF | — |
— _ 0

R R R/W
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Item Page Revisions (See Manual for Details)

E. List of Product 618 Table E.1 amended
COdeS Package
Product Type Product Code Mark Code (Package Code)
Table E.1 H8/38024 1838124  HB/38124  F-ZTAT | Regular | HD64F38124H F3g12aH 80-pin QFP (FP-80A)
Group Product Code Group versions Splec"'ca"ms HD64F38124W  F38124W 80-pin TQFP (TFP-80C)
R Wide-range  HD64F38124HW,  F38124H 80-pin QFP (FP-80A)
Lineup feations \p6arag1oawl  Fas12aw 80-pin TQFP (TFP-80C)
Mask ROM  Regular HD64338124H  38124(***)H 80-pin QFP (FP-80A)
versions feati HD64338124W  38124(***) 80-pin TQFP (TFP-80C)
Wide-range  HD64338124HW.  38124(***)H 80-pin QFP (FP-80A)
HDG4338124WW,  38124(***) 80-pin TQFP (TFP-80C)
H8/38123  Mask ROM  Regular HD64338123H  38123(***)H 80-pin QFP (FP-80A)
versions fati HD64338123W  38123(***) 80-pin TQFP (TFP-80C)
Widerange  HDG4338123HW.  38123(**)H 80-pin QFP (FP-80A)
icalions \p64338123WW]  38123(+) 80-pin TQFP (TFP-80C)
He/38122  Mask ROM  Regular HD64338122H  38122(***)H 80-pin QFP (FP-80A)
versions HD64338122W  38122(***) 80-pin TQFP (TFP-80C)
Wide-range  HD64338122HW,  38122(***)H 80-pin QFP (FP-80A)
specificalions e /338 120wl 38122(+++) 80-pin TQFP (TFP-80C)
H8/38121  Mask ROM  Regular HD64338121H  38121(***)H 80-pin QFP (FP-80A)
versions eali HD64338121W  38121(***) 80-pin TQFP (TFP-80C)
Wide-range  HD64338121HW,  38121(***)H 80-pin QFP (FP-80A)
HD64338121WW,  38121(***) 80-pin TQFP (TFP-80C)
HB/38120 Mask ROM Regular  HDG4338120H  38120(***)H 80-pin QFP (FP-80A)
versions HD64338120W  38120(***) 80-pin TQFP (TFP-80C)
Wide-range  HD64338120HW.  38120(***)H 80-pin QFP (FP-80A)
HD64338120WW, 38120(***) 80-pin TQFP (TFP-80C)
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Section 1 Overview

1.1 Overview

The H8/300L Seriesis a series of single-chip microcomputers (M CU: microcomputer unit), built
around the high-speed H8/300L CPU and equipped with peripheral system functions on-chip.

Within the H8/300L Series, the H8/38024 Group, H8/38024S Group, and H8/38124 Group
comprise single-chip microcomputers equipped with a LCD (Liquid Crystal Display)
controller/driver. Other on-chip peripheral functionsinclude six timers, a two-channel 10-bit
pulse width modulator (PWM), a serial communication interface, and an A/D converter.
Together, these functions make the H8/38024 Group, H8/38024S Group, and H8/38124 Group
ideally suited for embedded applications in systems requiring low power consumption and LCD
display. Modelsin the H8/38024 Group, H8/38024S Group, and H8/38124 Group are the
H8/38024, H8/38024S, and H8/38124 with on-chip 32-Kbyte ROM and 1-Kbyte RAM, the
H8/38023, H8/38023S, and H8/38123 with on-chip 24-Kbyte ROM and 1-Kbyte RAM, the
H8/38022, H8/38022S, and H8/38122 with on-chip 16-Kbyte ROM and 1-Kbyte RAM, the
H8/38021, H8/38021S, and H8/38121 with 12-Kbyte ROM and 512 byte RAM, and the
H8/38020, H8/38020S, and H8/38120 with 8-Kbyte ROM and 512 byte RAM.

The H8/38024 is also availablein aZTAT™™*! version with on-chip PROM which can be
programmed as required by the user. The H8/38024 is also availablein F-ZTAT™™*2 versions with
on-chip flash memory which can be reprogrammed on board.

The H8/38124 isalso available in an F-ZTAT™ version with on-chip flash memory that can be
programmed on board.

Table 1.1 summarizes the features of the H8/38024 Group, H8/38024S Group, and H8/38124
Group.

Notes: 1. ZTAT (Zero Turn Around Time) is atrademark of Renesas Technology Corp.
2. F-ZTAT isatrademark of Renesas Technology Corp.
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Tablel1.1

Item

Features

Specification

CPU

High-speed H8/300L CPU
« General-register architecture

General registers: Sixteen 8-bit registers (can be used as eight 16-bit
registers)

* Operating speed
0 Max. operating speed: 8 MHz (5 MHz for HD64F38024 and H8/38024S
Group)

O Add/subtract: 0.25 pus (operating at 8 MHz), 0.4 us (operating at ¢ =
5 MHz)

O Multiply/divide: 1.75 us (operating at 8 MHz), 2.8 us (operating at ¢ =
5 MHz)

O Canrunon 32.768 kHz or 38.4 kHz subclock (32.768 kHz only for
H8/38124 Group)

« Instruction set compatible with H8/300 CPU

O Instruction length of 2 bytes or 4 bytes

0 Basic arithmetic operations between registers

O MOV instruction for data transfer between memory and registers
e Typical instructions

O Multiply (8 bits x 8 bits)

O Divide (16 bits + 8 bits)

O Bit accumulator

O Register-indirect designation of bit position

Interrupts

22 interrupt sources

+ 13 external interrupt sources (IRQ4, IRQs, IRQ1, IRQo, WKP7 to WKPy,
IRQAEC)

e 9internal interrupt sources
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Item Specification

Clock pulse Two on-chip clock pulse generators

generators + System clock pulse generator:

1.0 to 16 MHz: H8/38024 Group
1.0 to 10 MHz: HD64F38024, HD64F38024R, and H8/38024S Group
2.0to 16 MHz: H8/38124 Group

e Subclock pulse generator: 32.768 kHz, 38.4 kHz
H8/38124 Group equipped with on-chip oscillator

Power-down Seven power-down modes
modes « Sleep (high-speed) mode

e Sleep (medium-speed) mode
e Standby mode

e Watch mode

e Subsleep mode

e Subactive mode

e Active (medium-speed) mode

Memory Large on-chip memory
* HB8/38024, H8/38024S, and H8/38124: 32-Kbyte ROM, 1-Kbyte RAM
» HB8/38023, H8/38023S, and H8/38123: 24-Kbyte ROM, 1-Kbyte RAM
* HB8/38022, H8/38022S, and H8/38122: 16-Kbyte ROM, 1-Kbyte RAM
» HB8/38021, H8/38021S, and H8/38121: 12-Kbyte ROM, 512 byte RAM
» H8/38020, H8/38020S, and H8/38120: 8-Kbyte ROM, 512 byte RAM

1/O ports 66 pins
e 51 1/0 pins (50 pins on H8/38124 Group)
e 9input pins
e 6 output pins
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Item Specification

Timers Six on-chip timers

Timer A: 8-bit timer

Count-up timer with selection of eight internal clock signals divided from the
system clock (¢)* and four clock signals divided from the watch clock (@u)*

Asynchronous event counter: 16-bit timer

0 Count-up timer able to count asynchronous external events
independently of the MCU's internal clocks

Asynchronous external events can be counted (both rising and falling edge
detection possible)

Timer C: 8-bit timer

O Count-up/down timer with selection of seven internal clock signals or
event input from external pin

0 Auto-reloading

Timer F: 16-bit timer

0 Can be used as two independent 8-bit timers

O Count-up timer with selection of four internal clock signals or event input
from external pin

O Provision for toggle output by means of compare-match function
Timer G: 8-bit timer

O Count-up timer with selection of four internal clock signals

O Incorporates input capture function (built-in noise canceler)
Watchdog timer

O Reset signal generated by overflow of 8-bit counter
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Item Specification

Serial » SCI3: 8-bit synchronous/asynchronous serial interface
communication Incorporates multiprocessor communication function
interface

10-bit PWM Pulse-division PWM output for reduced ripple

* Can be used as a 10-bit D/A converter by connecting to an external low-
pass filter.

A/D converter

Successive approximations using a resistance ladder
» 8-channel analog input pins

« Conversion time: 31/@or 62/¢ per channel

LCD controller/
driver

LCD controller/driver equipped with a maximum of 32 segment pins and four
common pins

* Choice of four duty cycles (static, 1/2, 1/3, or 1/4)
* Segment pins can be switched to general-purpose port function in 4-bit units

Power-on reset
and low-voltage
detect circuits
(H8/38124 Group

only)

Power-on reset circuit

« Aninternal reset signal can be issued at power-on by connecting an
external capacitor.

Low-voltage detect circuit

* Monitors the power supply voltage and issues an internal reset signal or
interrupt if the voltage goes below or above a specified range.
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Item Specification

Product lineup Product Code ROM/RAM Size
| Zi
Mask ROM Version ZTAT Version F-ZTAT Version Package (Byte)

HD64338024 HD64738024 HD64F38024R FP-80A 32K/1K
HD64F38024 FP-80B
TFP-80C
TLP-85V (HD64F38024R only)

Die (mask ROM/F-ZTAT version
only)

HD64338023 — — FP-80A 24K/1K
FP-80B
TFP-80C
Die

HD64338022 — — FP-80A 16K/1K
FP-80B
TFP-80C
Die

HD64338021 — — FP-80A 12K/512
FP-80B
TFP-80C
Die

HD64338020 — — FP-80A 8K/512
FP-80B
TFP-80C
Die

HD64338024S — — FP-80A 32K/1K
TFP-80C
TLP-85V
Die

HD64338023S — — FP-80A 24K/1K
TFP-80C
TLP-85V
Die

HD64338022S — — FP-80A 16K/1K
TFP-80C
TLP-85V
Die

HD64338021S — — FP-80A 12K/512
TFP-80C
TLP-85V
Die

HD64338020S — — FP-80A 8K/512
TFP-80C
TLP-85V
Die

HD64338124 — HD64F38124 FP-80A 32K/1K
TFP-80C

HD64338123 — — FP-80A 24K/1K
TFP-80C

HD64338122 — — FP-80A 16K/1K
TFP-80C

HD64338121 — — FP-80A 12K/512
TFP-80C

HD64338120 - - FP-80A 8K/512
TFP-80C

Refer to appendix E for information on product model numbers.

Note: * See section 4, Clock Pulse Generators, for the definition of @and @u.
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1.2 Internal Block Diagram
Figure 1.1(1) shows a block diagram of the H8/38024 Group and H8/38024S Group.

Figure 1.1(2) shows a block diagram of the H8/38124 Group.
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X1
X2

osc,
0SC,

P1,/TMIG
P1,iRQ/ADTRG

P1,/TRQ,/ TMIF

P3,/UD
P3,/TMOFL
P3,/TMOFH
P3,

P3,

P3s
P3¢/AEVH
P3,/AEVL

P4¢/SCKg,
P4,/RXD3,
P4,/TXD3,

P4,/1RQ,

P54/WKP,/SEG,
P5,/WKP,/SEG,
P5,/WKP,/SEG;
P54/WKP4/SEG,
P5,/WKP,/SEGs5
P55/WKP5/SEGg
P5¢/WKP&/SEG;
P5,/WKP,/SEGg

P6,/SEG,
P64/SEG1q
P6,/SEG
P64/SEG,
P64/SEG3
P65/SEG14
P65/SEG 5
P6,/SEG¢

Note:

If the on-chip emulator is used, pins 95,

33, 34, and 35 are reserved for the
emulator and not available to the user.

Large-current (15 mA/pin)

<«— CVcc
- Vss
— Sub clock H8/300L <— Vss=AVss
- osc CPU <— Vcc
<— RES
<— TEST
<> PA;/COM,
<
- System clock £ <> PA/COM;
- osc RAM § |~ PAjcoM,
(512 bytes to 1 Kbyte) PA/COM,
<— |IRQAEC
<>
- ROM PO,
| < (8 Kbytes to 32 Kbytes)
g N
10-bit PWMA1
- Power-on reset and g P93V et
low-voltage detect circuits > P9,
-~ —> P9,/PWM,
-~ —> P9,/PWM,
. - P8,/SEG3;,
> = Timer A 10-bit PWM2 <> P84/SEG3
| o ~> P85/SEG3,
g 2 [~ P8.SEG,
£ [« P8ySEG,
~<—> P8,/SEG,;
~—> P8,/SEGy
<> f:r Timer C Timer F - P8(/SEGy5
[e]
> & ~—> P7,/SEGy,
~—> P7¢/SEGy;
> ~—> P75/SEGy,
- ; ~—> P7,/SEGy,
- Serial & |<> P74/SEG,,
¢ 0 Timer G Communlcatlon P72/SEG19
5 interface
> ~—> P7,/SEG4;
o
«> %2, - V,
o.§ -V,
—~> o
Asynchronous 0P|V,
> counter WOT =
ana (16 bits) <«— PB/AN;
> 5 <— PBg/ANg
g <— PB4/AN;
- o0
T |« PBJAN,
D AD LCD @ |<— PB4/AN,IRQ,/TMIC
(10 bits) controller ~<— PB,/AN,
-
AVee —> PB4/AN,/extU

~— PBy/ANy/extD

Figure 1.1(2) Block Diagram (H8/38124 Group)
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1.3 Pin Arrangement and Functions

131 Pin Arrangement

The H8/38024 Group, H8/38024S Group, and H8/38124 Group pin arrangements are shown in
figures 1.2, 1.3, and 1.4. The bonding pad location diagram of the HCD64338024, HCD64338023,
HCD64338022, HCD64338021, and HCD64338020 is shown in figure 1.5. The bonding pad
coordinates of the HCD64338024, HCD64338023, HCD64338022, HCD64338021, and
HCD®64338020 are given in table 1.2. The bonding pad location diagram of the HCD64F38024,
HCD®64F38024R is shown in figure 1.6. The bonding pad coordinates of the HCD64F38024 are
givenin table 1.3. The bonding pad location diagram of the HCD64338024S, HCD64338023S,
HCD64338022S, HCD64338021S, and HCD64338020S is shown in figure 1.7. The bonding pad
coordinates of the HCD64338024S, HCD64338023S, HCD64338022S, HCD64338021S, and
HCD64338020S are given in table 1.4.

== SSSSESSS
O [OCNONONG]
g g& 8606355548
Jowsoasd00 S > N DR o b ¥
R i Rl A O o
OO0O000000000000000000
OO OMNOUOTOHONTOODDONOLUTON —

P3,/UD [] 61®mmmmmmmmmm<r<rv<r<rv<r<rv40:IP83/SEG28
P3,/TMOFL [ 62 39 [ P8,/SEG,;
P3,/TMOFH [] 63 38 [J P8,/SEGys

P3, ] 64 37 [0 P8y/SEGys

P3, ] 65 36 [ P7,/SEG,,

P35 ] 66 35 [ P7¢/SEGy3
P3¢/AEVH [] 67 34 [0 P74/SEG,,
P3,/AEVL [] 68 33 [0 P7,/SEGy
P4¢/SCK3, [] 69 32 [0 P74/SEGy,
P4,/RXDa, [] 70 FP-80A, TFP-80C 31 [0 P7,/SEG,g
P4,/TXDs, O] 71 (Top view) 30 [0 P7,/SEGyg
P44/IRQ, O] 72 29 [0 P7,/SEG,;

PBy/AN, ] 73 28 [1 P6,/SEGs

PB,/AN, [] 74 27 [0 P6¢/SEG,5

PB,/AN, [] 75 26 [1 P6:/SEG4

PB,/AN,/IRQ,/TMIC [] 76 25 |1 P6,/SEG;3

PB,/AN, O] 77 24 [1 P64/SEG;,

PBs/AN; (] 78 23 [1 P6,/SEG14

PBg/ANg ] 79 22 [1 P6,/SEG1o

PB,/AN; ] 80 21 [1 P6,/SEGs

\\—vamwl\oocne:ggifgtg‘o—’g
OO OO OO OO O OO O 0
QO ‘f’ Lo a N T |l - & © < 1 © I~ ©
SepaE R EQgbligddaddd

Ep § $O00F 0a000dnan
S g 3 oo lo |o || | s |
o d’ ‘D_: > X NN N [N NN [N
g = sE=EEEEER
= o 16 10 016 16 6 6
E [ a N a N a N WY o MY o MY 0

Note: If the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure1.2(1) Pin Arrangement (FP-80A, TFP-80C: Top View,
H8/38024 Group, H8/38024F-ZTAT Group, H8/38024S Group)
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P3,/TMOFL [ 62 39 [J P8,/SEG,;
P3,/TMOFH [] 63 38 [ P8,/SEGy4
P3, ] 64 37 [0 P8y/SEG,5
P3, [] 65 36 [ P7,/SEGy,
P35 [] 66 35 [ P7¢/SEGy3
P34/AEVH [] 67 34 [ P74/SEG,,
P3,/AEVL [] 68 33 [0 P7,/SEG,,
P44/SCKs, [] 69 32 [0 P74/SEG,,
P4,/RXDj, ] 70 FP-80A, TFP-80C 31 [d P7,/SEG,o
P4,/TXDs, [] 71 (Top view) 30 [ P7,/SEGyg
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Note: If the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure1.2(2) Pin Arrangement (FP-80A, TFP-80C: Top View, H8/38124 Group)
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Note: If the on-chip emulator is used, pins 95, 33, 34, and 35 are reserved for the emulator and not available to the user.

Figure1.3 Pin Arrangement (FP-80B: Top View, H8/38024 Group,

HB8/38024F-ZTAT Group)
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Note: Pins are shown in transparent view.

Figure1.4 Pin Arrangement (TLP-85V, H8/38024RF-ZTAT Group, H8/38024S Group)
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Chip size: 3.99 mm x 3.99 mm
Voltage level on the back of the chip: GND

Figure 1.5 Bonding Pad Location Diagram of HCD64338024, HCD64338023,
HCD64338022, HCD64338021, and HCD64338020 (Top View)
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Table1.2 Bonding Pad Coordinates of HCD64338024, HCD64338023, HCD64338022,
HCD64338021, and HCD64338020

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 AVce -1870 1546 42 P84/SEG29 1870 -1571
2 P13/TMIG -1870 1274 43 P85/SEG30 1870 —1395
3 P14/IRQ4/ADTRG —-1870 1058 44 P86/SEG31 1870 -1251
4 P16 -1870 909 45 P87/SEG32 1870 -1111
5 P17/IRQ3/TMIF -1870 759 46 PA3/COM4 1870 -970
6 X1 -1870 608 47 PA2/COM3 1870 —-831
7 X2 -1870 475 48 PA1/COM2 1870 -691
8 AVss -1870 304 49 PAO/COM1 1870 -550
9 Vss -1870 173 50 V3 1870 —410
10 0sc2 -1870 -10 51 V2 1870 —270
11 osc1 -1870 -150 52 V1 1870 -131
12 TEST -1870 —-290 53 Vee 1870 10
13 RES -1870 —425 54 Vss 1870 150
14 P50/WKPO/SEG1 -1870 -560 55 P90/PWM1 1870 293
15 P51/WKP1/SEG2 -1870 —-695 56 P91/PWM2 1870 489
16 P52/WKP2/SEG3 -1870 —-831 57 P92 1870 685
17 P53/WKP3/SEG4 —-1870 —966 58 P93 1870 880
18 P54/WKP4/SEG5 -1870 -1101 59 P94 1870 1076
19 P55/WKP5/SEG6 —-1870 —-1236 60 P95 1870 1274
20 P56/WKP6/SEG7 -1870 —-1379 61 IRQAEC 1870 1546
21 P57/WKP7/SEG8 -1870 -1561 62 P30/UD 1782 1872
22 P60/SEG9 -1780 -1872 63 P31/TMOFL 1621 1872
23 P61/SEG10 -1621 -1872 64 P32/TMOFH 1084 1872
24 P62/SEG11 -1037 -1872 65 P33 948 1872
25 P63/SEG12 -896 -1872 66 P34 810 1872
26 P64/SEG13 —765 -1872 67 P35 673 1872
27 P65/SEG14 —-635 -1872 68 P36/AEVH 536 1872
28 P66/SEG15 -502 -1872 69 P37/AEVL 311 1872
29 P67/SEG16 -371 -1872 70 P40/SCK32 176 1872
30 P70/SEG17 -239 -1872 71 P41/RXD32 38 1872
31 P71/SEG18 -108 -1872 72 P42/TXD32 -99 1872
32 P72/SEG19 23 -1872 73 P43/IRQ0 —234 1872
33 P73/SEG20 156 -1872 74 PBO/ANO —-482 1872
34 P74/SEG21 287 1872 75 PB1/AN1 —614 1872
35 P75/SEG22 419 -1872 76 PB2/AN2 745 1872
36 P76/SEG23 550 -1872 77 PB3/AN3/IRQ1/TMIC  -878 1872
37 P77/SEG24 682 -1872 78 PB4/AN4 -1008 1872
38 P80/SEG25 833 -1872 79 PB5/AN5 -1148 1872
39 P81/SEG26 1040 -1872 80 PB6/ANG -1621 1872
40 P82/SEG27 1621 -1872 81 PB7/AN7 -1782 1872
41 P83/SEG28 1782 -1872

Note: Vss Pads (No. 8 and 9) should be connected to power supply lines.
TEST Pad (No. 12) should be connected to Vss.
If the pad of these aren’t connected to the power supply line, the LSI will not operate correctly. These values show the
coordinates of the centers of pads. The accuracy is +5 um. The home-point position is the chip’s center and the center
is located at half the distance between the upper and lower pads and left and right pads.
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Chip size: 3.84 mm x 4.24 mm
Voltage level on the back of the chip: GND

B : NC pad

Figure1.6 Bonding Pad Location Diagram of HCD64F38024, HCD64F38024R (Top View)
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Table 1.3 Bonding Pad Coordinates of HCD64F38024, HCD64F38024R

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 PB7/AN7 —-1802 1904 42 P83/SEG28 1802 -1898
2 AVce —-1802 1717 43 P84/SEG29 1802 —-1750
3 P13/TMIG -1802 1443 44 P85/SEG30 1802 -1594
4 P14/IRQ4/ADTRG —-1802 1292 45 P86/SEG31 1802 —-1454
5 P16 -1802 1157 46 P87/SEG32 1802 1296
6 P17/IRQ3/TMIF -1802 1022 47 PA3/COM4 1802 -1182
7 X1 -1802 887 48 PA2/COM3 1802 —-1068
8 X2 -1802 753 49 PA1/COM2 1802 -954
9 AVss —-1802 638 50 PAO/COM1 1802 -840
10 Vss -1802 473 51 V3 1802 726
11 osc2 -1802 318 52 V2 1802 -534
12 0osc1 -1802 202 53 Vi 1802 —402
13 TEST -1802 69 54 Vee 1802 —267
14 RES -1802 —-63 55 Vss 1802 -126
15 P50/WKPO/SEG1 -1802 -195 56 P9O/PWM1 1802 206
16 P51/WKP1/SEG2 —-1802 —355 57 P91/PWM2 1802 457
17 P52/WKP2/SEG3 -1802 -514 58 P92 1802 707
18 P53/WKP3/SEG4 -1802 —674 59 P93 1802 958
19 P54/WKP4/SEG5 -1802 —-844 60 P94 1802 1209
20 P55/WKP5/SEG6 -1802 -1008 61 P95 1802 1460
21 P56/WKP6/SEG7 -1802 -1348 62 IRQAEC 1802 1710
22 P57/WKP7/SEG8 -1802 1709 63 P30/UD 1802 1904
23 P60/SEG9 —-1802 —-1904 64 P31/TMOFL 1686 1999
24 P61/SEG10 -1686 -1999 65 P32/TMOFH 1222 1999
25 P62/SEG11 -1198 -1999 66 P33 1077 1999
26 P63/SEG12 -1057 —1999 67 P34 932 1999
27 P64/SEG13 -916 -1999 68 P35 788 1999
28 P65/SEG14 —755 -1999 69 P36/AEVH 643 1999
29 P66/SEG15 —625 —1999 70 P37/AEVL 498 1999
30 P67/SEG16 —493 —-1999 71 P40/SCK32 353 1999
31 P70/SEG17 —-352 -1999 72 P41/RXD32 226 1999
32 P71/SEG18 —202 —-1999 73 P42/TXD32 63 1999
33 P72/SEG19 —69 —1999 74 P43/IRQ0 -82 1999
34 P73/SEG20 72 -1999 75 PBO/ANO —-229 1999
35 P74/SEG21 213 -1999 76 PB1/AN1 —-404 1999
36 P75/SEG22 330 —-1999 77 PB2/AN2 -577 1999
37 P76/SEG23 459 —-1999 78 PB3/AN3/IRQT/TMIC 751 1999
38 P77/SEG24 583 -1999 79 PB4/AN4 -925 1999
39 P80/SEG25 730 —1999 80 PB5/ANS —1099 1999
40 P81/SEG26 937 —1999 81 PB6/ANG 1686 1999
41 P82/SEG27 1686 -1999

Note: Vss Pads (No. 9 and 10) should be connected to power supply lines.
TEST Pad (No. 13) should be connected to Vss.
If the pad of these aren’t connected to the power supply line, the LSI will not operate correctly. These values show the
coordinates of the centers of pads. The accuracy is +5 um. The home-point position is the chip’s center and the center
is located at half the distance between the upper and lower pads and left and right pads.
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Chip size: 2.91 mm x 2.91 mm
Voltage level on the back of the chip: GND

Figure 1.7 Bonding Pad L ocation Diagram of HCD64338024S, HCD64338023S,

HCD64338022S, HCD64338021S, and HCD64338020S (Top View)
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Table1.4 Bonding Pad Coordinates of HCD64338024S, HCD64338023S, HCD64338022S,
HCD64338021S, and HCD64338020S

Coordinates Coordinates
Pad No. Pad Name X (um) Y (um) Pad No. Pad Name X (um) Y (um)
1 AVcc -1338 1053 41 P84/SEG29 1338 -1121
2 P13/TMIG -1338 823 42 P85/SEG30 1338 -929
3 P14/IRQ4/ADTRG —1338 737 43 P86/SEG31 1338 -820
4 P16 -1338 649 44 P87/SEG32 1338 —721
5 P17/IRQ3/TMIF -1338 556 45 PA3/COM4 1338 —-610
6 X1 -1338 460 46 PA2/COM3 1338 —499
7 X2 -1338 363 47 PA1/COM2 1338 -388
8 Vss = AVss -1338 229 48 PAO/COM1 1338 =277
9 0SC2 —1338 100 49 V3 1338 -189
10 0OsC1 -1338 13 50 V2 1338 -91
11 TEST -1338 —74 51 V1 1338 6
12 RES -1338 -168 52 Vee 1338 156
13 P50/WKPO/SEG1 -1338 -265 53 Vss 1338 362
14 P51/WKP1/SEG2 -1338 -373 54 P90/PWM1 1338 528
15 P52/WKP2/SEG3 -1338 —-481 55 P91/PWM2 1338 614
16 P53/WKP3/SEG4 -1338 —590 56 P92 1338 699
17 P54/WKP4/SEG5 -1338 -698 57 P93 1338 785
18 P55/WKP5/SEG6 -1338 —-806 58 P94 1338 871
19 P56/WKP6/SEG7 -1338 -892 59 P95 1338 957
20 P57/WKP7/SEG8 -1338 —-1091 60 IRQAEC 1338 1147
21 P60/SEG9 -1121 -1338 61 P30/UD 1131 1338
22 P61/SEG10 —-927 -1338 62 P31/TMOFL 936 1338
23 P62/SEG11 -805 -1338 63 P32/TMOFH 831 1338
24 P63/SEG12 —703 -1338 64 P33 735 1338
25 P64/SEG13 -593 -1338 65 P34 631 1338
26 P65/SEG14 -483 -1338 66 P35 526 1338
27 P66/SEG15 -372 -1338 67 P36/AEVH 421 1338
28 P67/SEG16 —263 —1338 68 P37/AEVL 317 1338
29 P70/SEG17 -166 -1338 69 P40/SCK32 212 1338
30 P71/SEG18 —47 -1338 70 P41/RXD32 108 1338
31 P72/SEG19 55 -1338 71 P42/TXD32 3 1338
32 P73/SEG20 166 -1338 72 P43/IRQ0O -101 1338
33 P74/SEG21 277 -1338 73 PBO/ANO —249 1338
34 P75/SEG22 388 -1338 74 PB1/AN1 -362 1338
35 P76/SEG23 499 -1338 75 PB2/AN2 —-476 1338
36 P77/SEG24 610 -1338 76 PB3/AN3/IRQ1/TMIC -589 1338
37 P80/SEG25 701 -1338 77 PB4/AN4 —702 1338
38 P81/SEG26 790 -1338 78 PB5/AN5 —791 1338
39 P82/SEG27 885 -1338 79 PB6/ANG6 -880 1338
40 P83/SEG28 1076 -1338 80 PB7/AN7 -1081 1338

Note: Pad No. 11 (TEST) should be connected to Vss.
If it is not connected, the LSI will not operate correctly.
These values show the coordinates of the centers of pads. The accuracy is 5 pm.
The home-point position is the chip’s center and the center is located at halfway between the upper and lower pads and
the left and right pads.
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132 Pin Functions
Table 1.5 outlines the pin functions of the H8/38024 Group.

Table1l.5 Pin Functions

Pin No.
FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No.*' No.*? No.*® 1/0 Name and Functions
Power Vee 52 54 E8 53 54 52 Input  Power supply: All Ve
source pins should be connected
pins to the system power
supply.
Vss 8 10 D8 9 10 8 Input  Ground: All Vss pins
(=AVss) (=AVss) E1 54 55 53 should be connected to
53 55 (= AVss) the system power supply
©oV).
AVcc 1 3 B1 1 2 1 Input  Analog power supply:
This is the power supply
pin for the A/D converter.
When the A/D converter
is not used, connect this
pin to the system power
supply.
AVss 8(=Vss) 10 E1l 8 9 8 Input  Analog ground: This is
(=Vss) (= Vss) the A/D converter ground
pin. It should be
connected to the system
power supply (0V).
vV, 51 53 F9 52 53 51 Input  LCD power supply:
V, 50 52 E9 51 52 50 These are the power
V3 49 51 F8 50 51 49 supply pins for the LCD
controller/driver.
CVe™ 4 — — — — — Input  Power supply: This is

the internal step-down
power supply pin. To
ensure stability, a
capacitor with a rating of
about 0.1 uF should be
connected between this
pin and the Vss pin.
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Pin No.

FP-80A

Pad Pad Pad

Type Symbol TFP-80C FP-80B TLP-85V  No.*' No.*? No.** 1/0

Name and Functions

Clock 0SC, 10

12

F2 11 12 10 Input

pins 0sC, 9

11

E3 10 11 9 Output

These pins connect to a
crystal or ceramic
oscillator, or can be used
to input an external clock.
See section 4, Clock
Pulse Generators, for a
typical connection
diagram.

D3 6 7 6 Input

D2 7 8 7 Output

These pins connect to a
32.768-kHz or 38.4-kHz
crystal oscillator.

See section 4, Clock
Pulse Generators, for a
typical connection
diagram.

w

System E 12

control

14

F3 13 14 12 Input

Reset: When this pin is
driven low, the chip is
reset

TEST 11

13

E2 12 13 11 Input

Test pin: This pin is
reserved and cannot be
used. It should be
connected to Vss.

Interrupt @0 72
pins IRQ, 76
IRQs

IRQ4 3

74
78

C5 73 74 72 Input
B3 77 78 76

D1 5 6 5

B2 3 4 3

IRQ interrupt request 0,
1, 3, and 4: These are
input pins for edge-
sensitive external
interrupts, with a selection
of rising or falling edge

IRQAEC 60

62

C10 61 62 60 Input

Asynchronous event
counter event signal:
This is an interrupt input
pin for enabling
asynchronous event
input.

On the H8/38124 Group,
this must be fixed at Vcc
or GND because the
oscillator is selected by
the input level during
resets. Refer to section 4,
Clock Pulse Generators,
for information on the
selection method.

WKP;to 20to 13

WKP,

2210 15

H1, J1, 21to 22to 20to Input
H3, G1, 14 15 13

H2, G2,

F2, G3

Wakeup interrupt
request 7 to 0: These are
input pins for rising or
falling-edge-sensitive
external interrupts.
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Type Symbol

Pin No.

FP-80A

TFP-80C FP-80B TLP-85V  No.*!

Pad
No.*?

Pad
No.*® 110

Name and Functions

Timer AEVL
pins AEVH

68
67

70
69

A6
B7

70
69

68 Input
67

Asynchronous event
counter event input:
This is an event input pin
for input to the
asynchronous event
counter.

TMIC

76

78

B3

7

78

76 Input

Timer C event input:
This is an event input pin
for input to the timer C
counter.

ub

61

63

A9

62

63

61 Input

Timer C up/down select:
This pin selects up- or
down-counting for the
timer C counter. The
counter operates as a
down-counter when this
pin is high, and as an up-
counter when low.

TMIF

D1

5 Input

Timer F event input:
This is an event input pin
for input to the timer F
counter.

TMOFL

62

64

A8

63

64

62 Output

Timer FL output: This is
an output pin for
waveforms generated by
the timer FL output
compare function.

TMOFH

63

65

B9

64

65

63 Output

Timer FH output: This is
an output pin for
waveforms generated by
the timer FH output
compare function.

TMIG

C1

2 Input

Timer G capture input:
This is an input pin for
timer G input capture.

10-hit PWM1
PWM pin  PWM2

54
55

56
57

E10
D9

55
56

56
57

54 Output
55

10-bit PWM output:
These are output pins for
waveforms generated by
the channel 1 and 2 10-bit
PWMs.
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Pin No.

FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No.* No.*? No.** 1/0 Name and Functions
/0O ports  P1; 5 7 D1 5 6 5 1/0 Port 1: This is a 4-bit /10
Ple 4 6 Cc2 4 5 4 port. Input or output can
P1, 3 5 B2 3 4 3 be designated for each bit
P1; 2 4 C1 2 3 2 by means of port control
register 1 (PCR1).
Note that the H8/38124
Group is not equipped
with a pin 16.
P37 to 68to 61 70to 63 A6, B7 69to 70to 68to I/O Port 3: This is an 8-bit 110
P3o C7, A7 62 63 61 port. Input or output can
B8, B9 be designated for each bit
A8, A9 by means of port control
register 3 (PCR3).
If the on-chip emulator is
used, pins 33, 34, and 35
are reserved for the
emulator and not
available to the user.
P4, 72 74 C5 73 74 72 Input  Port 4 (bit 3): Thisis a 1-
bit input port.
P4, to 71to69 73to71 B6 72to 73to 71to /O Port 4 (bits 2 to 0): This
P4, B5 70 71 69 is a 3-bit 1/0 port. Input or
C6 output can be designated
for each bit by means of
port control register 4
(PCR4).
P57 to 20t0 13 22to 15 H1,J1 21to 22to 20to I/O Port 5: This is an 8-bit 110
P5q H3, G1 14 15 13 port. Input or output can
H2, G2 be designated for each bit
F1, G3 by means of port control
register 5 (PCRb).
P67 to 28t021 30to 23 K5,J4 29to 30to 28to I/O Port 6: This is an 8-bit 110
P6, H4, K4 22 23 21 port. Input or output can
J3, J2 be designated for each bit
K3, K2 by means of port control
register 6 (PCR®6).
P77 to 36t029 38to4l J8,J7 37to 38to 36to 1/O Port 7: This is an 8-bit 110
P7, K6, H7 30 31 29 port. Input or output can
H6, J7 be designated for each bit
H6, J5 by means of port control
J6, H5 register 7 (PCRY7).
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Pin No.

FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No."* No.*”> No.** 1/0 Name and Functions
I/0 ports P87 to 44t037 46to 39 H9, J9 45t0 46to 44to I/O Port 8: This is an 8-bit I/O
P8o H10,J10 38 39 37 port. Input or output can
K8, K9 be designated for each bit
H8, K7 by means of port control
register 8 (PCR8).
P9s to 59to 54 61to56 B10, C8 60to 61lto 59to Output Port 9: This is a 6-bit
P9, D10, C9 55 56 54 output port. If the on-chip
D9, E10 emulator is used, pin 95 is
reserved for the emulator
and not available to the
user. In the case of the
F-ZTAT version, pin 95
should not be left open in
the user mode, and
should instead be pulled
up to high level.
PA; to 451048 47to50 G10 46to0 47to 45to I/O Port A: This is a 4-bit I/O
PAg G8 49 50 48 port. Input or output can
G9 be designated for each bit
F10 by means of port control
register A (PCRA).
PB- to 80to 73 2,1, A3, A2 8lto 1, 80to Input PortB: Thisis an 8-bit
PB, 80to 75 C3, A4 74 8lto 73 input port.
B3, B4 75
A5, C4

Serial RXD3; 70 72 B5 71 72 70 Input  SCI3 receive data input:

communi- This is the SCI3 data

cation input pin.

(SCi) TXD3, 71 73 B6 72 73 71 Output SCI3 transmit data
output: This is the SCI3
data output pin.

SCKa. 69 71 C6 70 71 69 lfe} SCI3 clock I/O: This is
the SCI3 clock I/O pin.

A/D ANy to 80to 73 2,1, A3, A2 8lto 1, 80to Input Analog input channels 7

converter ANp 80to 75 C3, A4 74 8lto 73 to 0: These are analog

B3, B4 75 data input channels to the
A5, C4 A/D converte.
ADTRG 3 5 B2 3 4 3 Input  A/D converter trigger

input: This is the external
trigger input pin to the A/D
converter.

RENESAS

Rev. 6.00, 08/04, page 23 of 628



Pin No.

FP-80A Pad Pad Pad
Type Symbol TFP-80C FP-80B TLP-85V  No."* No.*”> No.”* 1/0 Name and Functions
LCD COMsto 45t048 47to50 G10, G8 46t0 47to 45to Output LCD common output:
controller/ COM; G9, F10 49 50 48 These are the LCD
driver common output pins.
SEG;;t0 44t013 46to 15 H9, J9, 45t0 46to 44to Output LCD segment output:
SEG; H10,J10, 14 15 13 These are the LCD
K8, K9, H8, segment output pins.
K7, 38, J7,
K6, H7, H6,
J5, J6, H5,
K5, J4, H4,
K4,J3,J2,
K3, K2, H1,
J1, H3, G1,
H2, G2, F1,
G3
NC NC — — Al, A10, — — — — NC pin
D4, K2,
K10
Low- Vet 57 — — — — — Input  LVD reference voltage
voltage input: This is the LVD
detect reference voltage input
circuit pin.
*4
(LVD) extD 73 — — — — — Input  LVD power supply drop
detect voltage input:
This is the LVD power
supply drop detect
voltage input pin.
extD 74 — — — — — Input  LVD power supply rise
detect voltage input:
This is the LVD power
supply rise detect voltage
input pin.
Notes: 1. Pad number for HCD64338024, HCD64338023, HCD64338022, HCD64338021, and
HCD64338020.
2. Pad number for HCD64F38024 and HCD64F38024R.
3. Pad number for HCD64338024S, HCD64338023S, HCD64338022S, HCD64338021S,
and HCD64338020S.
4. H8/38124 Group only
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Section2 CPU

2.1 Overview

The H8/300L CPU has sixteen 8-bit general registers, which can aso be paired as eight 16-bit
registers. Its concise instruction set is designed for high-speed operation.

211 Features
Features of the H8/300L CPU are listed below.

» Genera-register architecture
Sixteen 8-bit general registers, also usable as eight 16-bit general registers
» Instruction set with 55 basic instructions, including:
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct
Register indirect
Register indirect with displacement
Register indirect with post-increment or pre-decrement
Absolute address
Immediate
Program-counter relative
Memory indirect
» 64-Kbyte address space
» High-speed operation
O All frequently used instructions are executed in two to four states
High-speed arithmetic and logic operations
8- or 16-hit register-register add or subtract: 0.25 ps"
8 x 8-hit multiply: 1.75 us”
16 + 8-bit divide: 1.75 ps®

OoOoo0oogoooao

O
g
O
g

Note: * Thesevauesareat ¢=8 MHz.

» Low-power operation modes
SLEEP instruction for transfer to low-power operation
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212 Address Space

The H8/300L CPU supports an address space of up to 64 Kbytes for storing program code and
data.

See section 2.8, Memory Map, for details of the memory map.

213 Register Configuration

Figure 2.1 shows the register structure of the H8/300L CPU. There are two groups of registers. the
general registers and control registers.

General registers (Rn)

7 07 0
ROH ROL
R1H R1L
R2H R2L
R3H R3L
R4H R4L
R5H R5L
R6H R6L
R7H (SP) R7L

Control registers (CR)

15 0
| PC |

7 6 5 4.3 2 10
CCR [IJU[HJU[N]Z]V]C]

[Legend]

SP:  Stack pointer
PC: Program counter
CCR: Condition code register
Interrupt mask bit
User bit
Half-carry flag
Negative flag
Zero flag
Overflow flag
Carry flag

OsSNZzITC~

Figure2.1 CPU Registers
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2.2 Register Descriptions

221 General Registers
All the general registers can be used as both data registers and address registers.

When used as data registers, they can be accessed as 16-hit registers (R0 to R7), or the high bytes
(ROH to R7H) and low bytes (ROL to R7L) can be accessed separately as 8-bit registers.

When used as address registers, the general registers are accessed as 16-bit registers (RO to R7).

R7 aso functions as the stack pointer (SP), used implicitly by hardware in exception processing
and subroutine calls. When it functions as the stack pointer, asindicated in figure 2.2, SP (R7)
points to the top of the stack.

Lower address side [H'0000]

/N

Unused area

SP (R7) —

Stack area

Upper address side [H'FFFF]

Figure2.2 Stack Pointer

222 Control Registers

The CPU control registersinclude a 16-bit program counter (PC) and an 8-bit condition code
register (CCR).

Program Counter (PC)

This 16-bit register indicates the address of the next instruction the CPU will execute. All
instructions are fetched 16 bits (1 word) at atime, so the least significant bit of the PC isignored
(always regarded as 0).
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Condition Code Register (CCR)

This 8-bit register contains internal status information, including the interrupt mask bit (1) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. These bits can be read
and written by software (using the LDC, STC, ANDC, ORC, and XORC instructions). TheN, Z,
V, and C flags are used as branching conditions for conditional branching (Bcc) instructions.

Bit 7—Interrupt Mask Bit (1): When thisbit is set to 1, interrupts are masked. Thishitissetto 1
automatically at the start of exception handling. The interrupt mask bit may be read and written
by software. For further details, see section 3.3, Interrupts.

Bit 6—User Bit (U): Can be used freely by the user.

Bit 5—Half-Carry Flag (H): Whenthe ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B
instruction is executed, thisflag isset to 1 if thereisacarry or borrow at bit 3, and is cleared to 0
otherwise.

The H flag is used implicitly by the DAA and DAS instructions.

When the ADD.W, SUB.W, or CMP.W instruction is executed, the H flag is set to 1 if thereisa
carry or borrow at bit 11, and is cleared to O otherwise.

Bit 4—User Bit (U): Can be used freely by the user.

Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of the result of an
instruction.

Bit 2—Zero Flag (Z): Set to 1 to indicate a zero result, and cleared to O to indicate a non-zero
result.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other
times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

» Addingtructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is aso used as a bit accumulator by bit manipulation instructions.
Some instructions leave some or all of the flag bits unchanged.
Refer to the H8/300L Series Programming Manual for the action of each instruction on the flag

bits.
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223 Initial Register Values

When the CPU isreset, the program counter (PC) isinitialized to the value stored at address
H'0000 in the vector table, and the | bit in the CCR is set to 1. The other CCR bits and the general
registers are not initialized. In particular, the stack pointer (R7) isnot initialized. The stack pointer
should be initialized by software, by the first instruction executed after a reset.

2.3 Data Formats

The H8/300L CPU can process 1-bit data, 4-bit (BCD) data, 8-bit (byte) data, and 16-bit (word)
data

» Bit manipulation instructions operate on 1-bit data specified as bit n in a byte operand
(n=0,1,2,..7).

» All arithmetic and logic instructions except ADDS and SUBS can operate on byte data.

« TheMOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 hits), and
DIVXU (16 bits + 8 bits) instructions operate on word data.

» TheDAA and DAS instructions perform decimal arithmetic adjustments on byte datain
packed BCD form. Each nibble of the byte is treated as a decimal digit.
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231 Data Formatsin General Registers

Data of all the sizes above can be stored in general registers as shown in figure 2.3.

Data Type

1-bit data

1-bit data

Byte data

Byte data

Word data

4-bit BCD data

4-bit BCD data

[Legend]

Register No. Data Format
7 O
RiH [ 765 4alal2[1]0] Donttcare
.................................................... 7 0
RoL . Don'tcare l7l6/5/4[3/2]1]0]
7 0
RnH MSB: :LSB| ,,,,,,,,,,,,,,,,,,,, Don'tcare !
..................................................... 7 0
RnL : . Dontcare |MSB: :LSB‘
15 0
Rn |MSB: :LSB‘
7 4 3 0
RnH | Upperdigit Lowerdgt | | Don'tcare
..................................................... 7 4 3 0
RnL Don't care | Upperdigit Lower digit

RnH: Upper byte of general register
RnL: Lower byte of general register
MSB: Most significant bit
LSB: Least significant bit

Figure2.3 Register Data Formats

Rev. 6.00, 08/04, page 30 of 628

RENESAS




232 Memory Data For mats

Figure 2.4 indicates the data formats in memory. The H8/300L CPU can access word data stored
in memory (MOV.W instruction), but the word data must always begin at an even address. If word
data starting at an odd address is accessed, the least significant bit of the addressis regarded as O,
and the word data starting at the preceding address is accessed. The same appliesto instruction
codes.

Data Type Address Data Format
7 0
1-bit data Addressn | 7|6 [5[4[3][2][1]0
Byte data Address n MSB: :LSB
Word data Even address MSB} } L})pper}S bit? } }
Odd address Lower 8 bits |LsB
MSB CCR LsB
Byte data (CCR) on stack Even address —tt—t
Odd address |MSB ‘ CQR* LsB
Word data on stack Even address MSB: | i i i i 1
Odd address |LsB

Note: * Ignored on return

[Legend]
CCR: Condition code register

Figure2.4 Memory Data Formats

When the stack is accessed using R7 as an address register, word access should always be
performed. When the CCR is pushed on the stack, two identical copies of the CCR are pushed to
make a complete word. When they are restored, the lower byte isignored.
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24

241

Addressing Modes

Addressing M odes

The H8/300L CPU supports the eight addressing modes listed in table 2.1. Each instruction uses a
subset of these addressing modes.

Table2.1 Addressing Modes

No. Address Modes Symbol

1 Register direct Rn

2 Register indirect @Rn

3 Register indirect with displacement @(d:16, Rn)

4 Register indirect with post-increment @Rn+
Register indirect with pre-decrement @-Rn

5 Absolute address @aa:8 or @aa:16

6 Immediate #xx:8 or #xx:16

7 Program-counter relative @(d:8, PC)

8 Memory indirect @@aa:8

Register Direct—Rn: The register field of the instruction specifies an 8- or 16-bit general register
containing the operand.

Only the MOV.W, ADD.W, SUB.W, CMP.W, ADDS, SUBS, MULXU (8 bits x 8 bits), and

DIVXU (16 bits + 8 hits) instructions have 16-bit operands.

Register Indirect—@Rn: The register field of the instruction specifies a 16-bit general register
containing the address of the operand in memory.

Register Indirect with Displacement—@(d:16, Rn): The instruction has a second word (bytes 3
and 4) containing a displacement which is added to the contents of the specified general register to
obtain the operand address in memory.

This mode isused only in MOV instructions. For the MOV.W instruction, the resulting address
must be even.

Rev. 6.00, 08/04, page 32 of 628

RENESAS



Register Indirect with Post-Increment or Pre-Decrement—@Rn+ or @-Rn:

* Register indirect with post-increment—@Rn+
The @Rn+ mode is used with MOV instructions that load registers from memory.
The register field of the instruction specifies a 16-bit general register containing the address of
the operand. After the operand is accessed, the register isincremented by 1 for MOV.B or 2 for
MOV.W. For MOV.W, the original contents of the 16-bit general register must be even.

* Register indirect with pre-decrement—@-Rn
The @-Rn modeis used with MOV instructions that store register contentsto memory.
The register field of the instruction specifies a 16-bit general register which is decremented by
1 or 2 to obtain the address of the operand in memory. The register retains the decremented
value. The size of the decrement is 1 for MOV .B or 2 for MOV.W. For MOV .W, the original
contents of the register must be even.

Absolute Address—@aa: 8 or @aa: 16: The instruction specifies the absolute address of the
operand in memory.

The absolute address may be 8 bits long (@aa:8) or 16 bitslong (@aa:16). The MOV.B and bit
manipulation instructions can use 8-bit absol ute addresses. The MOV.B, MOV.W, IMP, and JSR
instructions can use 16-bit absol ute addresses.

For an 8-bit absolute address, the upper 8 bits are assumed to be 1 (H'FF). The addressrange is
H'FFO0 to H'FFFF (65280 to 65535).

Immediate—#xx:8 or #xx:16: The instruction contains an 8-bit operand (#xx:8) in its second
byte, or a 16-bit operand (#xx:16) in itsthird and fourth bytes. Only MOV.W instructions can
contain 16-bit immediate values.

The ADDS and SUBS instructionsimplicitly contain the value 1 or 2 asimmediate data. Some bit
manipulation instructions contain 3-bit immediate data in the second or fourth byte of the
instruction, specifying a bit number.

Program-Counter Relative—@(d:8, PC): Thismodeisused in the Bcc and BSR instructions.
An 8-bit displacement in byte 2 of the instruction code is sign-extended to 16 bits and added to the
program counter contents to generate a branch destination address. The possible branching range
is—126 to +128 bytes (63 to +64 words) from the current address. The displacement should be an
even number.

Memory Indirect—@@aa: 8: This mode can be used by the IMP and JSR instructions. The
second byte of the instruction code specifies an 8-bit absolute address. The word located at this
address contains the branch destination address.
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The upper 8 bits of the absolute address are assumed to be 0 (H'00), so the address range is from
H'0000 to H'00FF (0 to 255). Note that with the H8/300L Series, the lower end of the address area
isalso used asavector area. See section 3.3, Interrupts, for details on the vector area.

If an odd addressis specified as a branch destination or as the operand address of a MOV .W
instruction, the least significant bit is regarded as 0, causing word access to be performed at the
address preceding the specified address. See section 2.3.2, Memory Data Formats, for further
information.

242 Effective Address Calculation
Table 2.2 shows how effective addresses are calculated in each of the addressing modes.

Arithmetic and logic instructions use register direct addressing (1). The ADD.B, ADDX, SUBX,
CMP.B, AND, OR, and XOR instructions can also use immediate addressing (6).

Data transfer instructions can use al addressing modes except program-counter relative (7) and
memory indirect (8).

Bit manipulation instructions can use register direct (1), register indirect (2), or 8-bit absolute
addressing (5) to specify the operand. Register indirect (1) (BSET, BCLR, BNOT, and BTST
instructions) or 3-bit immediate addressing (6) can be used independently to specify abit position
in the operand.

Rev. 6.00, 08/04, page 34 of 628
RENESAS



Effective Address Calculation

Table2.2
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25 I nstruction Set

The H8/300L Series can use atotal of 55 instructions, which are grouped by function in table 2.3.

Table2.3 Instruction Set

Function Instructions Number
Data transfer MOV, PUSH**, POP*! 1
Arithmetic operations ~ ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 14

DAS, MULXU, DIVXU, CMP, NEG
Logic operations AND, OR, XOR, NOT
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14

BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*z, JMP, BSR, JSR, RTS 5
System control RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 8
Block data transfer EEPMOV 1

Total: 55

Notes: 1. PUSH Rn is equivalent to MOV.W Rn, @-SP.

POP Rn is equivalent to MOV.W @SP+, Rn. The same applies to the machine

language.

2. Bcc is a conditional branch instruction in which cc represents a condition code.

The following sections give a concise summary of the instructions in each category, and indicate

the bit patterns of their object code. The notation used is defined next.
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Notation

Rd General register (destination)
Rs General register (source)
Rn General register

(EAd), <EAd>

Destination operand

(EASs), <EAs>

Source operand

CCR

Condition code register

N N (negative) flag of CCR

z Z (zero) flag of CCR

\% V (overflow) flag of CCR

C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O AND logical

0 OR logical

O Exclusive OR logical

N Move

~ Logical negation (logical complement)
3-bit length
8-bit length

:16 16-bit length

(), <> Contents of operand indicated by effective address

RENESAS
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251 Data Transfer Instructions
Table 2.4 describes the data transfer instructions. Figure 2.5 shows their object code formats.

Table2.4 DataTransfer Instructions

Instruction Size* Function

MOV B/W (EAs) - Rd, Rs — (EAd)

Moves data between two general registers or between a general
register and memory, or moves immediate data to a general
register.

The Rn, @Rn, @(d:16, Rn), @aa:16, #xx:16, @—Rn, and @Rn+
addressing modes are available for word data. The @aa:8
addressing mode is available for byte data only.

The @—-R7 and @R7+ modes require word operands. Do not
specify byte size for these two modes.

POP W @SP+ - Rn

Pops a 16-bit general register from the stack. Equivalent to
MOV.W @SP+, Rn.

PUSH W Rn - @-SP

Pushes a 16-bit general register onto the stack. Equivalent to
MOV.W Rn, @-SP.

Notes: * Size: Operand size
B: Byte
W:  Word

Certain precautions are required in data access. See section 2.9.1, Notes on Data Access, for
details.

Figure 2.7 lists the format of the bit manipulation instructions.
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15 8 7 0o MOV

op ‘ rm ‘ m | Rm—Rn
15 8 7 0
op ‘ rm ‘ m | @Rm«—Rn
15 8 7 0
op ‘ rm ‘ n
@(d:16, Rm)«~—Rn
disp
15 8 7 0
T T o T T T ‘ \rm T ‘ r\n T @Rm_'__)Rn’ or
P Rn >@-Rm
15 8 7 0
op m ‘ abs | @aa:8<——Rn
15 8 7 0
op mn
@aa:16<——Rn
abs
15 8 7 0
op m IMM #xx:8—>Rn
15 8 7 0
op ‘ rn
#xx:16—>Rn
IMM
15 8 7 0
T T T T T T T T T PUSH, POP
op 111 m @SP+Rn, or
Rn—>@-SP

[Legend]

op: Operation field
rm, rn: Register field
disp: Displacement
abs:  Absolute address
IMM:  Immediate data

Figure2.5 Data Transfer Instruction Codes
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252 Arithmetic Operations

Table 2.5 describes the arithmetic instructions.

Table2.5 Arithmetic Instructions

Instruction Size* Function

ADD B/W Rd +Rs - Rd, Rd + #IMM - Rd

SUB Performs addition or subtraction on data in two general registers,
or addition on immediate data and data in a general register.
Immediate data cannot be subtracted from data in a general
register. Word data can be added or subtracted only when both
words are in general registers.

ADDX B Rd+Rs+C - Rd,Rd+#MM = C - Rd

SUBX Performs addition or subtraction with carry or borrow on byte data
in two general registers, or addition or subtraction on immediate
data and data in a general register.

INC B Rd+1 - Rd

DEC Increments or decrements a general register by 1.

ADDS w Rd+1 - Rd,Rd+2 - Rd

SUBS Adds or subtracts 1 or 2 to or from a general register

DAA B Rd decimal adjust - Rd

DAS Decimal-adjusts (adjusts to 4-bit BCD) an addition or subtraction
result in a general register by referring to the CCR

MULXU B Rd xRs - Rd
Performs 8-bit x 8-bit unsigned multiplication on data in two
general registers, providing a 16-bit result

DIVXU B Rd+Rs - Rd
Performs 16-bit + 8-bit unsigned division on data in two general
registers, providing an 8-bit quotient and 8-bit remainder

CMP B/W Rd - Rs, Rd — #IMM
Compares data in a general register with data in another general
register or with immediate data, and indicates the result in the
CCR. Word data can be compared only between two general
registers.

NEG B 0-Rd - Rd

Obtains the two’s complement (arithmetic complement) of data in a
general register

Notes: * Size:
B:
W:

Operand size
Byte
Word
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253 L ogic Operations
Table 2.6 describes the four instructions that perform logic operations.

Table2.6 Logic Operation Instructions

Instruction Size* Function

AND B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and
another general register or immediate data

OR B Rd ORs - Rd, Rd O#IMM - Rd

Performs a logical OR operation on a general register and another
general register or immediate data

XOR B RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general register
and another general register or immediate data

NOT B ~Rd - Rd

Obtains the one’s complement (logical complement) of general
register contents

Notes: * Size: Operand size
B: Byte
254 Shift Operations
Table 2.7 describes the eight shift instructions.

Table2.7  Shift Instructions

Instruction Size* Function

SHAL B Rd shift -» Rd

SHAR Performs an arithmetic shift operation on general register contents
SHLL B Rd shift - Rd

SHLR Performs a logical shift operation on general register contents
ROTL B Rd rotate - Rd

ROTR Rotates general register contents

ROTXL B Rd rotate through carry — Rd

ROTXR

Rotates general register contents through the C (carry) bit

Notes: * Size: Operand size
B: Byte
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Figure 2.6 shows the instruction code format of arithmetic, logic, and shift instructions.

15 8 7 0
‘ T 0\ T T n"n ‘ rh T ADD, SUB, CMP,
P ADDX, SUBX (Rm)
15 8 7 0
‘ ‘ o ‘ | ADDS, SUBS, INC, DEC,
P DAA, DAS, NEG, NOT
15 8 7 0
| op | rm | m | MULXU, DIVXU
15 8 7 0
‘ "y R ‘ ‘ VYR — ] ADD, ADDX, SUBX,
P CMP (#XX:8)
15 8 7 0
| op | rm m | AND, OR, XOR (Rm)
15 8 7 0
‘ op mn ‘ IMM |AND, OR, XOR (#xx:8)
15 8 7 0
‘ ‘ T ] SHAL, SHAR, SHLL, SHLR,
op rn

ROTL, ROTR, ROTXL, ROTXR

[Legend]

op: Operation field
rm, rn: Register field
IMM:  Immediate data

Figure 2.6

Arithmetic, Logic, and Shift Instruction Codes
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Bit Manipulations

Table 2.8 describes the bit-manipulation instructions. Figure 2.7 shows their object code formats.

Table2.8 Bit-Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory to 1. The bit
number is specified by 3-bit immediate data or the lower three bits
of a general register.

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory to 0. The bit
number is specified by 3-bit immediate data or the lower three bits
of a general register.

BNOT B ~ (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory. The bit
number is specified by 3-bit immediate data or the lower three bits
of a general register.

BTST B ~ (<bit-No.> of <EAd>) - Z
Tests a specified bit in a general register or memory and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C O(<bit-No.> of <EAd>) - C
ANDs the C flag with a specified bit in a general register or
memory, and stores the result in the C flag.

BIAND B C O[~ (<bit-No.> of <EAd>)] - C
ANDs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.

BOR B C O(<bit-No.> of <EAd>) - C
ORs the C flag with a specified bit in a general register or memory,
and stores the result in the C flag.

BIOR B C O[~ (<bit-No.> of <EAd>)] - C
ORs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.

Notes: * Size: Operand size

B:

Byte
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Instruction Size* Function
BXOR B C O (<bit-No.> of <EAd>) - C
XORs the C flag with a specified bit in a general register or
memory, and stores the result in the C flag.
BIXOR B C O [~(<bit-No.> of <EAd>)] - C
XORs the C flag with the inverse of a specified bit in a general
register or memory, and stores the result in the C flag.
The bit number is specified by 3-bit immediate data.
BLD B (<bit-No.> of <EAd>) -~ C
Copies a specified bit in a general register or memory to the C flag.
BILD B ~ (<bit-No.> of <EAd>) - C
Copies the inverse of a specified bit in a general register or
memory to the C flag.
The bit number is specified by 3-bit immediate data.
BST B C - (<bit-No.> of <EAd>)
Copies the C flag to a specified bit in a general register or memory.
BIST B ~ C - (<bit-No.> of <EAd>)
Copies the inverse of the C flag to a specified bit in a general
register or memory.
The bit number is specified by 3-bit immediate data.
Notes: * Size: Operand size

Byte

Certain precautions are required in bit manipulation. See section 2.9.2, Notes on Bit

Manipulation, for details.

Figure 2.7 lists the format of the bit manipulation instructions.
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BSET, BCLR, BNOT, BTST

15 8 7 0
‘ N T T A T Operand: register direct (Rn)
°op ‘ IMM ‘ m Bit No.: immediate (#xx:3)
15 8 7 0
‘ ‘ ‘ ‘ T T ‘ r‘n ‘ Operand: register direct (Rn)
op rm Bit No.: register direct (Rm)
15 8 7 0
op ‘ rn 0 O O O |Operand: register indirect (@Rn)
op ‘ IMM 0 0 0 O|BitNo.: immediate (#xx:3)
15 8 7 0
op m 0 O O O0|Operand: register indirect (@Rn)
op rm 0 0 O O|BitNo.: register direct (Rm)
15 8 7 0
op ‘ abs Operand: absolute (@aa:8)
op ‘ IMM ‘ 0 0 O O|BitNo.: immediate (#xx:3)
15 8 7 0
op abs Operand: absolute (@aa:8)
op rm ‘ 0 0 O O|BitNo.: register direct (Rm)
BAND, BOR, BXOR, BLD, BST
15 8 7 0
‘ T ‘ ‘ ‘ ‘ T Operand: register direct (Rn)
op ‘ IMM ‘ m Bit No.: immediate (#xx:3)
15 8 7 0
op ‘ m 0 O O O0|Operand: register indirect (@Rn)
op ‘ IMM 0 0 O0|BitNo.: immediate (#xx:3)
15 8 7 0
op ‘ abs Operand: absolute (@aa:8)
op | MM |0 0 0 0|BitNo: immediate (#xx:3)
[Legend]
op: Operation field
rm, r: Register field
abs:  Absolute address
IMM:  Immediate data
Figure2.7 Bit Manipulation Instruction Codes
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BIAND, BIOR, BIXOR, BILD, BIST

Operand: register direct (Rn)
Bit No.: immediate (#xx:3)

0 | Operand: register indirect (@Rn)

0 | Bit No.: immediate (#xx:3)

Operand: absolute (@aa:8)

Bit No.: immediate (#xx:3)

15 8 0
op IMM m
15 8
op ‘ m 0 0
op IMM 0 0
15 8 0
op ‘ abs
op IMM 0 0 0 O
[Legend]

op: Operation field
rm, rn: Register field
abs:  Absolute address
IMM: Immediate data

Figure2.7 Bit Manipulation Instruction Codes (cont)
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Branching Instructions

Table 2.9 describes the branching instructions. Figure 2.8 shows their object code formats.

Table2.9 Branching Instructions
Instruction Size Function
Bcc — Branches to the designated address if condition cc is true. The
branching conditions are given below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High cOz=0
BLS Low or same chz=1
BCC (BHS) Carry clear (high or same) Cc=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNOV)=0
BLE Less or equal ZONOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

RENESAS
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op cc disp Bcc
Lo e | | ]
15 8 7 0
| | ‘op‘ - ‘ ‘rm‘ 0‘0‘0‘0|JMP(@Rm)
15 8 7 0
‘ ‘ dp ‘ ‘
JMP (@aa:16)
abs
15 8 7 0
| | o‘p | ‘ | abs | | JMP (@@aa:8)
15 8 7 0
| | o‘p | ‘ | disp | | BSR
15 8 7 0
| "op | 'm o 0o o o]Jsr(@rm)
15 8 7 0
‘ ‘ ob ‘ ‘
JSR (@aa:16)
abs
15 8 7 0
| | o‘p | | abs | | JSR (@@aa:8)
15 8 7 0
| | | o‘p | | | RTS

[Legend]

op: Operation field
cc: Condition field
rm: Register field
disp: Displacement
abs: Absolute address

Figure2.8 Branching Instruction Codes
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System Control I nstructions

Table 2.10 describes the system control instructions. Figure 2.9 shows their object code formats.

Table2.10 System Control Instructions

Instruction Size* Function
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition from active mode to a power-down mode. See
section 5, Power-Down Modes, for details.
LDC B Rs - CCR, #IMM - CCR
Moves immediate data or general register contents to the condition
code register
STC B CCR - Rd
Copies the condition code register to a specified general register
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
data
NOP — PC+2 - PC
Only increments the program counter
Notes: * Size: Operand size

B:

Byte
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15 8 7 0

L o | RTE, sLEEP, NOP
15 8 7 0

B oo m | LDC, STC (Rn)
15 8 7 0

B o ‘ ‘ Y "] Aoc, o,

XORC, LDC (#xx:8)

[Legend]

op: Operation field
rn:  Register field

IMM: Immediate data

Figure2.9 System Control Instruction Codes

2.5.8 Block Data Transfer Instruction

Table 2.11 describes the block data transfer instruction. Figure 2.10 shows its object code format.

Table2.11 Block Data Transfer Instruction

Instruction Size Function
EEPMOV — If R4L # 0 then
repeat @R5+ - @R6+
R4L -1 - R4L
until R4L =0
else next;

Block transfer instruction. Transfers the number of data bytes
specified by R4L from locations starting at the address indicated by
R5 to locations starting at the address indicated by R6. After the
transfer, the next instruction is executed.

Certain precautions are required in using the EEPMOV instruction. See section 2.9.3, Noteson
Use of the EEPMOV Instruction, for details.
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15 8 7 0

[Legend]
op: Operation field

Figure2.10 Block Data Transfer Instruction Code
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2.6 Basic Operational Timing

CPU operation is synchronized by a system clock (¢) or a subclock (@syg). For details on these
clock signals see section 4, Clock Pulse Generators. The period from arising edge of @ or @gyp to
the next rising edge is called one state. A bus cycle consists of two states or three states. The
cycle differs depending on whether accessis to on-chip memory or to on-chip peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing
access in byte or word size. Figure 2.11 shows the on-chip memory access cycle.

' Bus cycle '
- T state — e T, state —

¢ or dsus

Internal address bus >< Address

Internal read signal

Internal data bus j—< Read data
(read access) J

Internal write signal

S SOEE

Internal data bus

. Write data
(write access)

Figure2.11 On-Chip Memory Access Cycle
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26.2 Accessto On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two states or three states. The data bus width is 8 bits,
so access is by byte size only. This means that for accessing word data, two instructions must be
used. Figures2.12 and 2.13 show the on-chip peripheral module access cycle.

Two-state access to on-chip peripheral modules

L Bus cycle

i« Tystate — = T, state
o or dsus m
Internal address bus >< Address

Internal read signal

Internal data bus j—< Read data
(read access) '

Internal write signal

emo oo d oo

Internal data bus

” Write data
(write access)

Figure2.12 On-Chip Peripheral M odule Access Cycle (2-State Access)
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Three-state access to on-chip peripheral modules

Bus cycle

A
Y

.

«—— T,state — »<— T,state —»<— T, state

¢ or dsus i i

Internal
address bus

Internal i

read signal i /
Internal '

data bus :>—< Read data

(read access) T

Internal :

data bus Write data

(write access) T T

Address

Internal
write signal

| s ey

Figure2.13 On-Chip Peripheral M odule Access Cycle (3-State Access)
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2.7 CPU States

27.1 Overview

There are four CPU states. the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active (high-speed or medium-
speed) mode and subactive mode. In the program halt state there are a sleep (high-speed or
medium-speed) mode, standby mode, watch mode, and sub-sleep mode. These states are shown in
figure 2.14. Figure 2.15 shows the state transitions.

| CPU state |——| Reset state |

The CPU is initialized

Program Active
execution state (high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock
Active R
(medium speed) mode

The CPU executes successive
program instructions at
reduced speed, synchronized
by the system clock

—| Subactive mode |~ - -E

The CPU executes
successive program

instructions at reduced — Low-pdower E
speed, synchronized } Mmodes !

by the subclock R it

Program halt state —| Sleep (high-speed)
mode

A state in which some

or all of the chip Sleep (medium-speed) |>

functions are stopped mode

to conserve power
—| Standby mode

—| Watch mode
—| Subsleep mode |- --

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Note: See section 5, Power-Down Modes, for details on the modes and their transitions.

Figure2.14 CPU Operation States
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Reset cleared

Y

Exception-handling state

Reset state )
Reset occurs

Reset Interrupt
r r .
Reset oceurs source Interrupt Exception-
occurs -
occurs source handling
occurs complete

Program halt state Program execution state

SLEEP instruction executed

Figure2.15 State Transitions

27.2 Program Execution State
In the program execution state the CPU executes program instructions in sequence.

There are three modesin this state, two active modes (high speed and medium speed) and one
subactive mode. Operation is synchronized with the system clock in active mode (high speed and
medium speed), and with the subclock in subactive mode. See section 5, Power-Down Modes for
details on these modes.

273 Program Halt State

In the program halt state there are five modes: two sleep modes (high speed and medium speed),
standby mode, watch mode, and subsleep mode. See section 5, Power-Down Modes for details on
these modes.

274 Exception-Handling State

The exception-handling state is a transient state occurring when exception handling is started by a
reset or interrupt and the CPU changes its normal processing flow. In exception handling caused
by an interrupt, SP (R7) is referenced and the PC and CCR values are saved on the stack.

For details on interrupt handling, see section 3.3, Interrupts.
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Memory Map

Memory Map

The memory map of the H8/38024, H8/38024S, and H8/38124 are shown in figure 2.16(1), that of
the H8/38023, H8/38023S, and H8/38123 in figure 2.16(2), that of the H8/38022, H8/38022S, and
H8/38122 in figure 2.16(3), that of the H8/38021, H8/38021S, and H8/38121 in figure 2.16(4),

and that of the H8/38020, H8/38020S, and H8/38120 in figure 2.16(5).

HD64F38024, HD64F38024R, HD64F38124

(flash memory version)

H'0000

H'0029
H'002A

H'7000

H'7FFF

Interrupt vector area

Firmware
for on-chip emulator*’

Not used

H'F020
H'F02B

Internal 1/O register

Not used

H'F740
HF74F

LCD RAM (16 bytes)

Not used

H'F780

HFB7F
H'FB8O

HFF7F

(Workarea for reprogramming
flash memory: 1 Kbyte)*?

On-chip RAM

(2 Kbytes)

User area
(1 Kbyte)

H'FF80

Internal 1/O register
(128 bytes)

H'FFFF

Notes: 1.

H'0000
H'0029
H'002A

32 Kbytes
(32768 bytes)

H'7FFF

HF740
HF74F

H'FB80
1024 bytes

H'FF7F

H'FF80

HFFFF

Not available to the user if the on-chip emulator is used.
2. Used by the programming control program when programming flash memory. Also, not available to the user

if the on-chip emulator is used.

HD64338024 (mask ROM version)
HD64338024S (mask ROM version)

HD64738024 (PROM version)

Interrupt vector area

On-chip ROM

Not used

LCD RAM (16 bytes)

Not used

On-chip RAM

Internal 1/0 register
(128 bytes)

32 Kbytes
(32768 bytes)

1024 bytes

Figure2.16(1) H8/38024, H8/38024S, and H8/38124 Memory M ap
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H'0000
Interrupt vector area
H'0029
H'002A
24 Kbytes
On-chip ROM (24576 bytes)

H'SFFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FB80

On-chip RAM 1024 bytes
H'FF7F
H'FF80
Internal I/O registers

(128 bytes)

H'FFFF

Figure2.16(2) H8/38023, H8/38023S, and H8/38123 Memory Map
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H'0000
Interrupt vector area
H'0029
H'002A
16 Kbytes
On-chip ROM (16384 bytes)

H'3FFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FB80

On-chip RAM 1024 bytes
H'FF7F
H'FF80
Internal I/O registers

(128 bytes)

H'FFFF

Figure2.16(3) H8/38022, H8/38022S, and H8/38122 Memory Map
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H'0000
Interrupt vector area
H'0029
H'002A
12 Kbytes
On-chip ROM (12288 bytes)

H'2FFF

Not used
H'F740

LCD RAM

(16 bytes)
H'F74F

Not used
H'FD80

On-chip RAM 512 bytes
H'FF7F 7
H'FF80
Internal I/O registers

(128 bytes)

H'FFFF

Figure2.16(4) H8/38021, H8/38021S, and H8/38121 Memory Map
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H'0000

H'0029
H'002A

H1FFF

HF740

H'F74F

H'FD80

H'FF7F
H'FF80

HFFFF

Interrupt vector area

On-chip ROM

Not used

8 Kbytes
(8192 bytes)

LCD RAM
(16 bytes)

Not used

On-chip RAM

512 bytes

Internal 1/O registers
(128 bytes)

Figure2.16(5) H8/38020, H8/38020S, and H8/38120 Memory Map
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29 Application Notes

29.1 Notes on Data Access

1. Accessto Empty Areas:

The address space of the H8/300L CPU includes empty areasin addition to the RAM,
registers, and ROM areas available to the user. If these empty areas are mistakenly accessed
by an application program, the following results will occur.

Data transfer from CPU to empty area:
The transferred data will be lost. This action may also cause the CPU to misoperate.

Data transfer from empty areato CPU:
Unpredictable datais transferred.

2. Accessto Interna 1/0 Registers:

Internal data transfer to or from on-chip modules other than the ROM and RAM areas makes
use of an 8-bit datawidth. If word accessis attempted to these areas, the following results will
occur.

Word access from CPU to 1/O register area:
Upper byte: Will be written to 1/O register.
Lower byte: Transferred datawill be lost.

Word access from /O register to CPU:
Upper byte: Will be written to upper part of CPU register.
Lower byte: Unpredictable datawill be written to lower part of CPU register.

Byte size instructions should therefore be used when transferring data to or from /O registers
other than the on-chip ROM and RAM areas. Figure 2.17 shows the data size and number of
states in which on-chip peripheral modules can be accessed.
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Access
States
Word Byte
H'0000
Interrupt vector area
H'0029 (42 bytes)
H'002A
32 Kbytes O O 2
On-chip ROM
*1
H'7FFF
Not used — — —
H'F020 e | o o
H'F02B Internal /O registers™= | 2
Not used — — —
Al LCD RAM o o )
H'F74F (16 bytes)
Not used — — —
H'F780 (1-Kbyte work area for flash o o 9
. %3
HEBTE memory programming)
wpf-"mmm- Internal RAM  ---------F-}y---------------
H'FB80
User Area 1024 bytes @) O 2
H'FF7F
HFF8O| X ©) 2
internal /0 reist H'FF98 to H'FF9F X O 3
nterna registers ~ [TTTTTTtoTooooooos >
(128 bytes) oo o 2
HFFABlo HFFAF | X O 8
H'FFFF X @) 2

Notes: These examples apply to the H8/38024.

1. On the H8/38024, H8/38124, and H8/38024S, 32 Kbytes and the address is H'7FFF; on the
H8/38023, H8/38123, and H8/38023S, 24 Kbytes and the address is H'5FFF; on the
H8/38022, H8/38122, and H8/38022S, 16 Kbytes and the address is H'3FFF; on the
H8/38021, H8/38121, and H8/38021S, 12 Kbytes and the address is H'2FFF; on the
H8/38020, H8/38120, and H8/38020S, 8 Kbytes and the address is H'1FFF.

2. On the H8/38021, H8/38121, H8/38021S, H8/38020, H8/38120, and H8/38020S, 512 bytes
and the address is H'FD80.

3. Only the HD64F38024, HD64F38024R, and HD64F38124 are equipped with internal I/O
registers from H'F020 to H'F02B and on-chip RAM from H'F780 to H'FB7F. Attempting to
access these areas on products other than the HD64F38024, HD64F38024R, and
HD64F 38124 will result in access to an empty area.

Figure2.17 Data Size and Number of Statesfor Accessto and from
On-Chip Peripheral M odules
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29.2 Notes on Bit Manipulation

The BSET, BCLR, BNOT, BST, and BIST instructions read one byte of data, modify the data,
then write the data byte again. Specia careis required when using these instructions in cases
where two registers are assigned to the same address, in the case of registers that include write-
only bits, and when the instruction accesses an 1/0 port.

Order of Operation Operation

1 Read Read byte data at the designated address

2 Modify Modify a designated bit in the read data

3 Write Write the altered byte data to the designated address

1. Bit manipulation in two registersassigned to the same address
Example 1: timer load register and timer counter

Figure 2.18 shows an example in which two timer registers share the same address. When a bit
mani pulation instruction accesses the timer load register and timer counter of a rel oadable timer,
since these two registers share the same address, the following operations take place.

Order of Operation Operation

1 Read Timer counter data is read (one byte)

2 Modify The CPU modifies (sets or resets) the bit designated in the instruction
3 Write The altered byte data is written to the timer load register

The timer counter is counting, so the value read is not necessarily the same as the value in the
timer load register. Asaresult, bits other than the intended bit in the timer load register may be
modified to the timer counter value.

Read
Count clock —» Timer counter
Reload
Write
Timer load register
Internal
data bus

Figure2.18 Timer Configuration Example
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Example 2: BSET instruction executed designating port 3

P3; and P3; are designated as input pins, with alow-level signal input at P3; and a high-level
signal at P3;. The remaining pins, P35 to P3;, are output pins and output low-level signals. In this
example, the BSET instruction is used to change pin P3, to high-level output.

[A: Prior to executing BSET]

P3; P3s P3s P34 P33 P3; P31 P3o
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BSET instruction executed)]

BSET #0 , @DR3 The BSET instruction is executed designating port 3.

[C: After executing BSET]

P3; P3s P3s P34 P33 P3; P31 P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 1
PDR3 0 1 0 0 0 0 0 1

[D: Explanation of how BSET operates)
When the BSET instruction is executed, first the CPU reads port 3.

Since P3; and P35 are input pins, the CPU reads the pin states (low-level and high-level input).
P35 to P3, are output pins, so the CPU reads the value in PDR3. In this example PDR3 has avalue
of H'80, but the value read by the CPU is H'40.

Next, the CPU sets bit 0 of the read data to 1, changing the PDR3 datato H'41. Finally, the CPU
writes this value (H'41) to PDR3, completing execution of BSET.

Asaresult of this operation, bit 0 in PDR3 becomes 1, and P3, outputs a high-level signal.
However, bits 7 and 6 of PDR3 end up with different values.

To avoid this problem, store a copy of the PDR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this data to PDRS.
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[A: Prior to executing BSET]

MOV. B #80, ROL The PDR3 value (H'80) is written to awork areain memory
MOV. B ROL, @RAMD (RAMOQ) as well asto PDR3
MV. B ROL, @°DR3
P3; P3s P35 P34 P33 P3; P3; P30
Input/output Input Input Output Output Output Output Output Output

Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

[B: BSET instruction executed)]

BSET #0 , @RAWD
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2. Bit manipulation in aregister containing a write-only bit
Example 3: BCLR instruction executed designating port 3 control register PCR3

Asin the examples above, P3; and P3; are input pins, with alow-level signal input at P3; and a
high-level signal at P3;. The remaining pins, P35 to P3,, are output pins that output low-level
signals. Inthisexample, the BCLR instruction is used to change pin P3, to an input port. Itis
assumed that a high-level signal will be input to thisinput pin.

[A: Prior to executing BCLR]

P3; P3s P3s P34 P33 P3; P31 P3o
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0

[B: BCLR instruction executed]

BCLR #0 , @CR3 The BCLR instruction is executed designating PCR3.

[C: After executing BCLR]

P37 P36 P35 P34 P33 P32 P3: P30

Input/output Output Output Output Output Output Output Output Input

Pin state Low level High level Low level Low level Low level Low level Low level High level

PCR3 1 1 1 1 1 1 1 0

PDR3 1 0 0 0 0 0 0 0

[D: Explanation of how BCLR operates]

When the BCLR instruction is executed, first the CPU reads PCR3. Since PCR3 isawrite-only
register, the CPU reads a value of H'FF, even though the PCR3 value is actually H'3F.

Next, the CPU clears bit 0 in the read data to 0, changing the datato H'FE. Finaly, thisvalue
(H'FE) iswritten to PCR3 and BCLR instruction execution ends.

Asaresult of this operation, bit 0 in PCR3 becomes 0, making P3, an input port. However, bits 7
and 6 in PCR3 change to 1, so that P3; and P3; change from input pins to output pins.

To avoid this problem, store a copy of the PCR3 datain awork areain memory. Perform the bit
manipulation on the data in the work area, then write this datato PCR3.
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[A: Prior to executing BCLR]

MOV. B #3F, ROL The PCR3 value (H'3F) is written to awork areain memory
MOV. B ROL, @RAMD (RAMOQ) as well asto PCR3.
MOV. B ROL, @PCR3

P37 P36 P3s P34 P33 P32 P31 P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level Low level
PCR3 0 0 1 1 1 1 1 1
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

[B: BCLR instruction executed]

BCLR #0 , @RAMD The BCLR instruction is executed designating the PCR3

work area (RAMO).

[C: After executing BCLR]

MOV. B @RAMD, ROL The work area (RAMO) value is written to PCR3.
MOV. B ROL, @CR3

P37 P36 P35 P34 P33 P32 P31 P30
Input/output Input Input Output Output Output Output Output Output
Pin state Low level High level Low level Low level Low level Low level Low level High level
PCR3 0 0 1 1 1 1 1 0
PDR3 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0

Table 2.12 lists the pairs of registers that share identical addresses. Table 2.13 lists the registers
that contain write-only bits.
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2.9.3 Notes on Use of the EEPM OV |nstruction

» TheEEPMOV instruction isablock data transfer instruction. It moves the number of bytes
specified by R4L from the address specified by R5 to the address specified by R6.

R5 — T

R5 + R4L —

——— < R6 + R4L

*  When setting R4L and R6, make sure that the final destination address (R6 + R4L) does not
exceed H'FFFF. The value in R6 must not change from H'FFFF to H'0000 during execution of
the instruction.

R5 —

RS+ R4L — H'FFFF
Not allowed < R6 + R4L
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Section 3 Exception Handling

3.1 Overview

Exception handling is performed in the H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT
Group, and H8/38124 Group when areset or interrupt occurs. Table 3.1 shows the priorities of
these two types of exception handling.

Table3.1 Exception Handling Typesand Priorities

Priority Exception Source Time of Start of Exception Handling

High Reset Exception handling starts as soon as the reset state is cleared
T Interrupt When an interrupt is requested, exception handling starts after
execution of the present instruction or the exception handling in
Low progress is completed
3.2 Reset

321 Overview

A reset isthe highest-priority exception. Theinternal state of the CPU and the registers of the on-
chip peripheral modules are initialized.

3.2.2 Reset Sequence
As soon asthe RES pin goeslow, all processing is stopped and the chip enters the reset state.
To make sure the chip is reset properly, observe the following precautions.

» At power on: Hold the RES pin low until the clock pulse generator output stabilizes.
* Resetting during operation: Hold the RES pin low for at least 10 system clock cycles.

Reset exception handling takes place as follows.

» The CPU internal state and the registers of on-chip peripheral modules are initialized, with the
| bit of the condition code register (CCR) set to 1.

» ThePCisloaded from the reset exception handling vector address (H'0000 to H'0001), after
which the program starts executing from the address indicated in PC.
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When system power isturned on or off, the RES pin should be held low.
Figure 3.1 shows the reset sequence starting from RES inpuit.

See section 14.3.1, Power-On Reset Circuit, for information on the reset sequence for the
H8/38124 Group, which is equipped with an on-chip power-on reset circuit.

— » Reset cleared
Program initial

Vector fetch Internal instruction prefetch

l«— | Processing ja—— |

m’
m
[72)
T~

Internal
address bus (1) >< @) ><

Internal read
signal

Internal write
signal

Internal data |
bus (16-bit) 1 (@ ) { e

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(3) First instruction of program

Figure3.1 Reset Sequence

323 Interrupt Immediately after Reset

After areset, if an interrupt were to be accepted before the stack pointer (SP: R7) was initialized,
PC and CCR would not be pushed onto the stack correctly, resulting in program runaway. To
prevent this, immediately after reset exception handling all interrupts are masked. For this reason,
theinitial program instruction is always executed immediately after areset. Thisinstruction
should initialize the stack pointer (e.g. MOV.W #xx: 16, SP).
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3.3 Interrupts

331 Overview

Theinterrupt sources include 13 external interrupts (WKP; to WKPg, IRQ,, IRQ3, IRQ4, IRQ,
IRQAEC) and 9 internal interrupts from on-chip peripheral modules. Table 3.2 shows the interrupt
sources, their priorities, and their vector addresses. When more than one interrupt is requested, the
interrupt with the highest priority is processed.

The interrupts have the following features:

» Internal and external interrupts can be masked by the | bit in CCR. When the | bitisset to 1,
interrupt request flags can be set but the interrupts are not accepted.

* |IRQq, IRQs, IRQ1, IRQ,, and WKP; to WKP, can be set to either rising edge sensing or falling
edge sensing, and IRQAEC can be set to either rising edge sensing, falling edge sensing, or
both edge sensing.

Rev. 6.00, 08/04, page 75 of 628
RENESAS



Table3.2 Interrupt Sourcesand Their Priorities

Interrupt Source Interrupt Vector Number Vector Address  Priority
RES Reset 0 H'0000 to H'0001  High
A
Watchdog timer I
IRQo IRQo 4 H'0008 to H'0009
LVDI* Low-voltage detect interrupt”
IRQ:1 IRQ1 5 H'000A to H'000B
IRQAEC IRQAEC 6 H'000C to H'000D
IRQ3 IRQ3 7 H'000E to H'000F
IRQ4 IRQ4 8 H'0010 to H'0011
WKPo WKPg 9 H'0012 to H'0013
WKP1 WKP,
WKP- WKP;
WKP3 WKP;3
WKP4 WKP4
WKPs WKPs5
WKPe WKPg
WKP- WKP7
Timer A Timer A overflow 11 H'0016 to H'0017
Asynchronous Asynchronous event 12 H'0018 to H'0019
event counter counter overflow
Timer C Timer C overflow or underflow 13 H'001A to H'001B
Timer FL Timer FL compare match 14 H'001C to H'001D
Timer FL overflow
Timer FH Timer FH compare match 15 H'001E to H'001F
Timer FH overflow
Timer G Timer G input capture 16 H'0020 to H'0021
Timer G overflow
SCI3 SCI3 transmit end 18 H'0024 to H'0025
SCI3 transmit data empty
SCI3 receive data full
SCI3 overrun error
SCI3 framing error
SCI3 parity error
A/ID A/D conversion end 19 H'0026 to H'0027 ¢
(SLEEP instruction Direct transfer 20 H'0028 to H'0029 Low
executed)

Notes: Vector addresses H'0002 to H'0007, H'0014 to H'0015, and H'0022 to H'0023 are reserved
and cannot be used.

*  The low-voltage detect interrupt triggered by the LVDI is only implemented on the
H8/38124 Group.
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332 Interrupt Control Registers
Table 3.3 lists the registers that control interrupts.

Table3.3 Interrupt Control Registers

Name Abbreviation R/W Initial Value Address
IRQ edge select register IEGR R/W — H'FFF2
Interrupt enable register 1 IENR1 R/W — H'FFF3
Interrupt enable register 2 IENR2 R/W — H'FFF4
Interrupt request register 1 IRR1 R/W* — H'FFF6
Interrupt request register 2 IRR2 R/W* — H'FFF7
Wakeup interrupt request register IWPR RW* H'00 H'FFF9
Wakeup edge select register WEGR R/W H'00 H'FF90

Note: * Write is enabled only for writing of O to clear a flag.

IRQ Edge Select Register (IEGR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ IEG4 ‘ IEG3 ‘ — ‘ IEG1 ‘ IEGO ‘
Initial value 1 1 1 0 0 — 0 0
Read/Write — — — R/W R/W w R/W R/W

IEGR is an 8-bit read/write register used to designate whether pinsIRQ4, IRQs, IRQ; and IRQo
are set to rising edge sensing or falling edge sensing. For the IRQAEC pin edge sensing
specifications, see section 9.7, Asynchronous Event Counter (AEC).

Bits 7 to 5—Reserved

Bits 7 to 5 are reserved: they are always read as 1 and cannot be modified.

Bit 4—IRQ, Edge Select (IEG4)

Bit 4 selects the input sensing of the IRQ, pin and ADTRG pin.

Bit 4

IEG4 Description

0 Falling edge of IRQ4 and ADTRG pin input is detected (initial value)
1 Rising edge of IRQ, and ADTRG pin input is detected
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Bit 3—IRQ; Edge Select (IEG3)

Bit 3 selects the input sensing of the IRQ; pin and TMIF pin.

Bit 3
IEG3 Description
0 Falling edge of IRQz and TMIF pin input is detected (initial value)
1 Rising edge of IRQ; and TMIF pin input is detected
Bit 2—Reserved
Bit 2 isreserved: it can only be written with 0.
Bit 1—IRQ; Edge Select (IEG1)
Bit 1 selects the input sensing of the IRQ; pin and TMIC pin.
Bit 1
IEG1 Description
0 Falling edge of IRQ; and TMIC pin input is detected (initial value)
1 Rising edge of IRQ; and TMIC pin input is detected
Bit 0—IRQq Edge Select (IEGO)
Bit O selects the input sensing of pin IRQy.
Bit 0
IEGO Description
0 Falling edge of IRQo pin input is detected (initial value)
1 Rising edge of IRQo pin input is detected
Interrupt Enable Register 1 (IENR1)
Bit 7 6 5 4 3 2 1 0
‘ IENTA ‘ — ‘ IENWP ‘ IEN4 ‘ IEN3 ‘ IENEC2 ‘ IEN1 ‘ IENO ‘
Initial value 0 — 0 0 0 0 0 0
Read/Write R/W w R/W R/W R/W R/W R/W R/W

IENR1 is an 8-bit read/write register that enables or disables interrupt requests.
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Bit 7—Timer A Interrupt Enable (IENTA)

Bit 7 enables or disablestimer A overflow interrupt requests.

Bit 7

IENTA Description

0 Disables timer A interrupt requests (initial value)
1 Enables timer A interrupt requests

Bit 6—Reserved

Bit 6 isreserved: it can only be written with 0.
Bit 5—Wakeup Interrupt Enable (IENWP)

Bit 5 enables or disables WKP; to WK P, interrupt requests.

Bit 5

IENWP Description

0 Disables WKP7 to WKPy interrupt requests (initial value)
1 Enables WKP; to WKPy interrupt requests

Bits4 and 3—IRQ, and IRQs Interrupt Enable (IEN4 and | EN3)

Bits 4 and 3 enable or disable IRQ, and IRQ; interrupt requests.

Bit n
IENNn Description
0 Disables interrupt requests from pin IRQn (initial value)
1 Enables interrupt requests from pin IRQnN
(n=4or3)
Bit 2—IRQAEC Interrupt Enable (IENEC?2)
Bit 2 enables or disables IRQAEC interrupt requests.
Bit 2
IENEC2 Description
0 Disables IRQAEC interrupt requests (initial value)

1 Enables IRQAEC interrupt requests
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Bits1 and 0—IRQ; and IRQy Interrupt Enable (IEN1 and | ENO)
Bits 1 and O enable or disable IRQ; and IRQq interrupt requests.

Bit n
IENNn Description

0 Disables interrupt requests from pin IRQn (initial value)

1 Enables interrupt requests from pin IRQnN

(n=1or0)

Interrupt Enable Register 2 (IENR2)

Bit 7 6 5 4 3 2 1 0

‘ IENDT ‘ IENAD ‘ — ‘ IENTG ‘IENTFH ‘ IENTFL‘ IENTC ‘ IENEC ‘
Initial value 0 0 — 0 0 0 0 0
Read/Write R/W R/W w R/W R/W R/W R/W R/W

IENR2 is an 8-bit read/write register that enables or disables interrupt requests.
Bit 7—Direct Transfer Interrupt Enable (IENDT)
Bit 7 enables or disables direct transfer interrupt requests.

Bit 7
IENDT Description

0 Disables direct transfer interrupt requests (initial value)

1 Enables direct transfer interrupt requests

Bit 6—A/D Converter Interrupt Enable (IENAD)
Bit 6 enables or disables A/D converter interrupt requests.

Bit 6
IENAD Description

0 Disables A/D converter interrupt requests (initial value)

1 Enables A/D converter interrupt requests

Bit 5—Reserved

Bit 5 isreserved bit: it can only be written with 0.
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Bit 4—Timer G Interrupt Enable (IENTG)

Bit 4 enables or disables timer G input capture or overflow interrupt requests.

Bit 4

IENTG Description

0 Disables timer G interrupt requests (initial value)
1 Enables timer G interrupt requests

Bit 3—Timer FH Interrupt Enable (IENTFH)

Bit 3 enables or disablestimer FH compare match and overflow interrupt requests.

Bit 3

IENTFH Description

0 Disables timer FH interrupt requests (initial value)
1 Enables timer FH interrupt requests

Bit 2—Timer FL Interrupt Enable (IENTFL)

Bit 2 enables or disablestimer FL compare match and overflow interrupt requests.

Bit 2

IENTFL Description

0 Disables timer FL interrupt requests (initial value)
1 Enables timer FL interrupt requests

Bit 1—Timer C Interrupt Enable (IENTC)

Bit 1 enables or disablestimer C overflow and underflow interrupt requests.

Bit 1

IENTC Description

0 Disables timer C interrupt requests (initial value)
1 Enables timer C interrupt requests
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Bit 0—Asynchronous Event Counter Interrupt Enable (IENEC)

Bit O enables or disables asynchronous event counter interrupt requests.

Bit 0

IENEC Description

0 Disables asynchronous event counter interrupt requests (initial value)
1 Enables asynchronous event counter interrupt requests

For details of SCI3 interrupt control, see section 10.2.6 Serial control register 3 (SCR3).

Interrupt Request Register 1 (IRR1)

Bit 7 6 5 4 3 2 1 0

\ IRRTA‘ — \ — \ IRRI4 \ IRRI3 ‘IRRECZ‘ IRRI1 \ IRRIO \
Initial value 0 — 1 0 0 0 0 0
Read/Write R/(W)* W — R/(W)*  R/(W)* RI(W)* R/(W)* RI(W)*

Note: * Only a write of O for flag clearing is possible

IRR1 is an 8-bit read/write register, in which a corresponding flag is set to 1 when atimer A,
IRQAEC, IRQ,, IRQs, IRQq, or IRQq interrupt is requested. The flags are not cleared
automatically when an interrupt is accepted. It is hecessary to write O to clear each flag.

Bit 7—Timer A Interrupt Request Flag (IRRTA)

Bit 7

IRRTA Description

0 Clearing conditions: (initial value)
When IRRTA =1, it is cleared by writing O

1 Setting conditions:
When the timer A counter value overflows from H'FF to H'00

Bit 6—Reserved

Bit 6 isreserved; it can only be written with 0.
Bit 5—Reserved

Bit 5isreserved; it isalways read as 1 and cannot be modified.
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Bits4 and 3—IRQ, and IRQz Interrupt Request Flags (IRRI4 and IRRI3)

Bitn

IRRIN Description

0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing O

1 Setting conditions:

When pin IRQn is designated for interrupt input and the designated signal edge is
input

(n=4or3)
Bit 2—IRQAEC Interrupt Request Flag (IRREC?2)
Bit 2
IRREC2 Description
0 Clearing conditions: (initial value)
When IRREC2 =1, it is cleared by writing O
1 Setting conditions:

When pin IRQAEC is designated for interrupt input and the designated signal edge is
input

Bits1 and 0—IRQ; and IRQy Interrupt Request Flags (IRRI1 and IRRI10)

Bitn

IRRIN Description

0 Clearing conditions: (initial value)
When IRRIn =1, it is cleared by writing O

1 Setting conditions:

When pin IRQn is designated for interrupt input and the designated signal edge is
input

(n=1or0)

Rev. 6.00, 08/04, page 83 of 628
RENESAS



Interrupt Request Register 2 (IRR2)

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ IRRDT ‘ IRRAD ‘ — ‘ IRRTG ‘IRRTFH ‘ IRRTFL‘ IRRTC ‘ IRREC ‘
0 0 — 0 0 0 0 0

RI(W)*  RI(W)* W RI(W)* R/(W)* R/(W)* R/(W)* R/(W)*

Note: * Only a write of 0 for flag clearing is possible

IRR2 is an 8-bit read/write register, in which a corresponding flag is set to 1 when a direct
transfer, A/D converter, Timer G, Timer FH, Timer FL, Timer C, or asynchronous event counter
interrupt isrequested. The flags are not cleared automatically when an interrupt is accepted. Itis
necessary to write O to clear each flag.

Bit 7—Direct Transfer Interrupt Request Flag (IRRDT)

Bit 7

IRRDT Description

0 Clearing conditions: (initial value)
When IRRDT = 1, it is cleared by writing 0

1 Setting conditions:

When a direct transfer is made by executing a SLEEP instruction while DTON =1 in
SYSCR2

Bit 6—A/D Converter Interrupt Reguest Flag (IRRAD)

Bit 6

IRRAD Description

0 Clearing conditions: (initial value)
When IRRAD =1, it is cleared by writing O

1 Setting conditions:
When A/D conversion is completed and ADSF is cleared to 0 in ADSR

Bit 5—Reserved

Bit 5 isreserved: it can only be written with O.
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Bit 4—Timer G Interrupt Request Flag (IRRTG)

Bit 4

IRRTG Description

0 Clearing conditions: (initial value)
When IRRTG =1, it is cleared by writing O

1 Setting conditions:

When the TMIG pin is designated for TMIG input and the designated signal edge is
input, and when TCG overflows while OVIE is set to 1 in TMG

Bit 3—Timer FH Interrupt Request Flag (IRRTFH)

Bit 3

IRRTFH Description

0 Clearing conditions: (initial value)
When IRRTFH =1, it is cleared by writing O

1 Setting conditions:

When TCFH and OCRFH match in 8-bit timer mode, or when TCF (TCFL, TCFH)
and OCRF (OCRFL, OCRFH) match in 16-bit timer mode

Bit 2—Timer FL Interrupt Request Flag (IRRTFL)

Bit 2

IRRTFL Description

0 Clearing conditions: (initial value)
When IRRTFL =1, it is cleared by writing 0

1 Setting conditions:

When TCFL and OCRFL match in 8-bit timer mode

Bit 1—Timer C Interrupt Request Flag (IRRTC)

Bit 1

IRRTC Description

0 Clearing conditions: (initial value)
When IRRTC = 1, it is cleared by writing O

1 Setting conditions:

When the timer C counter value overflows (from H'FF to H'00) or underflows (from
H'00 to H'FF)
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Bit 0—Asynchronous Event Counter Interrupt Request Flag (IRREC)

Bit 0

IRREC Description

0 Clearing conditions: (initial value)
When IRREC =1, it is cleared by writing O

1 Setting conditions:

When ECH overflows in 16-bit counter mode, or ECH or ECL overflows in 8-bit
counter mode

Wakeup Interrupt Request Register (IWPR)

Bit 7 6 5 4 3 2 1 0
‘ IWPF7 ‘ IWPF6 ‘ IWPF5 ‘ IWPF4 ‘ IWPF3 ‘ IWPF2 ‘ IWPF1 ‘ IWPFO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write RI(W)*  RI(W)* R/(W)* R/(W)* R/(W)* R(W* RI(W* R/(W)*
Note: * Only a write of O for flag clearing is possible

IWPR is an 8-hit read/write register containing wakeup interrupt request flags. When one of pins
WKP; to WKP, is designated for wakeup input and arising or falling edgeis input at that pin, the
corresponding flag in IWPR isset to 1. A flagis not cleared automatically when the
corresponding interrupt is accepted. Flags must be cleared by writing O.

Bits 7 to 0—Wakeup Interrupt Request Flags (IWPF7 to IWPFO)

Bit n

IWPFn Description

0 Clearing conditions: (initial value)
When IWPFn= 1, it is cleared by writing 0

1 Setting conditions:
When pin WKP,, is designated for wakeup input and a rising or falling edge is input at
that pin

(n=7100)
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Wakeup Edge Select Register (WEGR)

Bit 7 6 5 4 3 2 1 0
‘WKEGS?‘WKEGSB‘WKEGSS‘WKEGS4‘WKEGS3‘WKEG82‘WKEGS1‘WKEGSO‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

WEGR is an 8-bit read/write register that specifiesrising or falling edge sensing for pins WKPn.
WEGR isinitialized to H'00 by areset.
Bit n—WKPn Edge Select (WKEGSN)

Bit n selects WKPn pin input sensing.

Bit n

WKEGSnh Description

0 WKPn pin falling edge detected (initial value)
1 WKPn pin rising edge detected

(n=7100)

333 External Interrupts
There are 13 externa interrupts: WKP7 to WKPO, IRQ4, IRQ3, IRQ1, IRQO, and IRQAEC.

Interrupts WKP; to WK P,

Interrupts WKP7 to WKPO are requested by either rising or falling edge input to pins WKP; to
WKP,. When these pins are designated as pins WKP; to WKP, in port mode register 5 and a
rising or falling edge is input, the corresponding bit in IWPR is set to 1, requesting an interrupt.
Recognition of wakeup interrupt requests can be disabled by clearing the IENWP bit to 0 in
IENR1. Theseinterrupts can all be masked by setting the | bit to 1 in CCR.

When WKP7 to WKPO interrupt exception handling isinitiated, the | bitissetto 1 in CCR.
Vector number 9 is assigned to interrupts WKP7 to WKPO. All eight interrupt sources have the
same vector number, so the interrupt-handling routine must discriminate the interrupt source.
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Interrupts IRQ,4, IRQ3, IRQ; and IRQq

Interrupts IRQ4, IRQ3, IRQ1, and IRQO are requested by input signals to pins IRQ,, IRQ3, IRQ;,
and IRQ,. These interrupts are detected by either rising edge sensing or falling edge sensing,
depending on the settings of bits IEG4, IEG3, IEG1, and IEGO in IEGR.

When these pins are designated as pins IRQ., IRQs, IRQ;, and IRQ, in port mode register B, 2,
and 1 and the designated edge is input, the corresponding bit in IRR1 is set to 1, requesting an
interrupt. Recognition of these interrupt requests can be disabled individually by clearing bits
IEN4, IENS, IEN1, and IENO to 0 in IENR1. These interrupts can all be masked by setting the |
bitto 1in CCR.

When IRQ4, IRQ3, IRQ1, and IRQO interrupt exception handling isinitiated, the | bitissetto 1in
CCR. Vector numbers 8, 7, 5, and 4 are assigned to interrupts IRQ4, IRQ3, IRQ1, and IRQO. The
order of priority isfrom IRQO (high) to IRQ4 (low). Table 3.2 gives details.

IRQAEC Interrupt

The IRQAEC interrupt is requested by an input signal to pin IRQAEC and |IECPWM (output of
PWM for AEC). When the IRQAEC input pin isto be used as an external interrupt, set ECPWME
in AEGSR to 0. Thisinterrupt is detected by rising edge, falling edge, or both edge sensing,
depending on the settings of bits AIEGS1 and AIEGS0 in AEGSR.

When bit IENEC2 in IENR1 is 1 and the designated edge is input, the corresponding bit in IRR1 is
set to 1, requesting an interrupt.

When IRQAEC interrupt exception handling isinitiated, the | bitissetto 1in CCR. Vector
number 6 is assigned to the IRQAEC interrupt exception handling. Table 3.2 gives details.

334 Internal Interrupts

There are 9 internal interrupts that can be requested by the on-chip peripheral modules. When a
peripheral module requests an interrupt, the corresponding bit in IRR1 or IRR2 is set to 1.
Recognition of individual interrupt requests can be disabled by clearing the corresponding bit in
IENR1 or IENR2. All these interrupts can be masked by setting the | bit to 1 in CCR. When
internal interrupt handling isinitiated, the | bit isset to 1 in CCR. Vector numbers from 20 to 18
and 16 to 11 are assigned to these interrupts. Table 3.2 shows the order of priority of interrupts
from on-chip peripheral modules.
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335 Interrupt Operations

Interrupts are controlled by an interrupt controller. Figure 3.2 shows a block diagram of the
interrupt controller. Figure 3.3 shows the flow up to interrupt acceptance.

Interrupt controller

External or DiD+>

internal

interrupts (I 4D__>
(I

iD;» Interrupt
! request

Priority decision logic

External
interrupts or
internal
interrupt
enable
signals

18

I CCR (CPU)

Figure3.2 Block Diagram of Interrupt Controller
Interrupt operation is described as follows.

¢ When an interrupt condition is met while the interrupt enable register bit issetto 1, an
interrupt request signal is sent to the interrupt controller.

* When the interrupt controller receives an interrupt request, it sets the interrupt request flag.

» From among the interrupts with interrupt request flags set to 1, the interrupt controller selects
the interrupt request with the highest priority and holds the others pending. (Refer to table 3.2
for alist of interrupt priorities.)

¢ Theinterrupt controller checksthe | bit of CCR. If thel bit isO0, the selected interrupt request
is accepted; if the | bit is 1, the interrupt request is held pending.

» If theinterrupt request is accepted, after processing of the current instruction is compl eted,
both PC and CCR are pushed onto the stack. The state of the stack at thistimeis shownin
figure 3.4. The PC value pushed onto the stack is the address of the first instruction to be
executed upon return from interrupt handling.
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» Thel bit of CCR s set to 1, masking further interrupts.

» The vector address corresponding to the accepted interrupt is generated, and the interrupt
handling routine located at the address indicated by the contents of the vector addressis
executed.

Notes: 1. When disabling interrupts by clearing bits in an interrupt enable register, or when
clearing bitsin an interrupt request register, aways do so while interrupts are masked
(I1=2).
2. If the above clear operations are performed while | = 0, and as aresult a conflict arises
between the clear instruction and an interrupt request, exception processing for the
interrupt will be executed after the clear instruction has been executed.
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;

| Program execution state |

No
I=0

Yes

PC contents saved

CCR contents saved

|« 1

Branch to interrupt
handling routine

[Legend]
PC: Program counter
CCR: Condition code register

| bit of CCR

Figure3.3 Flow up to Interrupt Acceptance

RENESAS
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SP_4 SP (R7) — CCR

SP-3 SP +1 CCR*

SP -2 SP +2 PChq

SP -1 SP +3 PC_

SP (R7) — SP +4 Even address
Stack area

/\/ /\/

Prior to start of interrupt ———————— After completion of interrupt
exception handling PC and CCR exception handling
saved to stack

[Legend]

PCy:  Upper 8 bits of program counter (PC)
PC.: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP: Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon
return from the interrupt handling routine.
2. Register contents must always be saved and restored by word access,
starting from an even-numbered address.
* Ignored on return.

Figure3.4 Stack State after Completion of Interrupt Exception Handling

Figure 3.5 shows atypical interrupt sequence.
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Figure3.5 Interrupt Sequence
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3.36 Interrupt Response Time

Table 3.4 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handler is executed.

Table3.4 Interrupt Wait States

Item States Total
Waiting time for completion of executing instruction” 1to 13 15 to 27
Saving of PC and CCR to stack 4

Vector fetch

Instruction fetch

AN

Internal processing

Note: * Not including EEPMOV instruction.
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34 Application Notes

34.1 Notes on Stack Area Use

When word datais accessed in the LS, the least significant bit of the addressis regarded as 0.
Access to the stack always takes place in word size, so the stack pointer (SP: R7) should never
indicate an odd address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to
save or restore register values.

Setting an odd address in SP may cause a program to crash. An exampleisshownin figure 3.6.

| PCx | SP— R1L H'FEFC
SP— PCL PCL H'FEFD
sPol ] | HFEFF
BSR instruction MOV. B R1L, @-R7
SP set to H'FEFF Stack accessed beyond SP Contents of PCy are lost
[Legend]

PCy: Upper byte of program counter
PC,.: Lower byte of program counter
R1L: General register R1L

SP: Stack pointer

Figure3.6 Operation when Odd Addressis Set in SP

When CCR contents are saved to the stack during interrupt exception handling or restored when
RTE is executed, this also takes place in word size. Both the upper and lower bytes of word data
are saved to the stack; on return, the even address contents are restored to CCR while the odd
address contents are ignored.
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34.2 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins and when
the value of ECPWME in AEGSR is rewritten to switch between selection/non-selection of
IRQAEC, the following points should be observed.

When an external interrupt pin function is switched by rewriting the port mode register that

the time the pin function is switched, even if no valid interrupt isinput at the pin. Be sureto clear
the interrupt request flag to O after switching pin functions. When the value of ECPWME in
AEGSR that sets selection/non-selection of IRQAEC is rewritten, the interrupt request flag may be
setto 1, evenif avalid edge has not arrived on the selected IRQAEC or IECPWM (PWM output
for AEC). Therefore, be sureto clear the interrupt request flag to O after switching the pin
function. Table 3.5 shows the conditions under which interrupt request flags are set to 1 in this
way.

Table3.5 Conditionsunder which Interrupt Reguest Flagis Set to 1

Interrupt Request
Flags Setto 1 Conditions

IRR1 IRRI4 When PMR1 bit IRQ4 is changed from 0 to 1 while pin IRQy is low and IEGR bit
IEG4=0.

When PMR1 bit IRQ4 is changed from 1 to 0 while pin IRQy is low and IEGR bit
IEG4 = 1.

IRRI3 When PMR1 bit IRQ3 is changed from 0 to 1 while pin IRQs is low and IEGR bit
IEG3 =0.

When PMR1 bit IRQ3 is changed from 1 to 0 while pin IRQs is low and IEGR bit
IEG3=1.

IRREC2 When an edge as designated by AIEGS1 and AIEGSO0 in AEGSR is detected
because the values on the IRQAEC pin and of IECPWM at switching are different
(e.g., when the rising edge has been selected and ECPWME in AEGSR is changed
from 1 to 0 while pin IRQAEC is low and IECPWM = 1).

IRRI1 When PMRB bit IRQ1 is changed from 0 to 1 while pin IRQ; is low and IEGR bit
IEG1 =0.

When PMRB bit IRQ1 is changed from 1 to 0 while pin IRQ; is low and IEGR bit
IEG1 = 1.

IRRIO When PMR2 bit IRQO is changed from 0 to 1 while pin IRQy is low and IEGR bit
IEGO = 0.

When PMR2 bit IRQO is changed from 1 to 0 while pin IRQy is low and IEGR bit
IEGO = 1.
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Interrupt Request
Flags Setto 1 Conditions

IWPR IWPF7 When PMRS5 bit WKP7 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS7 =0.

When PMR5 bit WKP7 is changed from 1 to 0 while pin WKP- is low and WEGR bit
WKEGS7 = 1.

IWPF6 When PMRS5 bit WKP6 is changed from 0 to 1 while pin WKPg is low and WEGR bit
WKEGS6 = 0.

When PMRS5 bit WKP6 is changed from 1 to 0 while pin WKPg is low and WEGR bit
WKEGSS6 = 1.

IWPF5 When PMRS5 bit WKP5 is changed from 0 to 1 while pin WKPs is low and WEGR bit
WKEGSS5 = 0.

When PMR5 bit WKP5 is changed from 1 to 0 while pin WKPs is low and WEGR bit
WKEGS5 = 1.

IWPF4 When PMRS5 bit WKP4 is changed from 0 to 1 while pin WKP, is low and WEGR bit
WKEGS4 = 0.

When PMR5 bit WKP4 is changed from 1 to 0 while pin WKP, is low and WEGR bit
WKEGS4 = 1.

IWPF3 When PMRS5 bit WKP3 is changed from 0 to 1 while pin WKP3 is low and WEGR bit
WKEGS3 = 0.

When PMR5 bit WKP3 is changed from 1 to 0 while pin WKP3 is low and WEGR bit
WKEGS3 = 1.

IWPF2 When PMR5 bit WKP2 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS2 = 0.

When PMR5 bit WKP2 is changed from 1 to 0 while pin WKP is low and WEGR bit
WKEGS2 = 1.

IWPF1 When PMRS5 bit WKP1 is changed from 0 to 1 while pin WKP; is low and WEGR bit
WKEGS1 = 0.

When PMRS5 bit WKP1 is changed from 1 to 0 while pin WKP; is low and WEGR bit
WKEGS1 = 1.

IWPFO When PMR5 bit WKPO is changed from 0 to 1 while pin WKPy is low and WEGR bit
WKEGSO = 0.

When PMRS5 bit WKPO is changed from 1 to 0 while pin WKPy is low and WEGR bit
WKEGSO0 = 1.

Figure 3.7 shows the procedure for setting a bit in a port mode register and clearing the interrupt
request flag.

When switching a pin function, mask the interrupt before setting the bit in the port mode register
(or AEGSR). After accessing the port mode register (or AEGSR), execute at |east one instruction
(e.g., NOP), then clear the interrupt request flag from 1 to 0. If the instruction to clear the flagis
executed immediately after the port mode register (or AEGSR) access without executing an
intervening instruction, the flag will not be cleared.
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An alternative method is to avoid the setting of interrupt request flags when pin functions are
switched by keeping the pins at the high level so that the conditionsin table 3.5 do not occur.

However, the procedure in Figure 3.7 is recommended because IECPWM is an internal signal and
determining its value is complicated.

Interrupts masked. (Another possibility
| CCR | bit«1 | —————————— is to disable the relevant interrupt in
‘ interrupt enable register 1.)

|Set port mode register (or AEGSR) bit|

After setting the port mode register
, 1 | (or AEGSR) bit, first execute at least
| Execute NOP instruction | one instruction (e.g., NOP), then clear
‘ the interrupt request flag to 0

| Clear interrupt request flag to 0 |

| CCR I bit«0 | ffffffffff Interrupt mask cleared

Figure3.7 Port Mode Register (or AEGSR) Setting and Interrupt Request Flag
Clearing Procedure

34.3 Method for Clearing Interrupt Request Flags

Use the recommended method, given below when clearing the flags of interrupt request registers
(IRR1, IRR2, IWPR).

» Recommended method
Use asingleinstruction to clear flags. The bit control instruction and byte-size data transfer
instruction can be used. Two examples of program code for clearing IRRI 1 (bit 1 of IRR1) are
given below.
BCLR #1, @RR1:8
MWV.B RIL, @RR1:8 (set the value of RIL to B'11111101)

» Example of amalfunction
When flags are cleared with multiple instructions, other flags might be cleared during
execution of the instructions, even though they are currently set, and this will cause a
malfunction.
Hereisan examplein which IRRIO is cleared and disabled in the process of clearing IRRI1
(bit 1 of IRR1).
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MV.B @RR1:8,RIL ......... IRRIO = 0 at this tine
AND. B #B' 11111101, R1L ..... Here, IRRIO =1
MOV.B RIL, @RR1:8 ......... IRRIO is cleared to O

In the above example, it is assumed that an IRQO interrupt is generated while the AND.B
instruction is executing.

The IRQO interrupt is disabled because, although the original objectiveisclearing IRRI1,
IRRIO isalso cleared.
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Section 4 Clock Pulse Generators

4.1 Overview

Clock oscillator circuitry (CPG: clock pulse generator) is provided on-chip, including both a
system clock pulse generator and a subclock pulse generator. The system clock pul se generator
consists of a system clock oscillator and system clock dividers. The subclock pulse generator
consists of a subclock oscillator circuit and a subclock divider.

In the H8/38124 Group, the system clock pul se generator includes an on-chip oscillator.

41.1 Block Diagram

Figure 4.1 shows ablock diagram of the clock pulse generators of the H8/38024, H8/38024S, and
H8/38024F-ZTAT Group. Figure 4.2 shows a block diagram of the clock pulse generators of the
H8/38124 Group.

! bosc/2 ‘
0SC1 : dosc -
4’; System clock System clock dosc/128 |- ¢
OSC2<*§ oscillator (fosc) divider (1/2) System ¢osc/64=
} d(':k')de Posc/32_| | PrescalerS |~ gz
| VIGeT 1 gosc/16,| | (13bits) | /8192
__System clock pulse generator === t———— =~ !
‘ bwl2 n - bw
X1—» Subclock |¥w Subclock dw/4 B
Xo-=— oscillator divider /8 = dsus
2= fw) | (172, 1/4, 1/8)| W - ol
| = YW
- Oy/4
L= Ow/8
i w Prescaler W | | o
' Subclock pulse generator ‘ (5 bits) ‘
”””””””””””””””””””””””””””””””””””””” ™ ¢y/128

Figure4.1(1) Block Diagram of Clock Pulse Generators
(H8/38024 Group, H8/38024S Group, H8/38024F-ZTAT Group)
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1 Internal reset signal (other than watchdog timer or low-voltage detect !
| circuit reset)

| C !
b Q ,
IRQAEC —!—> Latch |
E Svst ¢osc/2 i
, stem ’ '
08Cq ——>f SYStem clock L '
I clock ! 0
0SCy <—+ oscillator divider System | ¢osc/16 :
' (1/2) clock | ¢osc/32 '
i divider | dosc/64 ' Prescaler S [ ;béz
i 128 - : !
i | on-chip osct ! (13bits) |5 /8192
| oscillator E
E System clock pulse generator _E
5 : du
owi2 :
X1 E > Subclock dw Subclock | ¢w/4 i sue
Xo -« oscillator (fw) divider w8 '
! (112, 1/4, 1/8) ;
| . ow/2
, ow/4
: : Prescaler W [ ﬂ)c\)'\’/a
Subclock pulse generator ; (5bits) [~ pw/128

Figure4.2 Block Diagram of Clock Pulse Generators (H8/38124 Group)

41.2 System Clock and Subclock

The basic clock signalsthat drive the CPU and on-chip peripheral modules are ¢ and @gyg. Four
of the clock signals have names: @is the system clock, @syg is the subclock, @osc is the oscillator
clock, and @y isthe watch clock.

The clock signals available for use by peripheral modules are @/2, @¢/4, @/8, ¢/16, @/32, @/64,
@128, @/256, (512, @¢/1024, ¢/2048, ¢/4096, /8192, @y, Gn/2, Gn/4, Gn/8, /16, Ou/32, /64,
and @,/128. The clock requirements differ from one module to another.

413 Register Descriptions

Table 4.1 lists the registers that control the clock pulse generators. The registerslisted in table 4.1
are only implemented in the H8/38124 Group.

Table4.1 Clock Pulse Generator Control Registers

Name Abbreviation R/W Initial Value Address
Clock pulse generator control OSCCR R/W — H'FFF5
register

Rev. 6.00, 08/04, page 102 of 628
RENESAS




Clock Pulse Generator Control Register (OSCCR)

Bit 7 6 5 4 3 2 1 0
‘SUBSTP‘ — ‘ — ‘ — ‘ — ‘IRQAECF‘ OSCF ‘ — ‘

Initial value 0 0 0 0 0 — — 0

Read/Write R/W R R/W R/W R/W R R R/W

OSCCR isan 8-bit read/write register that contains the flag indicating the selection of system
clock oscillator or on-chip oscillator, indicates the input level of the IRQAEC pin during resets,
and controls whether the subclock oscillator operates or not.

Bit 7—Subclock Oscillator Stop Control (SUBSTP)

Bit 7 controls whether the subclock oscillator operates or not. It can be set to 1 only in the active
mode (high-speed/medium-speed). Setting bit 7 to 1 in the subactive mode will causethe LSI to
stop operating.

Bit 7

SUBSTP Description

0 Subclock oscillator operates (initial value)
1 Subclock oscillator stopped

Bit 6—Reserved

Thisbit isreserved. It is always read as 0 and cannot be written to.
Bits5to 3—Reserved

These bits are read/write enabled reserved hits.

Bit 2—IRQAEC Flag (IRQAECF)

This bit indicates the IRQAEC pin input level set during resets.

Bit 2

IRQAECF  Description

0 IRQAEC pin set to GND during resets
1 IRQAEC pin set to Ve during resets
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Bit 1—OSC Flag (OSCF)

This bit indicates the oscillator operating with the system clock pulse generator.

Bit 1

OSCF Description

0 System clock oscillator operating (on-chip oscillator stopped)
1 On-chip oscillator operating (system clock oscillator stopped)
Bit 0—Reserved

This bit isreserved. Never write 1 to this bit, asit can cause the LS| to malfunction.

4.2 System Clock Generator

Clock pulses can be supplied to the system clock divider either by connecting a crystal or ceramic
oscillator, or by providing external clock input. As shown in figure 4.2, the H8/38124 Group
supports selection between a system clock oscillator and an on-chip oscillator. See section 4.2,
On-Chip Oscillator Selection Method, for information on selecting the on-chip oscillator.

Connecting a Crystal Oscillator

Figure 4.3(1) shows atypical method of connecting a crystal oscillator to the H8/38024 or
H8/38024F-ZTAT Group, and figure 4.3(2) shows a typical method of connecting a crystal
oscillator to the H8/38024S and H8/38124 Group.

R¢ =1 MQ +20%

Cy
OSC
! £ .G,
R [ Frequency | Crystal Recommendation
oscillator value
0SC, ;_77‘7
&)

4.19 MHz NDK 12 pF +20%

Note: Circuit constants should be determined in
consultation with the resonator manufacturer.

Figure4.3(1) Typical Connection to Crystal Oscillator
(H8/38024, H8/38024F-ZTAT Group)
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C4
0SC; Rs =1 MQ £20%
Red ¢
2 C4,C
Crystal Products b2
oscC
2 |;|r Frequency oscillator hame Recommendation
value
4.0 MHz NDK NR-18 12 pF +20%

Note: Circuit constants should be determined in consultation
with the resonator manufacturer.

Figure4.3(2) Typical Connection to Crystal Oscillator
(H8/38024S, H8/38124 Group)

Figure 4.3 shows the equivalent circuit of acrystal oscillator. An oscillator having the
characteristics given in table 4.2 should be used.

LS RS
OSCq =-——¢ +— 0OSC,

Figure4.4 Equivalent Circuit of Crystal Oscillator

Table4.2 Crystal Oscillator Parameters

Frequency (MHz) 4 4.193
RS max (Q) 100 100
Co max (pF) 16 16
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Connecting a Ceramic Oscillator

Figure 4.5(1) shows a typical method of connecting a ceramic oscillator to the H8/38024 or
H8/38024F-ZTAT Group, and figure 4.5(2) shows atypical method of connecting a crystal
oscillator to the H8/38024S and H8/38124 Group.

R¢ = 1 MQ £20%
0SC;

C4
}_77|7 C H C1, C2
Ry [ Frequency | ~°r@MC | Recommendation
0OSC» oscillator value
&

4.0 MHz Murata 30 pF +10%

Figure4.5(1) Typical Connection to Ceramic Oscillator
(H8/38024, H8/38024F-ZTAT Group)

0sC; i - Rf= 1 MQ £20%
R (I ) Cq. C
C 1“2
0sC % T, 2. Frequency Cer_amlc Products name Recommendation
2 el oscillator value
Ceramic oscillator 2.0 MHz Murata CSTCC2M00G53-BO | 15 pF +20%
CSTCC2M00G56-B0O | 47 pF +20%
10.0 MHz CSTLS10M0G53-B0 15 pF +20%
CSTLS10M0G56-B0 47 pF +20%
16.0 MHz™* CSTLS16M0X53-B0 15 pF +20%

Notes: Circuit constants should be determined in consultation
with the resonator manufacturer.
* This does not apply to the H8/38024S Group.

Figure4.5(2) Typical Connection to Ceramic Oscillator
(H8/38024S, H8/38124 Group)

Notes on Board Design

When generating clock pulses by connecting acrystal or ceramic oscillator, pay careful attention
to the following points.

Avoid running signal lines close to the oscillator circuit, since the oscillator may be adversely
affected by induction currents. (Seefigure 4.6.)

The board should be designed so that the oscillator and load capacitors are located as close as
possible to pins OSC,; and OSC,.
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To be avoided | — Signal A Signal B

c -
I | | ——— 0sC/
|| - 0SC,
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On-Chip Oscillator Selection Method (H8/38124 Group Only)

The on-chip oscillator is selected by setting the IRQAEC pin input level during resets.* Table 4.3
lists the methods for selecting the system clock oscillator and the on-chip oscillator. The IRQAEC
pininput level set during resets must be fixed at V cc or GND, based on the oscillator to be
selected. It is not necessary to connect an oscillator to pins OSC1 and OSC2 if the on-chip
oscillator is selected. In this case, pin OSC1 should be fixed at V¢ or GND.

Note: The system clock oscillator must be selected in order to program or erase flash memory as
part of operations such as on-board programming. Also, when using the on-chip emulator,
an oscillator should be connected, or an external clock input, even if the on-chip oscillator
is selected.

*  Other than watchdog timer or low-voltage detect circuit reset.

Table4.3 System Clock Oscillator and On-Chip Oscillator Selection M ethods

IRQAEC pin input level (during resets) 0 1
System clock oscillator Enabled Disabled
On-chip oscillator Disabled Enabled

Rev. 6.00, 08/04, page 108 of 628
RENESAS



4.3 Subclock Generator

Connecting a 32.768 kHz/38.4 kHz Crystal Oscillator

Clock pulses can be supplied to the subclock divider by connecting a 32.768 kHz/38.4 kHz crystal
oscillator, as shown in figure 4.8. Follow the same precautions as noted under 3. notes on board

design for the system clock in section 4.2.

Note that only operation at 32.768 kHz is guaranteed on the H8/38124 Group.

X1 | }_77‘7 Cqy =Cy =15pF (typ.)

Frequency | Crystal oscillator Products Name
| }—7)7 38.4 kHz Seiko Instrument Inc.| VTC-200
C2 32.768 kHz | Nihon Denpa Kogyo | MX73P

Figure4.8 Typical Connection to 32.768 kHz/38.4 kHz Crystal Oscillator (Subclock)

Figure 4.9 shows the equivalent circuit of the 32.768 kHz/38.4 kHz crystal oscillator.

o0 | |
Ls Rs

X =1 X

Co Co =1.5pF typ
Rs = 14 kQ typ
fw = 32.768 kHz/38.4 kHz

Figure4.9 Equivalent Circuit of 32.768 kHz/38.4 kHz Crystal Oscillator
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Pin Connection when Not Using Subclock

When the subclock is not used, connect pin X; to GND and leave pin X, open, as shown in figure
4.10.

X
1 7J7 GND

X2 ————— Open

Figure4.10 Pin Connection when not Using Subclock
External Clock Input
Connect the external clock to the X1 pin and leave the X2 pin open, as shown in figure 4.11.

Note that no external clock should be input to the H8/38124 Group.

X4 External clock input

X5 ———— Open

Figure4.11 Pin Connection when Inputting External Clock

Frequency Subclock (¢w)

Duty 45% to 55%

M ethod for Disabling Subclock Oscillator (H8/38124 Group Only)

The subclock oscillator can be disabled by programs by setting the SUBSTP bit in the OSCCR
register to 1. The register setting to disable the subclock oscillator should be made in the active
mode. When restoring operation of the subclock oscillator after it has been disabled using the
OSCCR register, it is necessary to wait for the oscillation stabilization time (typ: 8s) to elapse
before using the subclock.
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4.4 Prescalers

The H8/38024 Group is equipped with two on-chip prescalers having different input clocks
(prescaler S and prescaler W). Prescaler Sisa 13-bit counter using the system clock (¢) asits
input clock. Its prescaled outputs provide internal clock signals for on-chip peripheral modules.
Prescaler W is a 5-bit counter using a 32.768 kHz or 38.4 kHz signal divided by 4 (@, /4) asits
input clock. Its prescaled outputs are used by timer A as atime base for timekeeping.

Prescaler S (PSS)

Prescaler Sisa13-bit counter using the system clock (@) asitsinput clock. It isincremented once
per clock period.

Prescaler Sisinitialized to H'0000 by areset, and starts counting on exit from the reset state.

In standby mode, watch mode, subactive mode, and subsleep mode, the system clock pulse
generator stops. Prescaler S also stops and isinitialized to H'0000.

The CPU cannot read or write prescaler S.

The output from prescaler Sis shared by timer A, timer C, timer F, timer G, SCI3, the A/D
converter, the LCD controller, watchdog timer, and the 10-bit PWM. The divider ratio can be set
separately for each on-chip peripheral function.

In active (medium-speed) mode the clock input to prescaler Sis osc/16, @osc/32, gposc/64, or
(posc/128.

Prescaler W (PSW)

Prescaler W is a 5-bit counter using a 32.768 kHz/38.4 kHz signal divided by 4 (pn/4) asitsinput
clock.

Prescaler W isinitialized to H'00 by areset, and starts counting on exit from the reset state.

Even in standby mode, watch mode, subactive mode, or subsleep mode, prescaler W continues
functioning so long as clock signals are supplied to pins X1 and X2.

Prescaler W can be reset by setting 1sin bits TMA3 and TMAZ2 of timer mode register A (TMA).

Output from prescaler W can be used to drive timer A, in which case timer A functionsasatime
base for timekeeping.
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Modification

point
|| ° |1 °
I l 0OSC1 11 OSC1
C1 = C1 l
77 <
é I ’e’ T I
| —3 0SC2 | —s 0sc2
Cc2 \ Cc2
77 Ve
Negative resistance,
addition of —-R
(1) Negative Resistance Measuring Circuit (2) Oscillator Circuit Modification Suggestion 1
Modification
point
Modification )_el:
point C3
'} * 0sc1 | T
o1 l Ho—/ 0sc1
C1
g = b3 ].
~— 1’ TR =2 RS
g el
) 0SC2 | |—e 0sC2
Cc2
¥
—
(3) Oscillator Circuit Modification Suggestion 2 (4) Oscillator Circuit Modification Suggestion 3

Figure4.13 Negative Resistance M easurement and Circuit M odification Suggestions

45.1 Definition of Oscillation Stabilization Wait Time

Figure 4.14 shows the oscillation waveform (OSC2), system clock (¢), and microcomputer
operating mode when a transition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator.

Asshowninfigure 4.13, as the system clock oscillator is halted in standby mode, watch mode,
and subactive mode, when atransition is made to active (high-speed/medium-speed) mode, the
sum of the following two times (oscillation stabilization time and wait time) is required.
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1. Oscillation stabilization time (t,c)

The time from the point at which the system clock oscillator oscillation waveform starts to change
when an interrupt is generated, until the amplitude of the oscillation waveform increases and the
oscillation frequency stabilizes.

2. Wait time

The time required for the CPU and peripheral functions to begin operating after the oscillation
waveform frequency and system clock have stabilized.

The wait time setting is selected with standby timer select bits 2 to 0 (STS2 to STS0) (bits6to 4 in
system control register 1 (SY SCR1)).

Oscillation
waveform
(0SC2)

System clock

(9)

Oscillation
stabilization
time

Wait time

Standby mode,
Operating watch mode, - I _ Active (high-speed) mode or
mode or subactive Oscillation stabilization wait time active (medium-speed) mode

mode

Interrupt accepted

Figure4.14 Oscillation Stabilization Wait Time

When standby mode, watch mode, or subactive mode is cleared by an interrupt or reset, and a
transition is made to active (high-speed/medium-speed) mode, the oscillation waveform begins to
change at the point at which the interrupt is accepted. Therefore, when an oscillator element is
connected in standby mode, watch mode, or subactive mode, since the system clock oscillator is
halted, the time from the point at which this oscillation waveform starts to change until the
amplitude of the oscillation waveform increases and the oscillation frequency stabilizes—that is,
the oscillation stabilization time—is required.
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The oscillation stabilization time in the case of these state transitions is the same as the oscillation
stabilization time at power-on (the time from the point at which the power supply voltage reaches
the prescribed level until the oscillation stabilizes), specified by "oscillation stabilization time ty¢"
in the AC characterigtics.

Meanwhile, once the system clock has halted, a wait time of at least 8 statesis necessary in order
for the CPU and peripheral functions to operate normally.

Thus, the time required from interrupt generation until operation of the CPU and peripheral
functionsis the sum of the above described oscillation stabilization time and wait time. This total
timeis called the oscillation stabilization wait time, and is expressed by equation (1) below.

Oscillation stabilization wait time = oscillation stabilization time + wait time
=1, + (810 16,384 states)*" ................. Q)
(up to 131,072 states)™?

Notes: 1. H8/38024 Group
2. H8/38124 Group

Therefore, when atransition is made from standby mode, watch mode, or subactive mode, to
active (high-speed/medium-speed) mode, with an oscillator element connected to the system clock
oscillator, careful evaluation must be carried out on the installation circuit before deciding on the
oscillation stabilization wait time. In particular, since the oscillation stabilization time is affected
by installation circuit constants, stray capacitance, and so forth, suitable constants should be
determined in consultation with the oscillator element manufacturer.

452 Noteson Use of Crystal Oscillator Element (Excluding Ceramic Oscillator
Element)

When a microcomputer operates, the internal power supply potential fluctuates slightly in
synchronization with the system clock. Depending on the individual crystal oscillator element
characteristics, the oscillation waveform amplitude may not be sufficiently large immediately after
the oscillation stabilization wait time, making the oscillation waveform susceptible to influence by
fluctuations in the power supply potential. In this state, the oscillation waveform may be
disrupted, leading to an unstable system clock and erroneous operation of the microcomputer.

If erroneous operation occurs, change the setting of standby timer select bits2to 0 (STS2 to
STS0) (bits 6 to 4 in system control register 1 (SY SCR1)) to give alonger wait time.

For example, if erroneous operation occurs with await time setting of 16 states, check the
operation with await time setting of 1,024" states or more.

If the same kind of erroneous operation occurs after areset as after a state transition, hold the RES
pin low for alonger period.
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Note: * Thisfigure applies to the H8/38024, H8/38024S, and H8/38024F-ZTAT Groups. The
number of states on the H8/38124 Group is 8,192 or more.

453 Note on Use of HD64F38024

When using the HD64F38024, the oscillators may not operate if aninitial voltage of 100 mV is
applied to the V¢ pin during power-on. This problem is caused by uncertainty about the state of
the oscillation control signals. It can be corrected by cutting off power and allowing the V¢ pin
voltage to drop to ground potential before powering-on once again.

4.6 Notes on H8/38124 Group

When using the on-chip emulator, system clock precision is necessary for programming or erasing
the flash memory. However, the on-chip oscillator frequency can vary dueto changesin
conditions such as voltage or temperature. Consequently, when using the on-chip emulator, pins
OSC1 and OSC2 should be connected to an oscillator, or an external clock should be supplied, if
the on-chip oscillator is selected. In this case, the LS| uses the on-chip oscillator when user
programs are being executed and the system clock oscillator when programming or erasing flash
memory. The processis controlled by the on-chip emulator.
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Section 5 Power-Down Modes

51 Overview

The LS| has nine modes of operation after areset. These include eight power-down modes, in
which power dissipation is significantly reduced. Table 5.1 gives a summary of the nine operating

modes.

Table5.1 Operating Modes

Operating Mode

Description

Active (high-speed) mode

The CPU and all on-chip peripheral functions are operable on
the system clock in high-speed operation

Active (medium-speed) mode

The CPU and all on-chip peripheral functions are operable on
the system clock in low-speed operation

Subactive mode

The CPU is operable on the subclock in low-speed operation

Sleep (high-speed) mode

The CPU halts. On-chip peripheral functions are operable on
the system clock

Sleep (medium-speed) mode

The CPU halts. On-chip peripheral functions operate at a
frequency of 1/128, 1/64, 1/32, or 1/16 of the system clock
frequency

Subsleep mode

The CPU halts. The time-base function of timer A, timer C,
timer F, timer G, SCI3, AEC, and LCD controller/driver are
operable on the subclock

Watch mode

The CPU halts. The time-base function of timer A, timer F,
timer G, AEC and LCD controller/driver are operable on the
subclock

Standby mode

The CPU and all on-chip peripheral functions halt

Module standby mode

Individual on-chip peripheral functions specified by software
enter standby mode and halt

Of these nine operating modes, all but the active (high-speed) mode are power-down modes. In
this section the two active modes (high-speed and medium speed) will be referred to collectively

as active mode.
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Figure 5.1 shows the transitions among these operation modes. Table 5.2 indicates the internal
states in each mode.

Program Program
Reset state execution state halt state
; SLEEP

0 ' Active ! instruction™@ ' Sleep
Program 5\,?/?’,@0& ; (high-speed) ] . \ (high-speed)
halt state > : mode 5 o mode
Voo TTTTTTmTmmmmT i A ' @<O~O(\'
' \ + o ' %\/ \)(':\'\ \
H ' o % oS ' %\k H
; Standby ' wE| WS . '\Q/,') S !
' mode f ws|jus , ‘5‘%{6‘@
i = =] )
H ' N5 Ng » O//O
' ! ! £ £ ! ) %
E : - : | \ SLEEP _ !
' : ' Active ,_instruction™ Sleep
' "o © | (medium-speed) | +3_+| (medium-speed)
H é/l . mode mode
¢ ; 1
E ] fc L
: Dohe| g
: PooWus| A
: 5 . 7 |78
: i Ty
i . ~ SLEEP o ,
! Watch . instruction : Subactive Subsleep
i mode : ] mode mode
. ; A
@ Power-down modes
Mode Transition Conditions (1) Mode Transition Conditions (2)
LSON MSON SSBY TMA3 DTON Interrupt Sources
*a 0 0 0 * 0 *1 Timer A, Timer F, Timer G interrupt, IRQO interrupt,
*h 0 1 0 * 0 WKP7 to WKPO interrupts
*o 1 * 0 1 0 *2 Timer A, Timer C, Timer F, Timer G, SCI3 interrupt,
*d 0 % 1 0 0 IRQ4, IRQ3, IRQ1 and IRQO interrupts, IRQAEC,
WKP7 to WKPO interrupts, AEC
*e * * 1 1 0 )
*3 | Allinterrupts
*f 0 0 0 * 1 . .
*4 | |IRQ1 or IRQO interrupt, WKP7 to WKPO interrupts
*g 0 1 0 1
*h 0 1 1 1 1
*j 1 * 1 1 1
*j 0 0 1 1 1
*: Don't care
Notes: 1. A transition between different modes cannot be made to occur simply because an interrupt

request is generated. Make sure that interrupt handling is performed after the interrupt is
accepted.

Details on the mode transition conditions are given in the explanations of each mode,

in sections 5.2 to 5.8.

Figure5.1 Mode Transition Diagram
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Table5.2 Internal Statein Each Operating M ode

Active Mode Sleep Mode
High- Medium- High- Medium- Watch Subactive Subsleep  Standby
Function Speed Speed Speed Speed Mode Mode Mode Mode
System clock oscillator Functions Functions Functions Functions Halted Halted Halted Halted
Subclock oscillator Functions Functions Functions Functions Functions  Functions  Functions  Functions
CPU Instructions Functions Functions Halted Halted Halted Functions  Halted Halted
operations RAM Retained Retained Retained Retained Retained
Registers
110 ports Retained”*
External IRQo Functions Functions Functions Functions Functions Functions Functions Functions
interrupts  |RQ, Retained™®
IRQAEC Retained”®
IRQ;3
IRQ4
WKP, Functions Functions Functions Functions Functions Functions Functions Functions
WKP,
WKP,
WKP3
WKP,4
WKPs
WKPg
WKP7
Peripheral Timer A Functions Functions Functions Functions Functions™® Functions®® Functions™ Retained
functions  Asynchronous Functions*® Functions  Functions  Functions*®
event counter
Timer C Retained Functions/  Functions/  Retained
Retained™? Retained™?
WDT Functions/  Functions/  Functions/  Functions/
Retained™™® Retained*’ Retained™™ Retained***
Timer F Functions/  Functions/  Functions/  Retained
Timer G Retained™® Retained*® Retained”™®
SCI3 Reset Functions/  Functions/ Reset
Retained™®  Retained™®
PWM Retained Retained Retained Retained
A/D converter Retained Retained Retained Retained
LCD Functions/  Functions/  Functions/  Retained
Retained™ Retained™ Retained™*
LVD Functions Functions Functions Functions Functions  Functions  Functions  Functions
Notes: 1. Register contents are retained, but output is high-impedance state. Port 5 of the HD64F38024 retains the previous
pin state.

2. Functions if an external clock or the @y/4 internal clock is selected; otherwise halted and retained.

3. Functions if @y/2 is selected as the internal clock; otherwise halted and retained.

4. Functions if @y, @w/2 or @u/4 is selected as the operating clock; otherwise halted and retained.

5. Functions if the timekeeping time-base function is selected.

6. External interrupt requests are ignored. Interrupt request register contents are not altered.

7. Onthe H8/38124 Group, operates when @u/32 is selected as the internal clock or the on-chip oscillator is selected;
otherwise stops and stands by. On the H8/38024, H8/38024S, and H8/38024F-ZTAT Group, operates when @/32
is selected as the internal clock; otherwise stops and stands by.

8. Incrementing is possible, but interrupt generation is not.

9. Functions if @y/4 is selected as the internal clock; otherwise halted and retained.
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10. On the H8/38124 Group, operates when @/32 is selected as the internal clock or the on-chip oscillator is selected;
otherwise stops and stands by. On the H8/38024, H8/38024S, and H8/38024F-ZTAT Group, stops and stands by.

11. Onthe H8/38124 Group, operates only when the on-chip oscillator is selected; otherwise stops and stands by. On
the H8/38024, H8/38024S, and H8/38024F-ZTAT Group, stops and stands by.

51.1 System Control Registers
The operation mode is selected using the system control registers described in table 5.3.

Table5.3 System Control Registers

Name Abbreviation R/W Initial Value  Address
System control register 1 SYSCR1 R/W H'07 H'FFFO
System control register 2 SYSCR2 RIW H'FO H'FFF1

System Control Register 1 (SYSCR1)

Bit 7 6 5 4 3 2 1 0

‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ LSON ‘ — ‘ MA1 ‘ MAO ‘
Initial value 0 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W R/W — R/W R/W

SYSCR1 is an 8-bit read/write register for control of the power-down modes.
Upon reset, SY SCR1 isinitialized to H'07.
Bit 7—Softwar e Standby (SSBY)

This bit designates transition to standby mode or watch mode.

Bit 7
SSBY Description
0 * When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to sleep mode
* When a SLEEP instruction is executed in subactive mode, a transition is made to
subsleep mode
1 * When a SLEEP instruction is executed in active mode, a transition is made to

standby mode or watch mode

* When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode
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Bits6 to 4—Standby Timer Select 2t0 0 (STS2 to ST S0)

These bits designate the time the CPU and peripheral modules wait for stable clock operation after
exiting from standby mode or watch mode to active mode due to an interrupt. The designation
should be made according to the operating frequency so that the waiting time is at least equal to
the oscillation stabilization time. Note that stabilization times for the H8/38024, H8/38024S, and
H8/38024F-ZTAT Group and for the H8/38124 Group are different.

» HB8/38024, H8/38024S, H8/38024F-ZTAT Group

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 1,024 states

0 1 1 Wait time = 2,048 states

1 0 0 Wait time = 4,096 states

1 0 1 Wait time = 2 states (External clock input mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

» H8/38124 Group

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Wait time = 8,192 states (initial value)
0 0 1 Wait time = 16,384 states

0 1 0 Wait time = 32,768 states

0 1 1 Wait time = 65,536 states

1 0 0 Wait time = 131,072 states

1 0 1 Wait time = 2 states (External clock input mode)
1 1 0 Wait time = 8 states

1 1 1 Wait time = 16 states

Note: Unit for times is ms.

If an external clock is being input, set standby timer select to external clock mode before
mode transition. Also, do not set standby timer select to external clock mode if no external
clock is used. 8,192 states (STS2 = STS1 = STSO0 = 0) is recommended if the on-chip
oscillator is used on the H8/38124 Group.
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Bit 3—L ow Speed on Flag (L SON)

This bit chooses the system clock (¢) or subclock (@syg) as the CPU operating clock when watch
modeiscleared. The resulting operation mode depends on the combination of other control bits
and interrupt input.

Bit 3

LSON Description

0 The CPU operates on the system clock (¢) (initial value)
1 The CPU operates on the subclock (@sus)

Bit 2—Reserved

Bit 2 isreserved: it isalways read as 1 and cannot be modified.
Bits 1 and 0—Active (M edium-Speed) M ode Clock Select (MA1, MAOQ)

Bits 1 and 0 chooSe (,s/128, (s/64, Pus/ 32, O s/ 16 as the operating clock in active (medium-
speed) mode and sleep (medium-speed) mode. MA1 and MAO should be written in active (high-
speed) mode or subactive mode.

Bit 1 Bit 0

MA1 MAO Description

0 0 Qosc/16

0 1 Qosc/32

1 0 Posc/64

1 1 (osc/128 (initial value)

System Control Register 2 (SYSCR2)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ NESEL‘ DTON ‘ MSON ‘ SA1 ‘ SAO0 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

SY SCR2 is an 8-bit read/write register for power-down mode control.
Bits 7 to 5—Reserved

These hits are reserved; they are always read as 1, and cannot be modified.
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Bit 4—Noise Elimination Sampling Frequency Select (NESEL )

This bit selects the frequency at which the watch clock signal (¢,) generated by the subclock
pulse generator is sampled, in relation to the oscillator clock (¢osc) generated by the system clock
pulse generator. When @osc = 2 to 16 MHz, clear NESEL to O.

Bit 4

NESEL Description

0 Sampling rate is @osc/16

1 Sampling rate is @osc/4 (initial value)

Bit 3—Direct Transfer on Flag (DTON)

This bit designates whether or not to make direct transitions among active (high-speed), active
(medium-speed) and subactive mode when a SLEEP instruction is executed. The mode to which
the transition is made after the SLEEP instruction is executed depends on a combination of other
control bits.

Bit 3
DTON Description
0 * When a SLEEP instruction is executed in active mode, (initial value)
a transition is made to standby mode, watch mode, or sleep mode
* When a SLEEP instruction is executed in subactive mode, a transition is made to
watch mode or subsleep mode
1 *  When a SLEEP instruction is executed in active (high-speed) mode, a direct

transition is made to active (medium-speed) mode if SSBY = 0, MSON =1, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in active (medium-speed) mode, a direct
transition is made to active (high-speed) mode if SSBY = 0, MSON = 0, and
LSON = 0, or to subactive mode if SSBY =1, TMA3 =1, and LSON =1

* When a SLEEP instruction is executed in subactive mode, a direct transition is
made to active (high-speed) mode if SSBY =1, TMA3 = 1, LSON = 0, and MSON
=0, orto active (medium-speed) mode if SSBY =1, TMA3 =1, LSON =0, and
MSON =1
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Bit 2—M edium Speed on Flag (M SON)

After standby, watch, or sleep mode is cleared, this bit selects active (high-speed) or active
(medium-speed) mode.

Bit 2

MSON Description

0 Operation in active (high-speed) mode (initial value)
1 Operation in active (medium-speed) mode

Bits 1 and 0—Subactive M ode Clock Select (SA1, SAQ)

These bits select the CPU clock rate (@n/2, @n/4, or @,/8) in subactive mode. SA1 and SAO
cannot be modified in subactive mode.

Bit 1 Bit 0

SAl SAO0 Description

0 0 Qow/8 (initial value)
0 1 Qw/a

1 * Qw/2

*: Don’t care

52 Sleep Mode

521 Transition to Sleep M ode

1. Transition to sleep (high-speed) mode
The system goes from active mode to sleep (high-speed) mode when a SLEEP instruction is
executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON and DTON
bitsin SY SCR2 are cleared to 0. In sleep mode CPU operation is halted but the on-chip
peripheral functions. CPU register contents are retained.

2. Transition to sleep (medium-speed) mode
The system goes from active mode to sleep (medium-speed) mode when a SLEEP instruction
is executed while the SSBY and LSON bitsin SY SCR1 are cleared to 0, the MSON bit in
SYSCR2 isset to 1, and the DTON hit in SY SCR2 is cleared to 0. In sleep (medium-speed)
mode, asin sleep (high-speed) mode, CPU operation is halted but the on-chip peripheral
functions are operational. The clock frequency in sleep (medium-speed) mode is determined
by the MA1 and MAO bitsin SYSCR1. CPU register contents are retained.
Furthermore, it sometimes acts with half state early timing at the time of transition to sleep
(medium-speed) mode.
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522 Clearing Sleep M ode

Sleep modeis cleared by any interrupt (timer A, timer C, timer F, timer G, asynchronous event
counter, IRQAEC, IRQy, IRQs, IRQ1, IRQy, WKP; to WKP,, SCI3, A/D converter), or by input at
the RES pin.

» Clearing by interrupt
When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
A transition is made from sleep (high-speed) mode to active (high-speed) mode, or from sleep
(medium-speed) mode to active (medium-speed) mode. Sleep mode is not cleared if the | bit of
the condition code register (CCR) is set to 1 or the particular interrupt is disabled in the
interrupt enable register.

To synchronize the interrupt request signal with the system clock, up to 2/¢(s) delay may occur
after the interrupt request signal occurrence, before the interrupt exception handling start.

» Clearing by RES input
When the RES pin goes low, the CPU goes into the reset state and sleep mode is cleared.
523 Clock Frequency in Sleep (M edium-Speed) M ode

Operation in sleep (medium-speed) mode is clocked at the frequency designated by the MA1 and
MADO bitsin SY SCR1.
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53 Standby Mode

531 Transition to Standby M ode

The system goes from active mode to standby mode when a SLEEP instruction is executed while
the SSBY bitin SYSCR1 is set to 1, the LSON bit in SYSCR1 is cleared to 0, and bit TMA3in
TMA iscleared to 0. In standby mode the clock pulse generator stops, so the CPU and on-chip
peripheral modules stop functioning, but as long as the rated voltage is supplied, the contents of
CPU registers, on-chip RAM, and some on-chip peripheral module registers are retained. On-chip
RAM contents will be further retained down to aminimum RAM data retention voltage. The I/O
ports go to the high-impedance state. Port 5 of the HD64F38024 retains the previous pin state.

532 Clearing Standby M ode

Standby mode is cleared by an interrupt (IRQ; or IRQg), WKP; to WK P, or by input at the RES
pin.

o Clearing by interrupt
When an interrupt is requested, the system clock pulse generator starts. After thetime set in
bits STS2 to STS0 in SY SCR1 has elapsed, a stable system clock signal is supplied to the
entire chip, standby mode s cleared, and interrupt exception handling starts. Operation
resumes in active (high-speed) mode if MSON = 0in SY SCR2, or active (medium-speed)
mode if MSON = 1. Standby mode is not cleared if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

» Clearing by RES input
When the RES pin goes low, the system clock pulse generator starts. After the pulse generator
output has stabilized, if the RES pin isdriven high, the CPU starts reset exception handling.
Since system clock signals are supplied to the entire chip as soon as the system clock pulse
generator starts functioning, the RES pin should be kept at the low level until the pulse
generator output stabilizes.
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533 Oscillator Stabilization Time after Standby Modeis Cleared

Bits STS2 to STS0 in SY SCR1 should be set as follows.

Note that stabilization times for the H8/38024, H8/38024S, and H8/38024F-ZTAT Group and for

the H8/38124 Group are different.

*  When aoscillator is used

The table below gives settings for various operating frequencies. Set bits STS2 to STSO for a
wait time at least as long as the oscillation stabilization time.

Table5.4(1) Clock Frequency and Stabilization Time

(H8/38024, H8/38024S, H8/38024F-ZTAT Group)

(Unit: ms)
STS2 STS1 STSO Wait Time 5 MHz 2 MHz
0 0 0 8,192 states 1.638 4.1
1 16,384 states 3.277 8.2
1 0 1,024 states 0.205 0.512
1 2,048 states 0.410 1.024
1 0 0 4,096 states 0.819 2.048
1 2 states 0.0004 0.001
(Use prohibited)
1 0 8 states 0.002 0.004
16 states 0.003 0.008
Table5.4(2) Clock Frequency and Stabilization Time
(H8/38124 Group)
(Unit: ms)
STS2 STS1 STSO Wait Time 5 MHz 2 MHz
0 0 0 8,192 states 1.638 4.1
1 16,384 states 3.277 8.2
1 0 32,768 states 6.554 16.4
1 65,536 states 13.108 32.8
1 0 0 131,072 states 26.216 65.5
1 2 states 0.0004 0.001
(Use prohibited)
1 0 8 states 0.002 0.004
16 states 0.003 0.008
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*  When an external clock is used
STS2=1,STS1=0, and STSO = 1 should be set. Other values possible use, but CPU
sometimes will start operation before wait time compl etion.

*  When the on-chip oscillator is used

8,192 states (STS2 = STS1 = STS0 = 0) isrecommended if the on-chip oscillator is used on the
H8/38124 Group.

534 Standby M ode Transition and Pin States

When a SLEEP instruction is executed in active (high-speed) mode or active (medium-speed)
mode while bit SSBY isset to 1 and bit LSON iscleared to 0 in SYSCR1, and bit TMA3 is
clearedto 0in TMA, atransition is made to standby mode. At the same time, pins go to the high-
impedance state (except pins for which the pull-up MOS is designated as on). Port 5 of the
HD64F38024 retains the previous pin state. Figure 5.2 shows the timing in this case.

Internal data bus ><SLEEP instruction fetch ><Fetch of next instruction ><

SLEEP instruction execution Internal prbcessing
Pins Port output >< High-impedance
Active (high-speed) mode or active (medium-speed) mode Standby mode

Figure5.2 Standby Mode Transition and Pin States
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535 Notes on External Input Signal Changes befor e/after Standby M ode

1. When external input signal changes before/after standby mode or watch mode

When an external input signal such asIRQ, WKP, or IRQAEC is input, both the high- and
low-level widths of the signal must be at least two cycles of system clock @ or subclock @
(referred to together in this section asthe internal clock). Astheinternal clock stopsin
standby mode and watch mode, the width of external input signals requires careful attention
when atransition is made via these operating modes. Ensure that external input signals
conform to the conditions stated in 3, Recommended timing of external input signals, below

2. When external input signals cannot be captured because internal clock stops
The case of falling edge capture isillustrated in figure 5.3.
As shown in the case marked " Capture not possible," when an external input signal falls
immediately after atransition to active (high-speed or medium-speed) mode or subactive
mode, after oscillation is started by an interrupt via a different signal, the external input signal
cannot be captured if the high-level width at that point is lessthan 2 te, or 2 tgpeyc.

3. Recommended timing of external input signals
To ensure dependable capture of an external input signal, high- and low-level signal widths of
at least 2ty Or 2 tgpeyc are necessary before atransition is made to standby mode or watch
mode, as shown in " Capture possible: case 1."
External input signal capture is aso possible with the timing shown in " Capture possible: case
2" and "Capture possible: case 3," in which a2 tgc Or 2 tgg,c level width is secured.
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possible

Overatin Active (high-speed, Wait for | Active (high-speed,
pd 9 medium-speed) mode Standby mode |oscillation| medium-speed) mode
mode or subactive mode or watch mode |to settle | or subactive mode
Cleye ] teye | teye | | Cloye
: tsubcyc : tsubcyc : tsubcyc: : | tsubcyc :
|| | |
| | | | | | |
1 : : (( L : 1
¢ or dsus B I I R IR S
1 1 1 1 1 1 1
External input signal | | | | | | | |
| | | | | | |
| | | | | | |
Capture possible: ‘ ‘ ‘ (( (. ! !
case 1 | | | AL S :
Capture possible: ! 1 1 0 1 ¢ 1 1 |
case 2 | ! ! ! | I
| | | | | | |
Capture possible: | | : (C —(C 1 1
case 3 : — T : L
| | | ( ( | ( | | |
Capture not ! ] )) )<)_'| | |

Interrupt by different
signal

Figure5.3 External Input Signal Capturewhen Signal Changes befor e/after
Standby M ode or Watch M ode

4. |Input pinsto which these notes apply:
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54 Watch Mode

54.1 Transition to Watch M ode

The system goes from active or subactive mode to watch mode when a SLEEP instruction is
executed while the SSBY hit in SYSCR1 isset to 1 and bit TMA3in TMA isset to 1.

In watch mode, operation of on-chip peripheral modulesis halted except for timer A, timer F,
timer G, AEC and the LCD controller/driver (for which operation or halting can be set) is halted.
Aslong as a minimum required voltage is applied, the contents of CPU registers, the on-chip
RAM and some registers of the on-chip peripheral modules, are retained. 1/0 ports keep the same
states as before the transition.

54.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (timer A, timer F, timer G, IRQO, or WKP7 to WKPO) or
by input at the RES pin.

» Clearing by interrupt
When watch mode is cleared by interrupt, the mode to which atransition is made depends on
the settings of LSON in SY SCR1 and MSON in SY SCR2. If both LSON and MSON are
cleared to O, transition isto active (high-speed) mode; if LSON = 0 and MSON = 1, transition
isto active (medium-speed) mode; if LSON = 1, transition isto subactive mode. When the
transition is to active mode, after the time set in SY SCRL1 bits STS2 to STSO has elapsed, a
stable clock signal is supplied to the entire chip, watch mode is cleared, and interrupt exception
handling starts. Watch mode is not cleared if the | bit of CCR is set to 1 or the particular
interrupt is disabled in the interrupt enable register.

» Clearing by RES input
Clearing by RES pin isthe same as for standby mode; see 2. Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

54.3 Oscillator StabilizationTime after Watch M odeis Cleared

The wait time is the same as for standby mode; see section 5.3.3, Oscillator Stabilization Time
after Standby Mode is Cleared.

544 Notes on External Input Signal Changes befor e/after Watch M ode

See section 5.3.5, Notes on External Input Signal Changes before/after Standby Mode.
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55 Subsleep Mode

551 Transition to Subsleep M ode

The system goes from subactive mode to subsleep mode when a SLEEP instruction is executed
whilethe SSBY bitin SYSCR1 iscleared to O, LSON bitin SYSCR1issetto 1, and TMA3 bit in
TMA issetto 1. In subsleep mode, operation of on-chip peripheral modules other than the A/D
converter and PWM isin active state. Aslong as a minimum required voltage is applied, the
contents of CPU registers, the on-chip RAM and some registers of the on-chip peripheral modules
areretained. 1/0 ports keep the same states as before the transition.

55.2 Clearing Subsleep M ode

Subsleep mode is cleared by an interrupt (timer A, timer C, timer F, timer G, asynchronous event
counter, SCI3, IRQAEC, IRQ,, IRQs, IRQ1, IRQy, WKP; to WKPy) or by alow input at the RES

pin.

» Clearing by interrupt
When an interrupt is requested, subsleep mode is cleared and interrupt exception handling
starts. Subsleep mode is not cleared if the | bit of CCR isset to 1 or the particular interrupt is
disabled in the interrupt enable register.
To synchronize the interrupt request signal with the system clock, up to 2/@gyg(s) delay may
occur after the interrupt request signal occurrence, before the interrupt exception handling
Start.

« Clearing by RES input
Clearing by RES pin is the same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.
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5.6 Subactive Mode

5.6.1 Transition to Subactive M ode

Subactive mode is entered from watch mode if atimer A, timer F, timer G, IRQ,, or WKP; to
WKP, interrupt is requested while the LSON bit in SYSCR1 isset to 1. From subsleep mode,
subactive modeis entered if atimer A, timer C, timer F, timer G, asynchronous event counter,
SCI3, IRQAEC, IRQ4, IRQs, IRQ;, IRQ,, or WKP; to WKP; interrupt is requested. A transition
to subactive mode does not take placeif the | bit of CCR is set to 1 or the particular interrupt is
disabled in the interrupt enable register.

5.6.2 Clearing Subactive M ode
Subactive mode is cleared by a SLEEP instruction or by alow input at the RES pin.

e Clearing by SLEEP instruction
If aSLEEP instruction is executed while the SSBY bit in SYSCR1 isset to 1 and TMA3 bitin
TMA isset to 1, subactive mode is cleared and watch mode is entered. If a SLEEP instruction
is executed while SSBY =0 and LSON = 1in SYSCR1 and TMA3 = 1in TMA, subsleep
mode isentered. Direct transfer to active modeis also possible; see section 5.8, Direct
Transfer, below.

« Clearing by RES pin
Clearing by RES pin is the same as for standby mode; see Clearing by RES pin in section
5.3.2, Clearing Standby Mode.

5.6.3 Operating Frequency in Subactive M ode

The operating frequency in subactive modeis set in bits SA1 and SAQ in SY SCR2. The choices
are /2, eul4, and @ /8.
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5.7 Active (M edium-Speed) Mode

57.1 Transition to Active (M edium-Speed) M ode

If the MSON bit in SYSCR2 is set to 1 while the LSON hit in SYSCR1 is cleared to O, atransition
to active (medium-speed) mode results from IRQg, IRQ; or WKP; to WK P, interrupts in standby
mode, timer A, timer F, timer G, IRQ,, or WKP; to WKP, interrupts in watch mode, or any
interrupt in sleep mode. A transition to active (medium-speed) mode does not take placeif the |
bit of CCR is set to 1 or the particular interrupt is disabled in the interrupt enable register.
Furthermore, it sometimes acts with half state early timing at the time of transition to active
(medium-speed) mode.

572 Clearing Active (M edium-Speed) M ode
Active (medium-speed) mode is cleared by a SLEEP instruction.

» Clearing by SLEEP instruction

A transition to standby mode takes place if the SLEEP instruction is executed while the SSBY
bitin SYSCR1 isset to 1, the LSON bit in SYSCR1 iscleared to 0, and the TMA3 bit in TMA
iscleared to 0. The system goes to watch mode if the SSBY bit in SY SCR1 is set to 1 and bit
TMA3in TMA isset to 1 when a SLEEP instruction is executed.

When both SSBY and LSON are cleared to 0 in SY SCR1 and a SLEEP instruction is executed,
sleep mode is entered. Direct transfer to active (high-speed) mode or to subactive mode is aso
possible. See section 5.8, Direct Transfer, below for details.

» Clearing by RES pin
When the RES pin is driven low, atransition is made to the reset state and active (medium-
speed) modeis cleared.

573 Operating Frequency in Active (M edium-Speed) M ode

Operation in active (medium-speed) mode is clocked at the frequency designated by the MA1 and
MADO bitsin SY SCR1.
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5.8 Direct Transfer

5.8.1 Overview of Direct Transfer

The CPU can execute programs in three modes. active (high-speed) mode, active (medium-speed)
mode, and subactive mode. A direct transfer is atransition among these three modes without the
stopping of program execution. A direct transfer can be made by executing a SLEEP instruction
whilethe DTON bit in SYSCR2 isset to 1. After the mode transition, direct transfer interrupt
exception handling starts.

If the direct transfer interrupt is disabled in interrupt enable register 2 (IENR2), atransition is
made instead to sleep mode or watch mode. Note that if adirect transition is attempted while the |
bitin CCRis set to 1, sleep mode or watch mode will be entered, and it will be impossible to clear
the resulting mode by means of an interrupt.

Direct transfer from active (high-speed) mode to active (medium-speed) mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bitsin SY SCR1 are cleared to O, the MSON bit in SYSCR2 isset to 1, and the DTON
bit in SYSCR2 is set to 1, atransition is made to active (medium-speed) mode via sleep mode.

Direct transfer from active (medium-speed) mode to active (high-speed) mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bitsin SYSCR1 are cleared to 0, the MSON hit in SYSCR2 is cleared to 0, and the
DTON bhitin SYSCR2 is set to 1, atransition is made to active (high-speed) mode via sleep
mode.

Direct transfer from active (high-speed) mode to subactive mode

When a SLEEP instruction is executed in active (high-speed) mode while the SSBY and
LSON bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in
TMA isset to 1, atransition is made to subactive mode via watch mode.

Direct transfer from subactive mode to active (high-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is
set to 1, the LSON bit in SYSCR1 is cleared to 0, the MSON bit in SYSCR2 is cleared to O,
the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in TMA is set to 1, atransition is made
directly to active (high-speed) mode via watch mode after the waiting time set in SY SCR1 bits
STS2 to STSO has elapsed.

Direct transfer from active (medium-speed) mode to subactive mode

When a SLEEP instruction is executed in active (medium-speed) mode while the SSBY and
LSON bitsin SYSCR1 are set to 1, the DTON bit in SYSCR2 is set to 1, and the TMA3 bit in
TMA isset to 1, atransition is made to subactive mode via watch mode.
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» Direct transfer from subactive mode to active (medium-speed) mode

When a SLEEP instruction is executed in subactive mode while the SSBY bit in SYSCR1 is
set to 1, the LSON bit in SYSCR1 iscleared to 0, the MSON bit in SYSCR2 is set to 1, the
DTON bitin SYSCR2 isset to 1, and the TMA3 bit in TMA isset to 1, atransition is made
directly to active (medium-speed) mode via watch mode after the waiting time set in SY SCR1
bits STS2 to STSO has elapsed.

5.8.2 Direct Transition Times
1. Timefor direct transition from active (high-speed) mode to active (medium-speed) mode

A direct transition from active (high-speed) mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in active (high-speed) mode while bits SSBY and LSON are both
cleared to 0 in SY SCR1, and bits MSON and DTON are both set to 1 in SYSCR2. The time from
execution of the SLEEP instruction to the end of interrupt exception handling (the direct transition
time) is given by equation (1) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } ¢ (tcyc before transition) + (number of interrupt
exception handling execution states)  (tcyc after transition)

Example: Direct transitiontime = (2 + 1) « 2tosc + 14 « 16tosc = 230tosc (when @/8 is selected as
the CPU operating clock)

[Legend]
tosc: OSC clock cycle time
tcyc: System clock (@) cycle time
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2. Timefor direct transition from active (medium-speed) mode to active (high-speed) mode

A direct transition from active (medium-speed) mode to active (high-speed) mode is performed by
executing a SLEEP instruction in active (medium-speed) mode while bits SSBY and LSON are
both cleared to 0 in SY SCR1, and bit MSON iscleared to 0 and bit DTON isset to 1 in SY SCR2.
The time from execution of the SLEEP instruction to the end of interrupt exception handling (the
direct transition time) is given by equation (2) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } ¢ (tcyc before transition) + (number of interrupt
exception handling execution states)  (tcyc after transition)

Example: Direct transition time = (2 + 1) » 16tosc + 14  2tosc = 76tosc (when @/8 is selected as
the CPU operating clock)

[Legend]
tosc: OSC clock cycle time
tcyc: System clock (¢) cycle time

3. Timefor direct transition from subactive mode to active (high-speed) mode

A direct transition from subactive mode to active (high-speed) mode is performed by executing a
SLEEP instruction in subactive mode while bit SSBY is set to 1 and bit LSON isclearedto O in
SYSCR1, bit MSON is cleared to 0 and bit DTON isset to 1 in SYSCR2, and bit TMA3issetto 1
in TMA. Thetime from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by equation (3) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } ¢ (tsubcyc before transition) + { (wait time setin
STS2 to STSO) + (number of interrupt exception handling execution
states) } « (tcyc after transition) 3)

Example: Direct transition time = (2 + 1) « 8tw + (8192 + 14) » 2tosc = 24tw + 16412tosc (when
@w/8 is selected as the CPU operating clock, and wait time = 8192 states)

[Legend]
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock (@) cycle time
tsubcyc:  Subclock (@syg) cycletime
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4. Timefor direct transition from subactive modeto active (medium-speed) mode

A direct transition from subactive mode to active (medium-speed) mode is performed by
executing a SLEEP instruction in subactive mode while bit SSBY isset to 1 and bit LSON is
cleared to 0 in SY SCR1, hits MSON and DTON are both set to 1 in SY SCR2, and bit TMA3 is set
to 1in TMA. The time from execution of the SLEEP instruction to the end of interrupt exception
handling (the direct transition time) is given by eguation (4) below.

Direct transition time = { (Number of SLEEP instruction execution states) + (number of internal
processing states) } ¢ (tsubcyc before transition) + { (wait time setin
STS2 to STS0) + (humber of interrupt exception handling execution
states) } « (tcyc after transition) 4

Example: Direct transitiontime = (2 + 1) « 8tw + (8192 + 14) « 16tosc = 24tw + 131296tosc
(when @w/8 or @/8 is selected as the CPU operating clock, and wait time = 8192 states)

[Legend]
tosc: OSC clock cycletime
tw: Watch clock cycletime

teyc: System clock (¢) cycle time
tsubcyc:  Subclock (@syg) cycletime

583 Notes on External Input Signal Changes befor e/after Direct Transition

1. Direct transition from active (high-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

2. Direct transition from active (medium-speed) mode to subactive mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

3. Direct transition from subactive mode to active (high-speed) mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.

4. Direct transition from subactive mode to active (medium-speed) mode

Since the mode transition is performed via watch mode, see section 5.3.5, Notes on External
Input Signal Changes before/after Standby Mode.
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5.9 Module Standby Mode

591 Setting M odule Standby M ode

Module standby mode is set for individual peripheral functions. All the on-chip peripheral
modules can be placed in module standby mode. When a module enters modul e standby mode,
the system clock supply to the module is stopped and operation of the module halts. Thisstateis
identical to standby mode.

Module standby mode is set for a particular module by setting the corresponding bit to 0 in clock
stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

59.2 Clearing M odule Standby M ode

Module standby modeis cleared for a particular module by setting the corresponding bit to 1 in
clock stop register 1 (CKSTPR1) or clock stop register 2 (CKSTPR2). (Seetable5.5.)

Following areset, clock stop register 1 (CKSTPR1) and clock stop register 2 (CKSTPR2) are both
initialized to H'FF.

Table55 Setting and Clearing Module Standby M ode by Clock Stop Register

Register Name Bit Name Operation

CKSTPR1 TACKSTP Timer A module standby mode is cleared

Timer A is set to module standby mode

TCCKSTP Timer C module standby mode is cleared

Timer C is set to module standby mode

TFCKSTP Timer F module standby mode is cleared

Timer F is set to module standby mode

Timer G is set to module standby mode

ADCKSTP A/D converter module standby mode is cleared

A/D converter is set to module standby mode

S32CKSTP SCI3 module standby mode is cleared

1
0
1
0
1
0
TGCKSTP 1 Timer G module standby mode is cleared
0
1
0
1
0

SCI3 is set to module standby mode
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Register Name Bit Name

Operation

CKSTPR2 LDCKSTP

LCD module standby mode is cleared

LCD is set to module standby mode

PW1CKSTP

PWM1 module standby mode is cleared

PWML1 is set to module standby mode

WDCKSTP

Watchdog timer module standby mode is cleared

Watchdog timer is set to module standby mode

AECKSTP

Rrlo|lr|lo|lr|lolkr

Asynchronous event counter module standby mode
is cleared

o

Asynchronous event counter is set to module standby
mode

PW2CKSTP

PWM2 module standby mode is cleared

PWM?2 is set to module standby mode

LVDCKSTP*

1
0
1

LVD module standby mode is cleared

0

LVD is set to module standby mode

Notes: For details of module operation, see the sections on the individual modules.
* LVDCKSTP is implemented on the H8/38124 group only.
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Section6 ROM

6.1 Overview

The H8/38024, H8/38024S, and H8/38124 have 32 Kbytes of on-chip mask ROM, the H8/38023,
H8/38023S, and H8/38123 have 24 Kbytes, the H8/38022, H8/38022S, and H8/38122 have 16
Kbytes, the H8/38021, H8/38021S, and H8/38121 have 12 Kbytes, and the H8/38020, H8/38020S,
and H8/38120 have 8 Kbytes. The ROM is connected to the CPU by a 16-bit data bus, allowing
high-speed two-state access for both byte data and word data. The H8/38024 hasa ZTAT version
and F-ZTAT version with 32-Kbyte PROM and flash memory. A F-ZTAT™ version of the
H8/38124 isavailable, and it has 32 Kbytes of flash memory.

Note: Mask ROM versions of the H8/38124, H8/38123, H8/38122, H8/38121, and H8/38120 are
under development.

6.1.1 Block Diagram

Figure 6.1 shows a block diagram of the on-chip ROM.

Internal data bus (upper 8 bits)

[ ] ]

Internal data bus (lower 8 bits)

H'0000 H'0000 H'0001
H'0002 H'0002 H'0003
/_\
v
On-chip ROM
H'7FFE H'7FFE H'7FFF
Even-numbered Odd-numbered

address address

Figure6.1 ROM Block Diagram (H8/38024)
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6.2 H8/38024 PROM Mode

6.2.1 Settingto PROM Mode

If the on-chip ROM is PROM, setting the chip to PROM mode stops operation as a
microcontroller and allows the PROM to be programmed in the same way as the standard
HN27C101 EPROM. However, page programming is not supported. Table 6.1 shows how to set
the chip to PROM mode.

Table6.1  Settingto PROM Mode

Pin Name Setting
TEST High level
PBo/ANg Low level
PB1/AN;

PB2/AN2 High level

6.2.2 Socket Adapter Pin Arrangement and M emory Map

A standard PROM programmer can be used to program the PROM. A socket adapter is required
for conversion to 32 pins.

Figure 6.2 shows the pin-to-pin wiring of the socket adapter. Figure 6.3 shows a memory map.
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H8/38024 EPROM socket

FP-80A, TFP-80C FP-80B Pin Pin HN27C101 (32-pin)
12 14 RES Vee 1
21 23 P6o EOQo 13
22 24 P61 EO1 14
23 25 P62 EO:2 15
24 26 P63 EOs 17
25 27 P64 EO4 18
26 28 P6s EOs 19
27 29 P66 EOs 20
28 30 P67 EO7 21
69 71 P4o EAo 12
70 72 P44 EA1 11
63 65 P32 EA2 10
64 66 P33 EA3 9
65 67 P34 EA4 8
66 68 P3s EAs 7
67 69 P36 EAs 6
68 70 P37 EA7 5
29 31 P70 EAs 27
72 74 P43 EA9 26
31 33 P72 EA1o 23
32 34 P73 EA1n 25
33 35 P74 EA12 4
34 36 P7s EA13 28
35 37 P76 EA14 29
57 59 P93 EA1s 3
58 60 P94 EA1s 2
36 38 P77 CE 22
30 32 P71 OE 24
56 58 P92 PGM 31
52 54 Vce Vce 32

1 3 AVcc
11 13 TEST
75 77 PB2
54 56 P9
55 57 P91
59 61 P9s
53 55 Vss

10 Vss = AVss Vss 16
8 X1
73 75 PBo
74 76 PB1

Note: Pins not indicated in the figure should be left open.

Figure6.2 Socket Adapter Pin Correspondence (with HN27C101)
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Address in Address in

MCU mode PROM mode
H'0000 H'0000
On-chip PROM
H'7FFF } H'7FFF

Uninstalled area® !

Rt LILLT H1FFFF

Note: * The output data is not guaranteed if this address area is read in PROM mode.
Therefore, when programming with a PROM programmer, be sure to specify
addresses from H'0000 to H'7FFF. If programming is inadvertently performed from
H'8000 onward, it may not be possible to continue PROM programming and
verification.

When programming, H'FF should be set as the data in this address area (H'8000 to
H'1FFFF).

Figure 6.3 H8/38024 Memory Map in PROM Maode
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6.3 H8/38024 Programming
The write, verify, and other modes are selected as shown in table 6.2 in H8/38024 PROM mode.

Table6.2 Mode Selection in PROM M ode (H8/38024)

Pins

Mode CE OE PGM Ve Vee EO7 to EOo EAj6 to EAo
Write L H L Vpp Vce Data input Address input
Verify L L H Vpp Vce Data output Address input
Programming L L L Vpp Vee High impedance  Address input
disabled L H H

H L L

H H H
[Legend]
L: Low level

H: High level
Vpp: Vep level
Vee: Vee level

The specifications for writing and reading are identical to those for the standard HN27C101
EPROM. However, page programming is not supported, and so page programming mode must not
be set. A PROM programmer that only supports page programming mode cannot be used. When
selecting a PROM programmer, ensure that it supports high-speed, high-reliability byte-by-byte
programming. Also, be sure to specify addresses from H'0000 to H'7FFF.

6.3.1 Writing and Verifying

An efficient, high-speed, high-reliability method is available for writing and verifying the PROM
data. This method achieves high speed without voltage stress on the device and without lowering
the reliability of written data. The basic flow of this high-speed, high-reliability programming
method is shown in figure 6.4.
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Set write/verify mode

Vee =6.0V+0.25V, Vpp =125V 0.3V

Address =0

| Write time tpyy = 0.2 ms £ 5%

| Write time topw = 0.2n ms |

No

| Address + 1

— address

Last address?

Set read mode
VCC =50V +0.25 V, VPP = VCC

Read all
addresses?

Figure6.4 High-Speed, High-Reliability Programming Flowchart
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Tables 6.3 and 6.4 give the electrical characteristics in programming mode.

Table6.3 DC Characteristics
Conditions; Vcc=6.0V £0.25V,Vp =125V +0.3V,Vs=0V, T,=25°C £5°C

Test

Item Symbol Min  Typ Max Unit Condition
Input high-level EO7 to EOQo, ViH 24 — Vcc+0.3 V
voltage EAse 10 EA,,

OE, CE, PGM
Input low- EO; to EQo, Vi -0.3 — 0.8 Vv
level voltage Elﬁ 5 10 EAo,

OE, CE, PGM
Output high-level EO7to EOq VoH 24 — — V lon =—200 pHA
voltage
Output low-level  EO7to EOq Vou — — 0.45 \% lo. = 0.8 mA
voltage
Input leakage EO7 to EQo, |1 — — 2 MA  Vihn=5.25V/
current Elet_oEAo, 05V

OE, CE, PGM
Vcc current lec — — 40 mA
Vpp current lpp — — 40 mA
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Table6.4 AC Characteristics

Conditions: Vec=6.0V 20.25V, Vpp =125V 0.3V, T,= 25°C £5°C

Item Symbol  Min Typ Max Unit Test Condition
Address setup time tas 2 — — ps Figure 6.5**
OE setup time toes 2 — — us

Data setup time tos 2 — — us

Address hold time tan 0 — — us

Data hold time toH 2 — — us

Data output disable time tor*2 — — 130 ns

Vpp setup time tvps 2 — — us

Programming pulse width tew 0.19 0.20 0.21 ms

PGM pulse width for overwrite topw 0.19 — 5.25 ms

programming

CE setup time tces 2 — — us

Vce setup time tves 2 — — us

Data output delay time toe 0 — 200 ns

Notes: 1. Input pulse level: 0.45V to 2.4V
Input rise time/fall time < 20 ns
Timing reference levels Input: 0.8V, 2.0V
Output: 0.8V, 2.0V

2. tpr is defined at the point at which the output is floating and the output level cannot be
read.

3. topw is defined by the value given in figure 6.4, High-Speed, High-Reliability
Programming Flow Chart.
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Figure 6.5 shows a PROM write/verify timing diagram.

Write Verify
A
Address X(
tas taH
Dat Input dat ) { Outputdat
ata nput data 2 { utput data
tos toH toF
-~
Vep a
Vep /
Vce tves
Veet! 2
Vce /
Vce tves
CE
tces
>
PGM \ /
N /
tpw toEs toE
OF —
topw™ /

Note: * topwis defined by the value shown in figure 6.4, High-Speed, High-Reliability Programming Flowchart.

Figure6.5 PROM Write/Verify Timing
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6.3.2 Programming Precautions

» Usethe specified programming voltage and timing.
The programming voltage in PROM maode (Vgp) is12.5 V. Use of a higher voltage can

permanently damage the chip. Be especially careful with respect to PROM programmer
overshoot.

Setting the PROM programmer to Renesas (former Hitachi) specifications for the HN27C101
will result in correct Vpp of 12.5V.

» Make sure the index marks on the PROM programmer socket, socket adapter, and chip are
properly aligned. If they are not, the chip may be destroyed by excessive current flow. Before
programming, be sure that the chip is properly mounted in the PROM programmer.

» Avoid touching the socket adapter or chip while programming, since this may cause contact
faults and write errors.

» Take care when setting the programming mode, as page programming is not supported.

»  When programming with a PROM programmer, be sure to specify addresses from H'0000 to
H'7FFF. If programming isinadvertently performed from H'8000 onward, it may not be
possible to continue PROM programming and verification. When programming, H'FF should
be set as the data in address area H'8000 to H'1FFFF.
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6.4 Reliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips
at 150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 6.6 shows the recommended screening procedure.

Program chip and verify
programmed data

Bake chip for 24 to 48 hours at
125°C to 150°C with power off

Read and check program

( Install )

Figure6.6 Recommended Screening Procedure

If a series of programming errors occurs while the same PROM programmer isin use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Renesas Technology of any abnormal conditions noted during or after programming or in
screening of program data after high-temperature baking.
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6.5 Flash Memory Overview

6.5.1 Features

The features of the 32-Kbyte flash memory built into HD64F38024, HD64F38024R, and
HD64F38124 are summarized below.

»  Programming/erase methods

O Theflash memory is programmed 128 bytes at atime. Eraseis performed in single-block
units. The flash memory is configured as follows. 1 Kbyte x 4 blocks, 28 Kbytes x 1
block. To erase the entire flash memory, each block must be erased in turn.

* Reprogramming capability
0 The HD64F38024R and HD64F38124 can be reprogrammed up to 1,000 times and the
HD64F38024 up to 100 times.
*  On-board programming
0 On-board programming/erasing can be done in boot mode, in which the boot program built
into the chip is started to erase or program of the entire flash memory. In normal user
program mode, individual blocks can be erased or programmed.

* Programmer mode

O Fash memory can be programmed/erased in programmer mode using a PROM
programmer, as well asin on-board programming mode.

» Automatic bit rate adjustment

O For datatransfer in boot mode, this LSI's bit rate can be automatically adjusted to match
the transfer bit rate of the host.

» Programming/erasing protection
O Sets software protection against flash memory programming/erasing.
» Power-down mode

O The power supply circuit is partly halted in the subactive mode and can be read in the
power-down mode.

Note: The system clock oscillator must be used when programming or erasing the flash memory
of the H8/38124.
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6.5.2 Block Diagram

Internal address bus

Internal data bus (16 bits)

> FLMCR1 I—l O
® .
E] FLMCR2 |— < ing [<— TES pin
g >| | Bus interface/controller Or:s(r)zténg P95 pin
3 >| EBR |—> P34 pin
S > FLPWCR |—T O O
> FENR |
Flash memory
(32 Kbytes)
[Legend]

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2

EBR: Erase block register
FLPWCR: Flash memory power control register
FENR: Flash memory enable register

Figure 6.7 Block Diagram of Flash M emory
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6.5.3 Block Configuration

Figure 6.8 shows the block configuration of 32-Kbyte flash memory. The thick linesindicate
erasing units, the narrow lines indicate programming units, and the values are addresses. The flash
memory is divided into 1 Kbyte x 4 blocks and 28 Kbytes x 1 block. Erasing is performed in these
units. Programming is performed in 128-byte units starting from an address with lower eight bits
H'00 or H'80.

H'0000 . H'0001 . H'0002 . <— Programming unit: 128 bytes — . H'007F
Eraseunit| H0080 : HO0081 @ H0082 ' HOOFF
1 Kbyte 5 | | :

H0380 ' H0381 : HO0382 ! ! HO3FF

HO0400 : HO0401 : H0402 : < Programming unit: 128 bytes —~ ! H047F
Eraseunit| H0480 ! HO0481 | HO0482 | ' HO4FF
1 Kbyte : : : E

HO0780 | HO0781 | HO0782 | ! HO7FF

H0800 : HO0801 @ HO0802 @ ~—Programming unit: 128 bytes — | HO87F
Eraseunit| H0880 | HO0881 @ H0882 ! ' HOSFF
1 Kbyte

HOB80 : HOB81 : HOB82 ' HOBFF

H'0CO0 | H0C01 | HO0C02 | —=—Programming unit: 128 bytes — | H'0C7F
Erase unit[ HO0C80 @ HOC81 : HO0C82 ! | HOCFF
1 Kbyte ! ! ! :

HOF80 | HOF81 | HOF82 ! . HOFFF

H1000 i H1001 : H1002 : ——Programming unit: 128 bytes — : H107F
Eraseunit| H1080 '@ H1081 @ H41082 ! | H1OFF
28 Kbytes ; ; E E

H7F80 | H7F81 @ HT7F82 ! | HTFFF

Figure6.8 Flash Memory Block Configuration
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6.5.4 Register Configuration

Table 6.5 lists the register configuration to control the flash memory when the built in flash
memory is effective.

Table6.5 Register Configuration

Register Name Abbreviation R/W Initial Value  Address
Flash memory control register 1 FLMCR1 R/W H'00 H'F020
Flash memory control register 2 FLMCR2 R H'00 H'F021
Flash memory power control register FLPWCR R/W H'00 H'F022
Erase block register EBR R/W H'00 H'F023
Flash memory enable register FENR R/W H'00 H'FO2B

Note: FLMCR1, FLMCR2, FLPWCR, EBR, and FENR are 8 bit registers. Only byte access is
enabled which are two-state access. These registers are dedicated to the product in which
flash memory is included. The product in which PROM or ROM is included does not have
these registers. When the corresponding address is read in these products, the value is
undefined. A write is disabled.
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6.6 Descriptions of Registersof the Flash Memory

6.6.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1 0
] — ] SWE ] ESU ] PSU ] EV ] PV ] E ]

Initial value 0 0 0 0 0 0 0 0

Read/Write — R/W R/W R/W R/W R/W R/W R/W

FLMCRL1 is aregister that makes the flash memory change to program mode, program-verify
mode, erase mode, or erase-verify mode. For details on register setting, refer to section 6.8, Flash
Memory Programming/Erasing. By setting this register, the flash memory enters program mode,
erase mode, program-verify mode, or erase-verify mode. Read the datain the state that bits 6 to O
of thisregister are cleared when using flash memory as normal built-in ROM.

Bit 7—Reserved
Thisbit isaways read as 0 and cannot be modified.
Bit 6—Software Write Enable (SWE)

Thisbit isto set enabling/disabling of programming/enabling of flash memory (set when bits 5 to
0 and the EBR register are to be set).

Bit 6

SWE Description

0 Programming/erasing is disabled. Other FLMCR1 register bits and all EBR bits
cannot be set. (initial value)

1 Flash memory programming/erasing is enabled.

Bit 5—Erase Setup (ESU)

Thisbit isto prepare for changing to erase mode. Set this bit to 1 before setting the E bitto 1 in
FLMCRL1 (do not set SWE, PSU, EV, PV, E, and P bits at the same time).

Bit 5

ESU Description

0 The erase setup state is cancelled (initial value)
1 The flash memory changes to the erase setup state. Set this bit to 1 before setting

the E bitto 1 in FLMCR1.
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Bit 4—Program Setup (PSU)

Thisbit isto prepare for changing to program mode. Set this bit to 1 before setting the P bit to 1
in FLMCRL1 (do not set SWE, ESU, EV, PV, E, and P bits at the same time).

Bit 4

PSU Description

0 The program setup state is cancelled (initial value)
1 The flash memory changes to the program setup state. Set this bit to 1 before

setting the P bit to 1 in FLMCRL1.

Bit 3—Erase-Verify (EV)

Thisbit isto set changing to or cancelling erase-verify mode (do not set SWE, ESU, PSU, PV, E,
and P bits at the same time).

Bit 3
EV Description
0 Erase-verify mode is cancelled (initial value)

The flash memory changes to erase-verify mode

Bit 2—Program-Verify (PV)

Thisbit isto set changing to or cancelling program-verify mode (do not set SWE, ESU, PSU, EV,
E, and P hits at the same time).

Bit 2

PV Description

0 Program-verify mode is cancelled (initial value)
1 The flash memory changes to program-verify mode

Bit 1—Erase (E)

Thisbit isto set changing to or cancelling erase mode (do not set SWE, ESU, PSU, EV, PV, and P
bits at the same time).

Bit 1

E Description

0 Erase mode is cancelled (initial value)
1 When this bit is set to 1, while the SWE = 1 and ESU = 1, the flash memory

changes to erase mode.
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Bit 0—Program (P)

Thisbit isto set changing to or cancelling program mode (do not set SWE, ESU, PSU, EV, PV,
and E bits at the same time).

Bit 0

P Description

0 Program mode is cancelled (initial value)
1 When this bit is set to 1, while the SWE = 1 and PSU = 1, the flash memory

changes to program mode.

6.6.2 Flash Memory Control Register 2 (FLMCR2)

Bit 7 6 5 4 3 2 1 0
RER | — | — | = [ = = =] =

Initial value 0 0 0 0 0 0 0 0

Read/Write R — — — — — _ _

FLMCR2 is aregister that displays the state of flash memory programming/erasing. FLMCR2 isa
read-only register, and should not be written to.

Bit 7—Flash Memory Error (FLER)

This bit is set when the flash memory detects an error and goes to the error-protection state during
programming or erasing to the flash memory. See section 6.9.3, Error Protection, for details.

Bit 7

FLER Description

0 The flash memory operates normally. (initial value)
1 Indicates that an error has occurred during an operation on flash memory

(programming or erasing).

Bits 6 to 0—Reserved

These bits are always read as 0 and cannot be modified.
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6.6.3 Erase Block Register (EBR)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ — \ EB4 \ EB3 \ EB2 \ EB1 \ EBO \
Initial value 0 0 0 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W

EBR specifies the flash memory erase areablock. EBR isinitialized to H'00 when the SWE bit in
FLMCR1is0. Do not set more than one bit at atime, asthiswill cause al the bitsin EBR to be
automatically cleared to 0. When each bit isset to 1 in EBR, the corresponding block can be
erased. Other blocks change to the erase-protection state. Seetable 6.6 for the method of dividing
blocks of the flash memory. When the whole bits are to be erased, erase themin turn in unit of a
block.

Table6.6 Division of Blocksto Be Erased

EBR Bit Name Block (Size) Address

0 EBO EBO (1 Kbyte) H'0000 to H'O3FF
1 EB1 EB1 (1 Kbyte) H'0400 to H'O7FF
2 EB2 EB2 (1 Kbyte) H'0800 to H'OBFF
3 EB3 EB3 (1 Kbyte) H'0CO00 to H'OFFF
4 EB4 EB4 (28 Kbytes) H'1000 to H'7FFF

6.6.4 Flash Memory Power Control Register (FLPWCR)

Bit 7 6 5 4 3 2 1 0
powno| — | = | = | = [ =[] =] — |
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W — — — — — _ _

FLPWCR enables or disables atransition to the flash memory power-down mode when the LSl
switches to subactive mode. The power supply circuit can be read in the subactive mode, although
it is partly halted in the power-down mode.

Bit 7—Power-down Disable (PDWND)

This bit selects the power-down mode of the flash memory when atransition to the subactive
mode is made.
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Bit 7

PDWND Description

0 When this bit is 0 and a transition is made to the subactive mode, the flash memory
enters the power-down mode. (initial value)

1 When this bit is 1, the flash memory remains in the normal mode even after a

transition is made to the subactive mode.

Bits 6 to 0—Reserved

These bits are always read as 0 and cannot be modified.

6.6.5 Flash Memory Enable Register (FENR)

Bit 7 6 5 4 3 2 1 0
RsvE] — | — | — | = [ = | = | —
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W — — — — — _ _

FENR controls CPU access to the flash memory control registers, FLMCR1, FLMCR2, EBR, and
FLPWCR.

Bit 7—Flash Memory Control Register Enable (FLSHE)

This bit controls access to the flash memory control registers.

Bit 7

FLSHE Description

0 Flash memory control registers cannot be accessed (initial value)
1 Flash memory control registers can be accessed

Bits 6 to 0—Reserved

These hits are always read as 0 and cannot be modified.
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6.7 On-Board Programming M odes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
program mode. At reset-start in reset mode, the series of HD64F38024, HD64F38024R, and
HD64F38124 changes to a mode depending on the TEST pin settings, P95 pin settings, and input
level of each port, as shown in table 6.7. The input level of each pin must be defined four states
before the reset ends.

When changing to boot mode, the boot program built into this LS| isinitiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial valuesin the on-board state or for aforcible return when
programming/erasing can no longer be done in user program mode. In user program mode,
individual blocks can be erased and programmed by branching to the user program/erase control
program prepared by the user.

Table6.7  Setting Programming M odes

TEST P95 P34 PBO PB1 PB2 LSI State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode

X: Don'’t care
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6.7.1 Boot Mode

Table 6.8 shows the boot mode operations between reset end and branching to the programming
control program.

1

When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 6.8, Flash Memory Programming/Erasing.

SCI 3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity. The inversion function of TXD and RXD pins by the SPCR register is set to
“Not to be inverted,” so do not put the circuit for inverting a val ue between the host and this
LS.

When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI 3 bit rate to match that
of the host. The reset should end with the RXD pin high. The RXD and TXD pins should be
pulled up on the board if necessary. After the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by areset. Depending on the host's
transfer bit rate and system clock frequency of this LSI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit
rate and system clock frequency of this LS| within the ranges listed in table 6.9.

In boot mode, a part of the on-chip RAM areais used by the boot program. The area H'F780 to
H'FEEF is the area to which the programming control program is transferred from the host.
The boot program area cannot be used until the execution state in boot mode switches to the
programming control program.

Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bitsin SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer
of write data or verify data with the host. The TXD pinishigh (PCR42=1,P42=1). The
contents of the CPU genera registers are undefined immediately after branching to the
programming control program. These registers must be initialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

Boot mode can be cleared by areset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the TEST pin and P95 pin. Boot mode is also cleared when a
WDT overflow occurs.

Do not change the TEST pin and P95 pin input levelsin boot mode.
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Table6.8 Boot Mode Operation
Host Operation LS| Operation
Item Processing Contents Processing Contents
Branches to boot program at reset-start.
Bit rate Continuously transmits data H'00 at - Measures low-level period of receive data H'00.
adjustment specified bit rate. - Calculates bit rate and sets it in BRR of SCI3.

- Transmits data H'00 to the host to indicate that the
adjustment has ended.

'
Flash memory erase

Transmits data H'55 when data H'00
is received and no error occurs.

|

Checks flash memory data, erases all flash memory
blocks in case of written data existing, and transmits
data H'AA to host. (If erase could not be done,
transmits data H'FF to host and aborts operation.)

y
Transfer of
programming control
program

Transmits number of bytes (N) of
programming control program to be
transferred as 2-byte data (low-order
byte following high-order byte)

Echobacks the 2-byte received data to host.

Y

Transfer of
programming control
program (repeated for
N times)

'

Transmits 1-byte of programming
control program

Echobacks received data to host and also
transfers it to RAM.

v

Execution of
Programming
control program

Transmits 1-byte data H'AA to host.

Branches to programming control program
transferred to on-chip RAM and starts execution.

Table 6.9

Is Possible

Product Group

Host Bit Rate

Oscillating Freguencies (fosc) for which Automatic Adjustment of LS| Bit Rate

Oscillating Frequencies (fosc) Range of LSl

H8/38024F-ZTAT 4,800 bps 810 10 MHz

Group 2,400 bps 4t0 10 MHz
1,200 bps 2 to 10 MHz

H8/38124F-ZTAT 19,200 bps 16 MHz
9,600 bps 8 to 16 MHz
4,800 bps 6to 16 MHz
2,400 bps 210 16 MHz
1,200 bps 2 to 16 MHz

Rev. 6.00, 08/04, page 163 of 628

RENESAS



6.7.2 Programming/Erasing in User Program Mode

The term user mode refers to the status when a user program is being executed. On-board
programming/erasing of an individual flash memory block can also be performed in user program
mode by branching to a user program/erase control program. The user must set branching
conditions and provide on-board means of supplying programming data. The flash memory must
contain the user program/erase control program or a program that provides the user program/erase
control program from external memory. As the flash memory itself cannot be read during
programming/erasing, transfer the user program/erase control program to on-chip RAM, asin boot
mode. Figure 6.9 shows a sample procedure for programming/erasing in user program mode.
Prepare a user program/erase control program in accordance with the description in section 6.8,
Flash Memory Programming/Erasing.

Reset-start

No

Program/erase?

Transfer user program/erase control Branch to flash memory application
program to RAM program

Branch to user program/erase control
program in RAM

Execute user program/erase control
program (flash memory rewrite)

Branch to flash memory application
program

Figure6.9 Programming/Erasing Flowchart Examplein User Program Mode
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4. Consecutively transfer 128 bytes of data in byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 hits of the start address in the flash memory
destination area must be H'00 or H'80.

Do not use RT S instruction from data transfer to setting P bit to 1. (This does not apply to the
HD64F38124.)

5. Thetime during which the P bit is set to 1 is the programming time. Figure 6.12 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, €tc.
An overflow cycle of approximately 6.6 msis allowed.

7. For adummy write to a verify address, write 1-byte data H'FF to an address whose lower 1 bit
isb'0. Verify data can be read in word size from the address to which a dummy write was
performed.

Do not use RTSinstruction from dummy write to verify data read. (This does not apply to the
HD64F38124.)

8. The maximum number of repetitions of the program/program-verify sequence of the same bit

is 1,000.
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Write pulse application subroutine

Apply Write Pulse START

[ WDT enable | [ Set SWE bit‘ in FLMCR1 |
.‘. [ Wait 1 us |
[ Set PSU bit in FLMCR | ‘

\
| Wait 50 s |
\ | n

[ Set P bitin FLMCR1 |

Store 128-byte program data in program
data area and reprogram data area

I
! |

0 |

\
| Wait (Wait time = programming time) | | i ‘
‘ Write 128-byte data in RAM reprogram
| Clear P bit in FLMCR1 | data area consecutively to flash memory
[ I
[ Wait 5 ps | [ Apply W‘ri|e pulse [
‘ [ Set PV bit in FLMCR1 |
[ cearpsubitinFLmcr1 | I
[ [ Walit 4 ps |

[ Wait 5 s | ‘
Set block start address as
‘ verify address

[ Disable WDT | ‘} E’Il

| H'FF dummy write to verify address |
End Sub T

[ Wait 2 us |
I
| Read verify data |

Increment address

Additional-programming data
computation

| Reprogram data computation |

128-byte
data verification
completed?

[ Clear PV bitin FLMCR1 |

I
[ Walit 2 ps |

——

Yes

Successively write 128-byte data from
additional-programming data area
in RAM to flash memory

| sub-Routine-Call
[] Apply Write Pulse [

[ Clear SWE bit in FLMCR1 | [ clear SWE bitin FLMCR1 |

[ I
[ Wait 100 ps | [ Wait 100 ps |

End of programming Programming failure

Figure6.10 Program/Program-Verify Flowchart
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Table6.10 Reprogram Data Computation Table

Program Data Verify Data Reprogram Data Comments

0 0 1 Programming completed
0 1 0 Reprogram bit

1 0 1 —

1 1 1 Remains in erased state

Table6.11 Additional-Program Data Computation Table

Additional-Program

Reprogram Data Verify Data Data Comments

0 0 0 Additional-program bit

0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming

Table6.12 Programming Time

n Programming In Additional

(Number of Writes) Time Programming Comments
1to6 30 10

7 to 1,000 200 —

Note: Time shown in ps.
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6.8.2 Erase/Erase-Verify

When erasing flash memory, the erase/erase-verify flowchart shown in figure 6.11 should be
followed.

1

Prewriting (setting erase block datato all 0s) is not necessary.

2. Erasingis performed in block units. Make only a single-bit specification in the erase block

register (EBR). To erase multiple blocks, each block must be erased in turn.

The time during which the E bit is set to 1 is the flash memory erase time.

The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 msis allowed.

For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower 1 hit
isb'0. Verify data can be read in word size from the address to which a dummy write was
performed.

Do not use RTSinstruction from dummy write to verify data read. (This does not apply to the
HD64F38124.)

If the read datais not erased successfully, set erase mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequenceis 100.

6.8.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, are disabled while flash memory is being programmed or erased, or while the boot
program is executing, for the following three reasons:

1

Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

If interrupt exception handling starts before the vector addressis written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| SWE bit « 1 |
| Waitl1 us |
I
| n«1 |
l Set EBR ]
| Enable WDT |
| ESU llit 1 ]
| Wait 1I00 us |
[ E bit < 1 ]
| Wait I1O ms |
[ E bitl <0 ]
| Wait I10 s |
I ESU bit < 0 ]
| Wait I10 us |
| Disabli—) WDT |
[ EV bilt 1 ]
| Wait :20 us |

| Set block start address as verify address |

| Incremen

| H'FF dummy write to verify address |
|
| Wait 2 s |

| Read verify data |

No
Verify data = all 1s ?

No
Last address of block ?

[ EV bit < 0 |

EV bit < 0 ]

Wait 4 us

Wait 4us

No

All erase block erased ?

| SWE bit < 0 |

SWE bit < 0 ]

|
| Wait 100 ps |

]
Wait 100 ps |

End of erasing
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6.9 Program/Erase Protection

There are three kinds of flash memory program/erase protection; hardware protection, software
protection, and error protection.

6.9.1 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of atransition to reset, subactive mode, subsleep mode, watch mode,
or standby mode. Flash memory control register 1 (FLMCR1), flash memory control register 2
(FLMCR2), and erase block register (EBR) areinitialized. In areset viathe RES pin, the reset
state is not entered unless the RES pin is held low until oscillation stabilizes after powering on. In
the case of areset during operation, hold the RES pin low for the RES pulse width specified in the
AC Characteristics section.

6.9.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection isin effect, setting the P or E bit
in FLMCRL1 does not cause atransition to program mode or erase mode. By setting the erase
block register (EBR), erase protection can be set for individual blocks. When EBR is set to H'00,
erase protection is set for al blocks.

6.9.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bitin FLMCR2 is set to 1, and the error protection state is entered.

»  When the flash memory of the relevant address areais read during programming/erasing
(including vector read and instruction fetch)

» Immediately after exception handling excluding areset during programming/erasing

*  When aSLEEP instruction is executed during programming/erasing

The FLMCR1, FLMCR2, and EBR settings are retained, however program mode or erase mode is
aborted at the point at which the error occurred. Program mode or erase mode cannot be re-entered
by re-setting the P or E bit. However, PV and EV bit setting is enabled, and a transition can be
made to verify mode. Error protection can be cleared only by a power-on reset.
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6.10 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip Renesas Technology (former Hitachi Ltd.) 64-Kbyte flash memory
(F-ZTAT64V3). A 10-MHz input clock is required. For the conditions for transition to
programmer mode, see table 6.7.

6.10.1  Socket Adapter

The socket adapter converts the pin allocation of the HD64F38024, HD64F38024R, and
HD64F38124 to that of the discrete flash memory HN28F101. The address of the on-chip flash
memory is H'0000 to H'7FFF. Figure 6.12(1) shows a socket-adapter-pin correspondence diagram
of the HD64F38024 and HD64F38024R. Figure 6.12(2) shows a socket-adapter-pin
correspondence diagram of the HD64F38124.

6.10.2  Programmer M ode Commands
The following commands are supported in programmer mode.

* Memory Read Mode
» Auto-Program Mode
» Auto-Erase Mode
» Status Read Mode

Status polling is used for auto-programming, auto-erasing, and status read modes. In status read
mode, detailed internal information is output after the execution of auto-programming or auto-
erasing. Table 6.13 shows the sequence of each command. In auto-programming mode, 129 cycles
are required since 128 bytes are written at the same time. In memory read mode, the number of
cycles depends on the number of address write cycles (n).

Table6.13 Command Sequencein Programmer Mode

Number 1st Cycle 2nd Cycle
Command Name of Cycles Mode Address Data Mode  Address Data
Memory read 1+n Write X H'00 Read RA Dout
Auto-program 129 Write X H'40 Write WA Din
Auto-erase 2 Write X H'20 Write X H'20
Status read 2 Write X H71 Write X H'71

n: the number of address write cycles
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HD64F38024, HD64F38024R Socket Adapter
Pin No. (Conversion to
Pin Nam 32-Pin
TFFPF;_8800AE: FP-80B e Arrangement)
32 P71
38 P77
58 P92
23 P60
24 P61
25 P62
26 P63
27 P64
28 P65
29 P66
30 P67
71 P40
72 P41
65 P32
66 P33
67 P34
68 P35
69 P36
70 P37
31 P70
73 P42
33 P72
34 P73
35 P74
36 P75
37 P76
74 P43
54 Vcee
3 AVcec
8 X1
13 TEST
53 V1
54 Vcee
60 P94
61 P95
10 Vss
55 Vss
75 PBO
76
77
12, 11
14

RENESAS
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HDB4F38124 ! Socket Adapter
Pin No. E (Converslion to E HN28F101 (32 Pins)
. ' 32-Pin '
FP-80A Pin Name i Arrangement) i | PinName | PinNo.
TFP-80C : :
[l QY 1
30 P71 A9 26
a6 2
36 P77 A15 3
56 P92 WE 31
21 P60 ; ; 1/00 13
22 P61 1101 14
23 P62 1102 15
24 P63 1103 17
25 P64 1104 18
26 P65 1/05 19
27 P66 : : 1106 20
28 P67 1107 21
69 P40 AO 12
70 P41 A1 1
63 P32 A2 10
64 P33 A3 9
65 P34 : : A4 8
66 P35 ; A5 7
67 P36 A6 6
68 P37 A7 5
29 P70 A8 27
71 P42 T OE 24
31 P72 : A10 23
32 P73 A1 25
33 P74 A12 4
34 P75 A13 28
35 P76 A4 29
72 P43 : CE 22
52 Vee . E Vee 32
1 AVee —{ ves 16
6 X1
11 TEST ! Legend]
51 V1 : ! FWE: Flash-write enable
52 Vee E E 1/107 to I/Op: Data inpgt/output
5 Pt I L CE . Cripensble.
4,59 CVec, P95 E E OE: Output enable
8 Vss : ! E: Write enable
53 Vss E E
73 PBO : ' Note: The oscill{ation frgqugncy
! ! of the oscillator circuit
74 PB1 ' : should be 10 MHz.
75 PB2 . :
10,9 0SC1,05C2 —HOsciIIator circuit] E
12 RES ﬁ—w Power-on | i
Other than the above (OPEN) i reset cirout JE

Figure6.12(2) Socket Adapter Pin Correspondence Diagram
(HDB64F38124)
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6.10.3 Memory Read Mode

1. After completion of auto-program/auto-erase/status read operations, atransition is made to the
command wait state. When reading memory contents, a transition to memory read mode must
first be made with a command write, after which the memory contents are read. Once memory
read mode has been entered, consecutive reads can be performed.

2. In memory read mode, command writes can be performed in the same way as in the command
wait state.

3. After powering on, memory read mode is entered.
4. Tables6.14 to 6.16 show the AC characteristics.

Table6.14 AC Characteristicsin Transition to Memory Read M ode

Conditions; Voc=3.3V +0.3V, V=0V, T,=25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle txtc 20 — Us Figure 6.13
CE hold time teen 0 — ns

CE setup time tees 0 — ns

Data hold time tdh 50 — ns

Data setup time tds 50 — ns

Write pulse width twep 70 — ns

WE rise time tr — 30 ns

WE fall time t; — 30 ns

Command write Memory read mode
A15-A0 X Addressstable X

tees toen toxte

ce \ ]zF, i /
o \__ /

tdS |+ f¢—] tdh

1/107-1/00 —«« »» m_

Note: Data is latched on the rising edge of WE.

Figure 6.13 Timing Waveformsfor M emory Read after Memory Write
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Table6.15 AC Characteristicsin Transition from Memory Read M ode to Another M ode

Conditions; Voc=3.3V +0.3V, V=0V, T,=25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle thxtc 20 — ps Figure 6.14
CE hold time teen 0 — ns

CE setup time tees 0 — ns

Data hold time tan 50 — ns

Data setup time tds 50 — ns

Write pulse width twep 70 — ns

WE rise time tr — 30 ns

WE fall time t — 30 ns

Memory read mode Other mode command write
A15A0 X Addressstable X

tnxtc tces tce h

o« T \__/
twep

WE \ /

tys e+ le— tan

1/07-1/00 4@ <<<< >>>>_

Note: Do not enable WE and OE at the same time.

Figure6.14 Timing Waveformsin Transition from Memory Read M ode to Another Mode
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Table6.16 AC Characteristicsin Memory Read Mode

Conditions; Voc=3.3V +0.3V, V=0V, T,=25°C +5°C

Item Symbol Min Max Unit Notes
Access time tacc — 20 us Figure 6.15
CE output delay time tee — 150 ns Figure 6.16
OE output delay time toe — 150 ns
Output disable delay time tar — 100 ns
Data output hold time toh 5 — ns
A15-A0 )( Address stable W Address stable K
CE
OE
WE tacc tacc |
ton ton
1/07-1/00

Figure6.15 CE and OE Enable State Read Timing Waveforms

A15-A0 :>< Address stable W Address stable 5(
tce tce
ok ) /X /
toe toe
o= 1Y / \ ‘
WE faco Toco o
ton tar ton f—
1/107-1/00

Figure6.16 CE and OE Clock System Read Timing Waveforms
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6.10.4  Auto-Program Mode

1

When reprogramming previously programmed addresses, perform auto-erasing before auto-
programming.

Perform auto-programming once only on the same address block. It is not possible to program
an address block that has already been programmed.

In auto-program mode, 128 bytes are programmed simultaneously. This should be carried out
by executing 128 consecutive byte transfers. A 128-byte data transfer is necessary even when
programming fewer than 128 bytes. In this case, H'FF data must be written to the extra
addresses.

The lower 7 bits of the transfer address must be low. If a value other than an effective address
isinput, processing will switch to a memory write operation but awrite error will be flagged.
Memory address transfer is performed in the second cycle (figure 6.17). Do not perform
transfer after the third cycle.

Do not perform a command write during a programming operation.

Perform one auto-program operation for a 128-byte block for each address. Two or more
additional programming operations cannot be performed on a previously programmed address
block.

Confirm normal end of auto-programming by checking 1/06. Alternatively, status read mode
can also be used for this purpose (1/07 status polling uses the auto-program operation end
decision pin).

Status polling 1/06 and 1/07 pin information is retained until the next command write. Aslong
as the next command write has not been performed, reading is possible by enabling CE and
OE.

10. Table 6.17 shows the AC characteristics.
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Table6.17 AC Characteristicsin Auto-Program Mode

Conditions; Voc=3.3V +0.3V, V=0V, T,=25°C +5°C

Item Symbol Min Max Unit Notes
Command write cycle thxtc 20 — ps Figure 6.17
CE hold time teen 0 — ns

CE setup time tees 0 — ns

Data hold time tdh 50 — ns

Data setup time tds 50 — ns

Write pulse width twep 70 — ns

Status polling start time twsts 1 — ms

Status polling access time tspa — 150 ns

Address setup time tas 0 — ns

Address hold time tan 60 — ns

Memory write time turite 1 3000 ms

WE rise time t — 30 ns

WE fall time ts — 30 ns

CCCEuurqruq

MMM

/A

twep

tr

twsts

/7

tspa

1107

1106

1/05-1/00

a0 )

tdh

tas tah
U
Data transfM

1 to 128 bytes

twrite

ﬁA
R

X2

-,

& )—
& )—
D

k___/| Write operation end decision signal

Write normal end decision signal

g oo ))

Figure6.17

Auto-Program M ode Timing Wavefor ms

RENESAS
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6.10.5 Auto-Erase Mode

1. Auto-erase mode supports only entire memory erasing.
2. Do not perform a command write during auto-erasing.

3. Confirm normal end of auto-erasing by checking 1/06. Alternatively, status read mode can also
be used for this purpose (I/07 status polling uses the auto-erase operation end decision pin).

4. Status polling 1/06 and 1/O7 pin information is retained until the next command write. Aslong
as the next command write has not been performed, reading is possible by enabling CE and
OE.

5. Table 6.18 showsthe AC characteristics.

Table6.18 AC Characteristicsin Auto-Erase M ode

Conditions; Vee = 3.3V 0.3V, V= 0V, To= 25°C #5°C

Item Symbol Min Max Unit Notes
Command write cycle txtc 20 — Hs Figure 6.18
CE hold time teen 0 — ns

CE setup time tees 0 — ns

Data hold time tdn 50 — ns

Data setup time tds 50 — ns

Write pulse width twep 70 — ns

Status polling start time tests 1 — ms

Status polling access time tspa — 150 ns

Memory erase time terase 100 40000 ms

WE rise time t; — 30 ns

WE fall time t; — 30 ns
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A15-A0

{ces Teeh | | Inxtc
I

thxtc

OE ¢ /
wep
tests tspa

Juui S DR B P !

terase

tds tdh

1107

Erase end
decision signal

1106

Erase normal

decision signal

1/05-1/00 @=» Kr20))

S
/

(),

Figure6.18 Auto-Erase Mode Timing Waveforms

6.10.6 StatusRead M ode

1. Statusread mode is provided to identify the kind of abnormal end. Use this mode when an
abnormal end occurs in auto-program mode or auto-erase mode.

2. Thereturn codeisretained until acommand write other than a status read mode command

write is executed.

3. Table 6.19 showsthe AC characteristics and 6.20 shows the return codes.

Table6.19 AC Characteristicsin Status Read M ode

Conditions; Vee = 3.3V 0.3V, Vg = 0V, To= 25°C #5°C

Item Symbol Min Max Unit Notes
Read time after command write txtc 20 — Hs Figure 6.19
CE hold time teen 0 — ns

CE setup time tees 0 — ns

Data hold time tdn 50 — ns

Data setup time tds 50 — ns

Write pulse width twep 70 — ns

OE output delay time toe — 150 ns

Disable delay time tar — 100 ns

CE output delay time tee — 150 ns

WE rise time t; — 30 ns

WE fall time ts — 30 ns

RENESAS
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A15-A0

tces fcen | tnxtc, |tces }2}1 thxtc thxtc
4
) ( ) / \—

<
OE ¢ ¢
wep wep
t ||t ||t toe
\ \ /
WE N N/
tas tdh tas tdh lor
1/07-/00 H'71 H'71

Note: /02 and I/0O3 are undefined.

Figure6.19 Status Read M ode Timing Wavefor ms

Table6.20 Status Read Mode Return Codes

Pin Name Initial Value Indications

1107 0 1. Abnormal end
0: Normal end

1106 0 1: Command error
0: Otherwise

1105 0 1: Programming error
0: Otherwise

1104 0 1: Erasing error
0: Otherwise

1/103 ad

1102 ad

/01 1: Over counting of writing or erasing
0: Otherwise

1/100 0 1: Effective address error
0: Otherwise
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6.10.7 StatusPolling

1. Thel/O7 status polling flag indicates the operating status in auto-program/auto-erase mode.

2. Thel/O6 status polling flag indicates a normal or abnormal end in auto-program/auto-erase
mode.

Table6.21 StatusPolling Output Truth Table

1107 1/06 /00 to 5 Status

0 0 0 During internal operation
1 0 0 Abnormal end

1 1 0 Normal end

0 1 0 —

6.10.8 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer mode
setup period. After the programmer mode setup time, atransition is made to memory read mode.

Table6.22 Stipulated Transtion Timesto Command Wait State

Item Symbol Min Max Unit Notes
Oscillation stabilization time(crystal oscillator) Tosc1 10 — ms Figure 6.20
Oscillation stabilization time(ceramic oscillator) — Tosc1 5 — ms

Programmer mode setup time Tomy 10 — ms

Vcce hold time Tdwn 0 — ms

Auto-program mode
tosc1 tomv Auto-erase mode tawn

Vce /

N
/ \_

s
m
(4]

Figure6.20 Oscillation Stabilization Time, Boot Program Transfer Time,
and Power-Down Sequence
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6.109 Noteson Memory Programming

1. When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended before
carrying out auto-programming.

2. Theflash memory isinitially in the erased state when the device is shipped by Renesas
Technology. For other chips for which the erasure history is unknown, it is recommended that
auto-erasing be executed to check and supplement the initialization (erase) level.

6.11 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operatein either of the following states:

* Normal operating mode
The flash memory can be read and written to at high speed.
» Power-down operating mode
The power supply circuit of the flash memory is partly halted and can be read under low power
consumption.
» Standby mode
All flash memory circuits are halted.

Table 6.23 shows the correspondence between the operating modes of this LS| and the flash
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the
PDWND hit in FLPWCR. When the flash memory returnsto its normal operating state from
power-down mode or standby mode, a period to stabilize the power supply circuits that were
stopped is needed. When the flash memory returnsto its normal operating state, bits STS2 to STSO
in SY SCR1 must be set to provide await time of at least 20 s, even when the external clock is
being used.

Table6.23 Flash Memory Operating States

Flash Memory Operating State

LSI Operating State PDWND = 0 (Initial value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Standby mode Standby mode Standby mode

Watch mode Standby mode Standby mode
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Section7 RAM

7.1 Overview

The H8/38024, H8/38023, H8/38022, H8/38124, H8/38123, H8/38122, H8/38024S, H8/38023S,
and H8/38022S have 1 Kbyte of high-speed static RAM on-chip, and the H8/38021, H8/38020,
H8/38121, H8/38120, H8/38021S, and H8/38020S have 512 bytes. The RAM is connected to the
CPU by a 16-bit data bus, allowing high-speed 2-state access for both byte data and word data.

Note: Mask ROM versions of the H8/38124, H8/38123, H8/38122, H8/3811, and H8/38120 are
under development.

711 Block Diagram

Figure 7.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

[ ] [ ]

Internal data bus (lower 8 bits)

H'FB80 H'FB80 H'FB81
H'FB82 H'FB82 H'FB83
/_\
e ———
On-chip RAM
H'FF7E H'FF7E H'FF7F
Even-numbered Odd-numbered
address address

Figure7.1 RAM Block Diagram (H8/38024)
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Section 8 1/0O Ports

8.1 Overview

The LSl is provided with five 8-bit 1/0O ports, two 4-bit I/O ports, one 3-bit 1/0 port, one 8-bit
input-only port, one 1-bit input-only port, and one 6-bit output-only port. Table 8.1 indicatesthe
functions of each port.

Each port has of a port control register (PCR) that controlsinput and output, and a port data
register (PDR) for storing output data. Input or output can be assigned to individual bits.
See section 2.9.2, Notes on Bit Manipulation, for information on executing bit-manipulation
instructions to write datain PCR or PDR.

Ports 5, 6, 7, 8, and A are also used as liquid crystal display segment and common pins, selectable
in 4-bit units.

Block diagrams of each port are given in Appendix C, 1/0 Port Block Diagrams.

Table8.1 Port Functions

Function
Switching
Port Description Pins Other Functions Registers
Port1 « 4-bit /O port P17/IRQs/TMIF External interrupt 3, timer PMR1
. MOS input pull-up event input pin TMIF TCRF
*
Option Ple ! None
P14/IRQ/ADTRG External interrupt 4, A/D PMR1
converter external trigger AMR
P1:/TMIG Timer G input capture PMR1
PMR2
Port3 « 8-bit I/O port P37/AEVL Asynchronous counter event PMR3
. MOS input pull-up P3s/AEVH input pins AEVL, AEVH ECCR
Option P35 to P33 None PMR2
« Large-current P32, TMOFH Timer F output compare PMR3
port*z P31, TMOFL output
P3,/UD Timer C count up/down PMR3

« MOS open drain
output selectable
(only P3s)

selection input
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Function

Switching
Port Description Pins Other Functions Registers
Port4 « 1-bitinput port P43/IRQo External interrupt O PMR2
e 3-bit I/O port P4,/TXD3» SCI3 data output (TXD3zy), SCR3
P41/RXD3; data input (RXD3y), clock SMR3
P4,/SCK32 input/output (SCKs2) SPCR
Port5 « 8-hit I/O port P57 to P50/ Wakeup input (WKP- to PMR5
: WKP7 to WKPo/ WKPy), segment output LPCR
e MOS input pull-u
i Putp P SEGs to SEG; (SEGs to SEG)
option
Port6 « 8-hit 1/O port P67 to P60/ Segment output (SEG16 to LPCR
« MOS input pull-up SEGi6 to SEGy SEGy)
option
Port7 « 8-bit I/O port P77to P70/ Segment output (SEG24 to LPCR
SEGy4 to SEG17 SEG]_7)
Port8 « 8-hit 1/O port P87 to P8¢/ Segment output (SEG3; to LPCR
SEG3, to SEG2s SEG2s5)
Port9 « Dedicated 6-bit P9s to P9, None
output port (P9s, P94, P9, (LVD reference voltage (LVDSR)**
_ P93/Ver) ™ external input pin)**
* High-voltage, large-
current port*3 P9, P9/ 10-bit PWM output PMR9
PWM2, PWM1
+ High-voltage port*® IRQAEC None
Port A« 4-bit I/O port PA3 to PAo/ Common output LPCR
COM, to COM; (COM4 to COMy)
Port B « Dedicated 8-bit PB; to PB4/ A/D converter analog input ~ AMR
input pOI't AN~ to ANg4 (AN7 to AN4)
PB3/AN3/IRQ: A/D converter analog input ~ AMR
(AN3s), external interrupt 1, PMRB
timer event input (TMIC) T™MC
PB2/AN2 A/D converter analog input ~ AMR
PBllANll(extU)*4 A/D converter analog input ~ AMR
PBo/ANo/(extD)**  (LVD detect voltage external (LVDCR)**
input pin)**
Notes: 1. Pin 16 and the associated function are not implemented on the H8/38124 Group.

2. Applies to the HD64338024, HD64338023, HD64338022, HD64338021, HD64338020,
and H8/38124 Group only.

3. Standard voltage on H8/38024S Group and H8/38124 Group.
4. Applies to H8/38124 Group only.
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8.2 Port 1

8.2.1 Overview

Port 1 isa4-bit 1/0O port. Figure 8.1 showsits pin configuration.

<~ P1,/IRQ3/TMIF
Port1 | == P1¢"

~— P1,/IRQy/ADTRG
-~ P13/TMIG

Note: * Pin 16 and the associated function are not implemented on the H8/38124 Group.

Figure8.1 Port 1 Pin Configuration

8.2.2 Register Configuration and Description
Table 8.2 showsthe port 1 register configuration.

Table8.2 Port 1 Registers

Name Abbr. R/IW Initial Value ~ Address
Port data register 1 PDR1 RW — H'FFD4
Port control register 1 PCR1 w — H'FFE4
Port pull-up control register 1 PUCR1 R/W — H'FFEOQ
Port mode register 1 PMR1 RW — H'FFC8
Port mode register 2 PMR2 R/W H'D8 H'FFC9
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Port Data Register 1 (PDR1)

Bit 7 6 5 4 3 2 1 0

\ P1, \ P1e* \ — \ P1, \ P1; \ — \ — \ —
Initial value 0 0 — 0 0 — — —_
Read/Write RW R/W — RW RW — — —

PDR1 is an 8-bit register that stores data for port 1 pins P1,, P1g*, P14, and P1s. If port 1isread
while PCR1 bits are set to 1, the values stored in PDR1 are read, regardless of the actual pin states.
If port 1 isread while PCR1 bits are cleared to 0, the pin states are read.

Note: * Pin 15 and the associated function are not implemented on the H8/38124 Group.

Port Control Register 1 (PCR1)

Bit 7 6 5 4 3 2 1 0

\ PCR1; ‘PCRle* — \ PCR1s \ PCR1; \ — ] — ’ — ‘
Initial value 0 0 — 0 0 — — _
Read/Write w w W w w w W W

PCRL1 is an 8-bit register for controlling whether each of the port 1 pins P1;, P1¢*, P1,, and P1;
functions as an input pin or output pin. Setting a PCR1 bit to 1 makes the corresponding pin an
output pin, while clearing the bit to 0 makes the pin an input pin. The settingsin PCR1 and in
PDR1 are valid only when the corresponding pin is designated in PMR1 as ageneral 1/0 pin.

PCR1 isawrite-only register, which isalwaysread as all 1s.

Note: * Pin 15 and the associated function are not implemented on the H8/38124 Group.
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Port Pull-Up Control Register 1 (PUCR1)

Bit 7 6 5 4 3 2 1 0

[PUCRL;[PUCRI#| — [PUCRL|PUCRL| — [ — | —
Initial value 0 0 — 0 0 — — —_
Read/Write R/W R/W W R/W R/W W W \W

PUCRL controls whether the MOS pull-up of each of the port 1 pins P1,, P1g*, P1,, and P1;ison
or off. When aPCR1 hit is cleared to O, setting the corresponding PUCR1 bit to 1 turns on the
MOS pull-up for the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Note: * Pin 15 and the associated function are not implemented on the H8/38124 Group.

Port Mode Register 1 (PMR1)

Bit 7 6 5 4 3 2 1 0

\ IRQ3 \ — \ — \ IRQ4 \ T™MIG \ — ] — ] —
Initial value 0 1 — 0 0 — 1 —
Read/Write R/W — W R/W R/W W — W

PMR1 is an 8-hit read/write register, controlling the selection of pin functions for port 1 pins.
Bit 7—P1/IRQs/TMIF Pin Function Switch (IRQ3)

This bit selects whether pin P1,/IRQy/TMIF is used as P1; or asIRQy/TMIF.

Bit 7

IRQ3 Description

0 Functions as P17 1/O pin (initial value)
1 Functions as IRQ3/TMIF input pin

Note: Rising or falling edge sensing can be designated for IRQs, TMIF. For details on TMIF
settings, see 3. Timer Control Register F (TCRF) in section 9.4.2.

Bit 6—Reserved
Thishit isreserved; it isalways read as 1 and cannot be modified.
Bit 5—Reserved

Thisbit isreserved; it can only be written with 0.
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Bit 4—P1,/IRQ/ADTRG Pin Function Switch (IRQ4)

This bit selects whether pin P1,/IRQ/ADTRG is used as P1, or asIRQ,/ADTRG.

Bit 4

IRQ4 Description

0 Functions as P14 1/0O pin (initial value)
1 Functions as IRQ4/ADTRG input pin

Note: For details of ADTRG pin setting, see section 12.3.2, Start of A/D Conversion by External
Trigger Input.

Bit 3—P15/TMIG Pin Function Switch (TMIG)

This bit selects whether pin P1y/TMIG is used as P1; or as TMIG.

Bit 3

TMIG Description

0 Functions as P13 1/O pin (initial value)
1 Functions as TMIG input pin

Bits2 and 0—Reserved

These bits are reserved; they can only be written with O.

Bit 1—Reserved

Thishit isreserved; it isalways read as 1 and cannot be modified.

Port Mode Register 2 (PM R2)

Bit 7 6 5 4 3 2 1 0
\ — \ — \ POF1 \ — \ — ‘WDCKS‘ NCS \ IRQO \

Initial value 1 1 0 1 1 0 0 0

Read/Write — — R/W — — R/W R/W R/W

PMR2 is an 8-bit read/write register. It controls whether the PMOS transistor internal to P35 ison
or off, the selection of the watchdog timer clock, the selection of TMIG noise cancellation, and
switching of the P44/IRQ, pin functions.

Upon reset, PMR2 isinitialized to H'D8.

This section only deals with the bits related to timer G and the watchdog timer. For the functions
of the bits, see the descriptions of port 3 (POF1) and port 4 (IRQO).
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Bit 2—Watchdog Timer Source Clock (WDCKYS)

This bit selects the watchdog timer source clock. Note that stabilization times for the H8/38024,
H8/38024S, and H8/38024F-ZTAT Group and for the H8/38124 Group are different.

» H8/38024, H8/38024S, H8/38024F-ZTAT Group

Bit 2

WDCKS Description

0 Selects @8192 (initial value)
1 Selects @y/32

» H8/38124 Group

Bit 2

WDCKS Description

0 Selects clock based on timer mode register W (TMW) setting® (initial value)
1 Selects @y/32

Note: * See section 9.6, Watchdog Timer, for details.

Bit 1—TMIG Noise Canceller Select (NCYS)

This bit selects control s the noise cancellation circuit of the input capture input signal (TMIG).

Bit 1

NCS Description

0 No noise cancellation circuit (initial value)
1 Noise cancellation circuit
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8.2.3 Pin Functions

Table 8.3 shows the port 1 pin functions.

Table8.3 Port 1 Pin Functions

Pin Pin Functions and Selection Method

P1;/IRQs/TMIF  The pin function depends on bit IRQ3 in PMRL1, bits CKSL2 to CKSLO in TCRF,

and bit PCR17 in PCR1.

IRQ3 0 1
PCR1; 0 1 *
CKSL2 to CKSLO * Not O** 0**
Pin function P1; input pin |P1; output pin | TRQz input pin | TRQa/TMIF
input pin

Note: When this pin is used as the TMIF input pin, clear bit IEN3 to 0 in IENR1
to disable the IRQs3 interrupt.

Ple The pin function depends on bit PCR1s in PCR1.
PCR1s 0 1
Pin function P1g input pin P1e output pin
Note: Pin 16 and the associated function are not implemented on the H8/38124
Group.
P1./1RQ4 The pin function depends on bit IRQ4 in PMR1, bit TRGE in AMR, and bit PCR14
ADTRG in PCRL1.
IRQ4 0 1
PCR14 0 1 *
TRGE * 0 1
Pin function P14 input pin | P14 output pin | IRQq input pin | IRQ/ADTRG
input pin
Note: When this pin is used as the ADTRG input pin, clear bit IEN4 to 0 in
IENRL1 to disable the IRQ4 interrupt.
P1s/TMIG The pin function depends on bit TMIG in PMR1 and bit PCR13 in PCR1.
TMIG 0 1
PCR1; 0 1 *
Pin function P13 input pin | P15 output pin TMIG input pin
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824 Pin States
Table 8.4 shows the port 1 pin states in each operating mode.

Table8.4 Port 1Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P1-/IRQs/TMIF High- Retains Retains  High- Retains Functional Functional
P1s™t impedance previous previous impedance*2 previous

P14/IRQ4/ADTRG state state state

P1s/TMIG

Notes: 1. Pin 1 and the associated function are not implemented on the H8/38124 Group.
2. A high-level signal is output when the MOS pull-up is in the on state.

825  MOSInput Pull-Up

Port 1 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRL1 bit is cleared to 0, setting the corresponding PUCRL hit to 1 turns on the MOS input pull-up
for that pin. The MOS input pull-up functionisin the off state after areset.

PCR1, 0 0 1
PUCR1, 0 1 *
MOS input pull-up Off On Off
(n=7,6,4,3)
*: Don't care
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8.3 Port 3

8.3.1 Overview

Port 3 isan 8-bit 1/0O port, configured as shown in figure 8.2.

<= P3,/AEVL
<= P3g/AEVH
-« p3,
port3 | © "~ P34
~ » P3,
<= P3,/TMOFH
~ = P3,/TMOFL

<= P3,/UD

Figure8.2 Port 3 Pin Configuration

832 Register Configuration and Description
Table 8.5 shows the port 3 register configuration.

Table85 Port 3Registers

Name Abbr. R/W Initial Value Address
Port data register 3 PDR3 R/W H'00 H'FFD6
Port control register 3 PCR3 w H'00 H'FFE6
Port pull-up control register 3 PUCRS3 RW H'00 H'FFE1
Port mode register 2 PMR2 R/W H'D8 H'FFC9
Port mode register 3 PMR3 R/W — H'FFCA
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Port Data Register 3 (PDR3)

Bit 7 6 5 4 3 2 1 0
‘ P37 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P35 ‘ P34 ‘ P3g ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR3 isan 8-bit register that stores data for port 3 pins P3; to P3,. If port 3 isread while PCR3
bits are set to 1, the values stored in PDR3 are read, regardless of the actual pin states. If port 3is
read while PCR3 hits are cleared to 0, the pin states are read.

Upon reset, PDR3 isinitialized to H'00.

Port Control Register 3 (PCR3)

Bit 7 6 5 4 3 2 1 0

‘ PCR37 ‘ PCR34 ‘ PCR35 ‘ PCR34 ‘ PCR33 ‘ PCR3, ‘ PCR34 ‘ PCR3, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR3 is an 8-hit register for controlling whether each of the port 3 pins P3; to P3, functions as an
input pin or output pin. Setting a PCR3 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. The settingsin PCR3 and in PDR3 are valid only
when the corresponding pinis designated in PMR3 as a general 1/O pin.

Upon reset, PCR3 isinitialized to H'00.
PCR3 isawrite-only register, which isalwaysread as all 1s.

Port Pull-Up Control Register 3 (PUCR3)

Bit 7 6 5 4 3 2 1 0
‘PUCR37 ‘ PUCRSG‘ PUCR35‘ PUCR34‘PUCR33‘PUCR32 ‘ PUCR34 ‘PUCRSO‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCR3 controls whether the MOS pull-up of each of the port 3 pins P3; to P3, ison or off. When
aPCR3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCR3 isinitialized to H'00.
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Port Mode Register 2 (PM R2)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ POF1 \ — \ — ‘WDCKS‘ NCS \ IRQO \
Initial value 1 1 0 1 1 0 0 0
Read/Write — — R/W — — RW R/W R/W

PMR2 is an 8-bit read/write register. It controls whether the PMOS transistor internal to P35 ison
or off, the selection of the watchdog timer clock, the selection of TMIG noise cancellation, and
switching of the P44/IRQ, pin functions.

Upon reset, PMR2 isinitialized to H'D8.

This section only deals with the bit that controls whether the PMOS transistor internal to pin P35 is
on or off. For the functions of the other bits, see the descriptions of port 1 (WDCKS and NCS) and
port 4 (IRQO).

Bit 5—Pin P3; PMOS Transistor Control (POF1)
This bit selects whether the PMOS transistor of the output buffer for pin P35 is on or off.

Bit 5
POF1 Description
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Port Mode Register 3 (PMR3)

Bit 7 6 5 4 3 2 1 0

‘ AEVL ‘ AEVH ‘ | ‘ ] ‘ 0 ‘TMOFH ‘ TMOFL ‘ uD ‘
Initial value 0 0 O O O 0 0 0
Read/Write R/W R/W w w w R/W R/W R/W

PMR3 is an 8-hit read/write register, controlling the selection of pin functions for port 3 pins.
Bit 7—P3,/AEVL Pin Function Switch (AEVL)

This bit selects whether pin P3,/AEVL isused as P3; or asAEVL.

Bit 7

AEVL Description

0 Functions as P37 1/O pin (initial value)
1 Functions as AEVL input pin

Bit 6—P3¢/AEVH Pin Function Switch (AEVH)

This bit selects whether pin P3g/AEVH isused as P35 or as AEVH.

Bit 6

AEVH Description

0 Functions as P3¢ 1/O pin (initial value)
1 Functions as AEVH input pin

Bits5to 3—Reserved
These bits are reserved; they can only be written with O.
Bit 2—P3,/TMOFH Pin Function Switch (TM OFH)

This bit selects whether pin P3,/TMOFH is used as P3, or as TMOFH.

Bit 2

TMOFH Description

0 Functions as P3; 1/O pin (initial value)
1 Functions as TMOFH output pin
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Bit 1—P3,/TMOFL Pin Function Switch (TM OFL)

This bit selects whether pin P3/TMOFL is used as P3; or as TMOFL.

Bit 1

TMOFL Description

0 Functions as P3; 1/O pin (initial value)
1 Functions as TMOFL output pin

Bit 0—P3y/UD Pin Function Switch (UD)

This bit selects whether pin P3/UD is used as P3, or as UD.

Bit 0

ub Description

0 Functions as P3, 1/0O pin (initial value)
1 Functions as UD input pin
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8.3.3 Pin Functions

Table 8.6 shows the port 3 pin functions.

Table8.6 Port 3 Pin Functions
Pin Pin Functions and Selection Method
P37/AEVL The pin function depends on bit AEVL in PMR3 and bit PCR37 in PCR3.
AEVL 0 1
PCR3; 0 1 *
Pin function P37 input pin P37 output pin AEVL input pin
P3s/AEVH The pin function depends on bit AEVH in PMR3 and bit PCR3¢ in PCR3.
AEVH 0 1
PCR3g 0 1 *
Pin function P3¢ input pin P36 output pin AEVH input pin
P35 to P33 The pin function depends on the corresponding bit in PCR3.
PCR3n 0 1
Pin function P3; input pin P3; output pin
(n=5t03)
P3,/TMOFH The pin function depends on bit TMOFH in PMR3 and bit PCR3; in PCR3.
TMOFH 0 1
PCR3; 0 1 *
Pin function P3; input pin P3; output pin | TMOFH output pin
P31/TMOFL The pin function depends on bit TMOFL in PMR3 and bit PCR3; in PCR3.
TMOFL 0 1
PCR3; 0 1 *
Pin function P3; input pin P31 output pin THOFL output pin
P30/UD The pin function depends on bit UD in PMR3 and bit PCR30 in PCR3.
ubD 0 1
PCR3g 0 1 *
Pin function P3, input pin P3, output pin UD input pin
*: Don't care
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8.34 Pin States
Table 8.7 shows the port 3 pin states in each operating mode.

Table8.7 Port 3 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active

P37/AEVL High- Retains Retains  High- Retains Functional Functional
P3s/AEVH impedance previous previous impedance” previous

P3s state state state

P34

P33

P3,/TMOFH

P3,/TMOFL

P3,/UD

Note: * A high-level signal is output when the MOS pull-up is in the on state.

835  MOSInput Pull-Up

Port 3 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS3 bit is cleared to 0, setting the corresponding PUCR3 bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after areset.

PCR3, 0 0 1
PUCRS3, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.4 Port 4

84.1 Overview

Port 4 isa 3-bit 1/0O port and 1-bit input port, configured as shown in figure 8.3.

Port 4

P43/IRQy

P4, /TXD3,
P41 /RXD3,
P4(/SCK3,

Figure8.3 Port 4 Pin Configuration

84.2 Register Configuration and Description

Table 8.8 shows the port 4 register configuration.

Table8.8 Port 4 Registers

Name Abbr. R/W Initial Value  Address
Port data register 4 PDR4 RW H'F8 H'FFD7
Port control register 4 PCR4 w H'F8 H'FFE7
Port mode register 2 PMR2 R/W H'D8 H'FFC9
Port Data Register 4 (PDR4)
Bit 7 5 3 2 1 0
o[ = e [ e [
Initial value 1 1 1 0 0 0
Read/Write — — — R R/W R/W R/W

PDR4 is an 8-bit register that stores data for port 4 pins P4, to P4,. If port 4 isread while PCR4
bits are set to 1, the values stored in PDR4 are read, regardless of the actual pin states. If port 4 is
read while PCR4 hits are cleared to 0, the pin states are read.

Upon reset, PDR4 isinitialized to H'F8.
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Port Control Register 4 (PCR4)

Bit 7 6 4 3 2 1 0

O | ‘ | ‘ ] ‘ 0 ‘ PCR4, ‘ PCR44 ‘ PCR4 ‘
Initial value 1 1 1 1 0 0 0
Read/Write 0 0 0 0 w w w

PCR4 is an 8-hit register for controlling whether each of port 4 pins P4, to P4, functions as an
input pin or output pin. Setting a PCR4 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR4 and PDR4 settings are valid when the
corresponding pins are designated for general-purpose i nput/output by SCR3.

Upon reset, PCR4 isinitialized to H'F8.
PCR4 isawrite-only register, which is alwaysread as al 1s.

Port Mode Register 2 (PM R2)

Bit 7 6 5 4 3 2 1 0

‘ O ‘ | ‘ POF1 ‘ ] ‘ 0 ‘WDCKS ‘ NCS ‘ IRQq ‘
Initial value 1 1 0 1 1 0 0 0
Read/Write 0 0 R/W 0 0 R/W R/W R/W

PMR2 is an 8-bit read/write register. It controls whether the PMOS transistor internal to P35 ison
or off, the selection of the watchdog timer clock, the selection of TMIG noise cancellation, and
switching of the P45/IRQ, pin functions.

Upon reset, PMR2 isinitialized to H'D8.

This section only deals with the bit that controls switching of the P4/TRQ, pin functions. For the
functions of the other bits, see the descriptions of port 1 (WDCKS and NCS) and port 3 (POF1).

Bit 0—P44IRQ, Pin Function Switch (IRQo)

This bit selects whether pin P44/IRQq is used as P4; or as IRQy.

Bit 0

IRQo Description

0 Functions as P43 input pin (initial value)
1 Functions as IRQo input pin
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8.4.3

Pin Functions

Table 8.9 shows the port 4 pin functions.

Table8.9 Port 4 Pin Functions
Pin Pin Functions and Selection Method
P43/IRQo The pin function depends on bit IRQO in PMR2.
IRQO 0 1
Pin function P43 input pin TRQp input pin
P4,/TXD32 The pin function depends on bit TE in SCR3, bit SPC32 in SPCR, and bit PCR4,
in PCR4.
SPC32 1
TE
PCR4, 0 1 *
Pin function P4, input pin P4, output pin TXD3; output pin
P41/RXD3; The pin function depends on bit RE in SCR3 and bit PCR4, in PCRA4.
RE 0 1
PCR4, 0 1 *
Pin function P44 input pin P4, output pin RXDs3, input pin
P4,/SCK3s; The pin function depends on bit CKE1 and CKEO in SCR3, bit COM in SMR3,
and bit PCR4, in PCRA4.
CKE1 0 1
CKEO 0 1 *
COM 0 1 * *
PCR4¢ 0 1 * *
Pin function P4, input pin | P4, output pin| SCKs, output | SCK3; input
pin pin
*: Don't care
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844 Pin States
Table 8.10 shows the port 4 pin statesin each operating mode.

Table8.10 Port 4 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P43/IRQo High- Retains Retains  High- Retains Functional Functional
P4,/TXD32 impedance previous previous impedance previous

P41/RXD3; state state state

P4,/SCKs2
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85 Port 5

85.1 Overview

Port 5 isan 8-bit 1/O port, configured as shown in figure 8.4.

~—— P5,/WKP;/SEGg
<~ P55/ WKPg/SEG;
~—— P55/ WKP5/SEGg
~—— P5,/WKP,/SEG;5
<~ P55/WKP3/SEG,
<~ P5,/WKP,/SEG;
-~ P5,/WKP/SEG,
-~ P5,/WKP,/SEG;

Port 5

Figure8.4 Port 5 Pin Configuration

8.5.2 Register Configuration and Description
Table 8.11 shows the port 5 register configuration.

Table8.11 Port 5 Registers

Name Abbr. R/W Initial Value  Address
Port data register 5 PDR5 RW H'00 H'FFD8
Port control register 5 PCR5 w H'00 H'FFES8
Port pull-up control register 5 PUCRS5 RW H'00 H'FFE2
Port mode register 5 PMR5 R/W H'00 H'FFCC
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Port Data Register 5 (PDR5)

Bit 7 6 5 4 3 2 1 0
\ P5; \ P56 \ P5s \ P5, \ P53 \ P5, \ P5, \ P50 \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR5 is an 8-bit register that stores data for port 5 pins P5; to P5,. If port 5 is read while PCR5
bits are set to 1, the values stored in PDR5 are read, regardless of the actual pin states. If port5is
read while PCRS5 hits are cleared to 0, the pin states are read.

Upon reset, PDR5 isinitialized to H'00.

Port Control Register 5 (PCR5)

Bit 7 6 5 4 3 2 1 0

‘ PCR57 ‘ PCR5¢ ‘ PCR55 ‘ PCR54 ‘ PCR53 ‘ PCR5; ‘ PCR54 ‘ PCR5p ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRS5 is an 8-hit register for controlling whether each of the port 5 pins P5; to P5, functions as an
input pin or output pin. Setting a PCR5 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR5 and PDR5 settings are valid when the
corresponding pins are designated for general-purpose input/output by PMR5 and bits SGS3 to
SGS0in LPCR.

Upon reset, PCR5 isinitialized to H'00.
PCRS isawrite-only register, which isalwaysread as all 1s.

Port Pull-Up Control Register 5 (PUCR5)

Bit 7 6 5 4 3 2 1 0
‘PUCR57 ‘ PUCRSG‘ PUCR55 ‘ PUCR54 ‘PUCR53 ‘PUCRSZ ‘PUCR51 ‘PUCRSO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRS controls whether the MOS pull-up of each of port 5 pins P5; to P54 ison or off. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRS isinitialized to H'00.
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Port Mode Register 5 (PM R5)

Bit 7 6 5 4 3 2 1 0
\ WKP; \ WKPs \ WKPs \ WKP, \ WKPs3 \ WKP, \ WKP; \ WKP, \
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PMRS5 is an 8-hit read/write register, controlling the selection of pin functions for port 5 pins.
Upon reset, PMR5 isinitialized to H'00.
Bit n—P5,/WKP,/SEG,.; Pin Function Switch (WK Pn)

When pin P5n/WKPn/SEGn+1 is not used as SEG,,.1, these bits select whether the pin isused as
P5n or WKP,.

Bitn

WKPnN Description

0 Functions as P5n I/O pin (initial value)
1 Functions as WKP;, input pin

(n=71t00)
Note: For use as SEGy.+1, see section 13.2.1, LCD Port Control Register (LPCR).
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8.5.3 Pin Functions

Table 8.12 shows the port 5 pin functions.

Table8.12 Port 5 Pin Functions

Pin Pin Functions and Selection Method
P57/ WKP-/ The pin function depends on bits WKP7 to WKP, in PMR5, bits PCR57 to PCR5p
SEGs to in PCR5, and bits SGS3 to SGSO0 in LPCR.
P50/WKPo/
SEG; P57 to P54 (n=7to4)
SGS3 to SGSO Other than 0010, 0011, 0100, 0101, 0110, | 0010, 0011,
0111, 1000, 1001 0100, 0101,
0110, 0111,
1000, 1001
WKP, 0 1 *
PCR5, 0 1 * *
Pin function P5;, input pin | P5, output pin| WKPn input SEGn+1
pin output pin
P53 to P5p (m=31t00)
SGS3 to SGSO Other than 0001, 0010, 0011, 0100, 0101, | 0001, 0010,
0110, 0111, 1000 0011, 0100,
0101, 0110,
0111, 1000
WKPm 0 1 *
PCR5n 0 1 * *
Pin function P5n input pin | P5m output | WKPm output| SEGm+1
pin pin output pin
*: Don't care
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854 Pin States
Table 8.13 shows the port 5 pin statesin each operating mode.

Table8.13 Port 5 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P57/ WKP7/ High- Retains Retains  High- Retains Functional Functional
SEGg to P50/ impedance previous previous impedance® previous

WKPo/SEG; state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.
In the HD64F38024 the previous pin state is retained.

855 MOS Input Pull-Up

Port 5 has a built-in MOS input pull-up function that can be controlled by software. When a
PCRS bit is cleared to 0, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for
that pin. The MOS pull-up function isin the off state after a reset.

PCR5, 0 0 1
PUCR5, 0 1 *
MOS input pull-up Off On Off
(n=71t00)
*: Don't care
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8.6 Port 6

8.6.1 Overview

Port 6 isan 8-bit 1/O port. The port 6 pin configuration is shown in figure 8.5.

<= P6;/SEGqg
<= PBy/SEGys
<~ P6:/SEGy,
Ports | =~ = PB4/SEGss
<~ P64/SEGy,
<~ P6,/SEGy;
<~ P64/SEGy

<= PBy/SEGq

Figure8.5 Port 6 Pin Configuration

8.6.2 Register Configuration and Description
Table 8.14 shows the port 6 register configuration.

Table8.14 Port 6 Registers

Name Abbr. RIW Initial Value ~ Address
Port data register 6 PDR6 RW H'00 H'FFD9
Port control register 6 PCR6 w H'00 H'FFE9
Port pull-up control register 6 PUCR®6 RW H'00 H'FFE3
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Port Data Register 6 (PDR6)

Bit 7 6 5 4 3 2 1 0
‘ P66+ ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR6 is an 8-bit register that stores data for port 6 pins P6; to P6,.

If port 6 isread while PCR6 bits are set to 1, the values stored in PDRG6 are read, regardless of the
actua pin states. If port 6 is read while PCR6 bits are cleared to 0, the pin states are read.

Upon reset, PDR6 isinitialized to H'00.

Port Control Register 6 (PCR6)

Bit 7 6 5 4 3 2 1 0

‘ PCR6; ‘ PCRBG‘ PCR65 ‘ PCR6,4 ‘ PCR63 ‘ PCR6, ‘ PCR6, ‘ PCR6 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCR6 is an 8-hit register for controlling whether each of the port 6 pins P6; to P6, functions as an
input pin or output pin.

Setting a PCR6 bit to 1 makes the corresponding pin (P6; to P6g) an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR6 and PDR6 settings are valid when the corresponding
pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR6 isinitialized to H'00.

PCR6 isawrite-only register, which isalwaysread as all 1s.
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Port Pull-Up Control Register 6 (PUCRG6)

Bit 7 6 5 4 3 2 1 0
‘PUCR67 ‘ PUCRBG‘ PUCR65‘ PUCR64‘PUCR63‘PUCR62 ‘ PUCRG6; ‘PUCR60 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PUCRS6 controls whether the MOS pull-up of each of the port 6 pins P6; to P&, is on or off. When
aPCR®6 bit is cleared to 0, setting the corresponding PUCRG bit to 1 turns on the MOS pull-up for
the corresponding pin, while clearing the bit to 0 turns off the MOS pull-up.

Upon reset, PUCRG6 isinitialized to H'00.

8.6.3 Pin Functions
Table 8.15 shows the port 6 pin functions.

Table8.15 Port 6 Pin Functions

Pin Pin Functions and Selection Method

P67/SEG16 to The pin function depends on bits PCR67 to PCR6, in PCR6 and bits SGS3 to
P60/SEGs SGSO0 in LPCR.

P67 to P64 (n=7to04)
SGS3 to SGSO Other than 0100, 0101, 0110, 0111, | 0100, 0101, 0110,
1000, 1001, 1010, 1011 0111, 1000, 1001,
1010, 1011
PCR6, 0 1 *
Pin function P6, input pin P6,, output pin SEGhn+9 Output pin
P65 to P6o (m=31t00)
SGS3 to SGSO Other than 0011, 0100, 0101, 0110, | 0011, 0100, 0101,
0111, 1000, 1001, 1010 0110, 0111, 1000,
1001, 1010
PCR6m 0 1 *
Pin function P6, input pin P6m output pin | SEGm+9 output pin
*: Don't care
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8.6.4 Pin States
Table 8.16 shows the port 6 pin statesin each operating mode.

Table8.16 Port 6 Pin States

Pin Reset Sleep Subsleep Standby Watch  Subactive Active
P67/SEG1s to High- Retains Retains  High- Retains Functional Functional
P60/SEGo impedance previous previous impedance”® previous

state state state

Note: * A high-level signal is output when the MOS pull-up is in the on state.

865  MOSInput Pull-Up

Port 6 has a built-in MOS pull-up function that can be controlled by software. When a PCR6 bit is
cleared to 0O, setting the corresponding PUCRS bit to 1 turns on the MOS pull-up for that pin. The
MOS pull-up function isin the off state after areset.

PCR6, 0 0 1
PUCR®6, 0 1 *
MOS input pull-up Off On Off
(n=7to0)
*: Don't care
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8.7 Port 7

8.7.1 Overview

Port 7 isan 8-bit 1/O port, configured as shown in figure 8.6.

- P77/SEG24
B P76/SEG23
~———> P75/SEGy,
B P74/SEG21
Port 7
- P73/SEG20
B P72/SEG1 9
B P71/SEG1 8

- P70/SEG17

Figure8.6 Port 7 Pin Configuration

8.7.2 Register Configuration and Description
Table 8.17 shows the port 7 register configuration.

Table8.17 Port 7 Registers

Name Abbr. R/W Initial Value Address
Port data register 7 PDR7 R/W H'00 H'FFDA
Port control register 7 PCR7 w H'00 H'FFEA
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Port Data Register 7 (PDR7)

Bit 7 6 5 4 3 2 1 0

‘ P7; ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P74 ‘ P7, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDRY is an 8-bit register that stores data for port 7 pins P7; to P7,. If port 7 isread while PCR7
bits are set to 1, the values stored in PDR7 are read, regardless of the actual pin states. If port 7 is
read while PCR7 hits are cleared to 0, the pin states are read.

Upon reset, PDR7 isinitialized to H'00.

Port Control Register 7 (PCR7)

Bit 7 6 5 4 3 2 1 0

‘ PCR77 ‘ PCR7g ‘ PCR7s5 ‘ PCR74 ‘ PCR73 ‘ PCR7; ‘ PCR7; ‘ PCR7 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRY7 is an 8-hit register for controlling whether each of the port 7 pins P7; to P7, functions as an
input pin or output pin. Setting a PCRY7 bit to 1 makes the corresponding pin an output pin, while
clearing the bit to 0 makes the pin an input pin. PCR7 and PDR7 settings are valid when the
corresponding pins are designated for general -purpose input/output by bits SGS3 to SGS0 in
LPCR.

Upon reset, PCR7 isinitialized to H'00.

PCRY isawrite-only register, which isalwaysread as all 1s.
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8.7.3

Pin Functions

Table 8.18 shows the port 7 pin functions.

Table8.18 Port 7 Pin Functions

Pin Pin Functions and Selection Method
P77/1SEG24 tO The pin function depends on bits PCR77 to PCR7, in PCR7 and bits SGS3 to
P70/SEG17 SGSO0 in LPCR.
P771t0 P74 (n=7to4)
SGS3to SGSO Other than 0110, 0111, 1000, 1001, | 0110, 0111, 1000,
1010, 1011, 1100, 1101 1001, 1010, 1011,
1100, 1101
PCR7, 0 1 *
Pin function P7, input pin P7, output pin | SEGn+17 output pin
P73 to P70 (m=31t00)
SGS3 to SGSO Other than 0101, 0110, 0111, 1000, | 0101, 0110, 0111,
1001, 1010, 1011, 1100 1000, 1001, 1010,
1011, 1100
PCR7m 0 1 *
Pin function P7m input pin P7m output pin | SEGm+17 output pin
*: Don't care
8.74 Pin States

Table 8.19 shows the port 7 pin states in each operating mode.

Table8.19 Port 7 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P77/SEG24 to High- Retains Retains  High- Retains Functional Functional
P70/SEG17 impedance previous previous impedance previous

state state state
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8.8 Port 8

8.8.1 Overview

Port 8 is an 8-bit 1/O port configured as shown in figure 8.7.

Port 8

<= P8;/SEG3,
<~ P84/SEGs;
<~ P8/SEG3,
<~ P8,/SEGyg
<~ P8,/SEGys
<~ P8,/SEG,;
<= P8,/SEGy

<~ P8y/SEGys

Figure 8.7 Port 8 Pin Configuration

882 Register Configuration and Description

Table 8.20 shows the port 8 register configuration.

Table8.20 Port 8 Registers

Name Abbr. R/W Initial Value Address
Port data register 8 PDR8 R/W H'00 H'FFDB
Port control register 8 PCR8 w H'00 H'FFEB
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Port Data Register 8 (PDRS8)

Bit 7 6 5 4 3 2 1 0
‘ P8, ‘ P8¢ ‘ P85 ‘ P8, ‘ P83 ‘ P8, ‘ P8, ‘ P8¢ ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

PDR8 is an 8-bit register that stores data for port 8 pins P8, to P8,. If port 8 isread while PCR8
bits are set to 1, the values stored in PDR8 are read, regardless of the actual pin states. If port 8is
read while PCR8 hits are cleared to 0, the pin states are read.

Upon reset, PDR8 isinitialized to H'00.

Port Control Register 8 (PCR8)

Bit 7 6 5 4 3 2 1 0

‘ PCRS8; ‘ PCR86‘ PCR8s ‘ PCR8,4 ‘ PCR83 ‘ PCR8, ‘ PCRS8; ‘ PCRS, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PCRS8 is an 8-hit register for controlling whether the port 8 pins P8; to P8, functions as an input or
output pin. Setting a PCR8 hit to 1 makes the corresponding pin an output pin, while clearing the
bit to 0 makes the pin an input pin. PCR8 and PDR8 settings are valid when the corresponding
pins are designated for general-purpose input/output by bits SGS3 to SGS0 in LPCR.

Upon reset, PCR8 isinitialized to H'00.

PCRS8 isawrite-only register, which isalwaysread as all 1s.
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8.8.3

Pin Functions

Table 8.21 shows the port 8 pin functions.

Table8.21 Port 8 Pin Functions

Pin Pin Functions and Selection Method
P87/SEGs3; The pin function depends on bits PCR87 to PCR8, in PCR8 and bits SGS3 to SGS0
to in LPCR.
P80/SEG2s P8, to P8, (n =7to 4)
SGS3to SGSO | Other than 1000, 1001, 1010, 1011, 1100, | 1000, 1001, 1010,
1101, 1110, 1111 1011, 1100, 1101,
1110, 1111
PCRS8, 0 1 *
Pin function P8 input pin P8, output pin SEGh.25 output pin
P8; to P8y (m=3to0)
SGS3to SGSO | Other than 0111, 1000, 1001, 1010, 1011, | 0111, 1000, 1001,
1100, 1101, 1110 1010, 1011, 1100,
1101, 1110
PCR8m 0 1 *
Pin function P8m input pin P8 output pin SEGm+25 output pin
*: Don't care
8.8.4 Pin States

Table 8.22 shows the port 8 pin states in each operating mode.

Table8.22 Port 8 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P87/SEG3; to High- Retains Retains  High- Retains Functional Functional
P80/SEG2s impedance previous previous impedance previous

state state state
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8.9 Port 9

8.9.1 Overview

Port 9 isa 6-bit output port, configured as shown in figure 8.8.

Port 9

P9s

P94
P9a/Vref™
P92
P91/PWM2
P9o/PWM1

Note: * The Vref pin is implemented on the H8/38124 Group only.

Figure8.8 Port 9 Pin Configuration

8.9.2

Register Configuration and Description

Table 8.23 shows the port 9 register configuration.

Table8.23 Port 9 Registers

Name Abbr. R/W Initial Value Address
Port data register 9 PDR9 R/W H'FF H'FFDC
Port mode register 9 PMR9 R/W — H'FFEC
Port Data Register 9 (PDR9)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ P95 ‘ P94 ‘ P93 ‘ P9, ‘ P94 ‘ P9g
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

PDR9 is an 8-bit register that stores data for port 9 pins P95 to P9,.
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Upon reset, PDR9 isinitialized to H'FF.

Port Mode Register 9 (PM R9)

Bit 7 6 5 4 3 2 1 0

‘ O 0 ‘ 0 0 ‘PIOFF/H oD ‘ PWM, ‘ PWM; ‘
Initial value 1 1 1 0 O 0 0
Read/Write 0 0 0 0 R/W w R/W R/W

Note: * Readable/writable reserved bit in the H8/38024S Group and H8/38124 Group.

PMR9 is an 8-hit read/write register controlling the selection of the P9, and P9, pin functions.
Bit 3— P9, to P9, Step-Up Circuit Control (PIOFF)

Bit 3 turns the P9, to P9, step-up circuit on and off. Thisbit is reserved in the H8/38024S Group
and H8/38124 Group.

Bit 3

PIOFF Description

0 Large-current port step-up circuit is turned on (initial value)
1 Large-current port step-up circuit is turned off

Note: Inthe H8/38024 ZTAT version and mask ROM version, and the HD64F38024R, the
following precautions should be followed when accessing the PIOFF bit.
When turning the voltage boost circuit on or off, always write to the register when the buffer
NMOS is off (port data set to 1). Also, when turning on the voltage boost circuit, first clear
PIOFF to 0 and then after waiting 30 system clock cycles turn on the buffer NMOS (port
data cleared to 0). If 30 system clock cycles have not elapsed the voltage boost circuit will
not start operating and it will not be possible to produce a large current flow, resulting in
unstable operation.
In the HD64F38024, the following precautions should be followed when accessing the
PIOFF bit.
In the HD64F38024, if port data bits are cleared from 1 to O while the PIOFF bit is set to 1,
repeated charge-discharge cycles will occur in the voltage boost circuit, causing the current
consumption to rise and fall cyclically. The amount of rise in the current consumption in this
case is between several tens of yA and 100 pA above the normal level. Therefore, the
following points should be kept in mind.

(1) Not Using Subclock
Regardless of whether or not port 9 is used, the PIOFF bit should be left at its initial
value (0) and not changed.

(2) Not Using Port 9
Port data should be used unchanged with the PIOFF bit either at its initial value (0) or
set to 1. In the latter case the current consumption will vary, due to the intermittent
operation of the voltage boost circuit, by about 1 pA (standby mode or watch mode, Vcc
=3.0V, Ta=25°C).
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(3) Using Port 9 with PIOFF Always Cleared to 0

This case applies to instances in which the voltage boost circuit is used constantly to
generate a large current glow, or an increase in current consumption due to the
operation of the voltage boost circuit is permissible even in the standby mode or watch
mode (see (2) above). In this case the PIOFF bit should be left at its initial value (0) and
not changed.

(4) Using Port 9 with PIOFF Setto 1

This case applies to instances in which it is necessary to change the value of the PIOFF
bit due to operating conditions or where it is desirable to keep the PIOFF bit set to 1
because no large current is required (for example, shutting down the voltage boost
circuit to reduce current consumption in the watch mode). In this case, clear port data
from 1 to 0 only when the PIOFF bit is cleared to 0. Also, if a large current flow is
required, the PIOFF bit should be set to 1 and all the port data bits set to 1. Then clear
PIOFF to 0 and, after allowing 30 clock cycles to permit stabilization of the voltage
boost circuit, clear the port data bits to 0. If time is not provided to allow the voltage
boost circuit to stabilize, it will not be possible to produce a large current flow. There are
no such restrictions when setting port data bits from 0 to 1, regardless of the size of the
current flow. To shut down the voltage boost circuit, set PIOFF to 1 after programming
the port data bits. An example of the sequence of steps is provided below.

(Example Procedure) Shutting Down the in the Watch Mode without a Large Current
Flow to Port 9

Other operation

Iq
>

PIOFF = 0 (voltage boost circuit on)

PDRO operation or other operation

PIOFF = 1 (voltage boost circuit off)
Execute SLEEP instruction

Watch mode

Cancel watch mode

Bit 2—Reserved

Thisbit isreserved; it can only be written with 0.
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Bits 1 and 0—P9r/PWM Pin Function Switches

These pins select whether pin POn/PWMn+1 is used as P9n or as PWMn+1.

Bit n
WKPn+1 Description
0 Functions as P9, output pin (initial value)
1 Functions as PWM;.1 output pin
(n=0o0r1)
8.9.3 Pin Functions
Table 8.24 shows the port 9 pin functions.
Table8.24 Port 9 Pin Functions
Pin Pin Functions and Selection Method
P93/Vrer
VCSS1 0 1
Pin function P93 output pin Vet input pin
P91/PWMhn+1 to (n=1or0)
PO/PWM, PMR9, 0 1
Pin function P9, output pin PWMhn+1 output pin

Note: * The Vit pin is the input pin for the LVD’s external reference voltage. It is implemented on

the H8/38124 Group only.

8.9.4 Pin States
Table 8.25 shows the port 9 pin statesin each operating mode.

Table8.25 Port 9 Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
P95 to P9, High- Retains Retains High- Retains Functional Functional
P92/PWMn+1 to impedance previous previous impedance previous

P9n/PWMn+1 state state state
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8.10 Port A

8.10.1 Overview

Port A isa4-bit 1/O port, configured as shown in figure 8.9.

<~ PA,/COM,
-~ PA,/COM;
<= PA,/COM,
PAy/COM,

Port A

Figure8.9 Port A Pin Configuration

8.10.2 Register Configuration and Description
Table 8.26 shows the port A register configuration.

Table8.26 Port A Registers

Name Abbr. R/W Initial Value Address

Port data register A PDRA R/W H'FO H'FFDD
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Port Control Register A (PCRA)

Bit 7 6 5 4 3 2 1 0

O | ‘ | ‘ ] ‘ PCRA3‘ PCRAZ‘ PCRA1‘ PCRAO‘
Initial value 1 1 1 0 0 0 0
Read/Write 0 0 0 0 w w w w

PCRA controls whether each of port A pins PA; to PA, functions as an input pin or output pin.
Setting a PCRA bit to 1 makes the corresponding pin an output pin, while clearing the bit to 0
makes the pin an input pin. PCRA and PDRA settings are valid when the corresponding pins are
designated for general-purpose input/output by LPCR.

Upon reset, PCRA isinitialized to H'FO.

PCRA isawrite-only register, which isawaysread asal 1s.
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8.10.3

Pin Functions

Table 8.27 shows the port A pin functions.

Table8.27 Port A Pin Functions

Pin Pin Functions and Selection Method
PA3/COM, The pin function depends on bit PCRA3 in PCRA and bits SGS3 to SGSO0.
SGS3to SGSO 0000 0000 Not 0000
PCRA3; 0 1 *
Pin function PAgz input pin PA3z output pin COM;, output pin
PA,/COM3 The pin function depends on bit PCRA, in PCRA and bits SGS3 to SGSO0.
SGS3 to SGSO 0000 0000 Not 0000
PCRA; 0 1 *
Pin function PA; input pin PA; output pin COM; output pin
PA;/COM, The pin function depends on bit PCRA; in PCRA and bits SGS3 to SGSO0.
SGS3to SGSO 0000 0000 Not 0000
PCRA; 0 1 *
Pin function PA; input pin PA: output pin COM; output pin
PA,/COM; The pin function depends on bit PCRAq in PCRA and bits SGS3 to SGSO0.

SGS3 to SGSO 0000 Not 0000
PCRAg 0 1 *
Pin function PAo input pin PA, output pin COM; output pin
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8.104 Pin States

Table 8.28 shows the port A pin states in each operating mode.

Table8.28 Port A Pin States

Pins Reset Sleep Subsleep Standby Watch  Subactive Active
PA3/COM, High- Retains Retains  High- Retains Functional Functional
PA,/COM3 impedance previous previous impedance previous

PA1/COM; state state state

PA,/COM;
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8.11 Port B

8.11.1 Overview

Port B is an 8-bit input-only port, configured as shown in figure 8.10.

Port B

PB;/AN;
PBg/ANg

PB5/AN5

PB4/AN,
PB3/AN3/IRQ4/TMIC
PB,/AN,

PB4/AN /extU*
PBy/ANg/extD*

Note: * The extU and extD pins are implemented on the H8/38124 Group only.

Figure8.10 Port B Pin Configuration

8.11.2

Register Configuration and Description

Table 8.29 shows the port B register configuration.

Table8.29 Port B Register

Name Abbr. R/W Initial Value Address
Port data register B PDRB R — H'FFDE
Port mode register B PMRB R/W H'F7 H'FFEE
Port Data Register B (PDRB)
Bit 7 6 5 4 3 2 1
‘ PB; ‘ PBsg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB; ‘ PB1 ‘ PBo ‘
Read/Write R R R R R R R
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Reading PDRB aways gives the pin states. However, if aport B pin is selected as an analog input
channel for the A/D converter by AMR bits CH3 to CHO, that pin reads 0 regardless of the input
voltage.

Port Mode Register B (PMRB)

Bit 7 6 5 4 3 2 1 0
o [ o [0 [ o [wma] o [ o [ o]

Initial value 1 1 1 0 1 1 1

Read/Write 0 0 0 0 R/W 0 0 0

PMRB is an 8-bit read/write register controlling the selection of the PB; pin function. Upon reset,
PMRB isinitialized to H'F7.

Bits 7 to 4 and 2 to 0—Reserved
Bits 7 to 4 and 2 to O are reserved; they are always read as 1 and cannot be modified.
Bit 3—PB4/AN4/IRQ; Pin Function Switch (IRQ1)

These bits select whether pin PBy/ANS/IRQ; is used as PBy/AN; or asIRQ,/TMIC.

Bit 3

IRQ1 Description

0 Functions as PB3/AN3 input pin (initial value)
1 Functions as IRQ1/TMIC input pin

Note: Rising or falling edge sensing can be selected for the IRQ1/TMIC pin.

For TMIC pin setting information, see the Timer More Register C (TMC) description in section
9.3.2, Register Descriptions.
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8.11.3

Pin Functions

Table 8.30 shows the port B pin functions.

Table8.30 Port B Pin Functions

Pin Pin Functions and Selection Method
PB7/AN7 The pin function depends on bits CH3 to CHO in AMR.

CH3 to CHO Not 1011 1011

Pin function PB- input pin ANy input pin
PBes/ANg The pin function depends on bits CH3 to CHO in AMR.

CH3 to CHO Not 1010 1010

Pin function PBs input pin ANgs input pin
PBs/ANs The pin function depends on bits CH3 to CHO in AMR.

CH3 to CHO Not 1001 1001

Pin function PBs input pin ANs input pin
PB4/AN4 The pin function depends on bits CH3 to CHO in AMR.

CH3 to CHO Not 1000 1000

Pin function PB4 input pin ANy input pin

PB3/AN3/IRQ/
TMIC

The pin function depends on bits CH3 to CHO in AMR and bit IRQ1 in PMRB and
bits TMC2 to TMCO in TMC.

IRQ:1 0 1
CH3 to CHO Not 0111 0111 *
TMC2 to TMCO * Not 111 111
Pin function PBs input pin | ANz input pin |TRQy input pin| TMIC input
pin

Note: When this pin is used as the TMIC input pin, clear IEN1 to O in IENR1 to
disable the IRQL1 interrupt.

PB2/AN>

The pin function depends on bits CH3 to CHO in AMR.

CH3 to CHO

Not 0110

0110

Pin function

PB; input pin

AN input pin
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Pin Pin Functions and Selection Method

PB1/AN1/extU Switching is accomplished by combining CH3 to CHO in AMR and VINTUSEL in
LVDCR as shown below. Note that VINTUSEL is implemented on the H8/38124

Group only.
VINTUSEL 0 1
CH3 to CHO Not B'0101 B'0101 *
Pin function PB; input pin ANj7 input pin extyU input pin

Note: The extU pin is implemented on the H8/38124 Group only.

PBo/ANo/extD Switching is accomplished by combining CH3 to CHO in AMR and VINTDSEL in
LVDCR as shown below. Note that VINTDSEL is implemented on the H8/38124

Group only.
VINTDSEL 0 1
CH3 to CHO Not B'0100 B'0100 *
Pin function PBo input pin ANp input pin extD input pin

Note: The extD pin is implemented on the H8/38124 Group only.

*: Don't care

8.12  Input/Output Data Inversion Function

8.12.1 Overview

With input pin RXD3, and output pin TXD3,, the data can be handled in inverted form.

SCINV2

P4,/RXDs, HD RXDz2

SCINV3

P4,/TXDsy D—Gg TXDs,

Figure8.11 Input/Output Data Inversion Function
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8.122 Register Configuration and Descriptions
Table 8.31 shows the registers used by the input/output data inversion function.

Table8.31 Register Configuration

Name Abbr. R/W Address

Serial port control register SPCR R/W H'FF91

Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ 0 ‘ 0 ‘SPCSZ ‘ 0 ‘SCINVS ‘SCINVZ ‘ 0 ‘ 0 ‘
Initial value 1 1 0 O 0 0 O O
Read/Write 0 R/W w R/W R/W w w

SPCR is an 8-bit readabl e/writable register that performs RXD3, and TX D3, pin input/output data
inversion switching.

Bits 7 and 6—Reserved
Bits 7 and 6 are reserved; they are alwaysread as 1 and cannot be modified.
Bit 5—P4,/TXD3, Pin Function Switch (SPC32)

This bit selects whether pin P4,/TXDs; isused as P4, or as TXDa,.

Bit 5

SPC32 Description

0 Functions as P4, /O pin (initial value)
1 Functions as TXDs; output pin*

Note: * Set the TE bit in SCR3 after setting this bit to 1.

Bit 4—Reserved

Bit 4 is reserved; it can only be written with O.
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Bit 3—TXD3, Pin Output Data I nversion Switch

Bit 3 specifies whether or not TXDs, pin output dataisto be inverted.

Bit 3

SCINV3 Description

0 TXDsz output data is not inverted (initial value)
1 TXD3z output data is inverted

Bit 2—RXDs3, Pin Input Data I nversion Switch

Bit 2 specifies whether or not RXD3, pin input dataisto be inverted.

Bit 2

SCINV2 Description

0 RXD3; input data is not inverted (initial value)
1 RXD3, input data is inverted

Bits 1 and 0—Reserved

Bits 1 and O are reserved; they can only be written with 0.

8.12.3 Noteon Modification of Serial Port Control Register

When a serial port control register is modified, the data being input or output up to that point is
inverted immediately after the modification, and an invalid data change isinput or output. When
modifying a serial port control register, do so in a state in which data changes are invalidated.
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9.1

Section9 Timers

Overview

ThisLSl providessix timers: timers A, C, F, G, and a watchdog timer, and an asynchronous event
counter. The functions of these timers are outlined in table 9.1.

Table9.1 Timer Functions
Event Waveform
Name Functions Internal Clock Input Pin Output Pin Remarks
Timer A e 8-bit timer @8 to 8192 — —
« Interval function (8 choices)
» Time base @/128 (choice of 4
overflow periods)
Timer C e 8-bit timer @4 to @8192, @u/4  TMIC — Up-count/
« Interval function (7 choices) down-count
ina f ) controllable by
*  Event counting function software or
¢ Up-count/down-count hardware
selectable
Timer F e 16-bit timer @4 to @32, @y /4 TMIF TMOFL
«  Eventcounting function (4 choices) TMOFH
¢ Also usable as two
independent 8-bit timers
¢ Output compare output
function
Timer G e 8-bit timer @2 to @64, pu/4 TMIG — Counter clearing
«  Input capture function (4 choices) option
+ Interval function Built-in capture
input signal
noise canceler
Watchdog + Reset signal generated ©8192 — — H8/38024,
timer” when 8-bit counter Qwl32 H8/38024S,
overflows H8/38024F-
ZTAT Group
@64 to 8192 H8/38124 Group
Qw/32

On-chip oscillator
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Event Waveform

Name Functions Internal Clock Input Pin  Output Pin  Remarks
Asynchro- «  16-bit counter @2 to @8 AEVL —
nous event ,  Also usable as two (3 choices) AEVH
counter independent 8-bit IRQAEC
counters

« Counts events
asynchronous to @ and @w

« Can count asynchronous
events (rising/falling/both
edges) independ-ently of
the MCU's internal clock

Note: * The watchdog timer functions differently on the H8/38024, H8/38024S, H8/38024F-ZTAT
Group and H8/38124 Group. See section 9.6, Watchdog Timer, for details.

9.2 Timer A

921 Overview

Timer A isan 8-bit timer with interval timing and real-time clock time-base functions. The clock
time-base function is available when a 32.768 kHz crystal oscillator is connected.

Features
Features of timer A are given below.

» Choice of eight internal clock sources (¢/8192, ¢/4096, (Y2048, ¢/512, ¢/256, ¢/128, (32,
@8).

» Choice of four overflow periods (1 s, 0.5, 0.25 s, 31.25 ms) when timer A is used as a clock
time base (using a 32.768 kHz crystal oscillator).

* Aninterrupt is requested when the counter overflows.

* Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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Block Diagram

Figure 9.1 shows ablock diagram of timer A.

dw —= 1/4 - PSW TMA -
dy/4
g
o]
d/128 S
[
©
©
c
| g
| TCA | - C
$/8192, /4096, ¢/2048, x| | ©
#/512, $/256, §/128, » 3 S &
#/32, 6/8 R
Y Y
L — PSS |

[Legend]
TMA:
TCA:
IRRTA:
PSW:
PSS:

Timer mode register A
Timer counter A

Timer A overflow interrupt request flag

Prescaler W
Prescaler S

—— [RRTA

Note: * Can be selected only when the prescaler W output (¢ /128) is used as the TCA input clock.

Figure9.1 Block Diagram of Timer A
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Register Configuration
Table 9.2 shows the register configuration of timer A.

Table9.2 Timer A Registers

Name Abbr. R/W Initial Value Address
Timer mode register A TMA R/W — H'FFBO
Timer counter A TCA R H'00 H'FFB1
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
9.2.2 Register Descriptions
Timer Mode Register A (TMA)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ TMA3 ‘ TMA2 ‘ TMA1 ‘ TMAO ‘
Initial value — — — 1 0 0 0 0
Read/Write w W W — R/W R/W R/W R/W

TMA isan 8-bit read/write register for selecting the prescaler, and input clock.

Bits 7 to 5—Reserved
Bits 7 to 5 are reserved; only 0 can be written to these bits.
Bit 4—Reserved

Bit 4 isreserved; it is alwaysread as 1, and cannot be modified.
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Bits3to O—Internal Clock Select (TMA3to TMAOQ)

Bits 3to 0 select the clock input to TCA. The selection is made as follows.

Description
Bit 3 Bit 2 Bit 1 Bit 0 Prescaler and Divider Ratio
TMA3 TMA2 TMA1l TMAO  or Overflow Period Function
0 0 0 0 PSS, @8192 (initial value) Interval timer
1 PSS, @¢/4096
1 0 PSS, @¢/2048
1 PSS, @512
1 0 0 PSS, @¢/256
1 PSS, ¢/128
1 0 PSS, @/32
1 PSS, ¢'8
1 0 0 0 PSW, 1s Clock time
1 PSW,0.5s base
1 0 PSW, 0.25 s (when using
1 PSW, 0.03125 s 32.768 kHz)
1 0 0 PSW and TCA are reset
1
1 0
1

RENESAS
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Timer Counter A (TCA)

Bit 7 6 5 4 3 2 1 0

‘ TCA7 ‘ TCA6 ‘ TCA5 ‘ TCA4 ‘ TCA3 ‘ TCA2 ‘ TCA1 ‘ TCAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCA isan 8-hit read-only up-counter, which isincremented by internal clock input. The clock
source for input to this counter is selected by bits TMA3 to TMAO in timer mode register A
(TMA). TCA values can be read by the CPU in active mode, but cannot be read in subactive
mode. When TCA overflows, the IRRTA bit in interrupt request register 1 (IRR1) isset to 1.

TCA iscleared by setting bits TMA3 and TMA2 of TMA to 11.
Upon reset, TCA isinitialized to H'00.

Clock Stop Register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
— | — |S32CKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP

Initial value: 1 1 1 1 1 1 1 1

Read/Write: — — R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-hit read/write register that performs module standby mode control for peripheral
modules. Only the hit relating to timer A is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 0—Timer A Module Standby Mode Control (TACKSTP)
Bit O controls setting and clearing of module standby mode for timer A.

TACKSTP  Description

0 Timer A is set to module standby mode

1 Timer A module standby mode is cleared (initial value)
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9.2.3 Timer Operation
Interval Timer Operation

When bit TMA3 in timer mode register A (TMA) iscleared to O, timer A functions as an 8-bit
interval timer.

Upon reset, TCA is cleared to H'00 and bit TMA3 is cleared to 0, so up-counting and interval
timing resume immediately. The clock input to timer A is selected by bits TMA2 to TMAOin
TMA,; any of eight internal clock signals output by prescaler S can be selected.

After the count value in TCA reaches H'FF, the next clock signal input causestimer A to
overflow, setting bit IRRTA to 1 in interrupt request register 1 (IRR1). If IENTA = 1lininterrupt
enable register 1 (IENR1), aCPU interrupt is requested.”

At overflow, TCA returnsto H'00 and starts counting up again. Inthis mode timer A functions as
an interval timer that generates an overflow output at intervals of 256 input clock pulses.

Note: * For details on interrupts, see section 3.3, Interrupts.
Real-Time Clock Time Base Operation

When bit TMA3 in TMA isset to 1, timer A functions as a real-time clock time base by counting
clock signals output by prescaler W. The overflow period of timer A is set by bits TMA1 and
TMAOIn TMA. A choice of four periodsis available. Intime base operation (TMA3 = 1), setting
bit TMAZ2 to 1 clears both TCA and prescaler W to their initial values of H'00.

9.24 Timer A Operation States
Table 9.3 summarizesthetimer A operation states.

Table9.3 Timer A Operation States

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCA Interval Reset Functions Functions Halted Halted Halted Halted Halted

Clock time base Reset Functions Functions Functions Functions Functions Halted Halted

TMA Reset Functions Retained Retained Functions Retained Retained Retained

Note: When the real-time clock time base function is selected as the internal clock of TCA in
active mode or sleep mode, the internal clock is not synchronous with the system clock, so
it is synchronized by a synchronizing circuit. This may result in a maximum error of 1/@(s) in
the count cycle.
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9.25 Application Note

When bit 0 (TACKSTP) of the clock stop register 1 (CKSTPR1) is cleared to 0, bit 3 (TMA3) of
the timer mode register A (TMA) cannot be rewritten.

Set bit 0 (TACKSTP) of the clock stop register 1 (CKSTPR1) to 1 before rewriting bit 3 (TMAS3)
of the timer mode register A (TMA).

9.3 Timer C

9.3.1 Overview

Timer Cisan 8-bit timer that increments or decrements each time a clock pulseisinput. This
timer has two operation modes, interval and auto reload.

Features
Features of timer C are given below.

e Choice of seveninternal clock sources (¢/8192, (¢/2048, ¢/512, ¢/64, ¢/16, ¢4, @,/4) or an
external clock (can be used to count external events).

* Aninterrupt is requested when the counter overflows.

» Up/down-counter switching is possible by hardware or software.

» Subactive mode or subsleep mode operation is possible when @,/4 is selected as the internal
clock, or when an external clock is selected.

* Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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Block Diagram

Figure 9.2 shows a block diagram of timer C.

)

T™MC

UD o

Internal data bus

¢ —> PSS
TMIC O
ow/4

[Legend]

TMC: Timer mode register C

TCC: Timer counter C

TLC: Timer load register C

IRRTC: Timer C overflow interrupt request flag
PSS: Prescaler S

TCC o
TLC
AN
— IRRTC

Figure9.2 Block Diagram of Timer C

Pin Configuration
Table 9.4 shows the timer C pin configuration.

Table9.4 Pin Configuration

Name Abbr. /10 Function
Timer C event input TMIC Input Input pin for event input to TCC
Timer C up/down select ub Input Timer C up/down-count selection
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Register Configuration
Table 9.5 shows the register configuration of timer C.

Table9.5 Timer C Registers

Name Abbr. RIW Initial Value Address
Timer mode register C T™MC R/W H'18 H'FFB4
Timer counter C TCC R H'00 H'FFB5
Timer load register C TLC w H'00 H'FFB5
Clock stop register 1 CKSTPR1 R/W HFF H'FFFA

9.32 Register Descriptions

Timer Mode Register C (TMC)

Bit 7 6 5 4 3 2 1 0

‘ TMC7 ‘ TMC6 ‘ TMC5 ‘ — ‘ — ‘ TMC2 ‘ TMCA1 ‘ TMCO ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write R/W R/W R/W — — R/W R/W R/W

TMC isan 8-bit read/write register for selecting the auto-reload function and input clock, and
performing up/down-counter control.

Upon reset, TMC isinitialized to H'18.
Bit 7—Auto-Reload Function Select (TMC7)

Bit 7 selects whether timer C is used as an interval timer or auto-reload timer.

Bit 7

TMC7 Description

0 Interval timer function selected (initial value)
1 Auto-reload function selected
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Bits 6 and 5—Counter Up/Down Control (TM C6, TM C5)

Selects whether TCC up/down control is performed by hardware using UD pin input, or whether
TCC functions as an up-counter or a down-counter.

Bit 6 Bit 5

TMC6 TMC5 Description

0 0 TCC is an up-counter (initial value)
0 1 TCC is a down-counter

1 * Hardware control by UD pin input

UD pin input high: Down-counter
UD pin input low: Up-counter

*: Don't care

Bits4 and 3—Reserved
Bits 4 and 3 are reserved; they are alwaysread as 1 and cannot be modified.
Bits2to 0—Clock Select (TMC2to TM CO0)

Bits 2 to 0 select the clock input to TCC. For external event counting, either therising or falling
edge can be selected.

Bit 2 Bit 1 Bit 0

TMC2 TMC1 TMCO Description

0 0 0 Internal clock: /8192 (initial value)
0 0 1 Internal clock: ¢/2048

0 1 0 Internal clock: @512

0 1 1 Internal clock: @64

1 0 0 Internal clock: @16

1 0 1 Internal clock: @/4

1 1 0 Internal clock: @w/4

1 1 1 External event (TMIC): rising or falling edge”

Note: * The edge of the external event signal is selected by bit IEG1 in the IRQ edge select
register (IEGR). See IRQ Edge Select Register (IEGR) in section 3.3.2 for details. IRQ1
in port mode register B (PMRB) must be set to 1 before setting 111 in bits TMC2 to TMCO.
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Timer Counter C (TCC)

Bit 7 6 5 4 3 2 1 0

‘ TCC7 ‘ TCC6 ‘ TCC5 ‘ TCC4 ‘ TCC3 ‘ TCC2 ‘ TCCA1 ‘ TCCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

TCC isan 8-hit read-only up/down-counter, which isincremented or decremented by internal
clock or external event input. The clock source for input to this counter is selected by bits TMC2
to TMCO in timer mode register C (TMC). TCC values can be read by the CPU at any time.

When TCC overflows from H'FF to H'00 or to the value set in TLC, or underflows from H'00 to
H'FF or to thevalue set in TLC, the IRRTC bitin IRR2 is set to 1.

TCC isallocated to the same addressas TLC.
Upon reset, TCC isinitialized to H'00.

Timer Load Register C (TLC)

Bit 7 6 5 4 3 2 1 0

‘ TLC7 ‘ TLC6 ‘ TLC5 ‘ TLC4 ‘ TLC3 ‘ TLC2 ‘ TLCA1 ‘ TLCO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

TLC isan 8-bit write-only register for setting the reload value of timer counter C (TCC).

When areload valueis set in TLC, the same value isloaded into timer counter C aswell, and TCC
starts counting up/down from that value. When TCC overflows or underflows during operation in
auto-reload mode, the TLC value isloaded into TCC. Accordingly, overflow/underflow period
can be set within the range of 1 to 256 input clocks.

The same addressis allocated to TLC asto TCC.

Upon reset, TLC isinitialized to H'00.
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Clock Stop Register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
— | — |S3ZCKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP

Initial value: 1 1 1 1 1 1 1 1
Read/Write: — — R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer C is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 1—Timer C Module Standby Mode Control (TCCKSTP)
Bit 1 controls setting and clearing of module standby mode for timer C.

TCCKSTP Description

0 Timer C is set to module standby mode

1 Timer C module standby mode is cleared (initial value)

9.33 Timer Operation
Interval Timer Operation

When bit TMCY7 in timer mode register C (TMC) iscleared to O, timer C functions as an 8-bit
interval timer.

Upon reset, TCCisinitialized to H'00 and TMC to H'18, so TCC continues up-counting as an
interval up-counter without halting immediately after areset. Thetimer C operating clock is
selected from seven internal clock signals output by prescalers S and W, or an external clock input
at pin TMIC. The selection is made by bits TMC2 to TMCO in TMC.

TCC up/down-count control can be performed either by software or hardware. The selectionis
made by bits TMC6 and TMC5in TMC.

After the count value in TCC reaches H'FF (H'00), the next clock input causes timer C to overflow
(underflow), setting bit IRRTC inIRR2to 1. If IENTC = 1 ininterrupt enable register 2 (IENR2),
a CPU interrupt is requested.

At overflow (underflow), TCC returnsto H'00 (H'FF) and starts counting up (down) again.

During interval timer operation (TMC7 = 0), when avalueis set in timer load register C (TLC),
thesamevalueissetin TCC.

Note: For details on interrupts, see section 3.3, Interrupts.
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Auto-Reload Timer Operation

Setting bit TMC7 in TMC to 1 causes timer C to function as an 8-bit auto-reload timer. When a
reload valueis set in TLC, the same value isloaded into TCC, becoming the value from which
TCC startsits count.

After the count value in TCC reaches H'FF (H'00), the next clock signal input causes timer C to
overflow/underflow. The TLC valueisthen loaded into TCC, and the count continues from that
value. The overflow/underflow period can be set within arange from 1 to 256 input clocks,
depending on the TLC value.

The clock sources, up/down control, and interrupts in auto-reload mode are the same asin interval
mode.

In auto-reload mode (TMC7 = 1), when anew valueisset in TLC, the TLC valueisaso setin
TCC.

Event Counter Operation

Timer C can operate as an event counter, counting rising or falling edges of an external event
signal input at pin TMIC. External event counting is selected by setting bits TMC2to TMCO in
timer mode register C (TMC) to al 1s(111). TCC counts up/down at the rising/falling edge of an
external event signal input at pin TMIC.

When timer C is used to count external event input, bit IRQ1 in PMRB should be set to 1 and bit
IEN1 in IENRL1 cleared to O to disable interrupt IRQL1 requests.

TCC Up/Down Control by Hardware

With timer C, TCC up/down control can be performed by UD pin input. When bit TMC6in TMC
isset to 1, TCC functions as an up-counter when UD pin input is low, and as a down-counter
when high.

When using UD pininput, set bit UD in PMR3 to 1.
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9.34 Timer C Operation States
Table 9.6 summarizes the timer C operation states.

Table9.6 Timer C Operation States

Sub- Sub- Module
Operation Mode Reset  Active Sleep Watch active sleep Standby Standby

TCC Interval Reset Functions Functions Halted Functions/ Functions/ Halted Halted
Halted®  Halted”

Auto reload Reset Functions Functions Halted Functions/ Functions/ Halted Halted
Halted®  Halted”

T™MC Reset Functions Retained Retained Functions Retained Retained Retained

Note: * When @w/4 is selected as the TCC internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/¢ (s). When
the counter is operated in subactive mode or subsleep mode, either select gw/4 as the
internal clock or select an external clock. The counter will not operate on any other
internal clock. If @w/4 is selected as the internal clock for the counter when @w/8 has been
selected as subclock @sug, the lower 2 bits of the counter operate on the same cycle, and
the operation of the least significant bit is unrelated to the operation of the counter.
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94 Timer F

94.1 Overview

Timer Fisa 16-bit timer with a built-in output compare function. Aswell as counting external
events, timer F also provides for counter resetting, interrupt request generation, toggle output, etc.,
using compare match signals. Timer F can also be used as two independent 8-bit timers (timer FH
and timer FL).

Features
Features of timer F are given below.

e Choice of four internal clock sources (¢/32, ¢/16, ¢/4, gw/4) or an external clock (can be used
as an external event counter)

» TMOFH/TMOFL pin toggle output provided using a single compare match signal (toggle
output initial value can be set)

» Counter resetting by a compare match signal
» Two interrupt sources. one compare match, one overflow
» Can operate as two independent 8-bit timers (timer FH and timer FL) (in 8-bit mode).

Timer FL
Timer FH 8-Bit Timer* 8-Bit Timer/Event Counter
Internal clock Choice of 4 (¢/32, /16, @4, pw/4)
Event input — TMIF pin
Toggle output One compare match signal, outputto  One compare match signal, output to
TMOFH pin(initial value settable) TMOFL pin (initial value settable)
Counter reset Counter can be reset by compare match signal

Interrupt sources ~ One compare match
One overflow

Note: * When timer F operates as a 16-bit timer, it operates on the timer FL overflow signal.

» Operation in watch mode, subactive mode, and subsleep mode
When @w/4 is selected asthe internal clock, timer F can operate in watch mode, subactive
mode, and subsleep mode.

» Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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Block Diagram

Figure 9.3 shows ablock diagram of timer F.
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[Legend]

TCRF:  Timer control register F
TCSRF: Timer control/status register F
TCFH:  8-bit timer counter FH

TCFL:  8-bit timer counter FL

OCRFH: Output compare register FH
OCRFL: Output compare register FL
IRRTFH: Timer FH interrupt request flag
IRRTFL: Timer FL interrupt request flag
PSS: Prescaler S

Figure9.3 Block Diagram of Timer F
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Pin Configuration
Table 9.7 shows the timer F pin configuration.

Table9.7 Pin Configuration

Name Abbr. I/0 Function

Timer F event input TMIF Input Event input pin for input to TCFL
Timer FH output TMOFH Output Timer FH toggle output pin
Timer FL output TMOFL Output Timer FL toggle output pin

Register Configuration
Table 9.8 shows the register configuration of timer F.

Table9.8 Timer F Registers

Name Abbr. R/W Initial Value Address
Timer control register F TCRF w H'00 H'FFB6
Timer control/status register F TCSRF R/W H'00 H'FFB7
8-bit timer counter FH TCFH R/W H'00 H'FFBS
8-bit timer counter FL TCFL R/W H'00 H'FFB9
Output compare register FH OCRFH R/W H'FF H'FFBA
Output compare register FL OCRFL R/W H'FF H'FFBB
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
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9.4.2 Register Descriptions

16-bit Timer Counter (TCF)
8-bit Timer Counter (TCFH)
8-bit Timer Counter (TCFL)

T 1
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Read/Write: ~ R/W R/W RIW RIW RIW RIW RIW RW RW R/W RW RIW RIW RIW RIW RW,
TCFH TCFL

TCF isa 16-bit read/write up-counter configured by cascaded connection of 8-bit timer counters
TCFH and TCFL. In addition to the use of TCF as a 16-bit counter with TCFH as the upper 8 bits
and TCFL asthe lower 8 bits, TCFH and TCFL can also be used as independent 8-bit counters.

TCFH and TCFL can be read and written by the CPU, but when they are used in 16-bit mode, data
transfer to and from the CPU is performed via atemporary register (TEMP). For details of TEMP,
see section 9.4.3, CPU Interface.

TCFH and TCFL are each initialized to H'00 upon reset.

a. 16-bit mode (TCF)
When CKSH2 is cleared to 0 in TCRF, TCF operates as a 16-bit counter. The TCF input clock
is selected by bits CKSL2 to CKSLO in TCRF.
TCF can be cleared in the event of a compare match by means of CCLRH in TCSRF.
When TCF overflows from H'FFFF to H'0000, OVFH issetto 1in TCSRF. If OVIEH in

TCSRFis1at thistime, IRRTFH issetto 1inIRR2, and if IENTFH in IENR2is 1, an
interrupt request is sent to the CPU.

b. 8-bit mode (TCFL/TCFH)
When CKSH2 isset to 1 in TCRF, TCFH, and TCFL operate as two independent 8-bit
counters. The TCFH (TCFL) input clock is selected by bits CKSH2 to CKSHO (CKSL2 to
CKSLO) in TCRF.
TCFH (TCFL) can be cleared in the event of a compare match by means of CCLRH (CCLRL)
in TCSRF.
When TCFH (TCFL) overflows from H'FF to H'00, OVFH (OVFL) issetto 1in TCSRF. If
OVIEH (OVIEL) in TCSRFis 1 at thistime, IRRTFH (IRRTFL) isset to 1 in IRR2, and if
IENTFH (IENTFL) in IENR2 is 1, an interrupt request is sent to the CPU.
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16-bit Output Compar e Register (OCRF)
8-bit Output Compar e Register (OCRFH)
8-bit Output Compar e Register (OCRFL)

OCRF
T 1
Bit: 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Read/Write:  R/W R/W R/W R/W R/W R/W R/IW RIW R/W RIW RIW RIW RIW RIW RIW RIW
OCRFH OCRFL

OCRF isa 16-bit read/write register composed of the two registers OCRFH and OCRFL. In
addition to the use of OCRF as a 16-bit register with OCRFH as the upper 8 bits and OCRFL as
the lower 8 hits, OCRFH and OCRFL can also be used as independent 8-bit registers.

OCRFH and OCRFL can be read and written by the CPU, but when they are used in 16-bit mode,
data transfer to and from the CPU is performed via atemporary register (TEMP). For details of
TEMP, see section 9.4.3, CPU Interface.

OCRFH and OCRFL are each initialized to H'FF upon reset.

a 16-bit mode (OCRF)
When CKSH2 is cleared to 0 in TCRF, OCRF operates as a 16-bit register. OCRF contents
are constantly compared with TCF, and when both values match, CMFH isset to 1 in TCSRF.
At thesametime, IRRTFH issetto 1inIRR2. If IENTFH in IENR2 is 1 at thistime, an
interrupt request is sent to the CPU.
Toggle output can be provided from the TMOFH pin by means of compare matches, and the
output level can be set (high or low) by means of TOLH in TCRF.

b. 8-bit mode (OCRFH/OCRFL)

When CKSH2 is set to 1 in TCRF, OCRFH, and OCRFL operate as two independent 8-bit
registers. OCRFH contents are compared with TCFH, and OCRFL contents are with TCFL.
When the OCRFH (OCRFL) and TCFH (TCFL) values match, CMFH (CMFL) issetto 1 in
TCSRF. At the sametime, IRRTFH (IRRTFL) issetto 1inIRR2. If IENTFH (IENTFL) in
IENR2 is1 at thistime, an interrupt request is sent to the CPU.

Toggle output can be provided from the TMOFH pin (TMOFL pin) by means of compare
matches, and the output level can be set (high or low) by meansof TOLH (TOLL) in TCRF.
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Timer Control Register F (TCRF)

Bit: 7 6 5 4 3 2 1 0
TOLH | CKSH2 | CKSH1 | CKSHO TOLL CKSL2 CKSL1 CKSLO

Initial value: 0 0 0 0 0 0 0 0

Read/Write: W W W W w W W W

TCRF is an 8-bit write-only register that switches between 16-bit mode and 8-bit mode, selectsthe
input clock from among four internal clock sources or external event input, and sets the output
level of the TMOFH and TMOFL pins.

TCRF isinitialized to H'00 upon reset.
Bit 7—Toggle Output Level H (TOLH)

Bit 7 setsthe TMOFH pin output level. The output level is effective immediately after this bit is
written.

Bit 7

TOLH Description

0 Low level (initial value)
1 High level

Bits 6 to 4—Clock Select H (CKSH2to CKSHOQ)

Bits 6 to 4 select the clock input to TCFH from among four internal clock sources or TCFL
overflow.

Bit 6 Bit 5 Bit 4

CKSH2 CKSH1 CKSHO Description

0 0 0 16-bit mode, counting on TCFL overflow signal  (initial value)
0 0 1

0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on @/32

1 0 1 Internal clock: counting on ¢/16

1 1 0 Internal clock: counting on @4

1 1 1 Internal clock: counting on @w/4
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Bit 3—Toggle Output Level L (TOLL)

Bit 3 setsthe TMOFL pin output level. The output level is effective immediately after this bit is
written.

Bit 3

TOLL Description

0 Low level (initial value)
1 High level

Bits2 to 0—Clock Select L (CKSL2to CKSLO)

Bits 2 to O select the clock input to TCFL from among four internal clock sources or external event
input.

Bit 2 Bit 1 Bit 0

CKSL2 CKSL1 CKSLO Description

0 0 0 Counting on external event (TMIF) rising/falling edge*

0 0 1 (initial value)
0 1 0

0 1 1 Use prohibited

1 0 0 Internal clock: counting on @/32

1 0 1 Internal clock: counting on /16

1 1 0 Internal clock: counting on @4

1 1 1 Internal clock: counting on @w/4

Note: * External event edge selection is set by IEG3 in the IRQ edge select register (IEGR). For
details, see IRQ Edge Select Register (IEGR) in section 3.3.2.
Note that the timer F counter may increment if the setting of IRQ3 in port mode register 1
(PMR1) is changed from 0 to 1 or from 1 to 0 while the TMIF pin is low in order to change
the TMIF pin function.
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Timer Control/Status Register F (TCSRF)

Bit: 7 6 5 4 3 2 1 0
| oveH | cmrH | ovien | colre | ovrL | cowFL | oviEL | ccLru
Initial value: 0 0 0 0 0 0 0 0

Read/Write:  R/(W)*  RA(W)* RW RW RIW)*  RAW)* R/W R/W

Note: * Bits 7, 6, 3, and 2 can only be written with 0, for flag clearing.

TCSRF is an 8-bit read/write register that performs counter clear selection, overflow flag setting,
and compare match flag setting, and controls enabling of overflow interrupt requests.

TCSRFisinitialized to H'00 upon reset.
Bit 7—Timer Overflow FlagH (OVFH)

Bit 7 is a status flag indicating that TCFH has overflowed from H'FF to H'00. Thisflagis set by
hardware and cleared by software. It cannot be set by software.

Bit 7

OVFH Description

0 Clearing condition: (initial value)
After reading OVFH = 1, cleared by writing 0 to OVFH

1 Setting condition:

Set when TCFH overflows from H'FF to H'00

Bit 6—Compare Match FlagH (CMFH)

Bit 6 is a status flag indicating that TCFH has matched OCRFH. Thisflagis set by hardware and
cleared by software. It cannot be set by software.

Bit 6

CMFH Description

0 Clearing condition: (initial value)
After reading CMFH = 1, cleared by writing 0 to CMFH

1 Setting condition:

Set when the TCFH value matches the OCRFH value
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Bit 5—Timer Overflow Interrupt EnableH (OVIEH)

Bit 5 selects enabling or disabling of interrupt generation when TCFH overflows.

Bit 5

OVIEH Description

0 TCFH overflow interrupt request is disabled (initial value)
1 TCFH overflow interrupt request is enabled

Bit 4—Counter Clear H (CCLRH)
In 16-bit mode, bit 4 selects whether TCF is cleared when TCF and OCRF match.

In 8-bit mode, bit 4 selects whether TCFH is cleared when TCFH and OCRFH match.

Bit 4
CCLRH Description
0 16-bit mode: TCF clearing by compare match is disabled
8-bit mode: TCFH clearing by compare match is disabled (initial value)
1 16-bit mode: TCF clearing by compare match is enabled

8-bit mode: TCFH clearing by compare match is enabled

Bit 3—Timer Overflow Flag L (OVFL)

Bit 3 isastatus flag indicating that TCFL has overflowed from H'FF to H'00. Thisflagisset by
hardware and cleared by software. It cannot be set by software.

Bit 3

OVFL Description

0 Clearing condition: (initial value)
After reading OVFL = 1, cleared by writing 0 to OVFL

1 Setting condition:

Set when TCFL overflows from H'FF to H'00
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Bit 2—Compare Match FlagL (CMFL)

Bit 2 isastatus flag indicating that TCFL has matched OCRFL. Thisflag is set by hardware and
cleared by software. It cannot be set by software.

Bit 2

CMFL Description

0 Clearing condition: (initial value)
After reading CMFL = 1, cleared by writing 0 to CMFL

1 Setting condition:

Set when the TCFL value matches the OCRFL value

Bit 1—Timer Overflow Interrupt EnableL (OVIEL)

Bit 1 selects enabling or disabling of interrupt generation when TCFL overflows.

Bit 1

OVIEL Description

0 TCFL overflow interrupt request is disabled (initial value)
1 TCFL overflow interrupt request is enabled

Bit 0—Counter Clear L (CCLRL)

Bit O selects whether TCFL is cleared when TCFL and OCRFL match.

Bit 0

CCLRL Description

0 TCFL clearing by compare match is disabled (initial value)
1 TCFL clearing by compare match is enabled
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Clock Stop Register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0

[ — | — [ss2cksTP|ADCKSTP|TGCKSTP| TFCKSTP | TCCKSTP | TACKSTP
Initial value: 1 1 1 1 1 1 1 1
Read/Write: ~ — — RIW RIW RIW RIW RIW RIW

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer F is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 2—Timer F M odule Standby M ode Control (TFCK STP)
Bit 2 controls setting and clearing of module standby mode for timer F.

TFCKSTP  Description

0 Timer F is set to module standby mode

1 Timer F module standby mode is cleared (initial value)

9.4.3 CPU Interface

TCF and OCRF are 16-bit read/write registers, but the CPU is connected to the on-chip periphera
modules by an 8-bit data bus. When the CPU accesses these registers, it therefore uses an 8-bit
temporary register (TEMP).

In 16-bit mode, TCF read/write access and OCRF write access must be performed 16 bits at atime
(using two consecutive byte-size MOV instructions), and the upper byte must be accessed before
the lower byte. Datawill not be transferred correctly if only the upper byte or only the lower byte
is accessed.

In 8-bit mode, there are no restrictions on the order of access.
Write Access

Write access to the upper byte results in transfer of the upper-byte write datato TEMP. Next,
write access to the lower byte results in transfer of the datain TEMP to the upper register byte,
and direct transfer of the lower-byte write data to the lower register byte.
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Figure 9.4 shows an example in which H'AA55 is written to TCF.

Write to upper byte

CPU
(H'AA)

¢

Bus
interface

Write to lower byte

CPU
(H'55)

Module data bus

TEMP

L =

TCFH
« )

TCFL
)

>

Bus
interface

Module data bus

TCFH
(H'AA)

TCFL
(H'55)

Figure9.4 Write Accessto TCF (CPU - TCF)
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Read Access

In accessto TCF, when the upper byte isread the upper-byte data is transferred directly to the
CPU and the lower-byte datais transferred to TEMP. Next, when the lower byte isread, the
lower-byte datain TEMP is transferred to the CPU.

In accessto OCRF, when the upper byte is read the upper-byte datais transferred directly to the
CPU. When the lower byte isread, the lower-byte datais transferred directly to the CPU.

Figure 9.5 shows an example in which TCF is read when it contains H'AAFF.

Read upper byte

Module data bus
CPU iI?]LtJ:rface
(H'AA)
(H'FF)
TCFH TCFL
Read lower byte
Module data bus
cPU ilit:;face
(H'FF)

Note: * H'ABOO if counter has been updated once.

TEMP
(HFF)

<~z Ar

TCFH
(AB)"

TCFL
(00)*

Figure9.5 Read Accessto TCF (TCF - CPU)

Rev. 6.00, 08/04, page 264 of 628

RENESAS




9.4.4 Operation

Timer Fisa 16-bit counter that increments on each input clock pulse. Thetimer Fvalueis
constantly compared with the value set in output compare register F, and the counter can be
cleared, an interrupt requested, or port output toggled, when the two values match. Timer F can
also function as two independent 8-bit timers.

Timer F Operation

Timer F has two operating modes, 16-bit timer mode and 8-bit timer mode. The operation in each
of these modes is described below.

a. Operation in 16-bit timer mode

When CKSH2 is cleared to 0 in timer control register F (TCRF), timer F operates as a 16-bit
timer.

Following areset, timer counter F (TCF) isinitialized to H'0000, output compare register F
(OCRF) to H'FFFF, and timer control register F (TCRF) and timer control/status register F
(TCSRF) to H'00. The counter starts incrementing on external event (TMIF) input. The
external event edge selection is set by IEG3 in the IRQ edge select register (IEGR).

Thetimer F operating clock can be selected from three internal clocks output by prescaler S or
an external clock by means of bits CKSL2 to CKSLO in TCRF.

OCRF contents are constantly compared with TCF, and when both values match, CMFH is set
to1in TCSRF. If IENTFH in IENR2 is 1 at thistime, an interrupt request is sent to the CPU,
and at the same time, TMOFH pin output istoggled. If CCLRH in TCSRFis1, TCFis
cleared. TMOFH pin output can also be set by TOLH in TCRF.

When TCF overflows from H'FFFF to H'0000, OVFH isset to 1in TCSRF. If OVIEH in
TCSRF and IENTFH in IENR2 are both 1, an interrupt request is sent to the CPU.

b. Operation in 8-bit timer mode

When CKSH2 is set to 1 in TCRF, TCF operates as two independent 8-bit timers, TCFH and
TCFL. The TCFH/TCFL input clock is selected by CKSH2 to CKSHO/CKSL2 to CKSLO in
TCRF.

When the OCRFH/OCRFL and TCFH/TCFL values match, CMFH/CMFL issetto 1in
TCSRF. If IENTFH/IENTFL inIENR2is1, aninterrupt request is sent to the CPU, and at the
sametime, TMOFH pin/TMOFL pin output istoggled. If CCLRH/CCLRL in TCSRFis1,
TCFH/TCFL iscleared. TMOFH pin/TMOFL pin output can also be set by TOLH/TOLL in
TCRF.

When TCFH/TCFL overflows from H'FF to H'00, OVFH/OVFL issetto 1in TCSRF. If
OVIEH/OVIEL in TCSRF and IENTFH/IENTFL in IENR2 are both 1, an interrupt request is
sent to the CPU.
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TCF Increment Timing
TCFisincremented by clock input (internal clock or external event input).

a Interna clock operation

Bits CKSH2 to CKSHO or CKSL2 to CKSLO in TCRF select one of four internal clock sources
(@32, @16, @/4, or w/4) created by dividing the system clock (¢ or @w).

b. External event operation

External event input is selected by clearing CKSL2 to 0 in TCRF. TCF can increment on
either therising or falling edge of external event input. External event edge selection is set by
IEG3 in the interrupt controller’ s IEGR register. An external event pulse width of at least 2
system clocks (¢) is necessary. Shorter pulses will not be counted correctly.

TMOFH/TMOFL Output Timing

In TMOFH/TMOFL output, the value set in TOLH/TOLL in TCRF is output. The output is
toggled by the occurrence of a compare match. Figure 9.6 shows the output timing.

; pEpEpNeN e nERNR
sy ] ] L
countn PR N S
X )

OCRF N

N
~

Compare match
signal

TMOFH TMOFL

N
N
N
N

N
N

~
~

Figure9.6 TMOFH/TMOFL Output Timing
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TCF Clear Timing

TCF can be cleared by a compare match with OCRF.

Timer Overflow Flag (OVF) Set Timing

OVFisset to 1 when TCF overflows from H'FFFF to H'0000.
Compare Match Flag Set Timing

The compare match flag (CMFH or CMFL) is set to 1 when the TCF and OCRF values match.
The compare match signal is generated in the last state during which the values match (when TCF
is updated from the matching value to a new value). When TCF matches OCRF, the compare
match signal is not generated until the next counter clock.

Timer F Operation Modes
Timer F operation modes are shown in table 9.9.

Table9.9 Timer F Operation M odes

Sub- Sub- Module
Operation Mode Reset Active Sleep Watch active sleep Standby Standby
TCF Reset Functions Functions Functions/ Functions/ Functions/ Halted Halted
Halted" Halted™ Halted”
OCRF Reset Functions Held Held Functions Held Held Held
TCRF Reset Functions Held Held Functions Held Held Held
TCSRF Reset Functions Held Held Functions Held Held Held

Note: * When @./4 is selected as the TCF internal clock in active mode or sleep mode, since the
system clock and internal clock are mutually asynchronous, synchronization is maintained
by a synchronization circuit. This results in a maximum count cycle error of 1/¢ (s). When
the counter is operated in subactive mode, watch mode, or subsleep mode, @./4 must be
selected as the internal clock. The counter will not operate if any other internal clock is
selected.
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9.4.5 Application Notes
The following types of contention and operation can occur when timer F is used.
16-bit Timer Mode

In toggle output, TMOFH pin output is toggled when all 16 bits match and a compare match signal
isgenerated. If a TCRF write by aMOV instruction and generation of the compare match signal
occur simultaneously, TOLH datais output to the TMOFH pin as aresult of the TCRF write.
TMOFL pin output is unstable in 16-bit mode, and should not be used; the TMOFL pin should be
used as a port pin.

If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match signal
generation if the clock is stopped.

Compare match flag CMFH is set when all 16 bits match and a compare match signal is generated.
Compare match flag CMFL is set if the setting conditions for the lower 8 bits are satisfied.

When TCF overflows, OVFH isset. OVFL issetif the setting conditions are satisfied when the
lower 8 bits overflow. If aTCFL write and overflow signal output occur simultaneoudy, the
overflow signal is not outpuit.

8-bit Timer M ode

a. TCFH, OCRFH
In toggle output, TMOFH pin output is toggled when a compare match occurs. If aTCRF
write by aMOV instruction and generation of the compare match signal occur simultaneously,
TOLH datais output to the TMOFH pin as aresult of the TCRF write.
If an OCRFH write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. The compare match signal is output in
synchronization with the TCFH clock.
If a TCFH write and overflow signal output occur simultaneously, the overflow signal is not
output.

b. TCFL, OCRFL
In toggle output, TMOFL pin output is toggled when a compare match occurs. If a TCRF
write by aMOV instruction and generation of the compare match signal occur simultaneously,
TOLL datais output to the TMOFL pin as aresult of the TCRF write.
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If an OCRFL write and compare match signal generation occur simultaneously, the compare
match signal isinvalid. However, if the written data and the counter value match, a compare
match signal will be generated at that point. Asthe compare match signal is output in
synchronization with the TCFL clock, a compare match will not result in compare match
signal generation if the clock is stopped.

If a TCFL write and overflow signal output occur simultaneously, the overflow signal is not
output.

Clear Timer FH, Timer FL Interrupt Request Flags (IRRTFH, IRRTFL), Timer Overflow
FlagsH, L (OVFH, OVFL) and Compare Match FlagsH, L (CMFH, CMFL)

When @w/4 is selected as the internal clock, “Interrupt factor generation signal” will be operated
with @w and the signa will be outputted with @w width. And, “Overflow signal” and “Compare
match signal” are controlled with 2 cycles of gw signals. Those signals are outputted with 2 cycles
width of @w (figure 9.7)

In active (high-speed, medium-speed) mode, even if you cleared interrupt request flag during the
term of validity of “Interrupt factor generation signal”, same interrupt request flag is set. (figure

9.7 (1)) And, you cannot be cleared timer overflow flag and compare match flag during the term

of validity of “Overflow signal” and “Compare match signal”.

For interrupt request flag is set right after interrupt request is cleared, interrupt processto onetime
timer FH, timer FL interrupt might be repeated. (figure 9.7 (2)) Therefore, to definitely clear
interrupt request flag in active (high-speed, medium-speed) mode, clear should be processed after
the time that calculated with below (1) formula. And, to definitely clear timer overflow flag and
compare match flag, clear should be processed after read timer control status register F (TCSRF)
after the time that calculated with below (1) formula. For ST of (1) formula, please substitute the
longest number of execution states in used instruction. (10 states of RTE instruction when
MULXU, DIVXU instruction is not used, 14 states when MULXU, DIVXU instruction is used) In
subactive mode, there are not limitation for interrupt request flag, timer overflow flag, and
compare match flag clear.

The term of validity of “Interrupt factor generation signal”

= 1 cycle of @w + waiting time for completion of executing instruction
+ interrupt time synchronized with @ = 1/q@w + ST « (/@) + (2/¢@) (second).....(1)

ST: Executing number of execution states
Method 1 is recommended to operate for time efficiency.

Method 1
1. Prohibit interrupt in interrupt handling routine (set IENFH, IENFL to 0).

Rev. 6.00, 08/04, page 269 of 628
RENESAS



2. After program process returned normal handling, clear interrupt request flags (IRRTFH,
IRRTFL) after more than that calculated with (1) formula

3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

4. Operate interrupt permission (set IENFH, IENFL to 1).

Method 2
1. Setinterrupt handling routine time to more than time that calculated with (1) formula
2. Clear interrupt request flags (IRRTFH, IRRTFL) at the end of interrupt handling routine.

3. After read timer control status register F (TCSRF), clear timer overflow flags (OVFH,
OVFL) and compare match flags (CMFH, CMFL).

All above attentions are also applied in 16-bit mode and 8-bit mode.

Interrupt request Interrupt request
flag clear flag clear
L@ !

Program process >< Interrupt >< Interrupt | >< Normal
| |

generation signal
(Internal signal,
nega-active)

Interrupt factor |

Overflow signal,
Compare match signal
(Internal signal,

nega-active)

|

|

|

|

|

|

|

|

1
Interrupt request flag I_I
(IRRTFH, IRRTFL) )

Figure9.7 Clear Interrupt Request Flag when Interrupt Factor Generation Signal isValid
Timer Counter (TCF) Read/Write

When @w/4 is selected as the internal clock in active (high-speed, medium-speed) mode, write on
TCFisimpossible. And, when read TCF, as the system clock and internal clock are mutually
asynchronous, TCF synchronizes with synchronization circuit. This resultsin a maximum TCF
read value error of +1.

When read/write TCF in active (high-speed, medium-speed) mode is needed, please select interna
clock except for gw/4 before read/write.

In subactive mode, even @w/4 is selected as the internal clock, normal read/write TCF is possible.
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95 Timer G

95.1 Overview

Timer G isan 8-hit timer with dedicated input capture functions for the rising/falling edges of
pulses input from the input capture input pin (input capture input signal). High-frequency
component noise in the input capture input signal can be eliminated by a noise canceler, enabling
accurate measurement of the input capture input signal duty cycle. If input capture input isnot set,
timer G functions as an 8-bit interval timer.

Features

Features of timer G are given below.

Choice of four internal clock sources (¢/64, /32, @/2, pw/4)

Dedicated input capture functions for rising and falling edges

Level detection at counter overflow

It is possible to detect whether overflow occurred when the input capture input signal was high
or when it was low.

Selection of whether or not the counter value is to be cleared at the input capture input signal
rising edge, falling edge, or both edges

Two interrupt sources: one input capture, one overflow. Theinput capture input signal rising
or falling edge can be selected as the interrupt source.

A built-in noise canceler eliminates high-frequency component noise in the input capture input
signal.

Watch mode, subactive mode, or subsleep mode operation is possible when @w/4 is selected as
theinternal clock.

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

Rev. 6.00, 08/04, page 271 of 628
RENESAS



Block Diagram

Figure 9.8 shows ablock diagram of timer G.

Internal data bus

¢ _— PSS
= |
T™MG
Level
detector
¢W/4 | I
ICRGF [
j4
Noise Edge
TMIG o +|
canceler detector TCG—I
EN
NCS ICRGR I
[Legend]

TMG: Timer mode register G

TCG: Timer counter G

ICRGF: Input capture register GF
ICRGR: Input capture register GR
IRRTG: Timer G interrupt request flag
NCS: Noise canceler select

PSS:  Prescaler S

IRRTG

Figure9.8 Block Diagram of Timer G
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Pin Configuration
Table 9.10 shows the timer G pin configuration.

Table9.10 Pin Configuration

Name Abbr. 110 Function

Input capture input TMIG Input Input capture input pin

Register Configuration
Table 9.11 shows the register configuration of timer G.

Table9.11 Timer G Registers

Name Abbr. RIW Initial Value Address
Timer control register G TMG R/W H'00 H'FFBC
Timer counter G TCG — H'00 —

Input capture register GF ICRGF R H'00 H'FFBD
Input capture register GR ICRGR R H'00 H'FFBE
Clock stop register 1 CKSTPR1 RMW H'FF H'FFFA

952 Register Descriptions

Timer Counter G (TCG)

Bit: 7 6 5 4 3 2 1 0

| Tcer | tces | Tces | tcea | Tces | tee2 | tee1 | Teeo
Initial value: 0 0 0 0 0 0 0 0
Read/Write: — — — — — — — —

TCG is an 8-hit up-counter which isincremented by clock input. Theinput clock is selected by
bits CKS1 and CKS0in TMG.

TMIG in PMR1 is set to 1 to operate TCG as an input capture timer, or cleared to O to operate
TCG asaninterval timer*. Ininput capture timer operation, the TCG value can be cleared by the
rising edge, falling edge, or both edges of the input capture input signal, according to the setting
madein TMG.

When TCG overflows from H'FF to H'00, if OVIEIin TMGis 1, IRRTGinIRR2isset to 1, and if
IENTG inIENR2is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.
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TCG cannot be read or written by the CPU. Itisinitialized to H'00 upon reset.
Note: * Aninput capture signal may be generated when TMIG is modified.

Input Capture Register GF (ICRGF)

Bit: 7 6 5 4 3 2 1 0
ICRGF7 |ICRGF6 |ICRGF5 |ICRGF4 ICRGF3 | ICRGF2 | ICRGF1 ICRGFO

Initial value: 0 0 0 0 0 0 0 0

Read/Write: R R R R R R R R

ICRGF is an 8-bit read-only register. When afalling edge of the input capture input signal is
detected, the current TCG valueistransferred to ICRGF. If IEGSin TMGis1 at thistime,
IRRTGinlIRR2issetto 1, and if IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2@ or 2@, (When the noise canceler is not used).

ICRGF isinitialized to H'00 upon reset.

Input Capture Register GR (ICRGR)

Bit: 7 6 5 4 3 2 1 0
ICRGR7|ICRGR6|ICRGR5|ICRGR4 ICRGR3 | ICRGR2 | ICRGR1 | ICRGRO

Initial value: 0 0 0 0 0 0 0 0

Read/Write: R R R R R R R R

ICRGR is an 8-bit read-only register. When arising edge of the input capture input signal is
detected, the current TCG valueistransferred to ICRGR. If IEGSin TMG isO at thistime,
IRRTGinlIRR2issetto 1, andif IENTG in IENR2 is 1, an interrupt request is sent to the CPU.

For details of the interrupt, see section 3.3, Interrupts.

To ensure dependable input capture operation, the pulse width of the input capture input signal
must be at least 2@ or 2@, (When the noise canceler is not used).

ICRGR isinitialized to H'00 upon reset.
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Timer Mode Register G (TMG)

Bit: 7 6 5 4 3 2 1 0
[ ovrH | ovrL | oviE IEGS | CCLR1 | CCLRO | CKS1 CKS0
Initial value: 0 0 0 0 0 0 0 0

Read/Write: R/(W)*  R/(W)* R/W R/W R/W R/W R/W R/W

Note: * Bits 7 and 6 can only be written with O, for flag clearing.

TMG is an 8-bit read/write register that performs TCG clock selection from four internal clock
sources, counter clear selection, and edge selection for the input capture input signal interrupt
request, controls enabling of overflow interrupt requests, and also contains the overflow flags.

TMG isinitialized to H'00 upon reset.
Bit 7—Timer Overflow FlagH (OVFH)

Bit 7 isa status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal ishigh. Thisflag is set by hardware and cleared by software. It cannot be set by
software.

Bit 7

OVFH Description

0 Clearing condition: (initial value)
After reading OVFH = 1, cleared by writing O to OVFH

1 Setting condition:

Set when TCG overflows from H'FF to H'00

Bit 6—Timer Overflow Flag L (OVFL)

Bit 6 isa status flag indicating that TCG has overflowed from H'FF to H'00 when the input capture
input signal islow, or ininterval operation. Thisflag is set by hardware and cleared by software.
It cannot be set by software.

Bit 6

OVFL Description

0 Clearing condition: (initial value)
After reading OVFL = 1, cleared by writing O to OVFL

1 Setting condition:

Set when TCG overflows from H'FF to H'00
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Bit 5—Timer Overflow Interrupt Enable (OVIE)

Bit 5 selects enabling or disabling of interrupt generation when TCG overflows.

Bit 5

OVIE Description

0 TCG overflow interrupt request is disabled (initial value)
1 TCG overflow interrupt request is enabled

Bit 4—Input Capture Interrupt Edge Select (I1EGS)

Bit 4 selects the input capture input signal edge that generates an interrupt request.

Bit 4

IIEGS Description

0 Interrupt generated on rising edge of input capture input signal (initial value)
1 Interrupt generated on falling edge of input capture input signal

Bits 3 and 2—Counter Clear 1 and 0 (CCLR1, CCLROQ)

Bits 3 and 2 specify whether or not TCG is cleared by the rising edge, falling edge, or both edges
of the input capture input signal.

Bit 3 Bit 2

CCLR1 CCLRO Description

0 0 TCG clearing is disabled (initial value)
0 1 TCG cleared by falling edge of input capture input signal

1 0 TCG cleared by rising edge of input capture input signal

1 1 TCG cleared by both edges of input capture input signal

Bits 1 and 0—Clock Select (CKS1, CKS0)

Bits 1 and 0 select the clock input to TCG from among four internal clock sources.

Bit 1 Bit 0

CKS1 CKSO Description

0 0 Internal clock: counting on @64 (initial value)
0 1 Internal clock: counting on @/32

1 0 Internal clock: counting on @2

1 1 Internal clock: counting on @w/4
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Clock Stop Register 1 (CKSTPR1)

Bit: 7 6 5 4 3 2 1 0
— | — |S32CKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP

Initial value: 1 1 1 1 1 1 1 1

Read/Write: — — R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to timer G is described here. For details of the other bits, see the
sections on the relevant modules.

Bit 3—Timer G Module Standby M ode Control (TGCK STP)
Bit 3 controls setting and clearing of module standby mode for timer G.

TGCKSTP  Description

0 Timer G is set to module standby mode

1 Timer G module standby mode is cleared (initial value)
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9.5.3 Noise Canceler

The noise canceler consists of adigital low-pass filter that eliminates high-frequency component
noise from the pulses input from the input capture input pin. The noise canceler is set by NCS" in
PMR2.

Figure 9.9 shows a block diagram of the noise canceler.

Sampling
clock
Input capture C C C C o]
. . —> D Q D Q D Q D Q D Q
mput signal Latch Latch Latch Latch Latch r’ Match Noise
detector [ canceler
r output

At

Sampling clock |:|—~|_| |_| |_|

At: Set by CKS1 and CKS0

Figure9.9 Noise Canceler Block Diagram

The noise canceler consists of five latch circuits connected in series and a match detector circuit.
When the noise cancellation function is not used (NCS = 0), the system clock is selected as the
sampling clock. When the noise cancellation function is used (NCS = 1), the sampling clock isthe
internal clock selected by CKS1 and CKS0 in TMG, the input capture input is sampled on the
rising edge of this clock, and the datais judged to be correct when all the latch outputs match. If
all the outputs do not match, the previous valueis retained. After areset, the noise canceler output
isinitialized when the falling edge of the input capture input signal has been sampled five times.
Therefore, after making a setting for use of the noise cancellation function, a pulse with at least
five times the width of the sampling clock is a dependable input capture signal. Even if noise
cancellation is not used, an input capture input signal pulse width of at least 2¢ or 2@q,g is
necessary to ensure that input capture operations are performed properly

Note: * Aninput capture signal may be generated when the NCS bit is modified.
Figure 9.10 shows an example of noise canceler timing.
In this example, high-level input of less than five times the width of the sampling clock at the

input capture input pin is eliminated as noise.
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Input capture
input signal

Sampling clock

Noise canceler
output

Eliminated as noise

Figure9.10 Noise Canceler Timing (Example)
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9.54 Operation
Timer G isan 8-bit timer with built-in input capture and interval functions.
Timer G Functions

Timer G is an 8-bit up-counter with two functions, an input capture timer function and an interval
timer function.

The operation of these two functions is described below.

a. Input capture timer operation
When the TMIG bit in port mode register 1 (PMR1) is set to 1, timer G functions as an input
capture timer™.
In areset, timer mode register G (TMG), timer counter G (TCG), input capture register GF
(ICRGF), and input capture register GR (ICRGR) are all initialized to H'00.
Following areset, TCG starts counting on the ¢/64 internal clock.
Theinput clock can be selected from four internal clock sources by bits CKS1 and CKSO in
TMG.
When arising edge/falling edge is detected in the input capture signal input from the TMIG
pin, the TCG value at that time is transferred to ICRGR/ICRGF. When the edge selected by
[IEGSin TMG isinput, IRRTGinIRR2isset to 1, and if the IENTG bitin IENR2 is 1 at this
time, an interrupt request is sent to the CPU. For details of the interrupt, see section 3.3,
Interrupts.
TCG can be cleared by arising edge, falling edge, or both edges of the input capture signal,
according to the setting of bits CCLR1 and CCLRO in TMG. If TCG overflows when the input
capture signa is high, the OVFH bit in TMG is set; if TCG overflows when the input capture
signal islow, the OVFL bitin TMG isset. If the OVIE bitin TMG is 1 when these bits are
set, IRRTG inIRR2 issetto 1, and if the IENTG bit in IENR2 is 1, timer G sends an interrupt
request to the CPU. For details of the interrupt, see section 3.3, Interrupts.
Timer G has a built-in noise canceler that enabl es high-frequency component noise to be
eliminated from pulses input from the TMIG pin. For details, see section 9.5.3, Noise
Canceler.

Note: * Aninput capture signal may be generated when TMIG is modified.

b. Interval timer operation
When the TMIG bit in PMRL1 is cleared to O, timer G functions as an interval timer.
Following areset, TCG starts counting on the ¢/64 internal clock. The input clock can be
selected from four internal clock sources by bits CKS1 and CKS0in TMG. TCG increments
on the selected clock, and when it overflows from H'FF to H'00, the OVFL bit in TMG is set
tol. Ifthe OVIEbitinTMG is1 at thistime, IRRTG in IRR2 isset to 1, and if the IENTG bit
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in[ENR2 is 1, timer G sends an interrupt request to the CPU. For details of the interrupt, see
section 3.3, Interrupts.

Count Timing

TCG isincremented by internal clock input. Bits CKS1 and CKS0 in TMG select one of four
internal clock sources (@/64, @/32, @/2, or @w/4) created by dividing the system clock (¢) or watch

clock (qw).

Input Capture Input Timing

a.  Without noise cancellation function
For input capture input, dedicated input capture functions are provided for rising and falling
edges.
Figure 9.11 shows the timing for rising/falling edge input capture input.

Input capture
input signal

.

Input capture
signal F

\

Input capture
signal R

Figure9.11 Input CaptureInput Timing (without Noise Cancellation Function)

b. With noise cancellation function
When noise cancellation is performed on the input capture input, the passage of the input
capture signal through the noise canceler resultsin adelay of five sampling clock cycles from
the input capture input signal edge.
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Figure 9.12 shows the timing in this case.

Input capture
input signal

Sampling clock

Noise canceler
output

Input capture

signal R —l

Figure9.12 Input Capturelnput Timing (with Noise Cancellation Function)

Timing of Input Capture by Input Capture I nput

Figure 9.13 shows the timing of input capture by input capture input

Input capture
signal

TCG N-1 X N X N+

Input capture

register H'XX >< N

Figure9.13 Timing of Input Capture by Input Capture Input
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TCG Clear Timing

TCG can be cleared by the rising edge, falling edge, or both edges of the input capture input
signal.

Figure 9.14 shows the timing for clearing by both edges.

Input capture
input signal (
)

Input capture
signal F ((

Input capture
signal R ((

TCG N >< H'00 () () N >< H'00

Figure9.14 TCG Clear Timing
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Timer G Operation Modes

Timer G operation modes are shown in table 9.12.

Table9.12 Timer G Operation M odes

Module
Operation Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
TCG Input capture Reset Functions™ Functions™ Functions/ Functions/ Functions/ Halted Halted
* * *
halted halted halted
Interval Reset Functions® Functions™ Functions/ Functions/ Functions/ Halted Halted
halted®  halted®  halted”
ICRGF Reset Functions® Functions® Functions/ Functions/ Functions/ Retained Retained
* * *
halted halted halted
ICRGR Reset Functions® Functions® Functions/ Functions/ Functions/ Retained Retained
* * *
halted halted halted
T™MG Reset Functions Retained Retained Functions Retained Retained Retained
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Table9.13

No.

Clock Levels Before and After
Modifying Bits CKS1 and CKSO

Internal Clock Switching and TCG Operation

TCG Operation

1

Goes from low level to low level

Clock before ‘ | | | |
switching ;

Clock after
switching

Count |_| :
clock
TCG N X : N+1 X

Write to CKS1 and CKS0

Goes from low level to high level

Clock before | | | |
switching :

Clock after
switching

Count

clock

TCG N X N+1 X : N+2 X

Goes from high level to low level

Clock before | | | |
switching

Clock after
switching

Count

clock

oo T e Y e Y

Write to CKS1 and CKSO
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Clock Levels Before and After

No.  Modifying Bits CKS1 and CKSO TCG Operation
4 Goes from high level to high level Clock bef :
g 11

Clock after
switching

Count :
clock |_| |_| |_|
ros I G G |

Write to CKS1 and CKS0

Note: * The switchover is seen as a falling edge, and TCG is incremented.

Noteson Port Mode Register M odification

The following points should be noted when a port mode register is modified to switch the input
capture function or the input capture input noise canceler function.

» Switching input capture input pin function
Note that when the pin function is switched by modifying TMIG in port mode register 1
(PMR1), which performs input capture input pin control, an edge will be regarded as having
been input at the pin even though no valid edge has actually been input. Input capture input
signal input edges, and the conditions for their occurrence, are summarized in table 9.14.

Table9.14 Input Capture Input Signal Input Edges Dueto Input Capture Input Pin
Switching, and Conditionsfor Their Occurrence

Input Capture Input
Signal Input Edge Conditions

Generation of rising edge ~ When TMIG is modified from 0 to 1 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is high, then
TMIG is modified from 0 to 1 before the signal is sampled five times by
the noise canceler

Generation of falling edge  When TMIG is modified from 1 to 0 while the TMIG pin is high

When NCS is modified from 0 to 1 while the TMIG pin is low, then
TMIG is modified from 0 to 1 before the signal is sampled five times by
the noise canceler

When NCS is modified from 0 to 1 while the TMIG pin is high, then
TMIG is modified from 1 to O after the signal is sampled five times by
the noise canceler

Note: When the P13 pin is not set as an input capture input pin, the timer G input capture input
signal is low.
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» Switching input capture input noise canceler function
When performing noise canceler function switching by modifying NCSin port mode register 2
(PMR2), which controls the input capture input noise canceler, TMIG should first be cleared to
0. Notethat if NCSis modified without first clearing TMIG, an edge will be regarded as
having been input at the pin even though no valid edge has actually been input. Input capture
input signal input edges, and the conditions for their occurrence, are summarized in table 9.15.

Table9.15 Input Capture Input Signal Input Edges Due to Noise Canceler Function
Switching, and Conditionsfor Their Occurrence

Input Capture Input
Signal Input Edge Conditions

Generation of rising edge ~ When the TMIG pin is modified from 0 to 1 while TMIG is 1, then NCS
is modified from 0 to 1 before the signal is sampled five times by the
noise canceler

Generation of falling edge  When the TMIG pin is modified from 1 to O while TMIG is 1, then NCS
is modified from 1 to 0 before the signal is sampled five times by the
noise canceler
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When the pin function is switched and an edge is generated in the input capture input signal, if this
edge matches the edge selected by the input capture interrupt select (IIEGS) bit, the interrupt
request flag will be set to 1. The interrupt request flag should therefore be cleared to 0 before use.
Figure 9.15 shows the procedure for port mode register manipulation and interrupt request flag
clearing. When switching the pin function, set the interrupt-disabled state before manipulating the
port mode register, then, after the port mode register operation has been performed, wait for the
time required to confirm the input capture input signal as an input capture signal (at least two
system clocks when the noise canceler is not used; at least five sampling clocks when the noise
canceler is used), before clearing the interrupt enable flag to 0. There are two ways of preventing
interrupt request flag setting when the pin function is switched: by controlling the pin level so that
the conditions shown in tables 9.14 and 9.15 are not satisfied, or by setting the opposite of the
generated edge in the IIEGS bit in TMG.

Disable interrupts. (Interrupts can also be disabled by
Set | bitin CCR to 1 manipulating the interrupt enable bit in interrupt enable
register 2.)

Manipulate port mode register

I After manipulating the port mode register, wait for the

TMIG confirmation time™ (at least two system clocks when

*TMIG confirmation time the noise canceler is not used; at least five sampling
| clocks when the noise canceler is used), then clear the
Clear interrupt request flag to 0 interrupt enable flag to 0.
Clear | bitin CCRto 0 Enable interrupts

Figure9.15 Port Mode Register Manipulation and Interrupt Enable Flag Clearing
Procedure
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9.5.6 Timer G Application Example

Using timer G, it is possible to measure the high and low widths of the input capture input signal
as absolute values. For this purpose, CCLR1 and CCLRO in TMG should both be set to 1.

Figure 9.16 shows an example of the operation in this case.

Input capture
input signal

Input capture
register GF

Input capture
register GR

H'00

Counter cleared

Figure9.16 Timer G Application Example
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9.6 Watchdog Timer

9.6.1 Overview

The watchdog timer has an 8-bit counter that isincremented by an input clock. If asystem
runaway allows the counter value to overflow before being rewritten, the watchdog timer can reset
the chip internally. Note that stabilization times for the H8/38024, H8/38024S, and H8/38024F-
ZTAT Group and for the H8/38124 Group are different.

Features
Features of the watchdog timer are given below.

» Incremented by internal clock source (¢/8192 or @w/32) on the H8/38024, H8/38024S, and
H8/38024F-ZTAT Group.

* OntheH8/38124 Group, 10 internal clocks (@/64, ¢/128, /256, @512, ¢/1024, ¢/2048,
@4096, (8192, @w/32, or watchdog on-chip oscillator) are available for selection for use by
the counter.

» A reset signal is generated when the counter overflows. The overflow period can be set from 1
to 256 times the selected clock (from approximately 4 msto 1,000 ms when ¢ = 2.00 MHz).

* Use of module standby mode enables this module to be placed in standby mode independently
when not used. See section 5.9, Module Standby Mode, for details.
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Block Diagram

Figures 9.17(1) and 9.17(2) show ablock diagram of the watchdog timer.

N
dw/32 TCSRW - -

‘ ®

]

Ko}

$/8192 - - %

¢ e PSS 4>|Z'—> TCW S

©

£

2

£
[Legend] N
TCSRW: Timer control/status register W —— Reset
TCW: Timer counter W signal

PSS: Prescaler S

Figure9.17(1) Block Diagram of Watchdog Timer
(H8/38024, H8/38024S, H8/38024F-ZTAT Group)

Rev. 6.00, 08/04, page 291 of 628
RENESAS




Internal data bus

Interrupt/reset
controller

L Internal reset signal or

interrupt request signal

T™MW
Watchdog
on-chip TCSRW
oscillator
)
¢ — PSS % TCW
dw/32
[Legend]

TCSRW: Timer control/status register W
TCW: Timer counter W

TMW:  Timer mode register W

PSS: Prescaler S

Figure9.17(2) Block Diagram of Watchdog Timer
(H8/38124 Group)

Register Configuration

Table 9.16 shows the register configuration of the watchdog timer.

Table9.16 Watchdog Timer Registers

Name Abbr. R/W Initial Value Address
Timer control/status register W TCSRW R/W H'AA H'FFB2
Timer counter W TCW R/W H'00 H'FFB3
Timer mode register W* T™MW RIW H'FF H'FFF8
Clock stop register 2 CKSTPR2 R/MW HFF H'FFFB
Port mode register 2 PMR2 R/W H'D8 H'FFC9

Note: * This register is implemented on the H8/38124 Group only.
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9.6.2 Register Descriptions

Timer Control/Status Register W (TCSRW)

Bit 7 6 5 4 3 2 1 0

\ B6WI \ TCWE‘ B4WI ‘TCSRWE‘ B2wWI ‘WDON‘ BOWI ‘WRST‘
Initial value 1 0 1 0 1 0/1"2 1 0
Read/Write R (RIW)" R (RIw)" R (RIW)" R (RIW)™

Notes: 1. Write is enabled only under certain conditions, which are given in the descriptions
of the individual bits.
2. Initial value is 0 on H8/38024, H8/38024S, and H8/38024F-ZTAT Group; initial value
is 1 on H8/38124 Group.

TCSRW is an 8-bit read/write register that controls write accessto TCW and TCSRW itself,
controls watchdog timer operations, and indicates operating status.

Bit 7—Bit 6 Write Disable (B6WI)

Bit 7 controls the writing of datato bit 6 in TCSRW.

Bit 7

B6WI Description

0 Bit 6 is write-enabled

1 Bit 6 is write-protected (initial value)

Thishit isawaysread as 1. Data written to this bit is not stored.
Bit 6—Timer Counter W Write Enable (TCWE)

Bit 6 controls the writing of datato TCW.

Bit 6

TCWE Description

0 Data cannot be written to TCW (initial value)
1 Data can be written to TCW

Rev. 6.00, 08/04, page 293 of 628
RENESAS



Bit 5—Bit 4 Write Disable (B4WI)

Bit 5 controls the writing of datato bit 4 in TCSRW.

Bit 5

B4WI Description

0 Bit 4 is write-enabled

1 Bit 4 is write-protected (initial value)

This bit isalways read as 1. Data written to this bit is not stored.
Bit 4—Timer Control/Status Register W Write Enable (TCSRWE)

Bit 4 controls the writing of datato bits 2 and 0 in TCSRW.

Bit 4

TCSRWE Description

0 Data cannot be written to bits 2 and 0 (initial value)
1 Data can be written to bits 2 and 0

Bit 3—Bit 2 Write Inhibit (B2WI1)

Bit 3 controls the writing of datato bit 2 in TCSRW.

Bit 3

B2WI Description

0 Bit 2 is write-enabled

1 Bit 2 is write-protected (initial value)

Thisbit isalways read as 1. Data written to this bit is not stored.
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Bit 2—Watchdog Timer On (WDON)
Bit 2 enables watchdog timer operation.

Bit 2
WDON Description

0 Watchdog timer operation is disabled (initial value)”

Clearing conditions:

Reset, or when TCSRWE is set to 1 and 0 is written to B2WI| and WDON. Note that
a reset clears WDON to 0 on the H8/38024, H8/38024S, and H8/38024F-ZTAT
Group, but sets WDON to 1 on the H8/38124 Group.

Note: * Initial value is 0 on H8/38024, H8/38024S, and H8/38024F-ZTAT Group;
initial value is 1 on H8/38124 Group.

1 Watchdog timer operation is enabled

Setting condition:
When TCSRWE is set to 1 and 0 is written to B2WI and 1 is written to WDON

Counting starts when this bit is set to 1, and stops when this bit is cleared to O.
Bit 1—Bit 0 Write Inhibit (BOWI)

Bit 1 controls the writing of datato bit 0 in TCSRW.

Bit 1

BOWI Description

0 Bit O is write-enabled

1 Bit 0 is write-protected (initial value)

Thishbit isawaysread as 1. Data written to this bit is not stored.
Bit 0—Watchdog Timer Reset (WRST)

Bit O indicates that TCW has overflowed, generating an internal reset signal. The internal reset
signal generated by the overflow resets the entire chip. WRST is cleared to 0 by areset from the
RES pin, or when software writes 0.

Bit 0
WRST Description
0 Clearing conditions:

Reset by RES pin
When TCSRWE = 1, and 0 is written in both BOWI and WRST

1 Setting condition:
When TCW overflows and an internal reset signal is generated
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Timer Counter W (TCW)

Bit 7 6 5 4 3 2 1 0
‘ TCW7 ‘ TCW6 ‘ TCW5 ‘ TCW4 ‘ TCW3 ‘ TCW2 ‘ TCW1 ‘ TCWO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

For the H8/38024, H8/38024S, and H8/38024F-ZTAT groups, the clock source is (/8,192 or
@w/32. For the H8/38124 group, the clock source is selected based on the timer mode register
(TMW) setting if WDCKSis0and is @w/32 if WDCKSis 1.

When TCW overflows from H'FF to H'00, an internal reset signal is generated and WRST is set to
1in TCSRW. Upon reset, TCW isinitialized to H'00.

Timer Mode Register (TMW)

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ] — ] — ] CKS3 ] CKS2 ] CKS1 ] CKS0 \

Initial value 1 1 1 1 1 1 1 1

Read/Write — — — — R/W R/W R/W R/W

The TMW register is only implemented on the H8/38124. The input clock is selected using
combinations of CKS3 to CKS0.

Bits 7 to 4—Reserved
These bits are always read as 1.
Bits3to 0—Clock Select (CKS3to CKS0)

These bits are used to select the clock input to TCW from among 10 internal options. Clock source
selection using this register is enabled when WDCKS in port mode register 2 (PMR2) is cleared to
0. If WDCKSisset to 1 the @w/32 clock source is selected, regardless of the settings of the bitsin
thisregister.
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Bit 3 Bit 2 Bit 1 Bit 0
CKS3 CKS2 CKS1 CKSO Description

1 0 0 0 Internal clock: @64 count
1 Internal clock: @128 count
1 0 Internal clock: @256 count
1 Internal clock: @512 count
1 0 0 Internal clock: ¢/1024 count
1 Internal clock: ¢2048 count
1 0 Internal clock: ¢/4096 count
1 Internal clock: ¢/8192 count (initial value)
0 X X X Watchdog on-chip oscillator

Note: X: Don't care

Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0
[vocksto*|  — | —  [pwacksTP|AECKSTP [wDCKSTP|PW1CKSTP| LDCKSTP

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W — — R/W R/W R/W R/W R/W

Note: * Bits 6 and 5 are also reserved on products other than the H8/38124 Group.

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the watchdog timer is described here. For details of the other
bits, see the sections on the relevant modules.

Bit 2—Watchdog Timer M odule Standby M ode Control (WDCK STP)
Bit 2 controls setting and clearing of module standby mode for the watchdog timer.

WDCKSTP  Description

0 Watchdog timer is set to module standby mode

1 Watchdog timer module standby mode is cleared (initial value)

Note: WDCKSTP is valid when the WDON bit is cleared to 0 in timer control/status register W
(TCSRW). If WDCKSTP is set to 0 while WDON is set to 1 (during watchdog timer
operation), 0 will be set in WDCKSTP but the watchdog timer will continue its watchdog
function and will not enter module standby mode. When the watchdog function ends and
WDON is cleared to 0 by software, the WDCKSTP setting will become valid and the
watchdog timer will enter module standby mode.
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Port Mode Register 2 (PM R2)

Bit 7 6 5 4 3 2 1 0
— — \ POF1 \ — — \ WDCKS \ NCS \ IRQO

Initial value 1 1 0 1 1 0 0 0

Read/Write — — R/W — — RW R/W R/W

PMR2 is an 8-hit read/write register, mainly controlling the selection of pin functions for port 2.
Only the bit relating to the watchdog timer is described here. For details of the other bits, see
section 8, 1/0 Ports.

Bit 2—Watchdog Timer Source Clock Select (WDCKYS)

This bit selects the watchdog timer source clock. Note that stabilization times for the H8/38024,
H8/38024S, and H8/38024F-ZTAT Group and for the H8/38124 Group are different.

» H8/38024, H8/38024S, H8/38024F-ZTAT Group

WDCKS Description

0 8192 selected (initial value)

1 @w/32 selected

» HB8/38124 Group

WDCKS Description

0 Selects clock based on timer mode register W (TMW) setting (initial value)

1 @w/32 selected
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9.6.3 Timer Operation

The watchdog timer has an 8-bit counter (TCW) that is incremented by clock input. The input
clock is selected by the WDCK S in port mode register 2 (PMR2): on the H8/38024, H8/38024S,
and H8/38024F-ZTAT Group, ¢/8192 is selected when WDCKS s cleared to 0, and @w/32 when
set to 1. On the H8/38124 Group, if WDCKS s cleared to O the clock selection is specified by the
setting of timer mode register W (TMW), and if WDCKS is set to 1 the gw/32 clock sourceis
selected. When TCSRWE = 1in TCSRW, if O iswritten in B2WI and 1 is simultaneously written
in WDON, TCW starts counting up. (Write access to TCSRW is required twice to turn on the
watchdog timer. However, on the H8/38124 Group WDON is set to 1 after areset is cancelled,
TCW sartsto be incremented even without gaining write accessto TCSRW.) When the TCW
count value reaches H'FF, the next clock input causes the watchdog timer to overflow, and an
internal reset signal is generated one base clock (¢ or @gyg) cycle later. The internal reset signal is
output for 512 clock cycles of the @osc clock. It is possible to write to TCW, causing TCW to
count up from the written value. The overflow period can be set in the range from 1 to 256 input
clocks, depending on the value written in TCW.

Figure 9.18 shows an example of watchdog timer operations.

Example: ¢ = 2 MHz and the desired overflow period is 30 ms.

. 6
2:10°  35. 103 =73

8192
The value set in TCW should therefore be 256 — 8 = 248 (H'F8).

TCW overflow
TCW count
value
H00O —— - f 777777777777777777777777777777777777777 e
Start T T T
H'F8 is written H'F8 is written in TCW Reset
in TCW

Internal reset
signal

512 ¢ppsc clock cycles

Figure9.18 Typical Watchdog Timer Operations (Example)
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9.6.4 Watchdog Timer Operation States

Table 9.17(1) and table 9.17(2) summarize the watchdog timer operation states for the H8/38024,
H8/38024S, and H8/38024F-ZTAT Group, and for the H8/38124 Group, respectively.

Table9.17(1) Watchdog Timer Operation States
(H8/38024, H8/38024S, H8/38024F-ZTAT Group)

Operation Module

Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby

TCW Reset Functions Functions Halted Functions/ Halted Halted Halted
Halted"

TCSRW Reset Functions Functions Retained Functions/ Retained Retained Retained
Halted”

Note: * Functions when @w/32 is selected as the input clock.

Table9.17(2) Watchdog Timer Operation States (H8/38124 Group)

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep Standby Standby
TCW Reset Functions Functions Functions/ Functions/ Functions/ Functions/ Halted

Halted** Halted** Halted®™® Halted*?

TCSRW Reset Functions Functions Functions/ Functions/ Functions/ Functions/ Retained
Retained™* Halted”® Retained™* Retained"?

T™MW Reset Functions Functions Functions/ Functions/ Functions/ Functions/ Retained
Retained™ Halted** Retained** Retained”?

Notes: 1. Operates when @w/32 or the on-chip oscillator is selected as the internal clock.
2. Operates only when the on-chip oscillator is selected.
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9.7 Asynchronous Event Counter (AEC)

9.7.1 Overview

The asynchronous event counter isincremented by external event clock or internal clock input.

Features

Features of the asynchronous event counter are given below.

Can count asynchronous events

Can count external events input asynchronously without regard to the operation of base clocks
@ and Qgyg.

The counter has a 16-bit configuration, enabling it to count up to 65536 (2'°) events.

Can a'so be used as two independent 8-bit event counter channels.

Can be used as single-channel independent 16-bit event counter.

Event/clock input is enabled only when IRQAEC is high or event counter PWM output
(IECPWM) is high.

Both edge sensing can be used for IRQAEC or event counter PWM output (IECPWM)
interrupts. When the asynchronous counter is not used, independent interrupt function useis
possible.

When an event counter PWM is used, event clock input enabling/disabling can be performed
automatically in afixed cycle.

External event input or a prescaler output clock can be selected by software for the ECH and
ECL clock sources. @/2, ¢/4, or ¢/8 can be selected as the prescaler output clock.

Both edge counting is possible for AEVL and AEVH.
Counter resetting and halting of the count-up function controllable by software
Automatic interrupt generation on detection of event counter overflow

Use of module standby mode enables this module to be placed in standby mode independently
when not used.
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Block Diagram

Figure 9.19 shows a block diagram of the asynchronous event counter.

— IRREC
N
ECCR
6 PSS [
.0
¢4, o/8
(8 bits) CK
Edge sensing :r\
AEVH circuit L/
ovL ECL )
(8 bits)  cK 3
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Edge sensing 4:&— =
AEVL circuit g
IRQAEC Edge sensing To CPU interrupt g
circuit (IRREC2) =
§ ECPWCRL |<—>
5 ECPWCRH
w
I
PWM waveform generator |
o2, $p/4,
/8, $/16,
6132, $/64
ECPWDRL
ECPWDRH
AEGSR ||—
NS
[Legend]
ECPWCRH: Event counter PWM compare register H ECPWCRL: Event counter PWM compare register L
ECPWDRH: Event counter PWM data register H ECPWDRL: Event counter PWM data register L
AEGSR: Input pin edge select register ECCR: Event counter control register
ECCSR: Event counter control/status register
ECH: Event counter H
ECL: Event counter L

Figure9.19 Block Diagram of Asynchronous Event Counter
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Pin Configuration

Table 9.18 shows the asynchronous event counter pin configuration.

Table9.18 Pin Configuration

Name Abbr. /0 Function
Asynchronous event input H AEVH Input  Event input pin for input to event counter H
Asynchronous event input L AEVL Input  Event input pin for input to event counter L

Event input enable interrupt input IRQAEC Input

Input pin for interrupt enabling event input

Register Configuration

Table 9.19 shows the register configuration of the asynchronous event counter.

Table9.19 Asynchronous Event Counter Registers

Name Abbr. R/W Initial Value Address
Event counter PWM compare register H ECPWCRH R/W H'FF H'FF8C
Event counter PWM compare register L ECPWCRL R/W H'FF H'FF8D
Event counter PWM data register H ECPWDRH w H'00 H'FF8E
Event counter PWM data register L ECPWDRL W H'00 H'FF8F
Input pin edge select register AEGSR R/W H'00 H'FF92
Event counter control register ECCR R/W H'00 H'FF94
Event counter control/status register ECCSR R/W H'00 H'FF95
Event counter H ECH R H'00 H'FF96
Event counter L ECL R H'00 H'FF97
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
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9.7.2 Register Configurations

Event Counter PWM Compare Register H (ECPWCRH)

Bit 7 6 5 4 3 2 1 0
‘ECPWCRH7 ‘ECPWCRHG ‘ECPWCRHS ‘ ECPWCRH4‘ ECPWCRHS‘ ECPWCRHZ‘ ECPWCRH1 ‘ ECPWCRHO‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWCRH
should not be modified.

When changing the conversion period, event counter PWM must be halted by clearing
ECPWME to 0 in AEGSR before modifying ECPWCRH.

ECPWCRH is an 8-bit read/write register that sets the event counter PWM waveform conversion
period.

Event Counter PWM Compare Register L (ECPWCRL)

Bit 7 6 5 4 3 2 1 0
‘ECPWCRL7 ‘ECPWCRLS ‘ECPWCRL5 ‘ ECPWCRL4‘ECPWCRLS‘ECPWCRLZ ‘ ECPWCRL1 ‘ECPWCRLO‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWCRL
should not be modified.

When changing the conversion period, event counter PWM must be halted by clearing
ECPWME to 0 in AEGSR before modifying ECPWCRL.

ECPWCRL is an 8-hit read/write register that sets the event counter PWM waveform conversion
period.
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Event Counter PWM Data Register H (ECPWDRH)

Bit 7 6 5 4 3 2 1 0

‘ ECPWDRH7‘ECPWDRH6 ‘ECPWDRHS ‘ECPWDRH4 ‘ECPWDRHS‘ ECPWDRHZ‘ ECPWDRH1 ‘ECPWDRHO‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWDRH
should not be modified.

When changing the data, event counter PWM must be halted by clearing ECPWME to 0 in
AEGSR before modifying ECPWDRH.

ECPWDRH is an 8-bit write-only register that controls event counter PWM waveform generator
data.

Event Counter PWM Data Register L (ECPWDRL)

Bit 7 6 5 4 3 2 1 0
‘ECPWDRL? ‘ECPWDRLES ‘ECPWDRLS ‘ECPWDRL4 ‘ECPWD RL3‘ECPWDRL2 ‘ ECPWDRL1 ‘ECPWDRLO‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

Note: When ECPWME in AEGSR is 1, event counter PWM is operating and therefore ECPWDRL
should not be modified.

When changing the data, event counter PWM must be halted by clearing ECPWME to 0 in
AEGSR before modifying ECPWDRL.

ECPWDRL isan 8-bit write-only register that controls event counter PWM waveform generator
data.

Input Pin Edge Selection Register (AEGSR)

Bit 7 6 5 4 3 2 1 0
‘AHEGS1 ‘ AHEGSO‘ ALEGS1 ‘ ALEGSO‘ AIEGS1 ‘ AIEGS0 ‘ECPWME‘ — ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

AEGSR isan 8-bit read/write register that selectsrising, falling, or both edge sensing for the
AEVH, AEVL, and IRQAEC pins.
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Bits 7 and 6—AEC Edge Select H

Bits 7 and 6 select rising, falling, or both edge sensing for the AEVH pin.
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Bit 1—Event Counter PWM Enable

Bit 1 controls enabling/disabling of event counter PWM and selection/desel ection of IRQAEC.

Bit 1

ECPWME Description

0 AEC PWM halted, IRQAEC selected (initial value)
1 AEC PWM operation enabled, IRQAEC deselected

Bit 0—Reserved

Bit O is areadable/writable reserved bit. It isinitialized to 0 by areset.
Note: Do not set thisbit to 1.

Event Counter Control Register (ECCR)

Bit 7 6 5 4 3 2 1 0
‘ACKH1 ‘ ACKHO‘ ACKL1 ‘ ACKLO ‘ PWCK2 ‘ PWCK1 ‘ PWCKO‘ — ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

ECCR performs counter input clock and IRQAEC/IECPWM control.
Bits 7 and 6—AEC Clock Select H (ACKH1, ACKHOQ)

Bits 7 and 6 select the clock used by ECH.

Bit 7 Bit 6

ACKH1 ACKHO Description

0 0 AEVH pin input (initial value)
1 @2

1 0 @4
1 @8
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Bits5 and 4—AEC Clock Select L (ACKL1, ACKLO)

Bits 5 and 4 select the clock used by ECL.

Bit 5 Bit 4

ACKL1 ACKLO Description

0 0 AEVL pin input (initial value)
1 @2

1 0 @4
1 @8

Bits 3 to 1—Event Counter PWM Clock Select (PWCK2, PWCK1, PWCKO)

Bits 3 to 1 select the event counter PWM clock.

Bit 3 Bit 2 Bit 1
PWCK2 PWCK1 PWCKO Description
0 0 0 @2 (initial value)

1 @4

1 0 @8

1 @16
1 * 0 @32

1 @64

*: Don't care

Bit 0—Reserved

Bit 0 is areadable/writable reserved bit. Itisinitialized to 0 by areset.

Note: Do not set thisbit to 1.
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Event Counter Control/Status Register (ECCSR)

Bit 7 6 5 4 3 2 1 0
OVH ot | — | cH2 | cueH | cueL | creH | creL

Initial Value 0 0 0 0 0 0 0 0

Read/Write RW* RW* RW RW RW R/W RW RW

Note: * Bits 7 and 6 can only be written with 0, for flag clearing.

ECCSR is an 8-hit read/write register that controls counter overflow detection, counter resetting,
and halting of the count-up function.

ECCSR isinitialized to H'00 upon reset.
Bit 7—Counter Overflow H (OVH)

Bit 7 isa status flag indicating that ECH has overflowed from H'FF to H'00. Thisflag is set when
ECH overflows. It iscleared by software but cannot be set by software. OVH iscleared by
reading it when set to 1, then writing 0.

When ECH and ECL are used as a 16-bit event counter with CH2 cleared to 0, OVH functionsas a
status flag indicating that the 16-bit event counter has overflowed from H'FFFF to H'0000.

Bit 7
OVH Description
0 ECH has not overflowed (initial value)

Clearing condition:
After reading OVH = 1, cleared by writing 0 to OVH

1 ECH has overflowed
Setting condition:
Set when ECH overflows from H'FF to H'00

Bit 6—Counter Overflow L (OVL)

Bit 6 is a status flag indicating that ECL has overflowed from H'FF to H'00. Thisflag is set when
ECL overflows. It iscleared by software but cannot be set by software. OVL is cleared by
reading it when set to 1, then writing O.
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Bit 6
OovL Description

0 ECL has not overflowed (initial value)
Clearing condition:
After reading OVL = 1, cleared by writing 0 to OVL

1 ECL has overflowed
Setting condition:
Set when ECL overflows from H'FF to H'00

Bit 5—Reserved
Bit 5 is areadable/writable reserved bit. It isinitialized to 0 by areset.
Bit 4—Channel Select (CH2)

Bit 4 selects whether ECH and ECL are used as a single-channel 16-bit event counter or as two
independent 8-bit event counter channels. When CH2 is cleared to 0, ECH and ECL function asa
16-bit event counter which isincremented each time an event clock isinput to the AEVL pin. In
this case, the overflow signal from ECL is selected asthe ECH input clock. When CH2 isset to 1,
ECH and ECL function as independent 8-hit event counters which are incremented each time an
event clock isinput to the AEVH or AEVL pin, respectively.

Bit 4
CH2 Description
0 ECH and ECL are used together as a single-channel 16-bit event counter
(initial value)
1 ECH and ECL are used as two independent 8-bit event counter channels

Bit 3—Count-up Enable H (CUEH)

Bit 3 enables event clock input to ECH. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECH valueisheld. The AEVH pin or the ECL overflow signal can be selected as the event clock
source by hit CH2.

Bit 3

CUEH Description

0 ECH event clock input is disabled (initial value)
ECH value is held

1 ECH event clock input is enabled
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Bit 2—Count-up EnableL (CUEL)

Bit 2 enables event clock input to ECL. When 1 iswritten to this bit, event clock input is enabled
and increments the counter. When 0 is written to this bit, event clock input is disabled and the
ECL vaueisheld.

Bit 2

CUEL Description

0 ECL event clock input is disabled (initial value)
ECL value is held

1 ECL event clock input is enabled

Bit 1—Counter Reset Control H (CRCH)

Bit 1 controls resetting of ECH. When thisbit is cleared to 0, ECH isreset. When 1 iswritten to
this bit, the counter reset is cleared and the ECH count-up function is enabled.

Bit 1

CRCH Description

0 ECH is reset (initial value)
1 ECH reset is cleared and count-up function is enabled

Bit 0—Counter Reset Control L (CRCL)

Bit O controls resetting of ECL. When thisbit is cleared to O, ECL isreset. When 1 iswritten to
this bit, the counter reset is cleared and the ECL count-up function is enabled.

Bit 0

CRCL Description

0 ECL is reset (initial value)
1 ECL reset is cleared and count-up function is enabled

Event Counter H (ECH)

Bit 7 6 5 4 3 2 1 0

| Ech7 | EcHe | EcHs | EcH4 | EcH3 ECH2 | ECH1 ECHO
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECH is an 8-hit read-only up-counter that operates either as an independent 8-bit event counter or
as the upper 8-bit up-counter of a 16-bit event counter configured in combination with ECL. The
external asynchronous event AEVH pin, ¢/2, ¢/4, ¢/8, or the overflow signal from lower 8-bit
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counter ECL can be selected as the input clock source. ECH can be cleared to H'00 by software,
and isaso initialized to H'00 upon reset.

Event Counter L (ECL)

Bit 7 6 5 4 3 2 1 0

| ECL7 | ECL6 ECL5 ECL4 ECL3 ECL2 ECL1 ECLO
Initial Value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

ECL isan 8-bit read-only up-counter that operates either as an independent 8-bit event counter or
as the lower 8-bit up-counter of a 16-bit event counter configured in combination with ECH. The
event clock from the external asynchronous event AEVL pin, ¢/2, @4, or ¢/8 is used as the input
clock source. ECL can be cleared to H'00 by software, and is also initialized to H'00 upon reset.

Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0
LVDCKSTP* — | — |PW20KSTP AECKSTP |[WDCKSTP|PW1CKSTP| LDCKSTP

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W — — R/W R/W R/W RW RW

Note: * Bits 6 and 5 are also reserved on products other than the H8/38124 Group.

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the asynchronous event counter is described here. For details of
the other bits, see the sections on the relevant modules.

Bit 3—Asynchronous Event Counter M odule Standby M ode Control (AECK STP)
Bit 3 controls setting and clearing of module standby mode for the asynchronous event counter.

AECKSTP  Description

0 Asynchronous event counter is set to module standby mode

1 Asynchronous event counter module standby mode is cleared (initial value)
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9.7.3 Operation
16-bit Event Counter Operation
When bit CH2 iscleared to 0 in ECCSR, ECH and ECL operate as a 16-bit event counter.

Any of four input clock sources—@/'2, @4, @/8, or AEVL pin input—can be selected by means of
bits ACKL1 and ACKLO in ECCR.

When AEVL pininput is selected, input sensing is selected with bits ALEGS1 and ALEGSO.

Theinput clock is enabled only when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM islow, theinput clock is not input to the counter, which therefore does not
operate. Figure 9.20 shows an example of the software processing when ECH and ECL are used
as a 16-hit event counter.

Clear CH2to 0
Set ACKL1, ACKLO, ALEGS1, and ALEGS0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVH and OVL to 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.20 Example of Software Processing when Using ECH and ECL as 16-Bit Event
Counter

AsCH2 iscleared to O by areset, ECH and ECL operate as a 16-bit event counter after a reset,
and as ACKL1 and ACKLO are cleared to 00, the operating clock is asynchronous event input
fromthe AEVL pin (using falling edge sensing). When the next clock is input after the count
value reaches H'FF in both ECH and ECL, ECH and ECL overflow from H'FFFF to H'0000, the
OVH flagisset to 1in ECCSR, the ECH and ECL count values each return to H'00, and counting
up isrestarted. When overflow occurs, the IRREC bitisset to 1in IRR2. If the IENEC bitin
IENR2 is1 at thistime, an interrupt request is sent to the CPU.
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8-bit Event Counter Operation
When bit CH2 isset to 1in ECCSR, ECH and ECL operate as independent 8-bit event counters.

@2, @4, @8, or AEVH pin input can be selected as the input clock source for ECH by means of
bits ACKH1 and ACKHO in ECCR, and ¢/2, @/4, @8, or AEVL pin input can be selected asthe
input clock source for ECL by means of bits ACKL1 and ACKLO in ECCR.

Input sensing is selected with bits AHEGS1 and AHEGSO when AEVH pininput is selected, and
with bits ALEGS1 and ALEGSO when AEVL pininput is selected.

Theinput clock is enabled only when IRQAEC is high or IECPWM is high. When IRQAEC is
low or IECPWM islow, theinput clock is not input to the counter, which therefore does not
operate. Figure 9.21 shows an example of the software processing when ECH and ECL are used
as 8-hit event counters.

Set CH2 to 1
Set ACKH1, ACKHO, ACKL1, ACKLO, AHEGS1,
AHEGSO0, ALEGS1, and ALEGS0
Clear CUEH, CUEL, CRCH, and CRCL to 0

Clear OVHto 0
Set CUEH, CUEL, CRCH, and CRCL to 1

Figure9.21 Example of Software Processing when Using ECH and ECL as 8-Bit Event
Counters

ECH and ECL can be used as 8-bit event counters by carrying out the software processing shown
inthe examplein figure 9.21. When the next clock isinput after the ECH count value reaches
H'FF, ECH overflows, the OVH flagisset to 1 in ECCSR, the ECH count value returns to H'00,
and counting up isrestarted. Similarly, when the next clock isinput after the ECL count value
reaches H'FF, ECL overflows, the OVL flagissetto 1in ECCSR, the ECL count value returnsto
H'00, and counting up is restarted. When overflow occurs, the IRREC bitissetto 1 in IRR2. If
the IENEC bit in IENR2 is 1 at thistime, an interrupt request is sent to the CPU.
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IRQAEC Operation

When ECPWME in AEGSR is 0, the ECH and ECL input clocks are enabled only when IRQAEC
ishigh. When IRQAEC islow, theinput clocks are not input to the counters, and so ECH and
ECL do not count. ECH and ECL count operations can therefore be controlled from outside by
controlling IRQAEC. Inthis case, ECH and ECL cannot be controlled individually.

IRQAEC can also operate as an interrupt source. In this case the vector number is 6 and the vector
addresses are H'000C and H'000D.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IRQAEC interrupt is generated,
IRR1 interrupt request flag IRREC2 issetto 1. If IENEC2in IENR1issetto 1 at thistime, an
interrupt request is sent to the CPU.

Rising, falling, or both edge sensing can be selected for the IRQAEC input pin, with bits AIAGS1
and AIAGS0 in AEGSR.

Note: Onthe H8/38124 Group, control of switching between the system clock oscillator and the
on-chip oscillator during resets should be performed by setting the IRQAEC input level.
Refer to section 4, Clock Pulse Generators, for details.

Event Counter PWM Operation

When ECPWME in AEGSR is 1, the ECH and ECL input clocks are enabled only when event
counter PWM output (IECPWM) is high. When IECPWM islow, the input clocks are not input to
the counters, and so ECH and ECL do not count. ECH and ECL count operations can therefore be
controlled cyclically from outside by controlling event counter PWM. In this case, ECH and ECL
cannot be controlled individually.

IECPWM can also operate as an interrupt source. In this case the vector number is 6 and the
vector addresses are H'000C and H'000D.

Interrupt enabling is controlled by IENEC2 in IENR1. When an IECPWM interrupt is generated,
IRR1 interrupt request flag IRREC2issetto 1. If IENEC2inIENR1issetto 1 at thistime, an
interrupt request is sent to the CPU.

Rising, falling, or both edge detection can be selected for IECPWM interrupt sensing with bits
AIAGSL1 and AIAGS0 in AEGSR.
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Figure 9.23 shows an example of the operation of this function.
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Figure9.23 Example of Clock Control Operation

9.74 Asynchronous Event Counter Operation M odes

Asynchronous event counter operation modes are shown in table 9.21.

Table9.21 Asynchronous Event Counter Operation Modes

Operation Module
Mode Reset Active Sleep Watch Subactive Subsleep  Standby Standby
AEGSR Reset Functions Functions Retained™  Functions Functions Retained™®  Retained
ECCR Reset Functions Functions Retained”™* Functions Functions Retained** Retained
ECCSR Reset Functions Functions Retained”™* Functions Functions Retained** Retained
ECH Reset Functions Functions Functions™**? Functions™® Functions®? Functions™**? Halted
ECL Reset Functions Functions Functions™**? Functions*® Functions®? Functions***? Halted
IRQAEC  Reset Functions Functions Retained”®  Functions Functions Retained*®  Retained™*
Event Reset Functions Functions Retained Retained Retained Retained Retained
counter

PWM

Notes: 1. When an asynchronous external event is input, the counter increments but the counter
overflow H/L flags are not affected.

2. Operates when asynchronous external events are selected; halted and retained
otherwise.

3. Clock control by IRQAEC operates, but interrupts do not.
4. As the clock is stopped in module standby mode, IRQAEC has no effect.
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9.75 Application Notes

1. When reading the valuesin ECH and ECL, the correct value will not be returned if the event
counter increments during the read operation. Therefore, if the counter is being used in the 8-
bit mode, clear bits CUEH and CUEL in ECCSR to O before reading ECH or ECL. If the
counter is being used in the 16-bit mode, clear CUEL only to 0 before reading ECH or ECL.

2. Useaclock with afrequency of up to 16 MHz for input to the AEVH and AEVL pins, and
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Section 10 Serial Communication Interface

10.1 Overview
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* Full-duplex communication
Separate transmission and reception units are provided, enabling transmission and reception to
be carried out simultaneously. The transmission and reception units are both double-buffered,
allowing continuous transmission and reception.

»  On-chip baud rate generator, allowing any desired bit rate to be selected

» Choice of aninternal or external clock as the transmit/receive clock source

» Six interrupt sources: transmit end, transmit data empty, receive data full, overrun error,
framing error, and parity error

Note: Onthe H8/38124 Group, the system clock generator must be used when carrying out this
function.
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10.1.2  Block Diagram

Figure 10.1 shows a block diagram of SCI3.

- ]

Internal data bus

I T I

Interrupt request
(TEI, TXI, RXI, ERI)

External «—— Internal clock (¢/64, ¢/16, dy/2, ¢)
SCKs2 = ¢iock Baud rate generator
BRC [ BRR
Clock
- SMR
Transmit/receive
control circuit <—| SCR3
- SSR
TXDg, 0 - TSR ~—| TDR
SPCR
RXDg; © +| RSR |——| RDR
[Legend]

RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR:  Transmit data register
SMR: Serial mode register
SCRS3: Serial control register 3
SSR:  Serial status register

BRR: Bit rate register
BRC: Bit rate counter

SPCR: Serial port control register

Figure10.1 SCI3 Block Diagram
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10.1.3  Pin Configuration

Table 10.1 shows the SCI3 pin configuration.

Table10.1 Pin Configuration

Name Abbr. 110 Function

SCI3 clock SCKas; 110 SCI3 clock input/output
SCI3 receive data input RXD3, Input SCI3 receive data input
SCI3 transmit data output TXDs32 Output SCI3 transmit data output

10.14 Register Configuration

Table 10.2 shows the SCI3 register configuration.

Table10.2 Registers

Name Abbr. R/W Initial Value Address
Serial mode register SMR R/W H'00 H'FFA8
Bit rate register BRR R/W H'FF H'FFA9
Serial control register 3 SCR3 R/W H'00 H'FFAA
Transmit data register TDR R/W H'FF H'FFAB
Serial status register SSR R/W H'84 H'FFAC
Receive data register RDR R H'00 H'FFAD
Transmit shift register TSR Protected — —
Receive shift register RSR Protected — —

Bit rate counter BRC Protected — —
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA
Serial port control register SPCR R/W — H'FF91
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10.2  Register Descriptions

10.2.1 Receve Shift Register (RSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — _ _ _

RSR isaregister used to receive serial data. Serial datainput to RSR from the RXD3, pinissetin
the order in which it is received, starting from the LSB (bit 0), and converted to parallel data.
When one byte of dataisreceived, it istransferred to RDR automatically.

RSR cannot be read or written directly by the CPU.

10.2.2 Receive Data Register (RDR)

Bit 7 6 5 4 3 2 1 0

‘ RDR7 ‘ RDR6 ‘ RDR5 ‘ RDR4 ‘ RDR3 ‘ RDR2 ‘ RDR1 ‘ RDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

RDR is an 8-hit register that stores received seria data

When reception of one byte of datais finished, the received datais transferred from RSR to RDR,
and the receive operation is completed. RSR isthen ableto receive data. RSR and RDR are
double-buffered, allowing consecutive receive operations.

RDR is aread-only register, and cannot be written by the CPU.

RDR isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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10.2.3  Transmit Shift Register (TSR)

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — _ _ _

TSR isaregister used to transmit serial data. Transmit dataisfirst transferred from TDR to TSR,
and serial datatransmissionis carried out by sending the data to the TXDg, pin in order, starting
fromthe LSB (bit 0). When one byte of datais transmitted, the next byte of transmit datais
transferred to TDR, and transmission started, automatically. Datatransfer from TDRto TSR is
not performed if no data has been written to TDR (if bit TDRE isset to 1 in the seria status
register (SSR)).

TSR cannot be read or written directly by the CPU.

10.2.4  Transmit Data Register (TDR)

Bit 7 6 5 4 3 2 1 0

‘ TDR7 ‘ TDR6 ‘ TDR5 ‘ TDR4 ‘ TDR3 ‘ TDR2 ‘ TDR1 ‘ TDRO ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

TDR isan 8-bit register that stores transmit data. When TSR is found to be empty, the transmit
data written in TDR istransferred to TSR, and serial datatransmission is started. Continuous
transmission is possible by writing the next transmit datato TDR during TSR seria data
transmission.

TDR can be read or written by the CPU at any time.

TDRisinitialized to H'FF upon reset, and in standby, modul e standby, or watch mode.
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10.25 Serial Mode Register (SMR)

Bit 7 6 5 4 3 2 1 0
‘ COM ‘ CHR ‘ PE ‘ PM ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SMR isan 8-bit register used to set the serial data transfer format and to select the clock source for
the baud rate generator.

SMR can be read or written by the CPU at any time.
SMRisinitialized to H'00 upon reset, and in standby, module standby, or watch mode.
Bit 7—Communication M ode (COM)

Bit 7 selects whether SCI3 operates in asynchronous mode or synchronous mode.

Bit 7

COM Description

0 Asynchronous mode (initial value)
1 Synchronous mode

Bit 6—Character Length (CHR)

Bit 6 selects either 7 or 8 bits as the data length to be used in asynchronous mode. In synchronous
mode the data length is always 8 bits, irrespective of the bit 6 setting.

Bit 6

CHR Description

0 8-bit data/5-bit data*? (initial value)
1 7-bit data™*/5-bit data™?

Notes: 1. When 7-bit data is selected, the MSB (bit 7) of TDR is not transmitted.

2. When 5-bit data is selected, set both PE and MP to 1. The three most significant bits
(bits 7, 6, and 5) of TDR are not transmitted.
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Bit 5—Parity Enable (PE)

Bit 5 selects whether a parity bit is to be added during transmission and checked during reception
in asynchronous mode. In synchronous mode parity bit addition and checking is not performed,
irrespective of the bit 5 setting.

Bit 5

PE Description

0 Parity bit addition and checking disabled*? (initial value)
1 Parity bit addition and checking enabled*"/*?

Notes: 1. When PE is setto 1, even or odd parity, as designated by bit PM, is added to transmit
data before it is sent, and the received parity bit is checked against the parity
designated by bit PM.

2. For the case where 5-bit data is selected, see table 10.11.

Bit 4—Parity Mode (PM)

Bit 4 selects whether even or odd parity is to be used for parity addition and checking. The PM bit
setting is only valid in asynchronous mode when bit PE is set to 1, enabling parity bit addition and
checking. The PM bit setting isinvalid in synchronous mode, and in asynchronous mode if parity
bit addition and checking is disabled.

Bit 4

PM Description

0 Even parity*l (initial value)
1 Odd parity*?

Notes: 1. When even parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an even number; in reception,
a check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an even number.

2. When odd parity is selected, a parity bit is added in transmission so that the total
number of 1 bits in the transmit data plus the parity bit is an odd number; in reception, a
check is carried out to confirm that the number of 1 bits in the receive data plus the
parity bit is an odd number.
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Bit 3—Stop Bit Length (STOP)

Bit 3 selects 1 hit or 2 bits as the stop bit length in asynchronous mode. The STOP bit setting is
only valid in asynchronous mode. When synchronous mode is selected the STOP bit setting is
invalid since stop bits are not added.

Bit 3

STOP Description

0 1 stop bit** (initial value)
1 2 stop bits™?

Notes: 1. In transmission, a single 1 bit (stop bit) is added at the end of a transmit character.
2. Intransmission, two 1 bits (stop bits) are added at the end of a transmit character.

In reception, only the first of the received stop bits is checked, irrespective of the STOP bit setting.
If the second stop bit is 1 it istreated asa stop bit, but if O, it is treated as the start bit of the next
transmit character.

Bit 2—M ultiprocessor M ode (M P)

Bit 2 enables or disables the multiprocessor communication function. When the multiprocessor
communication function is enabled, the parity settingsin the PE and PM bitsareinvalid. The MP
bit setting is only valid in asynchronous mode. When synchronous mode is selected the MP bit
should be set to 0. For details on the multiprocessor communication function, see section 10.3.4,
Multiprocessor Communication Function.

Bit 2

MP Description

0 Multiprocessor communication function disabled” (initial value)
1 Multiprocessor communication function enabled”

Note: * For the case where 5-bit data is selected, see table 10.11.
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Bits1 and 0—Clock Select 1, 0 (CK S1, CK S0)
Bits 1 and O choose @/64, ¢/16, @w/2, or @ asthe clock source for the baud rate generator.

For the relation between the clock source, bit rate register setting, and baud rate, see section
10.2.8, Bit rate register (BRR).

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @ clock (initial value)
0 1 @w/2 clock**/@w clock*?

1 0 @16 clock

1 1 @64 clock

Notes: 1. @w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @w clock in subactive mode and subsleep mode. In subactive or subsleep mode, SCI3
can be operated when CPU clock is @w/2 only.

10.2.6  Serial Control Register 3 (SCR3)

Bit 7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

SCR3 isan 8-hit register for selecting transmit or receive operation, the asynchronous mode clock
output, interrupt request enabling or disabling, and the transmit/receive clock source.

SCRS3 can be read or written by the CPU at any time.

SCR3 isinitialized to H'00 upon reset, and in standby, module standby or watch mode.
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Bit 7—Transmit Interrupt Enable (TIE)

Bit 7 selects enabling or disabling of the transmit data empty interrupt request (TX1) when
transmit data is transferred from the transmit data register (TDR) to the transmit shift register
(TSR), and bit TDRE in the seria status register (SSR) isset to 1.

TXI can bereleased by clearing bit TDRE or bit TIE to O.

Bit 7

TIE Description

0 Transmit data empty interrupt request (TXI) disabled (initial value)
1 Transmit data empty interrupt request (TXI) enabled

Bit 6—Receive Interrupt Enable (RIE)

Bit 6 selects enabling or disabling of the receive data full interrupt request (RX1) and the receive
error interrupt request (ERI) when receive data is transferred from the receive shift register (RSR)
to the receive data register (RDR), and bit RDRF in the serial status register (SSR) isset to 1.
There are three kinds of receive error: overrun, framing, and parity.

RXI1 and ERI can be released by clearing bit RDRF or the FER, PER, or OER error flag to O, or by
clearing bit RIE to 0.

Bit 6

RIE Description

0 Receive data full interrupt request (RXI) and receive error interrupt (initial value)
request (ERI) disabled

1 Receive data full interrupt request (RXI) and receive error interrupt

request (ERI) enabled

Bit 5—Transmit Enable (TE)

Bit 5 selects enabling or disabling of the start of transmit operation.

Bit 5

TE Description

0 Transmit operation disabled** (TXD32 pin is I/O port) (initial value)
1 Transmit operation enabled*? (TXD32 pin is transmit data pin)

Notes: 1. Bit TDRE in SSRis fixed at 1.

2. When transmit data is written to TDR in this state, bit TDRE in SSR is cleared to 0 and
serial data transmission is started. Be sure to carry out serial mode register (SMR)
settings, and setting of bit SPC32 in SPCR, to decide the transmission format before
setting bit TE to 1.
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Bit 4—Receive Enable (RE)

Bit 4 selects enabling or disabling of the start of receive operation.

Bit 4

RE Description

0 Receive operation disabled™* (RXD32 pin is I/O port) (initial value)
1 Receive operation enabled*? (RXD32 pin is receive data pin)

Notes: 1. Note that the RDRF, FER, PER, and OER flags in SSR are not affected when bit RE is
cleared to 0, and retain their previous state.

2. In this state, serial data reception is started when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode. Be sure to carry out serial
mode register (SMR) settings to decide the reception format before setting bit RE to 1.

Bit 3—M ultiprocessor Interrupt Enable (M PIE)

Bit 3 selects enabling or disabling of the multiprocessor interrupt request. The MPIE bit setting is
only valid when asynchronous mode is selected and reception is carried out with bit MPin SMR
setto 1. The MPIE bit setting isinvalid when bit COM isset to 1 or bit MPis cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupt request disabled (normal receive operation)  (initial value)
Clearing condition:
When data is received in which the multiprocessor bit is set to 1

1 Multiprocessor interrupt request enabled”

Note: * Receive data transfer from RSR to RDR, receive error detection, and setting of the RDRF,
FER, and OER status flags in SSR is not performed. RXI, ERI, and setting of the RDRF,
FER, and OER flags in SSR, are disabled until data with the multiprocessor bit setto 1 is
received. When a receive character with the multiprocessor bit set to 1 is received, bit
MPBR in SSR is set to 1, bit MPIE is automatically cleared to 0, and RXI and ERI requests
(when bits TIE and RIE in serial control register 3 (SCR3) are set to 1) and setting of the
RDRF, FER, and OER flags are enabled.
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Bit 2—Transmit End Interrupt Enable (TEIE)

Bit 2 selects enabling or disabling of the transmit end interrupt request (TEI) if thereis no valid
transmit datain TDR when MSB datais to be sent.

Bit 2

TEIE Description

0 Transmit end interrupt request (TEI) disabled (initial value)
1 Transmit end interrupt request (TEI) enabled”

Note: * TEI can be released by clearing bit TDRE to 0 and clearing bit TEND to 0 in SSR, or by
clearing bit TEIE to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CKE1, CKEOQ)

Bits 1 and O select the clock source and enabling or disabling of clock output from the SCK 3, pin.
The combination of CKE1 and CKEO determines whether the SCK 5,
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10.2.7  Serial Status Register (SSR)

Bit 7 6 5 4 3 2 1 0
\ TDRE \ RDRF \ OER \ FER \ PER \ TEND \ MPBR \ MPBT \

Initial value 1 0 0 0 0 1 0 0

Read/Write RI(W)*  RI(W)* R/I(W)* RI(W)* RI(W)* R R R/W

Note: * Only a write of O for flag clearing is possible.

SSRis an 8-bit register containing status flags that indicate the operational status of SCI3, and
multiprocessor bits.

SSR can be read or written to by the CPU at any time, but 1 cannot be written to bits TDRE,
RDRF, OER, PER, and FER.

Bits TEND and MPBR are read-only bits, and cannot be modified.
SSRisinitialized to H'84 upon reset, and in standby, module standby, or watch mode.
Bit 7—Transmit Data Register Empty (TDRE)

Bit 7 indicates that transmit data has been transferred from TDR to TSR.

Bit 7

TDRE Description

0 Transmit data written in TDR has not been transferred to TSR
Clearing conditions:
After reading TDRE = 1, cleared by writing 0 to TDRE
When data is written to TDR by an instruction

1 Transmit data has not been written to TDR, or transmit data written in

TDR has been transferred to TSR

Setting conditions:

When bit TE in SCR3 is cleared to 0

When data is transferred from TDR to TSR (initial value)
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Bit 6—Receive Data Register Full (RDRF)

Bit 6 indicates that received datais stored in RDR.

Bit 6

RDRF Description

0 There is no receive data in RDR (initial value)
Clearing conditions:
After reading RDRF = 1, cleared by writing O to RDRF
When RDR data is read by an instruction

1 There is receive data in RDR

Setting condition:
When reception ends normally and receive data is transferred from RSR to RDR

Note: If an error is detected in the receive data, or if the RE bit in SCR3 has been cleared to 0,
RDR and bit RDRF are not affected and retain their previous state.
Note that if data reception is completed while bit RDRF is still set to 1, an overrun error
(OER) will result and the receive data will be lost.

Bit 5—Overrun Error (OER)

Bit 5 indicates that an overrun error has occurred during reception.

Bit 5
OER Description
0 Reception in progress or completed*l (initial value)
Clearing condition:
After reading OER = 1, cleared by writing 0 to OER
1 An overrun error has occurred during reception*2
Setting condition:
When reception is completed with RDRF set to 1
Notes: 1. When bit RE in SCR3 is cleared to 0, bit OER is not affected and retains its previous

state.

RDR retains the receive data it held before the overrun error occurred, and data
received after the error is lost. Reception cannot be continued with bit OER set to 1,
and in synchronous mode, transmission cannot be continued either.
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Bit 4—Framing Error (FER)

Bit 4 indicates that a framing error has occurred during reception in asynchronous mode.

Bit 4
FER Description
0 Reception in progress or completed™* (initial value)
Clearing condition:
After reading FER = 1, cleared by writing O to FER
1 A framing error has occurred during reception
Setting condition:
When the stop bit at the end of the receive data is checked for a value
of 1 at the end of reception, and the stop bit is 0*?
Notes: 1. When bit RE in SCR3 is cleared to 0, bit FER is not affected and retains its previous

state.

Note that, in 2-stop-bit mode, only the first stop bit is checked for a value of 1, and the
second stop bit is not checked. When a framing error occurs the receive data is
transferred to RDR but bit RDRF is not set. Reception cannot be continued with bit
FER setto 1. In synchronous mode, neither transmission nor reception is possible
when bit FER is set to 1.

Bit 3—Parity Error (PER)

Bit 3 indicates that a parity error has occurred during reception with parity added in asynchronous

mode.
Bit 3
PER Description
0 Reception in progress or completed*l (initial value)
Clearing condition:
After reading PER = 1, cleared by writing O to PER
1 A parity error has occurred during reception*2
Setting condition:
When the number of 1 bits in the receive data plus parity bit does not
match the parity designated by bit PM in the serial mode register (SMR)
Notes: 1. When bit RE in SCR3 is cleared to 0, bit PER is not affected and retains its previous

state.

Receive data in which a parity error has occurred is still transferred to RDR, but bit
RDRF is not set. Reception cannot be continued with bit PER set to 1. In synchronous
mode, neither transmission nor reception is possible when bit FER is set to 1.
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Bit 2—Transmit End (TEND)
Bit 2 indicates that bit TDRE isset to 1 when the last bit of atransmit character is sent.

Bit 2 isaread-only bit and cannot be modified.

Bit 2
TEND Description
0 Transmission in progress
Clearing conditions:
After reading TDRE = 1, cleared by writing O to TDRE
When data is written to TDR by an instruction
1 Transmission ended (initial value)

Setting conditions:
When bit TE in SCR3 is cleared to 0
When bit TDRE is set to 1 when the last bit of a transmit character is sent

Bit 1—M ultiprocessor Bit Eeceive (M PBR)

Bit 1 stores the multiprocessor bit in areceive character during multiprocessor format reception in
asynchronous mode.

Bit 1 isaread-only bit and cannot be modified.

Bit 1

MPBR Description

0 Data in which the multiprocessor bit is 0 has been received” (initial value)
1 Data in which the multiprocessor bit is 1 has been received

Note: * When bit RE is cleared to 0 in SCR3 with the multiprocessor format, bit MPBR is not
affected and retains its previous state.

Bit 0—M ultiprocessor Bit Transfer (M PBT)

Bit O stores the multiprocessor bit added to transmit data when transmitting in asynchronous
mode. The bit MPBT setting isinvalid when synchronous mode is selected, when the
multiprocessor communication function is disabled, and when not transmitting.

Bit 0

MPBT Description

0 A 0 multiprocessor bit is transmitted (initial value)
1 A 1 multiprocessor bit is transmitted
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10.2.8 Bit Rate Register (BRR)

Bit 7 6 5 4 3 2 1 0
‘ BRR7 ‘ BRR6 ‘ BRR5 ‘ BRR4 ‘ BRR3 ‘ BRR2 ‘ BRR1 ‘ BRRO ‘
Initial value 1 1 1 1 1 1 1 1

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

BRR is an 8-hit register that designates the transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS1 and CKS0 of the serial mode register (SMR).

BRR can be read or written by the CPU at any time.
BRRisinitialized to H'FF upon reset, and in standby, module standby, or watch mode.

Table 10.3 shows examples of BRR settings in asynchronous mode. The values shown are for
active (high-speed) mode.

Table10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

oscC

32.8 kHz 38.4 kHz 2 MHz 2.4576 MHz 4 MHz
Bit Rate Error Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%) n N (%)
110 —_ = = —_ = = 2 17 -1.36 2 21 -0.83 3 8 -1.36
150 —_ - = 0 0 2 12 0.16 3 3 0 2 25 0.16
200 —_ = = 0 2 0 2 9 -2343 2 0 3 4 -2.34
250 0 1 25 — — — 3 1 -2340 153 -0.26 2 15 -2.34
300 —_ = = 0 1 0 0 103 0.16 3 1 0 2 12 0.16
600 —_ = = 0 0 0 0 51 0.16 3 0 0 0 103 0.16
1200 —_ = = 0 25 016 2 1 0 0 51 0.16
2400 —_ - = 0 12 0.16 2 0 0 0 25 0.16
4800 —_ - = —_ - = 0 7 0 0 12 0.16
9600 —_ = = —_ = = 0 3 0 —_ = =
19200 —_ - = —_ - = 0 1 0 —_ - =
31250 —_ = = 0 0 0 —_ = = 0 1 0
38400 —_ - = —_ - = 0 0 0 —_ - =
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Table 10.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (2)

oscC

10 MHz 16 MHz
Bit Rate Error Error
(bit/s) n N (%) n N (%)
110 3 21 088 3 35 -1.36
150 3 15 173 3 25 0.16
200 3 11 173 3 19 -2.34
250 3 9 -2343 15 -2.34
300 3 7 1.73 3 12 0.16
600 3 3 173 2 25 0.16
1200 3 1 1.73 2 12 0.16
2400 3 0 173 0 103 0.16
4800 2 1 173 0 51 0.16
9600 2 0 173 0 25 0.16
19200 0 7 173 0 12 0.16
31250 0o 4 o0 0 7 0
38400 0 3 173 — — —
Notes: No indication: Setting not possible.

—: Setting possible, but errors may result.

1. The value set in BRR is given by the following equation:

where B:
N:

n:

0SsC

(64 « 22"« B)

-1

Bit rate (bit/s)
Baud rate generator BRR setting (0 < N < 255)
OSC: Value of gosc (Hz)
Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.4.)

2. The error in table 10.3 is the value obtained from the following equation, rounded to two
decimal places.

Error (%) =

B (rate obtained from n, N, OSC) — R(bit rate in left-hand column in table 10.3.)

100

R (bit rate in left-hand column in table 10.3.)

RENESAS
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Table10.4 Reation between n and Clock

SMR Setting
n Clock CKS1 CKS0
0 0 0 0
0 owi2" pw*? 0 1
2 @16 1 0
3 @64 1 1

Notes: 1. @w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is @w/2 only.

Table 10.5 shows the maximum bit rate for each frequency. The values shown are for active
(high-speed) mode.

Table10.5 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Rate Setting
OSC (MHz) (bit/s) n N
0.0384" 600 0 o
2 31250 0 0
2.4576 38400 0 0
4 62500 0 0
10 156250 0 0
16 250000 0 0

Note: * When SMR is set up to CKS1 = 0, CKSO = 1.
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Table 10.6 shows examples of BRR settings in synchronous mode. The values shown are for
active (high-speed) mode.

Table10.6 Examplesof BRR Settingsfor Various Bit Rates (Synchronous M ode) (1)

oscC
Bit Rate 38.4 kHz 2 MHz 4 MHz
(bit/s) n N Error n N Error n N Error
200 0 23 0 — — — — — —
250 — — — — — — 2 124 0
300 2 0 0 — — — — — —
500 — — — — — —
1K 0 249 0 — — —
2.5K 0 99 0 0 199 0
5K 0 49 0 0 99 0
10K 0 24 0 0 49 0
25K 0 9 0 0 19 0
50K 0 4 0 0 9 0
100K — — — 0 4 0
250K 0 0 0 0 1 0
500K 0 0 0
M
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Table10.6 Examplesof BRR Settingsfor Various Bit Rates (Synchronous M ode) (2)

0OSC
Bit Rate 10 MHz 16 MHz
(bit/s) n N Error n N Error
200 — — — — — —
250 — — — 3 124 0
300 — — — — — —
500 — — — 2 249 0
1K — — — 2 124 0
2.5K — — — 2 49 0
5K 0 249 0 2 24 0
10K 0 124 0 0 199 0
25K 0 49 0 0 79 0
50K 0 24 0 0 39 0
100K — — — 0 19 0
250K 0 4 0 0 0
500K — — — 0 0
M — — — 0 0

Blank: Cannot be set.
—: A setting can be made, but an error will result.

Notes: The value set in BRR is given by the following equation:

- osc .
~ (827.B)

where B: Bit rate (bit/s)
N: Baud rate generator BRR setting (0 < N < 255)
OSC: Value of @ 4 (H2)
n: Baud rate generator input clock number (n =0, 2, or 3)

(The relation between n and the clock is shown in table 10.7.)
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Table 10.7 Reation between n and Clock

SMR Setting
n Clock CKS1 CKSO
0 ® 0 0
0 /2" w*? 0 1
2 @16 1 0
3 @64 1 1

Notes: 1. @w/2 clock in active (medium-speed/high-speed) mode and sleep mode
2. @w clock in subactive mode and subsleep mode
In subactive or subsleep mode, SCI3 can be operated when CPU clock is @w/2 only.
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10.29 Clock stop register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

— | — |832CKSTP|ADCKSTP TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP
Initial value 1 1 1 1 1 1 1 1
Read/Write — — RW RW R/W R/W RW RW

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bitsrelating to SCI3 are described here. For details of the other bits, see the
sections on the relevant modules.

Bit 5—SCI3 M odule Standby M ode Control (S32CK STP)
Bit 5 controls setting and clearing of module standby mode for SCI 3.

S32CKSTP Description

0 SCI3 is set to module standby mode*

1 SCI3 module standby mode is cleared (initial value)

Note: * All SCI3 register is initialized in module standby mode.

10.2.10 Serial Port Control Register (SPCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘SPCSZ ‘ — ‘SCINVS ‘SCINVZ ‘ — ‘ — ‘
Initial value 1 1 0 — 0 0 — —
Read/Write — — R/W w R/W R/W w w

SPCR is an 8-bit readabl e/writable register that performs RXD3, and TX D3, pin input/output data
inversion switching.

Bits 7 and 6—Reserved

Bits 7 and 6 are reserved; they are alwaysread as 1 and cannot be modified.
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Bit 5—P4,/TXDg, Pin Function Switch (SPC32)

This bit selects whether pin P4,/TXDs, isused as P4, or as TXDa,.

Bit 5

SPC32 Description

0 Functions as P4, /O pin (initial value)
1 Functions as TXDs, output pin®

Note: *
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10.3  Operation

10.3.1 Overview

SCI3 can perform serial communication in two modes: asynchronous mode in which
synchronization is provided character by character, and synchronous mode in which
synchronization is provided by clock pulses. The serial mode register (SMR) is used to select
asynchronous or synchronous mode and the data transfer format, as shown in table 10.8.

The clock source for SCI3 is determined by bit COM in SMR and bits CKE1 and CKEO in SCR3,
as shown in table 10.9.

Asynchronous M ode

Choice of 5-, 7-, or 8-bit data length

Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits. (The
combination of these parameters determines the data transfer format and the character length.)
Framing error (FER), parity error (PER), overrun error (OER), and break detection during
reception

Choice of internal or external clock as the clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a clock
with the same frequency as the bit rate can be outpuit.

When external clock is selected: A clock with afrequency 16 times the bit rate must be input.
(The on-chip baud rate generator is not used.)

Synchronous M ode

Datatransfer format: Fixed 8-bit data length

Overrun error (OER) detection during reception

Choice of internal or external clock asthe clock source

When internal clock is selected: SCI3 operates on the baud rate generator clock, and a serial
clock is output.

When external clock is selected: The on-chip baud rate generator is not used, and SCI3
operates on the input serial clock.
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Table 10.8 SMR Settingsand Corresponding Data Transfer Formats

SMR Data Transfer Format
bit7 bit6 bit2 bit5 bit3 Data Multiprocessor Parity Stop Bit
COM CHR MP PE STOP Mode Length  Bit Bit Length
0 0 0 0 0 Asynchronous 8-bit data No No 1 bit
1 mode 2 bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit data No 1 bit
1 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 0 0 8-bit data Yes No 1 bit
1 2 bits
1 0 5-bit data No 1 bit
1 2 bits
1 0 0 7-bit data Yes 1 bit
1 2 bits
1 0 5-bit data No Yes 1 bit
1 2 bits
1 * 0 * * Synchronous 8-bit data No No No
mode
*: Don't care
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Table10.9 SMR and SCR3 Settingsand Clock Source Selection

SMR

SCR3

Bit7 Bitl BitO

Transmit/Receive Clock

COM CKE1l CKEO Mode

Clock Source SCKs2 Pin Function

0 0 0 Asynchronous Internal 1/0 port (SCK32 pin not used)
1 mode Outputs clock with same frequency as bit rate
1 0 External Inputs clock with frequency 16 times bit rate
1 0 0 Synchronous  Internal Outputs serial clock
1 0 mode External Inputs serial clock
0 1 1 Reserved (Do not specify these combinations)
0 1
1 1 1

Interrupts and Continuous Transmission/Reception

SCI3 can carry out continuous reception using RX1 and continuous transmission using TXI.
These interrupts are shown in table 10.10.

Table 10.10 Transmit/Receive Interrupts

Interrupt Flags Interrupt Request Conditions Notes
RXI RDRF  When serial reception is performed The RXI interrupt routine reads the
RIE normally and receive data is transferred receive data transferred to RDR and
from RSR to RDR, bit RDRF is setto 1, clears bit RDRF to 0. Continuous
and if bit RIE is set to 1 at this time, RXI reception can be performed by
is enabled and an interrupt is requested. repeating the above operations until
(See figure 10.2(a).) reception of the next RSR data is
completed.
TXI TDRE When TSR is found to be empty (on The TXI interrupt routine writes the
TIE completion of the previous transmission) next transmit data to TDR and clears
and the transmit data placed in TDR is  bit TDRE to 0. Continuous
transferred to TSR, bit TDRE is setto 1. transmission can be performed by
If bit TIE is set to 1 at this time, TXI is repeating the above operations until
enabled and an interrupt is requested.  the data transferred to TSR has
(See figure 10.2(b).) been transmitted.
TEI TEND When the last bit of the character in TEl indicates that the next transmit
TEIE TSR is transmitted, if bit TDRE is setto data has not been written to TDR

1, bit TEND is set to 1. If bit TEIE is set

to 1 at this time, TEI is enabled and an
interrupt is requested. (See figure
10.2(c).)

when the last bit of the transmit
character in TSR is sent.
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RDR
| |
RSR (reception in progress)
RXDgz pino——| | |
RDRF =0

RDR
| |

RSRT (reception completed, transfer)

RXDgz pino——| |

RDRF « 1
(RXI request when RIE = 1)

Figure10.2(a) RDRF Setting and RXI Interrupt

TDR (next transmit data)

TSR (transmission in progress)

TXD3z pino~—| | |

TDRE =0

TXD32 pin

TDR

| |
\

TSR (transmission completed, transfer)

TDRE « 1
(TXI request when TIE = 1)

Figure 10.2(b) TDRE Setting and TXI Interrupt

TDR
| |

TSR (transmission in progress)

TXD3; pino~—| | |

TEND =0

TDR
| |

TSR (reception completed)

TXD3z pino=—| |

TEND « 1
(TEI request when TEIE = 1)

Figure10.2(c) TEND Setting and TEI Interrupt
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10.3.2  Operation in Asynchronous M ode

In asynchronous mode, serial communication is performed with synchronization provided
character by character. A start bit indicating the start of communication and one or two stop bits
indicating the end of communication are added to each character beforeiit is sent.

SCI3 has separate transmission and reception units, allowing full-duplex communication. Asthe
transmission and reception units are both double-buffered, data can be written during transmission
and read during reception, making possible continuous transmission and reception.

Data Transfer For mat

The general datatransfer format in asynchronous communication is shown in figure 10.3.

(LSB) (MSB) 1
Serial | Start . . Parity Stop Mark
data bit Transmit/receive data bit bit(s) state
1 bit 5,7, or 8 bits 1 bit 1 or 2 bits
or none

One transfer data unit (character or frame)

Figure 10.3 Data Format in Asynchronous Communication

In asynchronous communication, the communication lineis normally in the mark state (high
level). SCI3 monitors the communication line and when it detects a space (low level), identifies
this as a start bit and begins serial data communication.

One transfer data character consists of a start bit (low level), followed by transmit/receive data
(LSB-first format, starting from the least significant bit), a parity bit (high or low level), and
finally one or two stop bits (high level).

In asynchronous mode, synchronization is performed by the falling edge of the start bit during
reception. The datais sampled on the 8th pulse of a clock with a frequency 16 times the bit
period, so that the transfer datais latched at the center of each bit.
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Table 10.11 shows the 16 data transfer formats that can be set in asynchronous mode. The format
is selected by the settingsin the serial mode register (SMR).

Table 10.11 Data Transfer Formats (Asynchronous M ode)

SMR Serial Data Transfer Format and Frame Length
CHR PE MP STOP ‘1‘2 3 4‘5‘6‘7‘8‘9‘10‘11‘12‘
o 0 0 0 s | 8-bit data |smp|
0o 0 0 1 s | 8-bit data Jsrorfsron
0 0 1 0
s | 8-bit data |MPB|STOP|
0 0 1 1 | S | 8-bit data |MPB|STOP|STOP|
0 1 0 0
|S | 8-bit data | P |STOP|
0 1 0 1 -
|S | 8-bit data | P |STOP|STOP|
0 1 1 0
s | 5-bit data[sron
0 1 1 1
|S | 5-bit data |STOP|STOP|
1 0 0 0 -
| S | 7-bit data |STOP|
1 0 0 1 .
| S | 7-bit data |STOP|STOP|
1 0 1 0
| S | 7-bit data |MPB |STOP|
oot s | 7-bit data [wessrorfsror]
1 1 0 0 |S | 7-bit data | P |STOP|
1 1 0 1 |S | 7-bit data | P |STOP|STOF'|
o1 10 s | 5-bitdata | » Jsror]
1 1 1 1 |S | 5-bit data | 3 |smp|smp|
[Legend]
S: Start bit
STOP: Stop bit
P: Parity bit

MPB: Multiprocessor bit
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Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK 3, pin can be selected as the SCI3 transmit/receive clock. The selection is made by means of
bit COM in SMR and bits SCE1 and CKEO in SCR3. Seetable 10.9 for details on clock source
selection.

When an external clock isinput at the SCK, pin, the clock frequency should be 16 times the bit
rate.

When SCI 3 operates on an internal clock, the clock can be output at the SCKs, pin. In this case
the frequency of the output clock is the same as the bit rate, and the phase is such that the clock
rises at the center of each bit of transmit/receive data, as shown in figure 10.4.

cok| | L] L)L LWL

Serial | 0 |po|D1|D2|[D3| D4 | D5 D6 D7 [0M1] 1 1
data

| 1 character (1 frame)
\ \

Figure10.4 Phase Relationship between Output Clock and Transfer Data
(Asynchronous M ode) (8-bit data, parity, 2 stop bits)

Data Transfer Operations
» SCl3initiaization

Before datais transferred on SCI 3, bits TE and RE in SCR3 must first be cleared to 0, and then
SCI3 must beinitialized as follows.

Note: If the operation mode or data transfer format is changed, bits TE and RE must first be
cleared to O.
When bit TE is cleared to O, bit TDRE is set to 1.
Note that the RDRF, PER, FER, and OER flags and the contents of RDR are retained
when RE is cleared to O.
When an external clock is used in asynchronous mode, the clock should not be stopped
during operation, including initialization. When an external clock isused in synchronous
mode, the clock should not be supplied during operation, including initialization.
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Figure 10.5 shows an example of aflowchart for initializing SCI3.

( Start )

Clear bits TE and
RE to 0 in SCR3

Set bits CKE1
and CKEO

Set data transfer
format in SMR

Set value in BRR

Wait

(1]

(2]

(3]

Has 1-bit period
elapsed?

Yes

Set bit SPC32 to
1in SPCR

Set bits TIE, RIE,
MPIE, and TEIE in
SCR3, and set bits
RE or TE to 1
in SCR3

End

(4]

(]

(2]

(3]

(4]

Set clock selection in SCR3. Be sure to
clear the other bits to 0. If clock output
is selected in asynchronous mode, the
clock is output immediately after setting
bits CKE1 and CKEOQ. If clock output is
selected for reception in synchronous
mode, the clock is output immediately
after bits CKE1, CKEO, and RE are
setto 1.

Set the data transfer format in the serial
mode register (SMR).

Write the value corresponding to the
transfer rate in BRR. This operation is
not necessary when an external clock
is selected.

Wait for at least one bit period, then set
bits TIE, RIE, MPIE, and TEIE in SCR3,
and set bits RE or TE to 1 in SCR3.
Setting bits TE and RE enables the TXDj3;

and RXD3;, pins to be used. In asynchronous

mode the mark state is established when
transmitting, and the idle state waiting for
a start bit when receiving.

Figure 10.5 Example of SCI3 Initialization Flowchart
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» Transmitting

Figure 10.6 shows an example of aflowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI 3.

Sets bit SPC32 to
1in SPCR

\
Read bit TDRE [1]

[1] Read the serial status register (SSR)

in SSR and check that bit TDRE is setto 1,
—————————— then write transmit data to the transmit
data register (TDR). When data is
No written to TDR, bit TDRE is cleared to O
automatically.
(After the TE bit is set to 1, one frame of
Yes 1s is output, then transmission is possible.)
Write transmit [2] When continuing data transmission,
data to TDR be sure to read TDRE = 1 to confirm that

a write can be performed before writing

data to TDR. When data is written to

2] TDR, bit TDRE is cleared to 0
automatically.

Continue data
fransmission?

[3] If a break is to be output when data
transmission ends, set the port PCR to 1
and clear the port PDR to 0, then clear bit
Read bit TEND TE in SCR3 to 0.
in SSR

Break output?

Set PDR =0,
PCR=1

Clear bit TEto 0
in SCR3

End

Figure 10.6 Example of Data Transmission Flowchart (Asynchronous M ode)
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SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to O, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Serial datais transmitted from the TXD3, pin using the relevant data transfer format in table 10.11.
When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop bit has been sent, starts transmission of the next frame. If
bit TDRE isset to 1, bit TEND in SSR bit is set to 1the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3 isset to 1 at thistime, a TEI
request is made.

Figure 10.7 shows an example of the operation when transmitting in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit  bit data bit  bit state
) )
serial 1 | 0o [po|D1]|  [D7]oM| 1| o [po|[D1]|  [D7 [om ] 1 1
data 1 I
L 1 frame ap 1 frame |

TDRE ) | !
TEND ! I } ,

‘ ‘ i ‘ (C #
LSI TXI request TDRE TXI request TEI request
operation cleared to 0
User Data written
processing to TDR

Figure10.7 Example of Operation when Transmitting in Asynchronous M ode
(8-bit data, parity, 1 stop bit)
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* Receiving

Figure 10.8 shows an example of a flowchart for data reception. This procedure should be
followed for data reception after initializing SCI3.

( Start )

Read bits OER,
PER, FERin SSR | [1]

OER + PER
+FER =12

Read bit RDRF

in SSR 2]
No
RDRF =1?
Yes

Read receive

data in RDR
Receive error
processing
]
[3]
Continue data Yes
reception?
No
(A)
Clear bit RE to
0in SCR3
End

(1]

(2]

(3]

(4]

Read bits OER, PER, and FER in the
serial status register (SSR) to determine
if there is an error. If a receive error has
occurred, execute receive error
processing.

Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data
in RDR. When the RDR data is read,
bit RDRF is cleared to 0 automatically.

When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the stop bit of the current
frame. When the data in RDR is read,
bit RDRF is cleared to 0 automatically.

Figure 10.8 Example of Data Reception Flowchart (Asynchronous M ode)
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[4]

Start receive
error processing

NO |«

Overrun error
processing

]

Yes

Break?

No

Framing error
processing

]

Clear bits OER, PER,
FER to 0in SSR

End of receive
error processing

Parity error
processing

L]

[4] If a receive error has
occurred, read bits OER,
PER, and FER in SSR to
identify the error, and after
carrying out the necessary
error processing, ensure
that bits OER, PER, and
FER are all cleared to 0.
Reception cannot be
resumed if any of these
bits is set to 1. In the case
of a framing error, a break
can be detected by reading
the value of the RXD3; pin.

Yes

Figure 10.8 Example of Data Reception Flowchart (Asynchronous M ode) (cont)
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SCI 3 operates as follows when receiving data.
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Figure 10.9 shows an example of the operation when receiving in asynchronous mode.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit  bit  (idle state)
) )
Serial 1 | o [po|p1]  [p7[on] 1 o [po[pt1]  [o7 Joi1] 0 | 1
data
| 1 frame | 1 frame |

RDRF ; ,
FER N ? ? )

LSI RXl request RDRF O startbit ERIrequestin
operation cleared to 0 detected response to
framing error
User RDR data read Framing error
processing processing

Figure10.9 Example of Operation when Receiving in Asynchronous M ode
(8-Bit Data, Parity, 1 Stop Bit)
10.3.3  Operation in Synchronous M ode

In synchronous mode, SCI3 transmits and receives data in synchronization with clock pulses. This
mode is suitable for high-speed serial communication.

SCI 3 has separate transmission and reception units, allowing full-duplex communication with a
shared clock.

As the transmission and reception units are both double-buffered, data can be written during
transmission and read during reception, making possible continuous transmission and reception.
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Data Transfer For mat

The general datatransfer format in asynchronous communication is shown in figure 10.10.

* - - *

Serial

clock \_/—\_/—\_/—\_/—\_/—\_/W ;

. LSB MSB

Serial i Bit 0 Bit 1 Bit 2 Bit 3 Bit 4 Bit 5 Bit6 Bit 7

data T
Don't 8 bits Don't
care care

One transfer data unit (character or frame)

Note: * High level except in continuous transmission/reception

Figure 10.10 Data Format in Synchronous Communication

In synchronous communication, data on the communication line is output from one falling edge of
the serial clock until the next falling edge. Data confirmation is guaranteed at the rising edge of
the seria clock.

One transfer data character begins with the LSB and ends with the MSB. After output of the
MSB, the communication line retains the M SB state.

When receiving in synchronous mode, SCI3 latches receive data at the rising edge of the serial
clock.

The data transfer format uses a fixed 8-bit data length.
Parity and multiprocessor bits cannot be added.
Clock

Either an internal clock generated by the baud rate generator or an external clock input at the
SCK 3, pin can be selected as the SCI3 seria clock. The selection is made by means of bit COM in
SMR and bits CKE1 and CKEQ in SCR3. Seetable 10.9 for details on clock source selection.

When SCI3 operates on an internal clock, the serial clock is output at the SCK 3, pin. Eight pulses
of the serial clock are output in transmission or reception of one character, and when SCI3 is not
transmitting or receiving, the clock is fixed at the high level.
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Data Transfer Operations
e SCl3initiaization

Datatransfer on SCI3 first of al requires that SCI3 be initialized as described in section 10.3.2, 3.
SCI3 initialization, and shown in figure 10.5.

e Transmitting

Figure 10.11 shows an example of aflowchart for data transmission. This procedure should be
followed for data transmission after initializing SCI3.

Sets bit SPC32 to
1in SPCR

‘

[1] Read the serial status register (SSR) and
1] check that bit TDRE is set to 1, then write
transmit data to the transmit data register
(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically, the
No clock is output, and data transmission is
started. When clock output is selected,
the clock is output and data transmission
started when data is written to TDR.

Read bit TDRE
in SSR

Yes

Write transmit [2] When continuing data transmission, be
data to TDR sure to read TDRE = 1 to confirm that

a write can be performed before writing

data to TDR. When data is written to

TDR, bit TDRE is cleared to 0 automatically.

[2]

Continue data
transmission?

Read bit TEND
in SSR

No

Yes

Clear bit TE to 0
in SCR3

End

Figure10.11 Example of Data Transmission Flowchart (Synchronous M ode)
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SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to O, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then sets bit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

When clock output mode is selected, SCI3 outputs 8 serial clock pulses. When an external clock
is selected, datais output in synchronization with the input clock.

Serial datais transmitted from the TXD32 pin in order from the LSB (bit 0) to the MSB (bit 7).
When the MSB (bit 7) is sent, checks bit TDRE. If bit TDRE iscleared to 0, SCI3 transfers data
from TDR to TSR, and starts transmission of the next frame. If bit TDRE is set to 1, SCI3 sets bit
TEND to 1in SSR, and after sending the MSB (bit 7), retains the MSB state. If bit TEIE in SCR3
issetto 1 at thistime, a TEI request is made.

After transmission ends, the SCK pin isfixed at the high level.

Note: Transmission isnot possible if an error flag (OER, FER, or PER) that indicates the data
reception statusisset to 1. Check that these error flags are all cleared to O before a
transmit operation.

Figure 10.12 shows an example of the operation when transmitting in synchronous mode.

I NVANVANVANYVA WA AWV I

I v

Serial Bito X Bit1 Bit 7 Bit 0 Bit 1 Bit 6 Bit 7
data ) n
1 frame 1 frame
TDRE h
TEND T f " f "
| | f
LSI TXI request TDRE cleared  TXI request TEI request
operation to 0
User Data written
processing to TDR

Figure10.12 Example of Operation when Transmitting in Synchronous M ode
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» Receiving

Figure 10.13 shows an example of aflowchart for data reception. This procedure should be
followed for data reception after initializing SCI 3.

Start

I

Read bit OER ) . . .
in SSR [1] [1] Read bit OER in the serial status register

(SSR) to determine if there is an error.
If an overrun error has occurred, execute
overrun error processing.

[2] Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
No RDR. When the RDR data is read, bit

RDREF is cleared to 0 automatically.

Read bit RDRF
in SSR 2 [3] When continuing data reception, finish
reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current
frame. When the data in RDR is read,

No bit RDRF is cleared to 0 automatically.

[4] If an overrun error has occurred, read bit
Yes OER in SSR, and after carrying out the

- necessary error processing, clear bit OER
Read receive to 0. Reception cannot be resumed if bit

data in RDR 4] OERis setto 1.

Overrun error

processing
.~ T
(3]
Continue data Yes
reception?
No
cearsirE s | 4 Seroee
0in SCR3
End Overrun error
processing
Clear bit OER to
0in SSR

End of overrun
error processing

Figure 10.13 Example of Data Reception Flowchart (Synchronous M ode)
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SCI 3 operates as follows when receiving data.

SCI3 performsinternal synchronization and begins reception in synchronization with the serial
clock input or output.

Thereceived datais placed in RSR in LSB-to-M SB order.

After the data has been received, SCI3 checksthat bit RDRF is set to 0, indicating that the receive
data can be transferred from RSR to RDR.

If this check shows that there is no overrun error, bit RDRF is set to 1, and the receive datais
stored in RDR. If bit RIE isset to 1 in SCR3, an RXI interrupt is requested. If the check
identifies an overrun error, bit OER is set to 1.

Bit RDRF remainssetto 1. If bit RIEissetto 1in SCR3, an ERI interrupt is requested.
See table 10.12 for the conditions for detecting areceive error, and receive data processing.

Note:  No further receive operations are possible while areceive error flag is set. Bits OER,
FER, PER, and RDRF must therefore be cleared to 0 before resuming reception.

Figure 10.14 shows an example of the operation when receiving in synchronous mode.

VAV WAWANVA WANVAWVANVAVA W

7(} -

Serial Bit 7 Bit 0 Bit 7 Bit 0 Bit 1 ‘ Bit 6 Bit 7
data p P

1 frame 1 frame

RDRF [ )
OER /S ) .

- f
LSl RXI request RDRE cleared RXI request ERI request in
operation to0 response to
overrun error
User RDR data read RDR data has Overrun error
processing not been read processing

(RDRF = 1)

Figure 10.14 Example of Operation when Receiving in Synchronous M ode
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* Simultaneous transmit/receive

Figure 10.15 shows an example of aflowchart for a simultaneous transmit/receive operation. This
procedure should be followed for simultaneous transmission/reception after initializing SCI3.

Sets bit SPC32 to
1in SPCR

\

\
. 1] Read the serial status register (SSR) and

Read bit TDRE [

in SSR 1] check that bit TDRE is set to 1, then write
transmit data to the transmit data register

(TDR). When data is written to TDR, bit
TDRE is cleared to 0 automatically.
[2] Read SSR and check that bit RDRF is set
to 1. Ifitis, read the receive data in RDR.
Yes When the RDR data is read, bit RDRF is
cleared to 0 automatically.

Write transmit

data to TDR [3] When continuing data transmission/reception,
finish reading of bit RDRF and RDR before
receiving the MSB (bit 7) of the current frame.

. Before receiving the MSB (bit 7) of the current

Rea_d g‘SgER frame, also read TDRE = 1 to confirm that a
n write can be performed, then write data to TDR.
When data is written to TDR, bit TDRE is cleared
to 0 automatically, and when the data in RDR is
Yes read, bit RDRF is cleared to 0 automatically.

-——

OER =17
[4] If an overrun error has occurred, read bit OER
No in SSR, and after carrying out the necessary
error processing, clear bit OER to 0. Transmis-

i sion and reception cannot be resumed if bit
Read bit RDRF | (5 OERis setto 1.
in SSR See figure 10.13 for details on overrun error
processing.
No
Yes

Read receive data

in RDR
[4]
Overrun error
processing
T
Eontinue d [3]
ontinue data Yes

transmission/reception?

Clear bits TE and
RE to 0 in SCR3

End

Figure 10.15 Example of Simultaneous Data Transmission/Reception Flowchart
(Synchronous M ode)
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Notes: 1. When switching from transmission to simultaneous transmission/reception, check that
SCI3 has finished transmitting and that bits TDRE and TEND are set to 1, clear bit TE
to 0, and then set bits TE and RE to 1 simultaneously.

2. When switching from reception to simultaneous transmission/reception, check that
SCI3 has finished receiving, clear bit RE to 0, then check that bit RDRF and the error
flags (OER, FER, and PER) are cleared to O, and finally set bits TE and RE to 1
simultaneously.

10.3.4  Multiprocessor Communication Function

The multiprocessor communication function enables data to be exchanged among a number of
processors on a shared communication line. Serial data communication is performed in
asynchronous mode using the multiprocessor format (in which a multiprocessor bit is added to the
transfer data).

In multiprocessor communication, each receiver isassigned itsown ID code. The seria
communication cycle consists of two cycles, an ID transmission cyclein which the receiver is
specified, and a data transmission cycle in which the transfer data is sent to the specified receiver.
These two cycles are differentiated by means of the multiprocessor bit, 1 indicating an ID
transmission cycle, and 0, a data transmission cycle.

The sender first sends transfer data with a 1 multiprocessor bit added to the ID code of the receiver
it wants to communicate with, and then sends transfer data with a 0 multiprocessor bit added to the
transmit data. When areceiver receives transfer data with the multiprocessor bit set to 1, it
compares the ID code with itsown ID code, and if they are the same, receives the transfer data
sent next. If the ID codes do not match, it skips the transfer data until data with the multiprocessor
bit set to 1 is sent again.

In this way, a number of processors can exchange data among themselves.

Figure 10.16 shows an example of communication between processors using the multiprocessor
format.
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Sender

Communication line

i
'
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¢

Receiver A Receiver B Receiver C Rece|ver D
(ID=01) (ID=02) (ID=03) (ID % 04)
Serial
data / H'01 / H'AA /
(MPB =1) (MPB = 0)

ID transmission cycle
(specifying the receiver)

Data transmission cycle
(sending data to the receiver

specified by the ID)
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MPB: Multiprocessor bit
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Sets bit SPC32 to
1in SPCR

‘

Read bit TDRE [1] Read the serial status register (SSR)
in SSR (1 and check that bit TDRE is set to 1,
then set bit MPBT in SSR to 0 or 1 and
write transmit data to the transmit data
register (TDR). When data is written to

No TDR, bit TDRE is cleared to 0 automatically.
[2] When continuing data transmission, be
Yes sure to read TDRE = 1 to confirm that a
] write can be performed before writing data
Set bit MPBT to TDR. When data is written to TDR, bit
in SSR TDRE is cleared to 0 automatically.
[3] If a break is to be output when data
Write transmit transmission ends, set the port PCR to 1
data to TDR and clear the port PDR to 0, then clear bit

TE in SCR3 to 0.

[2]

Continue data
ransmission?

Read bit TEND
in SSR

Break output?

Clear bit TE to
0in SCR3

End

Figure 10.17 Example of Multiprocessor Data Transmission Flowchart

Rev. 6.00, 08/04, page 366 of 628
RENESAS




SCI 3 operates as follows when transmitting data.

SCI3 monitors bit TDRE in SSR, and when it is cleared to O, recognizes that data has been written
to TDR and transfers datafrom TDR to TSR. It then setsbit TDRE to 1 and starts transmitting. If
bit TIE in SCR3 isset to 1 at thistime, a TXI request is made.

Serial dataistransmitted from the TXD pin using the relevant data transfer format in table 10.11.
When the stop bit is sent, SCI3 checks bit TDRE. If bit TDRE is cleared to 0, SCI3 transfers data
from TDR to TSR, and when the stop bit has been sent, starts transmission of the next frame. If
bit TDRE isset to 1 bit TEND in SSR hit is set to 1, the mark state, in which 1s are transmitted, is
established after the stop bit has been sent. If bit TEIE in SCR3 isset to 1 at thistime, a TEI
request is made.

Figure 10.18 shows an example of the operation when transmitting using the multiprocessor
format.

Start Transmit Stop Start Transmit Stop Mark
bit data MPB bit  bit data MPB bit state
i
Seal 1 |0 [po[D1]| [p7]om] 1] o |Do[D1|  [D7 [0 ] 4 1
data 1 I
\ 1 frame | 1 frame |

TDRE ) | "
tEnD ! ! ) ! J

—

‘ ‘ 1 ‘ ((J %
LSI TXl request TDRE TXI request TEI request
operation cleared to 0
User Data written
processing to TDR
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Set bit MPIE to 1
in SCR3

Read bits OER
and FER in SSR

OER + FER =17

No

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

Own ID?

Yes

-—

Read bits OER
and FER in SSR

No

Read bit RDRF
in SSR

Yes

Read receive
data in RDR

1

[2]

Yes

3] automatically.
[4]

No
[5]

No

Yes

4]

RXD3; pin.

Receive error
processing

[5]

Continue data
reception?

Yes

Clear bit RE to
0in SCR3

End

(A)

Figure 10.19 Example of M ultiprocessor Data Reception Flowchart
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[1] Set bit MPIE to 1 in SCR3.

[2] Read bits OER and FER in the serial
status register (SSR) to determine if
there is an error. If a receive error has
occurred, execute receive error processing.

[3] Read SSR and check that bit RDRF is
setto 1. Ifitis, read the receive data in
RDR and compare it with this receiver's
own ID. If the ID is not this receiver's,
set bit MPIE to 1 again. When the RDR
data is read, bit RDRF is cleared to 0

Read SSR and check that bit RDRF is
set to 1, then read the data in RDR.

If a receive error has occurred, read bits
OER and FER in SSR to identify the error,
and after carrying out the necessary error
processing, ensure that bits OER and FER
are both cleared to 0. Reception cannot be
resumed if either of these bits is set to 1.

In the case of a framing error, a break can
be detected by reading the value of the




Overrun error

Start receive
error processing
processing
]
No |« Break?
Yes
FER =17 No
No

Framing error
processing

Clear bits OER and ‘
FER to 0 in SSR

End of receive (A)
error processing

Yes

Figure10.19 Example of Multiprocessor Data Reception Flowchart (cont)

Figure 10.20 shows an exampl e of the operation when receiving using the multiprocessor format.
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Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Data1) MPB bit  (idle state)
Serial 1 |0 [po|p1]  [pr| 1 1o |po|p1]|  |D7]0 | 1 1
data !
\ 1 frame | 1 frame \
\ \ \
). )
MPIE \
RDRF ” / )
RDR D1
value
LSl RXI request RDREF cleared No RXI request
operation MPIE cleared to0 RDR retains
to0 previous state
User RDR data read When data is not
processing this receiver's ID,
bit MPIE is set to
1 again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state)
L b))
Seral 1 |0 |po|p1]  |p7| 1 1 |o|po[p1]  [p7]o0 |1 1
data )
\ 1 frame | 1 frame \
\ \ \
MPIE ‘ | ) B
RDRF " / \ P
/ / NP,
RDR ID1 ID2 Data2 \
value
LSI RXI request RDREF cleared RXlrequest RDREF cleared
operation MPIE cleared to0 to0
to 0
User RDR data read When data is RDR data read
processing this receiver's Bit MPIE set to
ID, reception 1 again
is continued

(b) When data matches this receiver's ID

Figure10.20 Example of Operation when Receiving using M ultiprocessor For mat

(8-Bit Data, Multiprocessor Bit, 1 Stop Bit)
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10.4  Interrupts

SCI3 can generate six kinds of interrupts. transmit end, transmit data empty, receive datafull, and
three receive error interrupts (overrun error, framing error, and parity error). These interrupts have
the same vector address.

The various interrupt requests are shown in table 10.13.

Table 10.13 SCI 3 Interrupt Requests

Vector
Interrupt Abbr. Interrupt Request Address
RXI Interrupt request initiated by receive data full flag (RDRF) H'0024
TXI Interrupt request initiated by transmit data empty flag (TDRE)
TEI Interrupt request initiated by transmit end flag (TEND)
ERI Interrupt request initiated by receive error flag (OER, FER, PER)

Each interrupt request can be enabled or disabled by means of bits TIE and RIE in SCR3.

When bit TDRE issetto 1 in SSR, a TXI interrupt is requested. When bit TEND issetto1in
SSR, aTEI interrupt is requested. These two interrupts are generated during transmission.

Theinitial value of bit TDRE in SSRis 1. Therefore, if the transmit data empty interrupt request
(TXI1) isenabled by setting bit TIE to 1 in SCR3 before transmit datais transferred to TDR, a TXI
interrupt will be requested even if the transmit data is not ready.

Also, theinitial value of bit TEND in SSRis1. Therefore, if the transmit end interrupt request
(TEI) is enabled by setting bit TEIE to 1 in SCR3 before transmit datais transferred to TDR, a TEI
interrupt will be requested even if the transmit data has not been sent.

Effective use of these interrupt requests can be made by having processing that transfers transmit
datato TDR carried out in the interrupt service routine.

To prevent the generation of these interrupt requests (TXI and TEI), on the other hand, the enable
bits for these interrupt requests (bits TIE and TEIE) should be set to 1 after transmit data has been
transferred to TDR.

When bit RDRF isset to 1 in SSR, an RXI interrupt is requested, and if any of bits OER, PER, and
FER issetto 1, an ERI interrupt isrequested. These two interrupt requests are generated during
reception.

For further details, see section 3.3, Interrupts.
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10.5 Application Notes
The following points should be noted when using SCI3.
1. Relation between writesto TDR and bit TDRE

Bit TDRE in the serial status register (SSR) is a status flag that indicates that data for serial
transmission has not been prepared in TDR. When datais written to TDR, bit TDRE is cleared to
0 automatically. When SCI3 transfers datafrom TDR to TSR, bit TDRE isset to 1.

Data can be written to TDR irrespective of the state of bit TDRE, but if new datais written to
TDR while bit TDRE is cleared to 0, the data previously stored in TDR will be lost of it has not
yet been transferred to TSR. Accordingly, to ensure that serial transmission is performed
dependably, you should first check that bit TDRE is set to 1, then write the transmit datato TDR
once only (not two or more times).

2. Operation when a number of receive errorsoccur simultaneously

If anumber of receive errors are detected simultaneously, the status flags in SSR will be set to the
states shown in table 10.14. |f an overrun error is detected, data transfer from RSR to RDR will
not be performed, and the receive data will be lost.

Table 10.14 SSR Status Flag States and Receive Data Transfer

SSR Status Flags Receive Data Transfer

RDRF* OER FER PER RSR - RDR Receive Error Status

1 1 0 0 X Overrun error

0 0 1 0 (0] Framing error

0 0 0 1 (0] Parity error

1 1 1 0 X Overrun error + framing error

1 1 0 1 X Overrun error + parity error

0 0 1 1 (0] Framing error + parity error

1 1 1 1 X Overrun error + framing error + parity error

O : Receive data is transferred from RSR to RDR.
X : Receive data is not transferred from RSR to RDR.

Note: * Bit RDRF retains its state prior to data reception. However, note that if RDR is read after
an overrun error has occurred in a frame because reading of the receive data in the
previous frame was delayed, RDRF will be cleared to 0.
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3. Break detection and processing

When aframing error is detected, a break can be detected by reading the value of the RXDg, pin
directly. Inabreak, the input from the RXDg, pin becomes all Os, with the result that bit FER is
set and bit PER may also be set.

SCI 3 continues the receive operation even after receiving abreak. Note, therefore, that even
though bit FER is cleared to O it will be set to 1 again.

4. Mark state and break detection

When bit TE is cleared to O, the TX D3, pin functions as an 1/O port whose input/output direction
and level are determined by PDR and PCR. Thisfact can be used to set the TXD3; pin to the mark
state, or to detect abreak during transmission.

To keep the communication line in the mark state (1 state) until bit TE isset to 1, set PCR = 1 and
PDR = 1. Sincehbit TE iscleared to 0 at thistime, the TXDs, pin functionsasan I/O port and 1 is
output.

To detect abreak, clear bit TE to O after setting PCR = 1 and PDR = 0.

When bit TE is cleared to O, the transmission unit isinitialized regardless of the current
transmission state, the TXDj3, pin functions as an I/O port, and 0 is output from the TXD3, pin.

5. Receiveerror flagsand transmit operation (synchronous mode only)

When areceive error flag (OER, PER, or FER) is set to 1, transmission cannot be started even if
bit TDRE is cleared to 0. Thereceive error flags must be cleared to 0 before starting transmission.

Note also that receive error flags cannot be cleared to 0 even if bit RE is cleared to 0.
6. Receive data sampling timing and receive margin in asynchronous mode

In asynchronous mode, SCI3 operates on a basic clock with a frequency 16 times the transfer rate.
When receiving, SCI3 performs internal synchronization by sampling the falling edge of the start
bit with the basic clock. Receive dataislatched internally at the 8th rising edge of the basic clock.
Thisisillustrated in figure 10.21.
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16 clock pulses ‘

8 clock pulses | J
15 0

0 7‘

basic clock = i o

Receive data al .
(RXD32) | start i | ] Do | b1

Synchronization s
sampling timing H

Data sampling o o
timing H H

Figure10.21 Receive Data Sampling Timing in Asynchronous M ode

Consequently, the receive margin in asynchronous mode can be expressed as shown in equation

).

) D-0
2N N

M ={(0.5- S (L-05)F} «100[%] ... Equation (1)

where  M: Receive margin (%)
N: Ratio of bit rateto clock (N = 16)
D: Clock duty (D =0.5t01.0)
L: Framelength (L =9t0 12)
F: Absolute value of clock frequency deviation

Substituting 0 for F (absolute value of clock frequency deviation) and 0.5 for D (clock duty) in
equation (1), areceive margin of 46.875% is given by equation (2).

WhenD =0.5and F=0,

M ={0.5-1/(2 x 16)} * 100 [%]
= 46.875% .... Equation (2)

However, thisis only a computed value, and a margin of 20% to 30% should be allowed when
carrying out system design.
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7. Relation between RDR reads and bit RDRF

In areceive operation, SCI3 continually checksthe RDRF flag. If bit RDRF is cleared to O when
reception of one frame ends, normal data reception is completed. If bit RDRF isset to 1, this
indicates that an overrun error has occurred.

When the contents of RDR are read, bit RDRF is cleared to O automatically. Therefore, if bit
RDR is read more than once, the second and subsequent read operations will be performed while
bit RDRF is cleared to 0. Note that, when an RDR read is performed while bit RDRF is cleared to
0, if the read operation coincides with completion of reception of aframe, the next frame of data
may beread. Thisisillustrated in figure 10.22.

| Frame 1 | Frame 2 | Frame 3

Communication ‘

line Data 1 Data 2 ‘ Data 3

RDRF (AAAAAAAAAIAAAAAAAAAJ

RDR Data 1 Data 2

e

RDR read RDR read
Data 1 is read at point (A)

Data 2 is read at point (B)

Figure 10.22 Relation between RDR Read Timing and Data

In this case, only asingle RDR read operation (not two or more) should be performed after first
checking that bit RDRF isset to 1. If two or more reads are performed, the data read the first time
should be transferred to RAM, etc., and the RAM contents used. Also, ensure that thereis
sufficient margin in an RDR read operation before reception of the next frameis completed. To
be precise in terms of timing, the RDR read should be completed before bit 7 istransferred in
synchronous mode, or before the STOP bit is transferred in asynchronous mode.

8. Transmit and receive oper ations when making a state transition

Make sure that transmit and receive operations have completely finished before carrying out state
transition processing.
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9. Switching SCK 3, function

If pin SCK 3, is used as a clock output pin by SCI3 in synchronous mode and is then switched to a
general input/output pin (a pin with a different function), the pin outputs alow level signal for half
asystem clock (¢) cycleimmediately after it is switched.

This can be prevented by either of the following methods according to the situation.

a. When an SCK 3, function is switched from clock output to non clock-output

When stopping data transfer, issue one instruction to clear bits TE and RE to 0 and to set bits
CKEL and CKEO in SCR3 to 1 and O, respectively. In thiscase, bit COM in SMR should be
left 1. The above prevents SCK 3, from being used as a general input/output pin. To avoid an
intermediate level of voltage from being applied to SCK3,, the line connected to SCK 3, should
be pulled up to the V¢ level viaaresistor, or supplied with output from an external device.

b. When an SCK s, function is switched from clock output to general input/output
When stopping data transfer,
(i) Issueoneinstruction to clear bits TE and RE to O and to set bits CKE1 and CKEO in SCR3
to 1 and O, respectively.
(ii) Clear bit COM inSMR1t00
(iii) Clear bits CKE1 and CKEO in SCR3t0 0

Note that special careis aso needed here to avoid an intermediate level of voltage from being
applied to SCK 3.

10. Set up at subactive or subsleep mode
At subactive or subsleep mode, SCI3 becomes possible use only at CPU clock is @w/2.
11. Oscillator use with serial communications interface (H8/38124 Group only)

When implementing the serial communications interface on the H8/38124 Group, the system
clock oscillator must be used. The on-chip oscillator should not be used in this case. See 4.2 (5),
on-chip oscillator selection method, for information on switching between the system clock
oscillator and the on-chip oscillator.
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Section 11 10-Bit PWM

11.1 Overview

The H8/38024 Group is provided with two on-chip 10-bit PWMs (pul se width modul ators),
designated PWM1 and PWM2, with identical functions. The PWMs can be used as D/A
converters by connecting alow-passfilter. Inthis section the suffix m (m =1 or 2) is used with
register names, etc., asin PWDRLm, which denotes the PWDRL registers for each PWM.

11.1.1 Features
Features of the 10-bit PWMs are as follows.

» Choice of four conversion periods
Any of the following conversion periods can be chosen:
4,096/, with a minimum modulation width of 4/¢@
2,048/, with a minimum modulation width of 2/¢
1,024/¢, with a minimum modulation width of 1/¢@
512/¢, with a minimum modul ation width of 1/2 ¢

» Pulse division method for less ripple

» Use of module standby mode enables this module to be placed in standby mode independently
when not used.

On the H8/38124 Group it is possible to select between two types of PWM output: pulse-division
PWM and event counter PWM (PWM incorporating AEC). (The H8/38024 Group, H8/38024F-
ZTAT Group, and H8/38024S Group can only produce pulse-division PWM output.) Refer to
section 9.7, Asynchronous Event Counter, for information on event counter PWM.
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11.1.2 Block Diagram

Figure 11.1(1) shows a block diagram of the 10-bit PWM of the H8/38024 Group, H8/38024F-
ZTAT Group, and H8/38024S Group. Figure 11.1(2) shows a block diagram of the 10-bit PWM of
the H8/38124 Group.

4{ PWDRLm |<7
4{ PWDRUm |<7

3
V Y g
¢f2—> PWM 3
0/4 L = waveform ©
/8 generator =
o k5
Y £
I
| PWCRm |<7
PWMm -
[Legend]

PWDRLm: PWM data register L
PWDRUm: PWM data register U _
PWCRm: PWM control register m=1or2

Figure11.1(1) Block Diagram of the 10-bit PWM
(H8/38024 Group, H8/38024F-ZTAT Group, and H8/38024S Group: 1-Channel
Configuration)
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)

PWDRLm

[2]

=}

PWDRUmM 'g

©

o2 _, o
¢/4 |, |PWM waveform 3
/8 — generator 3
¢— £

T [ PWCRm
IECPWM Eﬁ
PWMm N

(IECPWM)

[Legend] m=1or2
PWCRm: PWM control register

PWDRLm: PWM data register L

PWDRUm: PWM data register U

PWMm:  PWM output pin

IECPWM: Event counter PWM (PWM incorporating AEC)

Figure11.1(2) Figure11.1(1) Block Diagram of the 10-bit PWM
(H8/38124 Group: 1-Channel Configuration)

11.1.3  Pin Configuration
Table 11.1 shows the output pin assigned to the 10-bit PWM.

Table11.1 Pin Configuration

Name Abbr. 110 Function

PWML1 output pin PWM1 Output Pulse-division PWM waveform output (PWMZ1)/
event counter PWM output (IECPWM)*

PWM2 output pin PWM2 Output Pulse-division PWM waveform output (PWM2)/
event counter PWM output IECPWM)*

Note: * Implemented on H8/38124 Group only.
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11.1.4 Register Configuration
Table 11.2 shows the register configuration of the 10-bit PWM.

Table11.2 Register Configuration

Name Abbr. R/W Initial Value Address
PWML1 control register PWCR1 W H'FC/H'F8* H'FFDO
PWM1 data register U PWDRU1 w H'FC H'FFD1
PWML1 data register L PWDRL1 w H'00 H'FFD2
PWM2 control register PWCR2 W H'FC/H'F8* H'FFCD
PWM?2 data register U PWDRU2 w H'FC H'FFCE
PWM2 data register L PWDRL2 w H'00 H'FFCF
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
Note: * Implemented on H8/38124 Group only.
11.2  Register Descriptions
11.21 PWM Control Register (PWCRm)

Bit 7 6 5 4 3 2 1 0

— — — — — PWC—R/mZ* PWCRm1|PWCRmO0
Initial value 1 1 1 1 1 1/0* 0 0
Read/Write — — — — — =W w w

Note: * Implemented on H8/38124 Group only.

On the H8/38024 Group, H8/38024F-ZTAT Group, and H8/38024S Group, PWCRm is an 8-hit
write-only register for input clock selection.

Upon reset, PWCRm s initialized to H'FC. On the H8/38124 Group, PWCRm is an 8-bit write-
only register used to select the input clock and PWM output type. At reset PWCRm isinitialized
to H'F8.

Bits 7 to 2—Reser ved/Bits 7 to 3—Reser ved*
Bits 7 to 2 are reserved; they are always read as 1, and cannot be modified.

Note: * Implemented on H8/38124 Group only.
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Bit 2—Output Format Select (PWCRmM2)*
This bit selects the format of the output from the PWMm output pin.

Thisbit iswrite-only. Reading it always returns 1.

Bit 2

PWCRmM?2 Description

0 Pulse-division PWM (initial value)
1 Event counter PWM

Note: * Implemented on H8/38124 Group only.

Bits 1 and 0—Clock Select 1 and 0 (PWCRm1, PWCRmMO)

Bits 1 and O select the clock supplied to the 10-bit PWM. These bits are write-only bits; they are

alwaysread as 1.

Bit 1 Bit 0
PWCRmM1 PWCRmMO Description

0 0 The input clock is @ (t¢* = 1/¢)

The conversion period is 512/¢, with a minimum modulation

width of 1/2¢

(initial value)

0 1 The input clock is @2 (tg" = 2/¢)
The conversion period is 1,024/, with a minimum
modulation width of 1/¢

1 0 The input clock is ¢4 (t¢" = 4/¢)
The conversion period is 2,048/, with a minimum
modulation width of 2/¢

1 1 The input clock is ¢/8 (t¢" = 8/¢)
The conversion period is 4,096/¢@, with a minimum
modulation width of 4/¢

Note: * Period of PWM input clock.
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1122 PWM Data RegistersU and L (PWDRUm, PWDRLm)

PWDRUmM
Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘PWDRUm1 ‘PWDRUmO ‘
Initial value 1 1 1 1 1 1 0 0
Read/Write — — — — — — w w
PWDRLm
Bit 7 6 5 4 3 2 1 0

‘ PWDRLm7 ‘ PWDRLm6 ‘ PWDRLm5‘ PWDRLm4 ‘ PWDRLmM3 ‘ PWDRLmM2 ‘ PWDRLm1 ‘ PWDRLmMO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

PWDRUmM and PWDRL m form a 10-bit write-only register, with the upper 2 bits assigned to
PWDRUmM and the lower 8 bitsto PWDRLm. The value written to PWDRUm and PWDRLmM
givesthetotal high-level width of one PWM waveform cycle.

When 10-bit datais written to PWDRUm and PWDRLm, the register contents are latched in the
PWM waveform generator, updating the PWM waveform generation data. The 10-bit data should
always be written in the following sequence:

1. Writethe lower 8 bitsto PWDRLm.
2. Write the upper 2 bitsto PWDRUm for the same channel.

PWDRUmM and PWDRLm are write-only registers. If they areread, all bitsare read as 1.

Upon reset, P’WDRUm isinitialized to H'FC, and PWDRLm to H'00.
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11.2.3 Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0
‘LVDCKSTP* — | — |PWZCKSTP| AECKSTP |WDCKSTP|PW1 CKSTP| LDCKSTP

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W — — RW RW RW R/W R/W

Note: * Bits 6 and 5 are also reserved on products other than the H8/38124 Group.

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the PWM is described here. For details of the other bits, see the
sections on the relevant modules.

Bits4 and 1—PWM M odule Standby M ode Control (PWmCK STP)

Bits 4 and 1 control setting and clearing of module standby mode for the PWMm.

PWmCKSTP Description
0 PWMm is set to module standby mode
1 PWMm module standby mode is cleared (initial value)

Rev. 6.00, 08/04, page 383 of 628
RENESAS



11.3  Operation

11.31 Operation
When using the 10-bit PWM, set the registers in the following sequence.

1. Set PWM1or PWM2in PMR9 to 1 for the PWM channel to be used, so that pin P9¢/PWM1 or
P9,/PWM2 is designated as the PWM output pin.

2. Set bits PWCRm1 and PWCRmMO in the PWM control register (PWCRmM) to select a
conversion period of 4,096/¢ (PWCRm1 = 1, PWCRmO = 1), 2,048/ (PWCRm1 = 1,
PWCRmMO = 0), 1,024/¢ (PWCRm1 = 0, PWCRmO = 1), or 512/¢ (PWCRm1 = 0, PWCRmMO =
0). In the case of the H8/38124 Group, select between pulse-division PWM (PWCRmM2 = 0)
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1 conversion period
tr1 tr2 tr3 tra

tH1 tH2 tH3 tH4

TH = tH1 + tH2 + tH3 + tH4
t=te=ts=1tu

Figure11.2 PWM Output Waveform

11.32 PWM Operation Modes
PWM operation modes are shown in table 11.3.

Table11.3 PWM Operation M odes

Operation Sub- Sub- Module
Mode Reset Active Sleep Watch active sleep Standby Standby

PWCRm Reset Functions Functions Retained Retained Retained Retained Retained

PWDRUm Reset Functions Functions Retained Retained Retained Retained Retained

PWDRLmM Reset Functions Functions Retained Retained Retained Retained Retained
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Section 12 A/D Converter

121 Overview

This LSl includes on-chip a resistance-ladder-based successive-approximation anal og-to-digital
converter, and can convert up to 8 channels of analog input.

12.1.1 Features

The A/D converter has the following features.

10-bit resolution

Eight input channels

Conversion time: approx. 12.4 ps per channel (at 5 MHz operation)/7.8 ps (at 8 MHz
operation)*

Built-in sample-and-hold function

Interrupt requested on completion of A/D conversion

A/D conversion can be started by externa trigger input

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

Note: * H8/38124 group only.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the A/D converter.

ADTRG O

¢ AMR -~

ANy O—»]
AN; O—»]
AN, O—»
ANz O—»
AN, O—»
ANg O—»
ANg O—»
AN; O—»

. - ADSR -~

Multiplexer

Internal data bus

Y

Control logic [

AV O—

Reference
voltage

ADRRH
AVgg O—*1 ADRRL

A
Y

[Legend] —» IRRAD
AMR:  A/D mode register

ADSR: A/D start register

ADRR: A/D result register

IRRAD: A/D conversion end interrupt request flag

Figure12.1 Block Diagram of the A/D Converter
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12.1.3  Pin Configuration

Table 12.1 showsthe A/D converter pin configuration.

Table12.1 Pin Configuration

Name Abbr. I/10 Function

Analog power supply  AVcc Input Power supply and reference voltage of analog part
Analog ground AVss Input Ground and reference voltage of analog part
Analog input O ANo Input Analog input channel 0

Analog input 1 ANy Input Analog input channel 1

Analog input 2 ANz Input Analog input channel 2

Analog input 3 AN3 Input Analog input channel 3

Analog input 4 ANy Input Analog input channel 4

Analog input 5 ANs Input Analog input channel 5

Analog input 6 ANg Input Analog input channel 6

Analog input 7 ANz Input Analog input channel 7

External trigger input ADTRG Input External trigger input for starting A/D conversion

12.1.4 Register Configuration

Table 12.2 shows the A/D converter register configuration.

Table12.2 Register Configuration

Name Abbr. R/W Initial Value Address
A/D mode register AMR R/W H'30 H'FFC6
A/D start register ADSR R/W H'7F H'FFC7
A/D result register H ADRRH R Not fixed H'FFC4
A/D result register L ADRRL R Not fixed H'FFC5
Clock stop register 1 CKSTPR1 R/W H'FF H'FFFA

RENESAS
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12.2  Register Descriptions

1221  A/D Result Registers (ADRRH, ADRRL)

Bit 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
‘ADRQ‘ADRS‘ADR7‘ADR6‘ADR5‘ADR4‘ADRS‘ADRZ‘ADR1‘ADRO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘

Initial value  Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- — — — — — —
fined fined fined fined fined fined fined fined fined fined
Read/Write R R R R R R R R R R — — — — — _

ADRRH ADRRL

ADRRH and ADRRL together comprise a 16-bit read-only register for holding the results of
analog-to-digital conversion. The upper 8 bits of the data are held in ADRRH, and the lower 2
bitsin ADRRL.

ADRRH and ADRRL can be read by the CPU at any time, but the ADRRH and ADRRL values
during A/D conversion are not fixed. After A/D conversion is complete, the conversion result is
stored as 10-bit data, and this datais held until the next conversion operation starts.

ADRRH and ADRRL are not cleared on reset.

1222 A/D Mode Register (AMR)

Bit 7 6 5 4 3 2 1 0

‘ CKS ‘ TRGE ‘ — ‘ — ‘ CH3 ‘ CH2 ‘ CHA1 ‘ CHO ‘
Initial value 0 0 1 1 0 0 0 0
Read/Write R/W R/W — — R/W R/W R/W R/W

AMR isan 8-bit read/write register for specifying the A/D conversion speed, external trigger
option, and the analog input pins.

Upon reset, AMR isinitialized to H'30.
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Bit 7—Clock Select (CKS)
Bit 7 setsthe A/D conversion speed.

Conversion Time

Bit 7

CKS Conversion Period ®=1MHz ®=5MHz ®=8 MHz
0 62/ (initial value) 62 us 12.4 ps 7.8 us

1 31/g 31 ps —* —*

Note: * For the H8/38024, H8/38024S, H8/38024F-ZTAT, and H8/38124 groups, operation is not
guaranteed if the conversion time is less than 7.8 ps. A conversion time of 7.8 us or
greater should be selected.

Operation is not guaranteed if the conversion time is less than 12.4 pys. Set bit 7 for a
value of at least 12.4 ps.

Bit 6—External Trigger Select (TRGE)

Bit 6 enables or disables the start of A/D conversion by external trigger input.

Bit 6

TRGE Description

0 Disables start of A/D conversion by external trigger (initial value)
1 Enables start of A/D conversion by rising or falling edge of external trigger at pin

ADTRG*

Note: * The external trigger (ADTRG) edge is selected by bit IEG4 of IEGR. See 1. IRQ edge
select register (IEGR) in section 3.3.2 for details.

Bits5 and 4—Reserved

Bits 5 and 4 are reserved; they are always read as 1, and cannot be modified.
Bits 3to 0—Channel Select (CH3to CHO)

Bits 3 to 0 select the analog input channel.

The channel selection should be made while bit ADSF is cleared to O.
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Bit 3 Bit 2 Bit 1 Bit 0

CH3 CH2 CH1 CHO Analog Input Channel
0 0 * * No channel selected (initial value)
0 1 0 0 ANg

0 1 0 1 AN;

0 1 1 0 AN,

0 1 1 1 AN3

1 0 0 0 ANy

1 0 0 1 ANs

1 0 1 0 ANg

1 0 1 1 ANz

1 1 * * Setting prohibited

*: Don'’t care

12.23 A/D Start Register (ADSR)

Bit 7 6 5 4 3 2 1 0
mosF | — | — | — | — | — | = -

Initial value 0 1 1 1 1 1 1 1

Read/Write R/W — — — — — — _

The A/D start register (ADSR) is an 8-bit read/write register for starting and stopping A/D
conversion.

A/D conversion is started by writing 1 to the A/D start flag (ADSF) or by input of the designated
edge of the external trigger signal, which also sets ADSF to 1. When conversion is complete, the
converted datais set in ADRRH and ADRRL, and at the sametime ADSF is cleared to 0.

Bit 7—A/D Start Flag (ADSF)

Bit 7 controls and indicates the start and end of A/D conversion.

Bit 7

ADSF Description

0 Read: Indicates the completion of A/D conversion (initial value)
Write: Stops A/D conversion

1 Read: Indicates A/D conversion in progress

Write: Starts A/D conversion
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Bits 6 to 0—Reserved

Bits 6 to 0 are reserved; they are alwaysread as 1, and cannot be modified.

12.2.4  Clock Stop Register 1 (CKSTPR1)

Bit 7 6 5 4 3 2 1 0

— —  |S32CKSTP|ADCKSTP| TGCKSTP | TFCKSTP | TCCKSTP | TACKSTP |
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W R/W R/W R/W R/W R/W

CKSTPR1 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the A/D converter is described here. For details of the other bits,
see the sections on the relevant modules.

Bit 4—A/D Converter Module Standby Mode Control (ADCK STP)
Bit 4 controls setting and clearing of module standby mode for the A/D converter.

ADCKSTP  Description
0 A/D converter is set to module standby mode
1 A/D converter module standby mode is cleared (initial value)
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123  Operation

12.3.1 A/D Conversion Operation

The A/D converter operates by successive approximations, and yields its conversion result as 10-
bit data.

A/D conversion begins when software setsthe A/D start flag (bit ADSF) to 1. Bit ADSF keeps a
value of 1 during A/D conversion, and is cleared to 0 automatically when conversion is complete.

The completion of conversion also sets bit IRRAD in interrupt request register 2 (IRR2) to 1. An
A/D conversion end interrupt is requested if bit IENAD in interrupt enable register 2 (IENR2) is
setto 1.

If the conversion time or input channel needs to be changed in the A/D mode register (AMR)
during A/D conversion, bit ADSF should first be cleared to 0, stopping the conversion operation,
in order to avoid malfunction.

12.3.2 Start of A/D Conversion by External Trigger Input

The A/D converter can be made to start A/D conversion by input of an external trigger signal.
External trigger input isenabled at pin ADTRG when bit IRQ4 in PMR1 is set to 1 and bit TRGE
inAMRissetto 1. Then when the input signal edge designated in bit IEG4 of interrupt edge
select register (IEGR) is detected at pin ADTRG, bit ADSF in ADSR will be set to 1, starting A/D
conversion.

Figure 12.2 shows the timing.

; L

Pin ADTRG
(when bit Y

IEG4 = 0) \\\\\

ADSF

A/D conversion

[
=

Figure12.2 External Trigger Input Timing
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12.3.3 A/D Converter Operation M odes
A/D converter operation modes are shown in table 12.3.

Table12.3 A/D Converter Operation Modes

Operation Sub- Sub- Module
Mode Reset Active Sleep Watch active sleep Standby Standby
AMR Reset Functions Functions Retained Retained Retained Retained Retained
ADSR Reset Functions Functions Retained Retained Retained Retained Retained

ADRRH Retained” Functions Functions Retained Retained Retained Retained Retained

ADRRL Retained” Functions Functions Retained Retained Retained Retained Retained

Note: * Undefined in a power-on reset.

124  Interrupts

When A/D conversion ends (ADSF changes from 1 to 0), bit IRRAD ininterrupt request register 2
(IRR2) issetto 1.

A/D conversion end interrupts can be enabled or disabled by means of bit IENAD in interrupt
enable register 2 (IENR2).

For further details see section 3.3, Interrupts.

125 Typical Use

An example of how the A/D converter can be used is given below, using channel 1 (pin AN1) as
the analog input channel. Figure 12.3 shows the operation timing.

1. BitsCH3to CHO of the A/D mode register (AMR) are set to 0101, making pin AN, the analog
input channel. A/D interrupts are enabled by setting bit IENAD to 1, and A/D conversionis
started by setting bit ADSF to 1.

2. When A/D conversion is complete, bit IRRAD is set to 1, and the A/D conversion result is
stored in ADRRH and ADRRL. At the same time ADSF iscleared to O, and the A/D converter
goesto theidle state.

Bit IENAD = 1, so an A/D conversion end interrupt is requested.
The A/D interrupt handling routine starts.

The A/D conversion result is read and processed.

The A/D interrupt handling routine ends.

o 0k~ w

If ADSF isset to 1 again afterward, A/D conversion starts and steps 2 through 6 take place.

Rev. 6.00, 08/04, page 395 of 628
RENESAS



Figures 12.4 and 12.5 show flow charts of procedures for using the A/D converter.
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Figure12.3 Typical A/D Converter Operation Timing
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Set A/D conversion speed
and input channel

Disable A/D conversion
end interrupt

Start A/D conversion

Read ADSR

Read ADRRH/ADRRL data

Perform A/D
conversion?

Figure12.4 Flow Chart of Procedurefor Using A/D Converter (Polling by Softwar €)
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12.7  Application Notes

12.71  Application Notes

» Datain ADRRH and ADRRL should be read only when the A/D start flag (ADSF) inthe A/D
start register (ADSR) is cleared to 0.

» Changing the digital input signal at an adjacent pin during A/D conversion may adversely
affect conversion accuracy.

*  When A/D conversion is started after clearing module standby mode, wait for 10 ¢ clock
cycles before starting.

» Inactive mode or deep mode, analog power supply current (Alsropy) flows into the ladder
resistance even when the A/D converter is not operating. Therefore, if the A/D converter is not
used, it isrecommended that AV ¢ be connected to the system power supply and the
ADCKSTP (A/D converter module standby mode control) bit be cleared to 0 in clock stop
register 1 (CKSTPR1).

12.7.2 Permissible Sighal Source Impedance

ThisLSI’sanalog input is designed such that conversion precision is guaranteed for an input
signal for which the signal source impedanceis 10 kQ or less. This specification is provided to
enable the A/D converter’s sample-and-hold circuit input capacitance to be charged within the
sampling time; if the sensor output impedance exceeds 10 kQ, charging may be insufficient and it
may not be possible to guarantee A/D conversion precision. However, alarge capacitance
provided externally, the input load will essentially comprise only the internal input resistance of
10 kQ, and the signal source impedance isignored. However, as alow-pass filter effect is obtained
in this case, it may not be possible to follow an analog signal with alarge differential coefficient
(e.g., 5mV/usor greater) (seefigure 12.8). When converting a high-speed analog signal, a low-
impedance buffer should be inserted.

12.7.3 Influenceson Absolute Precision

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute precision. Be sure to make the connection to an electrically stable GND.

Careisalso required to ensure that filter circuits do not interfere with digital signals or act as
antennas on the mounting board.

Rev. 6.00, 08/04, page 400 of 628
RENESAS



This LSI

A/D converter

Sensor output equivalent circuit

impedance

Up to 10 kQ 10 kQ

Sensor input j_ j_ J_

\Low-pass = ! Cin = 20 pF
filter ; 15 pF I

'Cto 0.1 pF ;

Figure12.8 Analog Input Circuit Example
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13.

Section 13 LCD Controller/Driver

1 Oveview

This LSl has an on-chip segment type LCD control circuit, LCD driver, and power supply circuit,
enabling it to directly drive an LCD panel.

13.1.1 Features

Features of the LCD controller/driver are given below.

» Display capacity

Duty Cycle Internal Driver
Static 32 seg

1/2 32 seg

1/3 32 seg

1/4 32 seg

LCD RAM capacity

8 hits x 16 bytes (128 hits)

Word accessto LCD RAM

All four segment output pins can be used individually as port pins.

Common output pins not used because of the duty cycle can be used for common double-
buffering (parallel connection).

Display possible in operating modes other than standby mode

Choice of 11 frame frequencies

Built-in power supply split-resistance, supplying LCD drive power

Use of module standby mode enables this module to be placed in standby mode independently
when not used.

A or B waveform selectable by software

Removal of split-resistance can be controlled in software. Note that this capability is
implemented in the H8/38124 Group only.
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13.1.2  Block Diagram

Figures 13.1(1) and 13.1(2) show ablock diagram of the LCD controller/driver.

J—LO Vce
Vi1
LCD drive power supply x° V2
0 Vs
=0 Vss
/256 to ¢/2 L
Iy Common [ 7] Common [T COM:
w data latch [ i |  driver > COMa
N
—f> —T* SEG32
LPCR i '
LCR
3 LCR2
o Y f 1
3 ] — 32-bit shift| : | Segment
© Display timing generator register | | driver
o ‘
9
£ |
LCD RAM
(16 bytes) ‘ | !
N —> —> SEG1
SEGn
[Legend]

LPCR: LCD port control register
LCR: LCD control register
LCR2: LCD control register 2

Figure 13.1(1) Block Diagram of H8/38024, H8/38024S, and H8/38024F-ZTAT Group
LCD Controller/Driver
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LCD drive OVe |
power supply
V3
D—.
Vss
$/256 to ¢p/2 — ~—
dw — Common [-™{Common[—> COM
W ata latch| 5| driver |—» coMm,
B 7 SEGs
LPCR ! ! !
2 LCR : 1 :
3 LCR2 E Do
& Y ¥ L o
3 —— BB ¢ [segment| |
S Display timing generator shi . driver . .
s register | ! ' .
£ ! | L
LCD RAM : Do
(16 bytes) 1 1 ,
—> —> SEG;

SEGn

[Legend]

LPCR: LCD port control register
LCR: LCD control register
LCR2: LCD control register 2

Figure 13.1(2) Block Diagram of H8/38124 Group LCD Controller/Driver
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13.1.3  Pin Configuration
Table 13.1 shows the LCD controller/driver pin configuration.

Table13.1 Pin Configuration

Name Abbr. 110 Function

Segment output pins SEG3,t0 SEG:1  Output  LCD segment drive pins
All pins are multiplexed as port pins
(setting programmable)

Common output pins COMsto COM;  Output  LCD common drive pins
Pins can be used in parallel with static or
1/2 duty

LCD power supply pins Vi, Vg, V3 — Used when a bypass capacitor is

connected externally, and when an
external power supply circuit is used

13.14 Register Configuration
Table 13.2 shows the register configuration of the LCD controller/driver.

Table13.2 LCD Controller/Driver Registers

Name Abbr. R/W Initial Value Address

LCD port control register LPCR R/W — H'FFCO

LCD control register LCR R/W H'80 H'FFC1

LCD control register 2 LCR2 R/W — H'FFC2

LCD RAM — R/W Undefined H'F740 to H'F74F
Clock stop register 2 CKSTPR2 R/W H'FF H'FFFB
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13.2 Register Descriptions

13.2.1 LCD Port Control Register (LPCR)

Bit 7 6 5 4 3 2 1 0

‘ DTS1 ‘ DTSO ‘ CMX ‘ — ‘ SGS3 ‘ SGS2 ‘ SGS1 ‘ SGS0 ‘
Initial value 0 0 0 — 0 0 0 0
Read/Write R/W R/W R/W w R/W R/W R/W R/W

LPCR isan 8-bit read/write register which selects the duty cycle and LCD driver pin functions.
Bits 7 to 5—Duty Cycle Select 1 and 0 (DT S1, DT S0), Common Function Select (CM X)

The combination of DTS1 and DTSO0 selects static, 1/2, 1/3, or 1/4 duty. CMX specifies whether
or not the same waveform is to be output from multiple pins to increase the common drive power
when not all common pins are used because of the duty setting.

Bit 7 Bit6  Bit5
DTS1 DTSO CMX Duty Cycle Common Drivers  Notes

0 0 0 Static COM; (initial value) Do not use COM4, COM;3, and
COM..
1 COM4 to COMy COM;y, COMs, and COM; output
the same waveform as COM;.
0 1 0 1/2 duty COM; and COM; Do not use COM, and COMs.
1 COM; to COM; COM;, outputs the same waveform

as COMs, and COM; outputs the
same waveform as COM;.

1 0 0 1/3 duty COM;s to COM; Do not use COMa.
1 COM;, to COM; Do not use COMa.
1 1 0 1/4 duty COM4 to COMy —
1

Bit 4—Reserved
Bit 4 isreserved. It can only be written with 0.
Bits 3 to 0—Segment Driver Select 3to 0 (SGS3to SGS0)

Bits 3 to 0 select the segment drivers to be used.
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Function of Pins SEG3, to SEG;

Bit3 Bit2 Bitl Bit0O SEGsto SEG,to SEGxuto SEG, to SEGisto SEGy; to SEGgto SEG4to
SGS3 SGS2 SGS1 SGSO SEGz SEGys SEG;;  SEGy;;  SEGis SEGe SEGs SEG; Notes

0 0 0 0 Port Port Port Port Port Port Port Port (Initial value)
1 Port Port Port Port Port Port Port SEG
1 0 Port Port Port Port Port Port SEG SEG
1 Port Port Port Port Port SEG SEG SEG
1 0 0 Port Port Port Port SEG SEG SEG SEG
1 Port Port Port SEG SEG SEG SEG SEG
1 0 Port Port SEG SEG SEG SEG SEG SEG
1 Port SEG SEG SEG SEG SEG SEG SEG
1 0 0 0 SEG SEG SEG SEG SEG SEG SEG SEG
1 SEG SEG SEG SEG SEG SEG SEG Port
1 0 SEG SEG SEG SEG SEG SEG Port Port
1 SEG SEG SEG SEG SEG Port Port Port
1 0 0 SEG SEG SEG SEG Port Port Port Port
1 SEG SEG SEG Port Port Port Port Port
1 0 SEG SEG Port Port Port Port Port Port
1 SEG Port Port Port Port Port Port Port
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13.22 LCD Control Register (LCR)

Bit 7 6 5 4 3 2 1 0

‘ — ‘ PSW ‘ ACT ‘ DISP ‘ CKS3 ‘ CKS2 ‘ CKS1 ‘ CKSO0 ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

LCR isan 8-hit read/write register which performs LCD drive power supply on/off control and
display data control, and selects the frame frequency.

LCRisinitialized to H'80 upon reset.

Bit 7—Reserved

Bit 7 isreserved; it is always read as 1 and cannot be modified.
Bit 6—L CD Drive Power Supply On/Off Control (PSW)

Bit 6 can be used to turn the LCD drive power supply off when LCD display is not required in a
power-down mode, or when an external power supply isused. When the ACT hit iscleared to O,
or in standby mode, the LCD drive power supply is turned off regardless of the setting of this bit.

Bit 6

PSW Description

0 LCD drive power supply off (initial value)
1 LCD drive power supply on

Bit 5—Display Function Activate (ACT)

Bit 5 specifies whether or not the LCD controller/driver isused. Clearing thisbit to O halts
operation of the LCD controller/driver. The LCD drive power supply is also turned off, regardless
of the setting of the PSW bit. However, register contents are retained.

Bit 5

ACT Description

0 LCD controller/driver operation halted (initial value)
1 LCD controller/driver operates
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Bit 4—Display Data Control (DI SP)

Bit 4 specifies whether the LCD RAM contents are displayed or blank datais displayed regardless
of the LCD RAM contents.

Bit 4

DISP Description

0 Blank data is displayed (initial value)
1 LCD RAM data is display

Bits 3 to 0—Frame Frequency Select 3to 0 (CKS3to CKS0)

Bits 3 to 0 select the operating clock and the frame frequency. In subactive mode, watch mode,
and subsleep mode, the system clock (@) is halted, and therefore display operations are not
performed if one of the clocks from /2 to ¢/256 is selected. If LCD display isrequired in these
modes, @w, @w/2, or ew/4 must be selected as the operating clock.

. . . . Frame Frequency™*?
Bit 3 Bit 2 Bit 1 Bit 0

CKS3 CKS2 CKS1 CKSO Operating Clock ¢@=2MHz @= 250 kHZz**
0 * 0 0 ow 128 Hz*? (initial value)
0 * 0 1 ow/2 64 Hz*®
0 * 1 * Qw4 32 Hz*®
1 0 0 0 @2 — 244 Hz
1 0 0 1 @4 977 Hz 122 Hz
1 0 1 0 @8 488 Hz 61 Hz
1 0 1 1 @16 244 Hz 30.5Hz
1 1 0 0 @32 122 Hz —
1 1 0 1 @64 61 Hz —
1 1 1 0 @128 30.5Hz —
1 1 1 1 @256 — —
*: Don't care

Notes: 1. This is the frame frequency in active (medium-speed, @osc/16) mode when @ =2 MHz.
2. When 1/3 duty is selected, the frame frequency is 4/3 times the value shown.
3. This is the frame frequency when @w = 32.768 kHz.
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13.2.3 LCD Control Register 2 (LCR2)

Bit 7 6 5 4 3 2 1 0

‘ LCDAB ] — ‘ — ‘ — ‘ cps3* | cps2* | cps1* | cpso*
Initial value 0 1 1 — 0 0 0 0
Read/Write R/W — — R/W R/W R/W R/W R/W

Note: * Applies to the H8/38124 Group only. On the H8/38024, H8/38024S, and H8/38024F-ZTAT
Group, these bits are reserved like bit 4.

LCR2 is an 8-bit read/write register which controls switching between the A waveform and B
waveform and removal of split-resistance. Note that removal of split-resistance control isonly
implemented on the H8/38124 Group.

Bit 7—A Waveform/B Waveform Switching Control (LCDAB)

Bit 7 specifies whether the A waveform or B waveform is used as the LCD drive waveform.

Bit 7

LCDAB Description

0 Drive using A waveform (initial value)
1 Drive using B waveform

Bits 6 and 5—Reserved
Bits 6 and 5 are reserved; they are alwaysread as 1 and cannot be modified.
Bit 4—Reserved

Bit 4 isreserved; this can only be written with 0.
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13.24  Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0
‘LVDCKSTP* ‘ — ‘ PWZCKSTP‘ AECKSTP ‘WDCKSTP ‘ PW1CKSTP ‘ LDCKSTP ‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W — — R/W R/W R/W R/W R/W

Note: * Bits 6 and 5 are also reserved on products other than the H8/38124 Group.

CKSTPR2 is an 8-bit read/write register that performs module standby mode control for peripheral
modules. Only the bit relating to the LCD controller/driver is described here. For details of the
other bits, see the sections on the relevant modules.

Bit 0—L CD Controller/Driver Module Standby M ode Control (LDCK STP)

Bit O controls setting and clearing of module standby mode for the LCD controller/driver.

Bit 0

LDCKSTP  Description

0 LCD controller/driver is set to module standby mode

1 LCD controller/driver module standby mode is cleared (initial value)
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13.3  Operation

13.3.1  Settingsup to LCD Display

To perform LCD display, the hardware and software related items described below must first be
determined.

Hardwar e Settings

a. Using /2 duty
When 1/2 duty is used, interconnect pinsV, and V3 as shown in figure 13.2.

VCC
Vi
ol
Vs

VSS

Figure 13.2 Handling of LCD Drive Power Supply when Using 1/2 Duty

b. Large-panel display
As the impedance of the built-in power supply split-resistanceislarge, it may not be suitable
for driving alarge panel. If the display lacks sharpness when using alarge panel, refer to
section 13.3.4, Boosting the LCD Drive Power Supply. When static or 1/2 duty is selected, the
common output drive capability can beincreased. Set CMX to 1 when selecting the duty
cycle. Inthis mode, with a static duty cycle pins COM,4 to COM; output the same waveform,
and with 1/2 duty the COM waveform is output from pins COM, and COM,, and the COM,
waveform is output from pins COM, and COM .
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Softwar e Settings

a. Duty selection

Any of four duty cycles—static, 1/2 duty, 1/3 duty, or 1/4 duty—can be selected with bits
DTS1 and DTSO.

b. Segment selection
The segment driversto be used can be selected with bits SGS; to SGS,.

c. Frame frequency selection
The frame frequency can be selected by setting bits CKS; to CKS,.  The frame frequency
should be selected in accordance with the LCD panel specification. For the clock selection
method in watch mode, subactive mode, and subsleep mode, see section 13.3.3, Operationin
Power-Down Modes.

d. A or B waveform selection

Either the A or B waveform can be selected as the LCD waveform to be used by means of
LCDAB.
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13.3.2 Relationship between LCD RAM and Display

The relationship between the LCD RAM and the display segments differs according to the duty
cycle. LCD RAM maps for the different duty cycles are shown in figures 13.3 to 13.6.

After setting the registers required for display, datais written to the part corresponding to the duty
using the same kind of instruction as for ordinary RAM, and display is started automatically when
turned on. Word- or byte-access instructions can be used for RAM setting.

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

H'F740 SEG2 SEG2 SEG2 SEG2 SEG1 SEG1 SEG1 SEG1

H'F74F SEG32 | SEG32 | SEG32 | SEG32 | SEG31 | SEG31 | SEG31 | SEG31

Y Y Y Y Y Y Y Y
COM4 COM3 COM2 COM1 COM4 COM3 COM2 COMI

Figure13.3 LCD RAM Map (1/4 Duty)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740 SEG2 SEG2 SEG2 SEG1 SEG1 SEG1
H'F74F SEG32 | SEG32 | SEG32 SEG31 | SEG31 | SEG31
Y Y Y Y Y Y Y
COM3 COM2 COM1 COM3  COM2 COM!1

|:| Space not used for display

Figure13.4 LCD RAM Map (1/3 Duty)
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Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740 SEG4 SEG4 SEG3 SEG3 SEG2 SEG2 SEG1 SEG1
Display space
SEG32 | SEG32 | SEG31 | SEG31 | SEG30 | SEG30 | SEG29 | SEG29
H'F747
Space not used for display
H'F74F
Y Y Y Y Y Y Y Y
COM2  COM1 COM2  COM1 COM2  COM1 COM2  COM1
Figure13.5 LCD RAM Map (1/2 Duty)
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
H'F740 SEGS8 SEG7 SEG6 SEG5 SEG4 SEG3 SEG2 SEG1 w
Display
space
SEG32 | SEG31 SEG30 | SEG29 | SEG28 | SEG27 | SEG26 | SEG25
H'F743
Space not
used for
display
H'F74F
Y Y Y Y Y Y Y Y
COM1 COM1 COM1 COM1 COM1 COM1 COM1 COM1

Figure13.6 LCD RAM Map (Static Mode)
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Data

CcCOoM1

COM2

COM3

COM4

SEGn

Data

COoM1

(a) Waveform with 1/4 duty

1 frame

(c) Waveform with 1/2 duty

Data

COoM1

COM2

COM3

SEGn

pata —

e e e

(d) Waveform with static output

M: LCD alternation signal

Figure 13.7 Output Waveformsfor Each Duty Cycle (A Waveform)
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M: LCD alternation signal

(c) Waveform with 1/2 duty

Figure 13.8 Output Waveformsfor Each Duty Cycle (B Wavefor m)
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Table13.3 Output Levels

Data 0 0 1 1
M 0 1 0 1
Static Common output Vi Vss V1 Vss
Segment output V1 Vss Vss Vi
1/2 duty Common output V2, V3 V2, V3 Vi Vss
Segment output V1 Vss Vss Vi
1/3 duty Common output V3 Vs Vi Vss
Segment output Va V3 Vss V1
1/4 duty Common output V3 Vs Vi Vss
Segment output Va V3 Vss V1

M: LCD alternation signal

13.3.3  Operation in Power-Down Modes

This LSl the LCD controller/driver can be operated even in the power-down modes. The
operating state of the LCD controller/driver in the power-down modes is summarized in table
13.4.

In subactive mode, watch mode, and subsleep mode, the system clock oscillator stops, and
therefore, unless @w, @w/2, or @w/4 has been selected by bits CKS3 to CK S0, the clock will not be
supplied and display will halt. Sincethereisapossibility that adirect current will be applied to
the LCD panel inthiscase, it is essential to ensure that gw, @n/2, or @w/4 is selected. In active
(medium-speed) mode, the system clock is switched, and therefore CKS3 to CK SO must be
modified to ensure that the frame frequency does not change.

Table13.4 Power-Down M odes and Display Operation

Sub- Sub- Module
Mode Reset Active Sleep  Watch active sleep Standby Standby
Clock I Runs Runs Runs Stops Stops Stops Stops Stops™*
ow Runs Runs Runs Runs Runs Runs Stops*®  Stops™*
Display ACT =0 Stops Stops Stops Stops Stops Stops Stops*2 Stops

operation 5

ACT=1 Stops Functions Functions Functions™® Functions™® Functions™® Stops*?  Stops

Notes: 1. The subclock oscillator does not stop, but clock supply is halted.
2. The LCD drive power supply is turned off regardless of the setting of the PSW bit.

3. Display operation is performed only if @w, @w/2, or @w/4 is selected as the operating
clock.

4. The clock supplied to the LCD stops.
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13.3.4 Boosting the LCD Drive Power Supply

When alarge panel is driven, the on-chip power supply capacity may be insufficient. If the power
supply capacity isinsufficient when V¢ is used as the power supply, the power supply impedance
must be reduced. This can be done by connecting bypass capacitors of around 0.1 to 0.3 uF to
pinsV to V3, as shown in figure 13.9, or by adding a split-resistance externally.

O
R%I
VCC
v,
R§ R = several kQ to
This LSI v several MQ
2
R
§ C=0.1t00.3 uF
Vs |
R§
VSS
77

Figure 13.9 Connection of External Split-Resistance
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Section 14 Power-On Reset and Low-V oltage Detection
Circuits (H8/38124 Group Only)

141  Overview
ThisLSI caninclude a power-on reset circuit and low-voltage detection circuit.

The low-voltage detection circuit consists of two circuits: LV DI (interrupt by low voltage detect)
and LVDR (reset by low voltage detect) circuits.

Thiscircuit is used to prevent abnormal operation (runaway execution) from occurring due to the
power supply voltage fall and to recreate the state before the power supply voltage fall when the
power supply voltage rises again.

Even if the power supply voltage falls, the unstable state when the power supply voltage falls
below the guaranteed operating voltage can be removed by entering standby mode™ when
exceeding the guaranteed operating voltage and during normal operation. Thus, system stability
can be improved. If the power supply voltage falls more, the reset state is automatically entered. If
the power supply voltage rises again, the reset state is held for a specified period, then active mode
isautomatically entered.

Figure 14.1 isablock diagram of the power-on reset circuit and the low-voltage detection circuit.

Note: * The voltage maintained in standby mode is the same as the RAM data retaining voltage
(VRam)- See section 16.8.2, DC Characteristics, for information on retaining voltage.

1411 Features
The features of the power-on reset circuit and low-voltage detection circuit are described below.

» Power-on reset circuit
Uses an external capacitor to generate an internal reset signal when power is first supplied.

» Low-voltage detection circuit
LVDR: Monitors the power-supply voltage, and generates an internal reset signal when the
voltage falls below a specified value.
LVDI: Monitors the power-supply voltage, and generates an interrupt when the voltage falls
below or rises above respective specified values.

Two pairs of detection levels for reset generation voltage are available: when only the LVDR
circuit is used, or when the LVDI and LVDR circuits are both used. In addition, power supply
rise/drop detection voltages and a detection voltage reference voltage may be input from an
external source, allowing the detection level to be set freely by the user.
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14.1.2 Block Diagram

A block diagram of the power-on reset circuit and low-voltage detection circuit are shown in

figure 14.1.

Noise
canceler

signal

\
'
'
'
H
H
'
'
:
H

Q |+ Internal reset
'
H
H
'
'
'
H
H
'
'

>

'

: o
N =]
' Ladd Vreset " ﬁ
! adder s
External : Vee resistor —> CvBRES 3
Supply : Tovm | T Y g
' 2
[ . * > Interrupt £
extD ' —
External m E LVDINT cc_Jntr_otI .
ladder extUpq circui ;
resistor | S Y !
Vref ' H
%7 ’—D ' »——! Interrupt
! H ! request
External ro On-chip :
reference voltage ! H reference voltage :
generator : : generator E
[ E
1 L e e e e e e e e e ememeeee e meemememmemeemeemememeemeemmemeen——————
1 Low-voltage detection circuit
[Legend]
PSS: Prescaler S
LVDCR: Low-voltage-detection control register
LVDSR: Low-voltage-detection status register
LVDRES: Low-voltage-detection reset signal
LVDINT: Low-voltage-detection interrupt signal
Vreset: Reset detection voltage
Vint: Power-supply fall/rise detection voltage
extD: Power supply drop detection voltage input pin
extU: Power supply rise detection voltage input pin
Vref: Reference voltage input pin

Figure 14.1 Diagram of Power-On Reset Circuit and L ow-Voltage Detection Cir cuit
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14.1.3 Pin Description
The pins of the power-on reset circuit and low-voltage detection circuit are listed in table 14.1.

Table14.1 Pin Description

Pin Symbol I/O Function

Low-voltage detection circuit Vref Input Reference voltage input for low-
reference voltage input pin voltage detection circuit
Low-voltage detection circuit power extD Input Power supply drop detection voltage
supply drop detection voltage input input pin for low-voltage detection
pin circuit

Low-voltage detection circuit power extU Input Power supply rise detection voltage
supply rise detection voltage input input pin for low-voltage detection
pin circuit

1414 Register Descriptions
The registers of the power-on reset circuit and low-voltage detection circuit are listed in table 14.2.

Table 14.2 Register Descriptions

Name Symbol R/W Initial Value  Address
Low-voltage detection control register LVDCR R/W H'00 H'FF86
Low-voltage detection status register LVDSR R/W H'00 H'FF87
Low-voltage detection counter LVDCNT R H'00 H'FFC3

14.2  Individual Register Descriptions

14.21 Low-Voltage Detection Control Register (LVDCR)

Bit 7 6 5 4 3 2 1 0
‘ LVDE ‘ — ‘VINTDSEL‘VINTUSEL‘ LVDSEL‘ LVDRE ‘ LVDDE ‘ LVDUE ‘
Initial value 0* 0 0 0 0* 0* 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Note: * These bits are not initialized by resets trigged by LVDR. They are initialized by power-on
resets and watchdog timer resets.

LVDCR isan 8-bit read/write register. It is used to control whether or not the low-voltage
detection circuit is used, settings for external input of power supply rise and drop detection
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voltages, the LV DR detection level setting, enabling or disabling of resets triggered by the low-
voltage detection reset circuit (LVDR), and enabling or disabling of interrupts triggered by power
supply voltage drops or rises.

Bit 7—L VD Enable (LVDE)

Thisbit is used to control whether or not the low-voltage detection circuit is used.

Bit 7

LVDE Description

0 Low-voltage detection circuit not used (standby status) (initial value)
1 Low-voltage detection circuit used

Bit 6—Reserved

This bit is aread/write enabled reserved bit.
Bit 5—Power Supply Drop (LVDD) Detection Level External Input Select (VINTDSEL)

Thisbit is used to select the power supply drop detection level.

Bit 5

VINTDSEL Description

0 LVDD detection level generated by on-chip ladder resistor (initial value)
1 LVDD detection level input to extD pin

Bit 4—Power Supply Rise (LVDU) Detection Level External Input Select (VINTUSEL)

Thisbit is used to select the power supply rise detection level.

Bit 4

VINTUSEL Description

0 LVDU detection level generated by on-chip ladder resistor (initial value)
1 LVDU detection level input to extU pin
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Bit 3—L VDR Detection Level Select (LVDSEL)

Thisbit isused to select the LVDR detection level. Select 2.3 V (typical) reset if voltage rise and
drop detection interrupts are to be used. For reset detection only, Select 3.3 V (typical) reset.

Bit 3

LVDSEL Description

0 Reset detection voltage 2.3 V (typ.) (initial value)
1 Reset detection voltage 3.3 V (typ.)

Bit 2—L VDR Enable (LVDRE)

Thisbit is used to control whether resets triggered by LVDR are enabled or disabled.

Bit 2

LVDRE Description

0 LVDR resets disabled (initial value)
1 LVDR resets enabled

Bit 1—Voltage Drop Interrupt Enable (LVDDE)

Thisbit is used to control whether voltage drop interrupt requests are enabled or disabled.

Bit 1

LVDDE Description

0 Voltage drop interrupt requests disabled (initial value)
1 Voltage drop interrupt requests enabled

Bit 0—Voltage Rise Interrupt Enable (LVDUE)

Thisbit is used to control whether voltage rise interrupt requests are enabled or disabled.

Bit 0

LVDUE Description

0 Voltage rise interrupt requests disabled (initial value)
1 Voltage rise interrupt requests enabled
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Table 14.3 shows the relationship between LVDCR settings and function selections. Refer to table
14.3 when making settingsto LVDCR.

Table14.3 LVDCR Settings and Function Selections

Low-Voltage Low-Voltage

LVDCR Setting Value Low-Voltage Detection Detection
Power-on  Detection Voltage Drop Voltage Rise
LVDE LVDSEL LVDRE LVDDE LVDUE Reset Reset Interrupt Interrupt
0 * * * * O _ — —
1 1 1 0 0 O O _ _
1 0 0 1 0 O — O _
1 0 0 1 1 @) — O O
1 0 1 1 1 @) O O O

Note: Setting values marked with an asterisk (*) are invalid.

1422 Low-Voltage Detection Status Register (LVDSR)

Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ — ] — ] — ’VREFSEL’ — ] LVDDF ] LVDUF ‘
Initial value 0* 0 0 0 0 0 0* 0*

Read/Write R/W R/W RW RW RW RW RW RW

Note: * These bits initialized by resets trigged by LVDR.

LVDSR isan 8-hit read/write register. It is used to control external input selection, indicates when
the reference voltage is stable, and indicates if the power supply voltage goes below or above a
specified range.

Bit 7—L VD Reference Voltage Stabilized Flag (OVF)

This bit indicates when the low-voltage detection counter (LVDCNT) overflows.

Bit 7

OVF Description

0 [Clearing condition] (initial value)
When 0 is written after reading 1

1 [Setting condition]

When the low-voltage detection counter (LVDCNT) overflows
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Bits 6 to 4—Reserved
These bits are read/write enabled reserved bits.
Bit 3—Reference Voltage External Input Select (VREFSEL)

Thisbit is used to select the reference voltage.

Bit 3

VREFSEL Description

0 The on-chip circuit is used to generate the reference voltage (initial value)
1 The reference voltage is input to the Vref pin from an external source

Bit 2—Reserved
Thisbit isreserved. It is aways read as 0 and cannot be written to.
Bit 1—L VD Power Supply Voltage Drop Flag (LVDDF)

This bit indicates when a power supply voltage drop has been detected.

Bit 1

LVDDF Description

0 [Clearing condition] (initial value)
When 0 is written after reading 1

1 [Setting condition]

When the power supply voltage drops below Vint(D)

Bit 0—L VD Power Supply Voltage Rise Flag (L VDUF)

This bit indicates when a power supply voltage rise has been detected.

Bit 0
LVDUF Description
0 [Clearing condition]
When 0 is written after reading 1 (initial value)
1 [Setting condition]

When the power supply voltage drops below Vint(D) while the LVDUE bit in
LVDCR is set to 1, and it rises above Vint(U) before dropping below Vresetl
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1423 Low-Voltage Detection Counter (LVDCNT)

Bit 7 6 5 4 3 2 1 0

‘ CNT? ] CNT6 ‘ CNT5 ‘ CNT4 ‘ CNT3 ‘ CNT2 ‘ CNT1 ‘ CNTO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R R R R

LVDCNT isaread-only 8-bit up-counter. Counting begins when 1 iswritten to LVDE. The
counter increments using @4 as the clock source until it overflows by switching from H'FF to
H'00, at which time the OVF bit in the LVDSR register is set to 1, indicating that the on-chip
reference voltage generator has stabilized. If the LV D function is used, it is necessary to stand by
until the counter has overflowed. Theinitial value of LVDCNT is H'00.

1424  Clock Stop Register 2 (CKSTPR2)

Bit 7 6 5 4 3 2 1 0
‘LVDCKSTP‘ — ’ — ’PWZCKSTP’ AECKSTP ’WDCKSTP ’PWlCKSTP’ LDCKSTP ‘

Initial value 1 1 1 1 1 1 1 1

Read/Write R/W — — R/W R/W R/W R/W R/W

CKSTPR2 is an 8-hit read/write register. It is used to control the module’s module standby mode.
Only the bits relevant to the LV D function are described in this section. Refer to the sections on
the other modules for information about the other bits.

Bit 7—LVD Module Standby Control (LVDCKSTP)

Thisbit is used to control setting of the LV D function to module standby status and cancellation of
that status.

Bit 7

LVDCKSTP Description

0 Sets LVD to module standby status

1 Cancels LVD module standby status (initial value)

Note: This bit is implemented on the H8/38124 Group only. On other products it is always read as
1 and cannot be written to.
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14.3  Operation

14.3.1 Power-On Reset Circuit

Figure 14.2 shows the timing of the operation of the power-on reset circuit. As the power-supply
voltage rises, the capacitor which is externally connected to the RES pin is gradually charged via
the on-chip pull-up resistor (typ. 100 kQ). Since the state of the RES pin is transmitted within the
chip, the prescaler S and the entire chip are in their reset states. When the level on the RES pin
reaches the specified value, the prescaler Sisreleased from itsreset state and it starts counting.
The OVF signd is generated to release the internal reset signal after the prescaler S has counted
131,072 clock (¢) cycles. The noise cancellation circuit of approximately 100 nsisincorporated to
prevent the incorrect operation of the chip by noise on the RES pin.

To achieve stable operation of this LS|, the power supply needsto riseto its full level and settles
within the specified time. The maximum time required for the power supply to rise and settle after
power has been supplied (tpwon) IS determined by the oscillation frequency (fosc) and capacitance
which is connected to RES pin (Cggs). If tewon means the time required to reach 90 % of power
supply voltage, the power supply circuit should be designed to satisfy the following formula.

tpwon (Ms) < 80 ¢ Cggs (UF) = 10/fosc (MHZ)
(trwon < 3000 ms, Cggs = 0.22 pF, and fosc = 10 in 2-MHz to 10-MHz operation)

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after charge on
the RES pin is removed. To remove charge on the RES pin, it is recommended that the diode
should be placed near Vcc. If the power supply voltage (Vcc) rises from the point above Vpor, a
power-on reset may not occur.

. .
tF>wc>N:<->:

RES /_
_______ Lo-
PSS-reset | | |
signal ( (
7 )T . !
OVF (( |_| (}(} | N
: (( : :
Internal reset . ) | | .
signal 1<—131,072 cycles— ( i

PSS counter starts Reset released

Figure14.2 Operational Timing of Power-On Reset Cir cuit
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14.3.2 Low-Voltage Detection Cir cuit
LVDR (Reset by Low Voltage Detect) Circuit:

Figure 14.3 shows the timing of the LVDR function. The LVDR enters the module-standby state
after a power-on reset is canceled. To operatethe LVDR, set the LVDE bit in LVDCR to 1, wait
for 150 us (t.vpon) until the reference voltage and the low-voltage-detection power supply have
stabilized, based on overflow of LVDNT, etc., then set the LVDRE bit in LVDCR to 1. After that,
the output settings of ports must be made. To cancel the low-voltage detection circuit, first the
LVDRE bit should be cleared to 0 and then the LV DE bit should be cleared to 0. The LVDE and
LVDRE bits must not be cleared to 0 simultaneously because incorrect operation may occur.

When the power-supply voltage falls below the Vreset voltage (typ. = 2.3V or 3.3 V), the LVDR
clearsthe LVDRES signal to 0, and resets the prescaler S. The low-voltage detection reset state
remainsin place until a power-on reset is generated. When the power-supply voltage rises above
the Vreset voltage again, the prescaler S starts counting. It counts 131,072 clock (¢) cycles, and
then releases the internal reset signal. In this case, the LVDE, LVDSEL, and LVDRE bitsin
LVDCR are not initialized.

Note that if the power supply voltage (Vcc) fals below V yvprmin = 1.0 V and then rises from that
point, the low-voltage detection reset may not occur.

If the power supply voltage (Vcc) falls below Vpor = 100 mV, a power-on reset occurs.

Vce

VLWDRmin T s s mm——— i el
e Vss
((
LVDRES )
PSS-reset
signal ((
| ' ))
ove e B
: : (¢
| | )
((
Internal reset H )
signal i< 131,072 cycles
PSS counter starts Reset released

Figure 14.3 Operational Timing of LVDR Circuit
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LVDI (Interrupt by Low Voltage Detect) Cir cuit:

Figure 14.4 shows the timing of LV DI functions. The LV DI enters the module-standby state after
apower-on reset is canceled. To operate the LVDI, set the LVDE bit in LVDCR to 1, wait for 150
us (t.vpon) until the reference voltage and the low-voltage-detection power supply have stabilized,
based on overflow of LVDNT, etc., then set the LVDDE and LVDUE bitsin LVDCR to 1. After
that, the output settings of ports must be made. To cancel the low-voltage detection circuit, first
the LVDDE and LV DUE bits should al be cleared to 0 and then the LV DE bit should be cleared
to 0. The LVDE bit must not be cleared to O at the same timing as the LVDDE and LVDUE bits
because incorrect operation may occur.

When the power-supply voltage falls below Vint (D) (typ. = 3.7 V) voltage, the LV DI clearsthe
LVDINT signal to 0 and the LVDDF bitin LVDSR isset to 1. If the LVDDE bit is 1 at thistime,
an IRQO interrupt request is simultaneously generated. In this case, the necessary data must be
saved in the external EEPROM, etc, and atransition must be made to standby mode or watch
mode. Until this processing is completed, the power supply voltage must be higher than the lower
limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below Vresetl (typ. = 2.3 V) voltage but rises above
Vint (U) (typ. = 4.0 V) voltage, the LVDI setsthe LVDINT signal to 1. If the LVDUE bitis 1 at
thistime, the LVDUF bit in LVDSR is set to 1 and an IRQO interrupt request is simultaneously
generated.

If the power supply voltage (Vcc) falls below Vresetl (typ. = 2.3 V) voltage, the LVDR function
is performed.

Vint (U)
Vint (D)

Vreset1
VSS

LVDINT f 5
LVDDE | T

LVDDF

LVDUE | i I

LVDUF 1

0O)
N\

IRQO interrupt generated IRQO interrupt generated

Figure14.4 Operational Timing of LVDI Circuit
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The reference voltage, power supply voltage drop detection level, and power supply voltage rise
detection level can be input to the LS| from external sources viathe Vref, extD, and extU pins.
Figure 14.5 shows the operational timing using input from the Vref, extD, and extU pins.

First, make sure that the voltages input to pins extD and extU are set to higher levels than the
interrupt detection voltage Vexd. After initial settings are made, a power supply drop interrupt is
generated if the extD input voltage drops below Vexd. After a power supply drop interrupt is
generated, if the external power supply voltage rises and the extU input voltage rises higher than
Vexd, apower supply riseinterrupt is generated. As with the on-chip circuit, the above function
should be used in conjunction with LVDR (Vresetl) when the LV DI function is used.

External power
supply voltage

extD input voltage
extU input voltage

e e i Vss

LVDINTD

LVDDF 1

LVDINTU ! .

LVDUF

t }

IRQO interrupt IRQO interrupt
generated generated

Figure14.5 Operational Timing of Low-Voltage Detection Interrupt Circuit
(Using Pins Vref, extD, and extU)
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Figure 14.6 shows a usage example for the LV D function employing pins Vref, extD, and extU.
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Resistance Value Calculation Table

Ex.No Vref(V) R(kQ) Vresetl Vint(D) Vint(U) R1(kQ) R2(KkQ) R3KkQ)
1 1.30 1000 2.5 2.7 2.9 517 33 450
2 141 1000 2.7 2.9 3 514 16 470
3 1.57 1000 3 3.2 35 511 42 447
4 2.09 1000 4 4.5 4.7 536 20 444
4. Using an error calculation table like the one shown below, plug in values for R1, R2, R3, and

Vref to calculate the deviation of Vresetl, Vint(D), and Vint(U). Make sure to double check

the maximum and minimum values for each value.

Error Calculation Table

Resistance Value
Error (%)

R1 R2 R3 Comparator Vresetl Vint(D) Vint(U)

Vref (V) (kQ) (kQ) (kQ) 5 Error (V) V) V) V)
1.3 517 33 450 R1+Err, R2/R3-Err 0.1 2.59 2.94 3.15
0 2.49 2.84 3.05

-0.1 2.39 2.74 2.95

R1-Err, R2/R3+Err 0.1 2.59 2.66 2.85

0 2.49 2.56 2.75

-0.1 2.39 2.46 2.65

R1/R2/R3 No Err 0.1 2.59 2.79 2.99

0 2.49 2.69 2.89

-0.1 2.39 2.59 2.79

R1/R2+Err, R3-Err 0.1 2.59 2.93 3.16

0 2.49 2.83 3.06

-0.1 2.39 2.73 2.96

R1/R2-Err, R3+Err 0.1 2.59 2.67 2.84

0 2.49 2.57 2.74

-0.1 2.39 2.47 2.64
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Operation and Cancellation Setting Procedure Using LVDR and LVDI:

Settings should be made as indicated below in order to ensure proper operation of the low voltage
detection circuit or to cancel operation. Figure 14.7 shows the setting timing for low voltage
detection circuit operation and cancellation.

1. Toturn onthe low voltage detection circuit, first set the LVDE bitin LVDCR to 1.

2. After waiting for LVDCNT overflow, etc., to ensure that the stabilization time (t_ypon = 150
ps) for the reference voltage and low voltage detection power supply has elapsed, clear bits
LVDDF and LVDUF in LVDSR to 0. If necessary, set the LVDRE, LVDDE, and LVDUE bits

inLVDCRto 1.

3. To cancel operation of the low voltage detection circuit, clear bits LVDRE, LVDDE, and
LVDUE to 0, then clear bit LVDE to 0. Bit LVDE should not be cleared at the same time as

bits LVDRE, LVDDE, and LVDUE to avoid malfunction.

LVDE

LVDRE

LVDDE

LVDUE

(

)

(

)

(

))

((

:
'

,
< tivoon

)

T

Figure14.7 Low Voltage Detection Circuit Operation and Cancellation Setting Timing
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Section 15 Power Supply Circuit
(H8/38124 Group Only)

This LSl incorporates an internal power supply step-down circuit. Use of this circuit enables the
internal power supply to be fixed at a constant level of approximately 3.0 V, independently of the
voltage of the power supply connected to the external V. pin. Asaresult, the current consumed
when an external power supply isused at 3.0 V or above can be held down to virtually the same
low level as when used at approximately 3.0 V. If the external power supply is3.0 V or below, the
internal voltage will be practically the same as the external voltage. It is, of course, also possible to
use the same level of external power supply voltage and internal power supply voltage without
using the internal power supply step-down circuit.

15.1  When Using Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the V<. pin, and connect a capacitance of approximately 0.1
pF between CV . and Vs, as shown in figure 15.1. The internal step-down circuit is made
effective simply by adding this external circuit. In the external circuit interface, the external power
supply voltage connected to V< and the GND potential connected to Vs are the reference levels.
For example, for port input/output levels, the V. level isthe reference for the high level, and the
Vs level isthat for the low level. The A/D converter analog power supply is not affected by the
internal step-down circuit.

Vee Vee=271055V
Step-down circuit
CV¢c
— [ 1—
Internal Stabilization
Ir}t(;arirlal power —~ capacitance
9 supply (approx. 0.1 LF)
It VSS
e

Figure15.1 Power Supply Connection when Internal Step-Down Cir cuit is Used
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15.2  When Not Using Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
to the CVc pin and V¢ pin, as shown in figure 15.2. The external power supply isthen input
directly to the internal power supply. The permissible range for the power supply voltageis2.7 V
to 3.6 V. Operation cannot be guaranteed if a voltage outside this range (lessthan 3.0 V or more
than 3.6 V) isinput.

Vee=271036V

Step-down circuit

CVce
J—

Internal
power
supply

Internal
logic

Figure15.2 Power Supply Connection when Internal Step-Down Circuit is Not Used
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Section 16 Electrical Characteristics

16.1 H8/38024 ZTAT Version and Mask ROM Version Absolute
Maximum Ratings

Table 16.1 lists the absolute maximum ratings.

Table16.1 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Vee -0.3t0 +7.0 \% *
Analog power supply voltage AVcc -0.3t0 +7.0 \%
Programming voltage Vpp —0.3to +13.0 \%
Input voltage Ports other than Port B Vi, -0.3to Vcc +0.3 \Y,
and IRQAEC
Port B AVin -0.3t0 AVcc 0.3 V
IRQAEC HVin -0.3t0 +7.3 \Y,
Port 9 pin voltage Vpg -0.3t0 +7.3 \%
Operating temperature Topr —-201t0 +75 °C
(regular
specifications)
—40 to +85 °C
(wide-range
specifications)
Storage temperature Tstg -55to +125 °C

Note: * Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics. Exceeding
these values can result in incorrect operation and reduced reliability.
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Power Supply Voltage and Operating Frequency Range

80 [~----mmmmmemeeeees

N 50 -t
I '
=5 i
< i
20 f=----- |
10 =----- 0 !
©8) - I I

18 27 45 55

Vcee (V)

¢ Active (high-speed) mode
« Sleep (high-speed) mode (except CPU)

Note: 1. The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(9) is 1 MHz.

1000 | --mmmmmmmmm e

625 f—-----mo---

¢ (kHz)

250
15.625
(7.8125

45 55
Vee (V)
* Active (medium-speed) mode
+ Sleep (medium-speed) mode
(except A/D converter)

Note: 2. The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(9) is 15.625 kHz.

dsus (kHz)

192 |rreeefemm oo 1
16.384 |----- { ----------------------- |
T N 1
8.192 —I ----------- A |
48 —I ----------- ooceoooee- 4
F e oo 1
i i i

18 36 55

Vee (V)

+ Subactive mode

+ Subsleep mode (except CPU)

» Watch mode (except CPU)

Analog Power Supply Voltage and A/D Converter Operating Range

¢ (MHz)

50 f--meeeieioiees :
10 """~ o E
©8) [ i I
1.8 2.7 4.5 55
AVec (V)

« Active (high-speed) mode
« Sleep (high-speed) mode

¢ (kHz)

1000

625
500

« Active (medium-speed) mode
« Sleep (medium-speed) mode

Note: 3. When AVcc = 1.8 V to 2.7 V, the operating range is limited to ¢ = 1.0 MHz when using an oscillator,

and is ¢ = 0.5 MHz to 1.0 MHz when using an external clock.

AVec (V)

55
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16.2.2 DC Characteristics
Table 16.2 lists the DC characteristics of the H8/38024.

Table16.2 DC Characteristics

Vee=18V 1055V, AV =18V 1t055V,Vs=AVg=0.0V, T,=-20°Cto +75°C (regular
specifications), T, = —-40°C to +85°C (wide-range specifications), T, = +75°C (Die) (including
subactive mode) unless otherwise indicated.

Values
Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input hlgh Vi1 RES, 0.8 VCC — VCC +0.3 \Y VCC =40Vto55V
voltage WKP, to WKP7, g o Vee —  Vec+0.3 Except the above
IRQo, IRQ;,
IRQ;3, IRQ4,
AEVL, AEVH,
TMIC, TMIF,
TMIG, ADTRG,
SCKas,
RXDgz,, UD 0.7Vee — Vec+03 V Vec=4.0Vto55V
0.8Vee — Vee +0.3 Except the above
OSCl 0.8 Vece — Vee + 0.3 \Y Vee = 40Vto55V
09Vee — Vee +0.3 Except the above
X1 0.9 Vece — Vee + 0.3 \Y Vee = 1.8Vto55V
Plg, P14, 0.7 VCC — VCC +0.3 \Y VCC =40Vto55V
Pls, P17, 08Vee —  Vec+03 Except the above
P3o to P37,
P4o to P43,
P5q to P57,
P6, to P6-,
P70 to P77,
P8, to P85,
PAo to PA3
PBo to PB; 0.7Vee — AVcc+0.3  V Vec=4.0Vto55V
0.8Vee — AVcc +0.3 Except the above
IRQAEC 08Vee — 7.3 \ Vec=4.0Vt0o55V
09Vee — 7.3 Except the above
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input low Vi RES, -0.3 — 0.2 VCC \Y% VCC =40Vto55V
voltage WKPo to WKP7, 3 —  0.1Vcc Except the above
IRQy, IRQ;,
IRQ3, IRQy,
IRQAEC, AEVL,
AEVH, TMIC,
TMIF, TMIG,
ADTRG, SCK3,
RXD3,, UD -0.3 — 0.3 Vce \% Vec=4.0Vto55V
-0.3 — 0.2 Ve Except the above
OSCl -0.3 — 0.2 Vcc \Y Vcc =40Vto55V
-0.3 — 0.1 Ve Except the above
X1 -0.3 — 0.1 Vce \Y Vece=18Vto55V
P13, P1,, -0.3 — 0.3 Vece \Y Vee = 40Vto55V
Pls, P17, -0.3 —  0.2Vce Except the above
P3, to P35,
P40 to P43,
P50 to P57,
P6o to P67,
P7o to P77,
P8, to P85,
PA[) to PA3,
PB[) to PB7
OUtpUt hlgh VoH P13, P1,, Vee — 1.0 — — \Y Vee = 40Vto55V
voltage P1e, P1;, —loy =1.0 mA
P30 to P37, Vee—05 — — Vee=4.0V105.5V
P40 to P42,
—lon = 0.5 mA
P5q to P57,
P6, to P67, Vec—03 — — —lon = 0.1 mA
P7,to P74,
P8, to P85,
PA[) to PA3
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Pull-up —lp P1s, P1,, 50.0 — 300.0 MA V=5V,
MOS Ple, P17, V|N = O \Y
current P3, to P37,
P5o to P57, — 350 — Vee =27V, Reference
P6, to P6; Vin=0V value
Input Cin All input pins — — 15.0 pF f=1MHz,
capacitance except power Vin=0V,
supply, RES, T.=25°C
P43, PBo to PB-;
IRQAEC — — 30.0
RES — — 800 *2
— — 150 *t
P4, — — 500 *2
— — 150 *t
PB, to PB-; — — 15.0
Active lope1 Ve — 7.0 10.0 mA  Active (high-speed) **
mode mode Vec=5V, *4
current fosc =10 MHz
dissipation . Vee — 22 30 mA Active (medium-  **
speed) mode 4
Vec=5Y,
fosc: 10 MHz
(osc/128
Sleep mode IsLeep Vee — 3.8 5.0 mA  Vcc=h Y, *3
current fosc=10 MHz 4
dissipation
Subactive  lsyg Vee — 15.0 30.0 PA V=27V, *3
mode LCD on 32 kHz *4
current crystal oscillator
dissipation (Psus=@u/2)
— 80 — PA V=27V, *3
LCD on 32 kHz x4
crystal oscillator Reference
(Psus=@u/8) value
Subsleep lsussp Vce — 7.5 16.0 l.lA Vee = 2.7 V, *3
mode LCD on 32 kHz *4
current crystal oscillator
dissipation (Psus=@uw/2)
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Watch lwateH  Vee — 38 6.0 PA Ve =27V, *2
mode 32 kHz crystal *3
current oscillator *4
dissipation LCD not used
28 6.0 *t
*3
*4
Standby lstay Vee — 1.0 5.0 PA 32 kHz crystal *3
mode oscillator not used ~ **
current
dissipation
RAM data VRram Vce 1.5 — — \Y
retaining
voltage
Allowable oL Qutput pins — — 2.0 mMmA Vec=4.0Vto55V
output low except port 3
current and 9
(per pin) Port 3 — — 100 Vee=4.0V 1055V
Output pins — — 0.5
except port 9
P9, to P9, — — 250 Vec=22Vto55V *°
— — 15.0
— — 10.0
P93 to Pgs — — 10.0
Allowable X lop Output pins — — 40.0 mMA Vec=4.0Vto55V
output low except ports 3
current and 9
(total) Port 3 _ — 800 Vee=4.0V 1055V
Qutput pins — — 20.0
except port 9
Port 9 — — 80.0
Allowable  —lon All output pins — — 2.0 mMA Vec=4.0Vto55V
output high — — 0.2 Except the above
current
(per pin)
Allowable ¥ —loy  All output pins — — 15.0 mMA Vec=4.0Vto55V
output high — — 10.0 Except the above
current
(total)
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Notes: Connect the TEST pin to Vss.
1. Applies to the Mask ROM products.
2. Applies to the HD64738024.
3. Pin states during current measurement.

RES Other LCD Power

Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed)  Vcc Operates Vee Halted System clock oscillator:
mode (lope1) crystal
Active (medium- Subclock oscillator:
speed) mode (lopez) Pin X, = GND
Sleep mode Vee Only timers operate V¢ Halted
Subactive mode Vce  Operates Vee Halted System clock oscillator:
Subsleep mode Vee Only timers operate, Vcc Halted crystal

CPU stops Subclock oscillator:
Watch mode Vee  Only time base Vee Halted crystal

operates, CPU stops
Standby mode Vee  CPU and timers both Ve Halted System clock oscillator:

stop crystal

Subclock oscillator:
Pin X; = GND

4. Excludes current in pull-up MOS transistors and output buffers.
5. When the PIOFF bit in the port mode register 9 is 0.
6. When the PIOFF bit in the port mode register 9 is 1.
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16.2.3

AC Characteristics

Table 16.3 lists the control signal timing, and tables 16.4 lists the serial interface timing of the

H8/38024.

Table16.3 Control Signal Timing

Vee=18V 1055V, AV =18V 1t055V,Vses=AVs=0.0V, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications), T, = +75°C (Die) (including
subactive mode) unless otherwise indicated.

Values

Applicable Reference

Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock fosc 0SC,;, 0SC, 20 — 16.0 MHz Vcc=45Vto55V
oscillation 20 — 100 Vec=27V1055V
frequency

20 — 4.0 Except the above
OSC clock (@osc) tosc 0SC,, 0OSC, 625 — 500 ns Vec =45V 1t05.5V Figure 16.1
cycle time (1000) *2

100 — 500 Vec=2.7Vto55V

(1000)
250 — 500 Except the above
(1000)

System clock (¢) teye 2 — 128 tosc
cycle time _ _ 128 us
Subclock oscillation fw X1, X2 — 32.768 — kHz
frequency or 38.4
Watch clock (@w) tw X1, X2 — 3050r — us Figure 16.1
cycle time 26.0
Subclock (@sus) teubeyc 2 — 8 tw *1
cycle time
Instruction cycle 2 — — teye
time tsubcyc
Oscillation tre 0SC,, OSC, — 20 45 us Figure 16.8 Figure 16.8
stabilization time Vec=22Vto55V

— — 50 ms Except the above

X1, Xz - — 20 s Vec=27Vto55V *°
— — 10.0 Vec=22Vto55V
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Values

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
External clock high tcpn 0SC, 25 — — ns Vec =45V 1t05.5V Figure 16.1
width 40 — — Vee =27V 1055V
100 — — Except the above
X1 — 1526 — us
or
13.02
External clock low  tcpL 0OSC, 25 — — ns Vec =45V 1t05.5V Figure 16.1
width 40 — — Vee=27V105.5V
100 — — Except the above
X1 — 1526 — us
or
13.02
External clock rise  tcpy 0OSC, — — 6 ns Vec =45V 1t05.5V Figure 16.1
time - - 10 Vee=27V105.5V
— — 25 Except the above
X1 — — 55.0 ns
External clock fall  tcps 0OSC, — — 6 ns Vec =45V 1t05.5V Figure 16.1
time - - 10 Vee=27V105.5V
— — 25 Except the above
X1 — — 55.0 ns
Pin RES low width  treL RES 0 — — teye Figure 16.2
Input pin high width  t4 IRQo, IRQ4, 2 — — teye Figure 16.3
|RQ3, |RQ4, tsub&:y&:
IRQAEC,
WKP, to WKP-,
TMIC, TMIF,
TMIG, ADTRG
AEVL, AEVH 05 — — tosc
Input pin low width ~ t;. IRQo, IRQ4, 2 — — teye Figure 16.3
|R03, |RQ4, tsubcyc
IRQAEC,
WKP, to WKP-,
TMIC, TMIF,
TMIG, ADTRG
AEVL,AEVH 05 — — tosc
UD pin minimum tupH ub 4 — — teye Figure 16.6
transition width tuoL tsubcyc
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Notes: 1. Selected with SA1 and SAO of system control register 2 (SYSCR2).
2. The figure in parentheses applies when an external clock is used.

3. After powering on, hold Vcc at 2.2 V to 5.5 V until the chip's oscillation settling time has
elapsed.

Table16.4 Serial Interface (SCI13) Timing

Vee=18V 1055V, AV =18V 1t055V,Vs=AVg=0.0V, T,=-20°Cto +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications), T, = +75°C (Die) (including
subactive mode) unless otherwise indicated.

Values Reference
Item Symbol Min Typ Max Unit Test Conditions Figure
Input clock  Asynchronous  tsc 4 — — teyc OF Figure 16.4
cycle Synchronous 6 — — tsubeye
Input clock pulse width tsckw 0.4 — 0.6ty Figure 16.4
Transmit data delay time trxo — — 1 teeeOr  Vec=4.0Vt05.5V Figure 16.5
(synchronous) _ — 1 toubcye Except the above
Receive data setup time trxs 200.0 — — ns Vec=4.0Vto 5.5V Figure 16.5
(synchronous) 400.0 — — Except the above Figure 16.5
Receive data hold time trxH 200.0 — — ns Vec=4.0Vto 5.5V Figure 16.5
(synchronous) 400.0 — — Except the above Figure 16.5
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16.2.4 A/D Converter Characteristics
Table 16.5 shows the A/D converter characteristics of the H8/38024.

Table16.5 A/D Converter Characteristics

Vee=18V1t055V,Vs=AVs=0.0V, T,=-20°Cto +75°C (regular specifications),
Ta=-40°C to +85°C (wide-range specifications), T, = +75°C (Di€) unless otherwise indicated.

Applicable Values Reference
Iltem Symbol Pins Min Typ Max Unit Test Condition Figure
Analog power AVee — AVec 1.8 — 55 \Y *1
supply voltage
Analog input AV ANgto AN; -0.3 — AVcc +0.3  V
voltage
Analog power  Alope AVcc — — 15 mA  AVcc =50V
supply current Alsror;  AVec _ 600 — LA *2
Reference
value

Alstorz  AVcc — — 5 HA *3
Analog input  Can ANg to AN;  — — 15.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — +2.5 LSB AVcc=27Vto55V
error Vec=27Vto55V

— — +5.5 AVcc=2.0Vto55V
VCC =20Vto55V
— — %75 Except the above *4

Quantization — — +0.5 LSB

error
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Values

Applicable Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Absolute — — +3.0 LSB AVcc=27Vto55V
accuracy Vec=2.7Vt055V
— — +6.0 AVcc=2.0Vito55V
Vee = 20Vto55V
— — 480 Except the above 4
Conversion 124 — 124 us AVec=2.7V1055V
time Vec=27V1t055V
62 — 124 Except the above
Notes: 1. Set AVcc = Vce when the A/D converter is not used.
2. Alstop: is the current in active and sleep modes while the A/D converter is idle.
3. Alstop2 is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
4. Conversion time 62 ps
16.25 LCD Characteristics

Table 16.6 shows the LCD characteristics.

Table16.6 LCD Characteristics

Vee=18V 1055V, AV =18V 1t055V,Vs=AVg=0.0V, T,=-20°Cto +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications), T, = +75°C (Die) (including
subactive mode) unless otherwise specified.

Applicable Values Test Reference
Item Symbol Pins Min Typ Max Unit Conditions Figure
Segment driver  Vps SEGito — — 06 V Ip =2 pA *1
drop voltage SEGs32 V1=27Vto55V
Common driver  Vpc coOM;to — — 03 V Ip=2uA *1
drop voltage COM4 V1=27Vto55V
LCD power supply Ricp 05 3.0 9.0 MQ BetweenV;and
split-resistance Vss
Liquid crystal Vicp Vi 22 — 55 V *2

display voltage

Notes: 1.

Rev. 6.00,

The voltage drop from power supply pins V1, V2, V3, and VSS to each segment pin or

common pin.

When the liquid crystal display voltage is supplied from an external power source,
ensure that the following relationship is maintained: Vcc =2 Vi 2 V2 =2 V3 2 Vss.
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16.3 H8/38024 F-ZTAT Version and H8/38024R F-ZTAT Version
Absolute Maximum Ratings

Table 16.7 lists the absol ute maximum ratings.

Table16.7 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Vce -0.3t0 +4.3 \% *
Analog power supply voltage AVcc -0.3t0 +4.3 \Y
Input voltage Ports other than Port B Vi, —0.3t0 Vcc +0.3 \%
and IRQAEC
Port B AVin —0.3 to AV¢c +0.3 \Y
IRQAEC HVin -0.3t0 +7.3 \Y,
Port 9 pin voltage Vpg -0.3t0 +7.3 \%
Operating temperature Topr —20 to +75*2 °C
(regular
specifications)
—40 to +85™? °C
(wide-range

specifications)

+75 (products
shipped as chips)*?

Storage temperature Tstg -55to +125 °C

Notes: 1. Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.
2. The operating temperature ranges for flash memory programming/erasing are
T, =-20°C to +75°C.
3. Power may be applied when the temperature is between —20°C and +75°C.
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164 H8/38024 F-ZTAT Version and H8/38024R F-ZTAT Version
Electrical Characteristics

16.4.1 Power Supply Voltage and Operating Range

The power supply voltage and operating range are indicated by the shaded region in the figures.

Power Supply Voltage and Oscillator Frequency Range

384 [T C } """"""""""""" ‘I
N 32768 - -cfeomme e
100 pP=------------ =3
0 z . .
= | :
(&} 1 1
%
L
20 [ v | ' '
1 1 1 1
2.7 3.6 27 3.6
Vee (V) Vee (V)
 Active (high-speed) mode « All operating

« Sleep (high-speed) mode

Note: The fosc values are those when an oscillator
is used; when an external clock is used the
minimum value of fosc is 1 MHz.
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Power Supply Voltage and Operating Frequency Range

Note:

¢ (MHz)

1.

¢ (kHz)

5.0

(0.5)

3.6

Vcee (V)

« Active (high-speed) mode
« Sleep (high-speed) mode (except CPU)

The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(¢) is 1 MHz.

625

15.625

(7.8125)

3.6

Vce (V)

« Active (medium-speed) mode
* Sleep (medium-speed) mode
(except A/D converter)

Note: 2. The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(9) is 15.625 kHz.

dsus (kHz)

R R 1
16.384 fm--- -
I R s q
8492 fr----f-mm e 1
48 |ommofrmmm e
E Tl e B 1
i ]

2.7 3.6

Vce (V)

« Subactive mode

« Subsleep mode (except CPU)
« Watch mode (except CPU)

Analog Power Supply Voltage and A/D Converter Operating Range

¢ (MHz)

« Active (high-speed) mode
« Sleep (high-speed) mode

3.6
AVcc (V)

¢ (kHz)

s I 1]
500 f—-------------- X d
| |

2.7 3.6

AVce (V)

« Active (medium-speed) mode
« Sleep (medium-speed) mode
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16.42 DC Characteristics

Table 16.8 liststhe DC characteristics of the HD64F38024 and HD64F38024R.

Table 16.8 DC Characteristics

VCC =27V1t036 V, AVCC =27V1t036 V, VSS: AVSS: oov

Values

Item Symbol Applicable Pins Min

Typ Max Unit Test Condition

Notes

Input high Vi
voltage

R—ES, 09 Vcc
Wa to WL

IRQy, IRQy,

IRQ;, IRQ,

AEVL, AEVH,

TMIC, TMIF,

TMIG, ADTRG,

SCK32

— Vec+03 V

RXDgz, UD 08 VCC

— Vce +0.3

0SC, 0.9 Vee

— Vee +0.3

X1 0.9 Ve

— Vce +0.3

P13, P14, 08 VCC
P1le, P1;,

P3o to P37,

P4, to P4,

P5, to P57,

P6, to P67,

P7,to P74,

P80 to P87,

PAo to PA3

< | << <

— Vee +0.3

PB, to PB-; 0.8 Vce

— AVec+03  V

IRQAEC, P95™® 0.9 Ve

— 7.3 \Y
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Item Symbol Applicable Pins

Values

Min Typ Max

Unit Test Condition Notes

Input low Vi
voltage

RES,

WKP, to WKP-,
IRQy, IRQy,
m& mm
IRQAEC, P95™°,
AEVL, AEVH,
TMIC, TMIF,
TMIG, ADTRG,
SCKs,

-0.3 —

0.1 Ve

\%

RXDs,, UD

-0.3 —

0.2 Vce

0SC,

-0.3 —

0.1 Ve

X1

-0.3 —_

0.1 Vce

P1;, P1,,

P1s, P15,

P3, to P37,
P4, to P43,
P5q to P57,
P6o to P67,
P7,to P7;,
P8, to P85,
PA, to PA3,
PBo to PB~;

0.2 Ve

< << | <

QOutput high Voyu
voltage

P1;, P1,,

P1s, P15,

P3, to P37,
P4, to P4,,
P5 to P57,
P6o to P67,
P7,to P7;,
P8, to P85,
PAo to PA;

Vee—1.0 —

\Y —loy =1.0 mA

Vec—03 —

—lon = 0.1 mA

Output low Vo
voltage

P1;, P1,,

P1s, P15,

P3, to P37,
P4, to P4,,
P5q to P57,
P6o to P67,
P7,to P74,
P8, to P85,
PAo to PA;

0.5

\Y loL = 0.4 mA

Pgo to sz

0.5

*1

\Y loL = 25 mA

lo = 10 mA *2

P93 to Pgs

0.5

\Y loL = 10 mA
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input/output | I | RES, P4,, — — 10 MA  Vi=0.5Vto
leakage OSCy, Xy, Vec— 0.5V
current P1;, P14,
P1le, P1;,
P3o to P37,
P4, to P4,,
P5 to P57,
P6, to P67,
P7,to P7;,
PSO to P87,
IRQAEC,
Pgo to Pgs,
PAo to PA;
PBy, to PB7 — — 1.0 HA  Vin=05Vto
AVcc—-0.5V
Pull-up —lp P1;, P1,, 30 — 180 HA Ve =3V,
MOS P1s, P15, Vn=0V
current P3, to P37,
P5q to P57,
P6o to P67
Input Cin All input pins — — 15.0 pF f=1MHz,
capacitance except power Vin =0V,
supply and a=25°C
IRQAEC
IRQAEC — — 300 pF
Active lopr Vee — 12 — mA  Active (high-speed) *°
mode mode *4
cyrr.ent . Vec=3YV, Max.
dissipation fosc=2 MHz guideline
=11x
typ.
— 1.8 — mA  Active (high-speed) **
mode x4
Vee=3V, Max.
fosc =4 MHz guideline
=1.1x%
typ.
— 40 6.0 mA  Active (high-speed) *°
mode x4
Vee=3V,
fosc =10 MHz
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Active lopez Vee — 07 — mA  Active (medium- *3
mode speed) mode 4
current VCC =3 V, Max
dissipation fosc =2 MHz guideline
Mosc/128 —11x
typ.
— 08 — mA Active (medium-  *3
speed) mode *4
Vee=3V, Max.
fosc= 4 MHz guideline
(osc/128 —11x
typ.
— 1.2 18 mA Active (medium-  **
speed) mode 4
Vec=3YV,
foscz 10 MHz
(osc/128
Sleep mode IsLeep Vee — 1.0 — mA V=3V, *3
current fosc= 2 MHz *4
dissipation Max.
guideline
=1.1x%
typ.
— 15 — mA  Vce=3V, *3
fosc: 4 MHz 4
Max.
guideline
=11x
typ.
— 32 48 mA  Vce=3V, *s
fos(;: 10 MHz 4
Subactive  Isus Vee — 10 — PA Ve =27V, *3
mode LCD on 32 kHz x4
current crystal oscillator Reference
dissipation (Psus=@u/8) value
_ 20 40 MA V=27V, *3

LCD on 32 kHz x4
crystal oscillator

(Psus=n/2)
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Subsleep  Isugse  Vec — 48 16.0 PA Ve =27V, *3
mode LCD on 32 kHz x4
current crystal oscillator
dissipation (Psus=@u2)
Watch lwaTcH Vce — 2.0 — l.lA Vee = 2.7 V, *3
mode Ta=25°C x4
current 32 kHz crystal Reference
dissipation oscillator value
LCD not used
— 20 6.0 A Ve =27V, *3
32 kHz crystal *4
oscillator
LCD not used
Standby IsteY Vee — 0.3 — HA Vee=3.0V, *3
mode Ta=25°C x4
cgrrgnt _ 32 kHz crystal Reference
dissipation oscillator not used value
— 1.0 5.0 MA 32 kHz crystal *3
oscillator not used ~ **
RAM data VRram Vce 2.0 — — \Y
retaining
voltage
Allowable  Io. Output pins — — 0.5 mA
output low except port 9
current P9 to P9, — — 250 mA *1
(per pin)
— — 100 *2
P9, to P95 — — 100 mA *s
Allowable ¥ o Output pins — — 20.0 mA
output low except port 9
current Port 9 — — 800 mA
(total)
Allowable  —lon All output pins — — 0.2 mA
output high
current
(per pin)
Allowable ¥ —loy  All output pins — — 10.0 mA
output high
current
(total)

Notes: Connect the TEST pin to Vss.

1. Applied when the PIOFF bit in the port mode register 9 is 0.
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2. Applied when the PIOFF bit in the port mode register 9 is 1.
3. Pin states during current measurement.

RES Other LCD Power

Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed) Vcc  Operates Vee Halted System clock oscillator:
mode (lope1) crystal
Active (medium- Subclock oscillator:
speed) mode (lopez) Pin X; = GND
Sleep mode Vee  Only on-chip timers Vec Halted

operate
Subactive mode Vee Operates Vee Halted System clock oscillator:
Subsleep mode Vee  Only on-chip timers Vec Halted crystal

operate, CPU stops Subclock oscillator:
Watch mode Vee Only time base Vee Halted crystal

operates, CPU stops
Standby mode Vee CPU and timers both  Vcc Halted System clock oscillator:

stop crystal

Subclock oscillator:
Pin X; = GND

4. Excludes current in pull-up MOS transistors and output buffers.
5. Used for the judgment of user mode or boot mode when the reset is released.
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16.4.3

AC Characteristics

Table 16.9 lists the control signal timing, and tables 16.10 lists the seria interface timing of the

H8/38024F.

Table16.9 Control Signal Timing

VCC =27V1t036 V, AVCC =27V1t036 V, VSS: AVSS: oov

Applicable Values Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
System clock fosc 0SC,, 0SC, 20 — 10.0 MHz
oscillation
frequency
OSC clock (([bsc) tosc 0OSC,, OSC, 100 — 500 ns Figure 16.1
cycle time (1000) *2
System clock () teye 2 — 128 tosc
cycle time - _ 128 us
Subclock oscillation fiy X1, X2 — 32.768 — kHz
frequency or 38.4
Watch clock (q@w) tw X1, X2 — 3050r — ps Figure 16.1
cycle time 26.0
Subclock (@sus)  taubeye 2 — 8 tw "
cycle time
Instruction cycle 2 — — teye
time tsubcyc
Oscillation tre 0SC,, 0SC, — 0.8 2.0 ms Figure 16.9 Figure 16.9
stabilization time (crystal oscillator)  xs
— 2.0 6.0 ms Figure 16.8 Figure 16.8
(crystal oscillator) x4
— 20 45 us Figure 16.9 Figure 16.9
(ceramic oscillator) xs
— 20 45 us Figure 16.8 Figure 16.8
(ceramic oscillator) x4
— — 50 ms Except the above
Xy, Xo — — 2.0 S
External clock high  tcpn 0OSC, 40 — — ns Figure 16.1
width X, — 1526 — s
or
13.02
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Values

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
External clock low  tcpL 0OSC, 40 — — ns Figure 16.1
width Xy — 1526 — us

or
13.02

External clock rise  tcpr 0SC, — — 10 ns Figure 16.1
time X - — 550 ns
External clock fall  tcpr 0SC, — — 10 ns Figure 16.1
time X - — 550 ns
Pin RES low width  treL RES 10 — — teye Figure 16.2
Input pin high width  t4 IRQo, IRQy, 2 — — teye Figure 16.3

IRQ3, IRQ4, tsubcyc

IRQAEC,

WKP, to

WKP;,

TMIC, TMIF,

TMIG, ADTRG

AEVL,AEVH 05 — — tosc
Input pin low width ~ t;. IRQo, IRQ4, 2 — — teye Figure 16.3

IRQ3, IRQ4, tsubcyc

IRQAEC,

WKP, to

WKP;,

TMIC, TMIF,

TMIG, ADTRG

AEVL,AEVH 05 — — tosc
UD pin minimum tupH ubD 4 — — teye Figure 16.6
transition width tupL tsubcyc

Notes: 1.

Selected with SA1 and SAO of system control register 2 (SYSCR2).

2. The figure in parentheses applies when an external clock is used.

3. Applies to the HD64F38024R.

4. Applies to the HD64F38024.
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Table 16.10 Serial Interface (SCI3) Timing

VCC =27V1t036 V, AVCC =27V1t036 V, VSS: AVSS: oov

Values

Reference
Item Symbol Min Typ Max Unit Test Conditions Figure
Input clock  Asynchronous  tsc 4 — — teyc OF Figure 16.4
cycle Synchronous 6 - — subcyc
Input clock pulse width tsckw 0.4 — 0.6ty Figure 16.4
Transmit data delay time trxo — — 1 teye OF Figure 16.5
(synchronous) tsubeyc
Receive data setup time trxs 400.0 — — ns Figure 16.5
(synchronous)
Receive data hold time trxH 400.0 — — ns Figure 16.5
(synchronous)
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16.44 A/D Converter Characteristics

Table 16.11 shows the A/D converter characteristics of the H8/38024F.

Table 16.11 A/D Converter Characteristics

VCC =27V1to3.6 V, VSS = AVSS =00V

Applicable values Reference
Item Symbol Pins Min Typ Max Unit Test Condition Figure
Analog power AVee — AVec 27 — 36 \Y *1
supply voltage
Analog input AV ANoto AN; -03 — AVec +0.3 V
voltage
Analog power Alope AVcc — — 1.0 mA  AVcc=3.0V
supply current Alsror;  AVec _ 600 — LA *2
Reference
value
Alstopz  AVce — — 5 HA e
Analog input  Can ANoto AN; — — 15.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — +3.5 LSB AVcc=27Vto3.6V
error
Quantization — — +0.5 LSB
error
Absolute — +2.0 #4.0 LSB AVcc=27Vto3.6V
accuracy
Conversion 124 — 124 us AVec=2.7V103.6V
time

Notes: 1. Set AVcc = Vce when the A/D converter is not used.
2. Alstop: is the current in active and sleep modes while the A/D converter is idle.
3. Alstopz is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
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16.45 LCD Characteristics
Table 16.12 shows the LCD characteristics.

Table 16.12 LCD Characteristics

VCC =27V1t036 V, AVCC =27V1t036 V, VSS: AVSS: oov

Applicable Values Test Reference

Item Symbol Pins Min Typ Max Unit Conditions Figure
Segment driver  Vps SEGito — — 06 V Ipb=2pA *t

drop voltage SEGs32 V1=27Vto3.6V

Common driver  Vpc COMito — — 03 V  Ip=2pA *t

drop voltage COM4 V1=27Vto3.6V

LCD power supply Ricp 05 3.0 90 MQ BetweenViand *°
split-resistance 15 30 70 Vss *4

Liquid crystal Vico A 22 — 36 V *2

display voltage

Notes: 1. The voltage drop from power supply pins Vi, V2, Vs, and VSS to each segment pin or
common pin.

2. When the liquid crystal display voltage is supplied from an external power source,
ensure that the following relationship is maintained: Vcc = Vi 2 Vo 2 V3 2 Vss.

3. Applies to the HD64F38024.
4. Applies to the HD64F38024R.
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16.4.6

Flash Memory Characteristics

Table 16.13 lists the flash memory characteristics.

Table 16.13 Flash Memory Characteristics

AVcc=27V103.6V,Vss=AVss=0.0V, Ve =27V to 3.6V (operating voltage rangein
reading), Vcc=3.0 V to 3.6 V (operating voltage range in programming/erasing), T,=—-20t0

+75°C (operating temperature range in programming/erasing)

Values Test
Item Symbol Min Typ Max Unit Condition
Programming time (per 128 bytes)** *2*4 tp — 7 200 ms
Erase time (per block) ** ***¢ te — 100 1200 ms
Maximum number of reprogrammings Nwec 2'3098 }g)OOO — Times
100 10000 —
*8 %12 *9

Data retention time tore 10" — — Years
Programming Wait time after SWE bit setting*1 X 1 — — us

Wait time after PSU bit setting*1 y 50 — — us

Wait time after P bit setting™* ** z1 28 30 32 ps 1<n<6

z2 198 200 202 us 7 <n <1000
z3 8 10 12 us Additional-
programming

Wait time after P bit clear™* a 5 — — us

Wait time after PSU bit clear™* B 5 — — us

Wait time after PV bit setting*1 Y 4 — — us

Wait time after dummy write™* € 2 — — us

Wait time after PV bit clear** n 2 — — us

Wait time after SWE bit clear™* 8 100 — — s

Maximum programming count™** N — — 1000 Times
Erase Wait time after SWE bit setting™  x 1 — — s

Wait time after ESU bit setting*1 y 100 — — us

Wait time after E bit setting™* *® z 10 — 100 ms

Wait time after E bit clear™* a 10 — — s

Wait time after ESU bit clear™* B 10 — — s

Wait time after EV bit setting™* y 20 — — s

Wait time after dummy write™* € 2 — — us

Wait time after EV bit clear** n 4 — — us

Wait time after SWE bit clear™* 8 100 — — s

Maximum erase count™* *®*7 N — — 120  Times
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Notes: 1.
2.

10.

11.
12.

Make the time settings in accordance with the program/erase algorithms.

The programming time for 128 bytes. (Indicates the total time for which the P bit in
flash memory control register 1 (FLMCR1) is set. The program-verify time is not
included.)

The time required to erase one block. (Indicates the time for which the E bit in flash
memory control register 1 (FLMCR1) is set. The erase-verify time is not included.)

Programming time maximum value (tr(MAX)) = wait time after P bit setting (z) x
maximum number of writes (N)

Set the maximum number of writes (N) according to the actual set values of z1, z2,
and z3, so that it does not exceed the programming time maximum value (tp(MAX)).
The wait time after P bit setting (z1, z2) should be changed as follows according to the
value of the number of writes (n).

Number of writes (n)
1<n<6 z1=30ps
7<n<1000 z2=200ps

Erase time maximum value (te(max)) = wait time after E bit setting (z) x maximum
number of erases (N)

Set the maximum number of erases (N) according to the actual set value of (z), so that
it does not exceed the erase time maximum value (te(max)).

The minimum number of times all characteristics are guaranteed following
reprogramming. (The guarantee covers the range from 1 to the minimum value.)

Reference value at 25°C. (Guideline showing number of reprogrammings over which
functioning will be retained under normal circumstances.)

Data retention characteristics within the range indicated in the specifications, including
the minimum value for reprogrammings.

Applies to an operating voltage range when reading data of 3.0 to 3.6 V.
Applies to an operating voltage range when reading data of 2.7 to 3.6 V.
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16.5 H8/38024S Group Mask ROM Version Absolute Maximum Ratings
Table 16.14 lists the absolute maximum ratings.

Table 16.14 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Vee -0.3t0 +4.3 \% *1
Analog power supply voltage AVcc -0.3to +4.3 \%
Input voltage Ports other than Port B Vi, —0.3t0 Vcc +0.3 \Y,
Port B AVin —0.3to AVcc +0.3 \%
Port 9 pin voltage Vpg —0.3t0 Vcc +0.3 \%
Operating temperature Topr —-201t0 +75 °C
(regular
specifications)
—40 to +85 °C
(wide-range
specifications)

+75 (products
shipped as chips)*?

Storage temperature Tstg -55to +125 °C

Notes: 1. Permanent damage may occur to the chip if maximum ratings are exceeded. Normal
operation should be under the conditions specified in Electrical Characteristics.
Exceeding these values can result in incorrect operation and reduced reliability.

2. Power may be applied when the temperature is between —20 and +75°C.
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16.6  H8/38024S Group Mask ROM Version Electrical Characteristics

16.6.1 Power Supply Voltage and Operating Range
The power supply voltage and operating range are indicated by the shaded region in the figures.

Power Supply Voltage and Oscillator Frequency Range

384 [ooC — CoTTTTTee- ]
N 32768 -----fossamaeais oo
10.0 [=------mo-e- < !
N & . | |
= : : :
<20 [ : g : : :
| | | | ! |
1.8 2.7 3.6 1.8 27 3.6
Vee (V) Vee (V)
* Active (high-speed) mode » All operating

*» Sleep (high-speed) mode

Note: The fosc values are those when an oscillator
is used; when an external clock is used the
minimum value of fosc is 1 MHz.
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Power Supply Voltage and Operating Frequency Range

192 |rommmfommmmme oo
50 b=--mommooo- 16.384 [=- - - - {GREEEEE e LR
N i , )
T ! | '
S : : .
= 20 L.
o | ; 06 oo |
(0.5) - + _ j \
1.8 2.7 3.6 Y 8192 ----pemmmmm e |
Vee (V) =3 H j '
g 1 1 1
« Active (high-speed) mode £ 48 F---- l _______________________
« Sleep (high-speed) mode (except CPU) ’ -
N . . . 4.006 |- --fomomme oo {
Note: 1. The figure in parentheses is the minimum operating - {
frequency when an external clock is input. When i H i
usir)g an oscillator, the minimum operating frequency 18 27 36
(9) is 1 MHz. Vee (V)

« Subactive mode

« Subsleep mode (except CPU)
« Watch mode (except CPU)

625 |=-----------

¢ (kHz)

250 |
15625 |—- :
(7.8125) - +

1.8 2.7 3.6
Vee (V)

+ Active (medium-speed) mode
* Sleep (medium-speed) mode
(except A/D converter)

Note: 2. The figure in parentheses is the minimum operating
frequency when an external clock is input. When
using an oscillator, the minimum operating frequency
(9) is 15.625 kHz.

Analog power Supply Voltage and A/D Converter Operating Range

50 [~ """
™
S
' 5 500 [mm-mememeemsee- ! ‘
- i
08 ™) i ! i i
1.8 2.7 3.6 1.8 2.7 3.6
AVee (V) AVee (V)
« Active (high-speed) mode « Active (medium-speed) mode
« Sleep (high-speed) mode « Sleep (medium-speed) mode
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16.6.2 DC Characteristics

Table 16.15 lists the DC characteristics of the H8/38024S.

Table16.15 DC Characteristics

VCC =18Vto36 V, AVCC =18Vto36 V, VSS: AVSS: oov

Values

Item Symbol Applicable Pins Min

Typ Max Unit Test Condition

Notes

Input high Vi
voltage

R—ES, 09 Vcc
Wa to WL

IRQy, IRQy,

IRQ;, IRQ,

AEVL, AEVH,

TMIC, TMIF,

TMIG, ADTRG,

SCK32

— Vec+03 V

RXDgz, UD 08 VCC

— Vce +0.3

0SC, 0.9 Vee

— Vee +0.3

X1 0.9 Ve

— Vce +0.3

P13, P14, 08 VCC
P1le, P1;,

P3o to P37,

P4, to P4,

P5, to P57,

P6, to P67,

P7,to P74,

P80 to P87,

PAo to PA3

< | << <

— Vee +0.3

PB, to PB-; 0.8 Vce

— AVec+03  V

IRQAEC 0.9 Vce

— Vec+03 V
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Item

Symbol Applicable Pins

Values

Min Typ Max Unit Test Condition Notes

Input low Vi
voltage

RES,

WKP, to WKP;,
IRQ,, IRQ,,
m& mm
IRQAEC, AEVL,
AEVH, TMIC,
TMIF, TMIG,
ADTRG, SCKas

-0.3 — 0.1 Vce \%

RXDs,, UD

-0.3 — 0.2 Vce

0SsC,

0.1 Ve

X1

-0.3 — 0.1 Vce

P1;, P1,,

P1s, P15,

P3, to P37,
P4, to P4,
P5q to P57,
P6o to P67,
P7,to P74,
P8, to P85,
PA, to PA3,
PBy, to PB7

< I <[ <<

-0.3 — 0.2 Vce

Output high Voy
voltage

P1;, P1,,

P1s, P15,

P3, to P37,
P4, to P4,,
P5q to P57,
P6o to P67,
P7,to P74,
P8, to P85,
PAo to PA;

Vee — 1.0 — — \Y —lon = 1.0 mA

Vec=27V103.6V

Vee — 0.3 — — —lon = 0.1 mA

Output low Vo
voltage

P1;, P1,,

P1le, P1;,

P3, to P37,
P4, to P4,,
P5, to P57,
P6o to P67,
P7,to P74,
PSO to P87,
PAo to PA;

loL = 0.4 mA

Pgo to Pgs

loL = 10 mA
Vee = 22Vto3.6V

loo =8 mMA
VCC =18Vto3.6V
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Input/output | I | RES, P4, — — 1.0 HA  Vn=0.5Vto
leakage OSCy, Xy, Vec— 0.5V
current P1s, P1,,
P1le, P1;,
P3o to P37,
P4, to P4,,
P5, to P5-,
P6, to P6-,
P70 to P77,
PSO to P87,
IRQAEC,
Pgo to Pgs,
PA[) to PA3
PBy, to PB7 — — 1.0 HA  Vin=05Vto
AVcc—-0.5V
Pull-up —lp P1;, P1,, 30 — 180 HA Ve =3V,
MOS Ple, P17, V|N = O \Y
current P3, to P37,
P5q to P57,
P6o to P67
Input Cin All input pins — — 15.0 pF f=1MHz,
capacitance except power Vin =0V,
supply and a=25°C
IRQAEC
IRQAEC — — 300 pF
Active lopr Vee — 02 — mA  Active (high-speed) **
mode mode *2
cyrr.ent . Vec=18V, Max.
dissipation fosc=1 MHz guideline
=1.1x
typ.
— 06 — mA  Active (high-speed) **
mode *2
Vee=3V, Max.
fosc =2 MHz guideline
=1.1x%
typ.
— 12 — mA  Active (high-speed) **
mode *2
Vee=3V, Max.
fosc =4 MHz guideline
=11x
typ.
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Active lope1 Ve — 31 6.0 mA  Active (high-speed) *!
mode mode *2
current VCC =3 V,
dissipation fosc =10 MHz
lope2 Vee — 0.03 — mA Active (medium-  **
speed) mode *2
VCC =1.8 V, Max.
fosc=1 MHz guideline
Qosc/128 —11x
typ.
— 01 — mA Active (medium-  **
speed) mode *2
Vee=3V, Max.
fose=2 MHz guideline
Qosc/128 Z11x
typ.
— 02 — mA Active (medium-  **
speed) mode *2
Vee=3V, Max.
fosc =4 MHz guideline
(bsc/128 —11x
typ.
— 06 1.8 mA Active (medium-  **
speed) mode *2
Vec=3Y,
fosc: 10 MHz
Qosc/128
Sleep mode IsLeep Vce — 0.08 — MmA  Vcce= 1.8 V, *1
current fosc= 1 MHz *2
dissipation Max.
guideline
=11x
typ.
— 03 — mA  Vce=3V, *
fos(;: 2 MHz *2
Max.
guideline
=11x
typ.
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Sleep mode IsLeep Vee — 0.5 — mA V=3V, *1
current fosc= 4 MHz *2
dissipation Max.
guideline
=1.1x%
typ.
— 13 48 mA V=3V, *t
fos(;: 10 MHz *2
Subactive  Isus Vee — 6.2 — PA  Vec=1.8V, *1
mode LCD on 32 kHz *2
current crystal oscillator Reference
dissipation (Psus=@uw/2) value
— 44 — MA Ve =27V, *1
LCD on 32 kHz *2
cryste_ll oscillator Reference
(Psus=mu/8) value
— 10 40 HA Ve =27V, *1
LCD on 32 kHz *2
crystal oscillator
(Psus=@/2)
Subsleep lsussp Vece — 4.6 16.0 l.lA Vee = 2.7 V, *1
mode LCD on 32 kHz *2
current crystal oscillator
dissipation (Psus=@uw/2)
Watch lwaTcH Vece — 1.2 — l.lA Vee = 1.8 V, *1
mode T.=25°C *2
current 32 kHz crystal Reference
dissipation oscillator value
LCD not used
— 20 — A Ve =27V, *
Ta=25°C *2
32 kHz crystal Reference
oscillator value
LCD not used
— 20 6.0 PA V=27V, *1
32 kHz crystal *2
oscillator

LCD not used

Rev. 6.00, 08/04, page 478 of 628

RENESAS



Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes

Standby Istay Vee — 01 — A Ve =18V, *1

mode T, = 25°C *2

°‘_J"‘?”t ) 32 kHz crystal Reference

dissipation oscillator not used  value

_ 03 — HA V=30V, *
Ta=25°C *2
32 kHz crystal Reference
oscillator not used  value
— 1.0 5.0 PA 32 kHz crystal *1

oscillator not used ~ *2

RAM data VRAM VCC 1.5 — — \Y

retaining

voltage

Allowable  Io. Output pins — — 0.5 mA

output low except port 9

current P9, to P95 — — 100 mA

(per pin)

Allowable ¥ o Output pins — — 20.0 mA

output low except port 9

current Port 9 — — 800 mA

(total)

Allowable  —lon All output pins — — 0.2 mA

output high

current

(per pin)

Allowable > —loy  All output pins — — 10.0 mA

output high

current

(total)
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Notes: Connect the TEST pin to Vss.
1. Pin states during current measurement.

RES Other LCD Power

Mode Pin Internal State Pins Supply Oscillator Pins
Active (high-speed) Vcc  Operates Vee Halted System clock oscillator:
mode (lope1) crystal
Active (medium- Subclock oscillator:
speed) mode (lopez) Pin X; = GND
Sleep mode Vece  Only on-chip timers Ve Halted

operate
Subactive mode Vee Operates Vee Halted System clock oscillator:
Subsleep mode Vece  Only on-chip timers Ve Halted crystal

operate, CPU stops Subclock oscillator:
Watch mode Vee Only time base Vee Halted crystal

operates, CPU stops
Standby mode Vee CPU and timers both  Vcc Halted System clock oscillator:

stop

crystal
Subclock oscillator:
Pin X; = GND

2. Excludes current in pull-up MOS transistors and output buffers.
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16.6.3 AC Characteristics

Table 16.16 lists the control signal timing, and tables 16.10 lists the serial interface timing of the
H8/38024S.

Table 16.16 Control Signal Timing
Ve = 3249903 Tc29Tc 0025 T138.21P138.21P138.T8 316.19547a

Rev. 6.00, 08/04, page 481 of 628
RENESAS



Values

Applicable Reference
Item Symbol Pins Min  Typ Max  Unit Test Condition Figure
External clock high tcpn 0OSC, 40 — — ns Vec =27V 10 3.6V Figure 16.1
width 100 — — ns  Vee=18Vto36V
X1 — 1526 — us
or
13.02
External clock low  tcpL 0OSC, 40 — — ns Vec =2.7V103.6V Figure 16.1
width 100 — — ns  Vee=18V1t036V
X1 — 1526 — us
or
13.02
External clock rise  tcpr 0OSC, — — 10 ns Vec =27V 10 3.6V Figure 16.1
time - - 25 ns  Vec=18V103.6V
X1 — — 55.0 ns
External clock fall  tcpt 0OSsC, — — 10 ns Vec =2.7V103.6V Figure 16.1
time - — 25 ns  Vec=18V1036V
X1 — — 55.0 ns
Pin RES low width  treL RES 10 — — teye Figure 16.2
Input pin high width  t4 IRQo, IRQy, 2 — — teye Figure 16.3
|RQ3, |RQ4, tsubcyc
IRQAEC,
WKP;, to
WKP,
TMIC, TMIF,
TMIG, ADTRG
AEVL,AEVH 05 — — tosc
Input pin low width . IRQo, IRQy, 2 — — teye Figure 16.3
|RQ3, |RQ4, tsubcyc
IRQAEC,
WKP;, to
WKP,
TMIC, TMIF,
TMIG, ADTRG
AEVL, AEVH 05 — — tosc
UD pin minimum tupH ubD 4 — — teye Figure 16.6
transition width tupL tsubcyc

Notes: 1. Selected with SA1 and SAO of system control register 2 (SYSCR2).
2. The figure in parentheses applies when an external clock is used.
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Table 16.17 Serial Interface (SCI3) Timing

VCC =18V1to36 V, AVCC =18V1to36 V, VSS: AVSS: oov

Values

Reference
Item Symbol Min Typ Max Unit Test Conditions Figure
Input clock  Asynchronous  tsc 4 — — teyc OF Figure 16.4
cycle Synchronous 6 - — subcyc
Input clock pulse width tsckw 0.4 — 0.6ty Figure 16.4
Transmit data delay time trxo — — 1 teye OF Figure 16.5
(synchronous) tsubeyc
Receive data setup time trxs 400.0 — — ns Figure 16.5
(synchronous)
Receive data hold time trxH 400.0 — — ns Figure 16.5

(synchronous)
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16.6.4 A/D Converter Characteristics

Table 16.18 shows the A/D converter characteristics of the H8/38024S.

Table 16.18 A/D Converter Characteristics

VCC =18V 1to3.6 V, VSS = AVSS =00V

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Analog power AVcee — AVec 1.8 — 36 v *1
supply voltage
Analog input AV ANgto AN; -0.3 — AVcc +0.3  V
voltage
Analog power Alope AVcc — — 1.0 mA  AVcc=3.0V
supply current Alsrors AVec — 600 — LA *2
Reference
value
Alstopz  AVce — — 5 HA e
Analog input  Can ANg to AN;  — — 15.0 pF
capacitance
Allowable Ran — — 10.0 kQ
signal source
impedance
Resolution — — 10 bit
(data length)
Nonlinearity — — +3.5 LSB AVcc=27Vt03.6V
error Vec=27V1t03.6V
— — +5.5 LSB AV, c=2.0Vto3.6V
VCC =20Vto3.6V
— — LSB  Other than above x4
Quantization — — + LSB
error
Absolute — — +4.0 LSB AVcc=27Vto3.6V
accuracy Vec=2.7V1t03.6V
— — +6.0 LSB AVcc=2.0Vto3.6V
Vee = 20Vto3.6V
— — 480 LSB Other than above 4
Conversion 124 — 124 us AVec=2.7V103.6V
time Vec=2.7V1t03.6V
62 — 124 us Other than above

Notes: 1. Set AVcc = Vee when the A/D converter is not used.
2. Alstop: is the current in active and sleep modes while the A/D converter is idle.
3. Alstop2 is the current at reset and in standby, watch, subactive, and subsleep modes

while the A/D converter is idle.
4. Conversion time: 62 ps.
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16.6.5

L CD Characteristics

Table 16.19 shows the LCD characteristics.

Table 16.19 LCD Characteristics

VCC =18V1to36 V, AVCC =18V1to36 V, VSS: AVSS: oov

Applicable Values Test Reference
Item Symbol Pins Min Typ Max Unit Conditions Figure
Segment driver  Vps SEGito — — 06 V Ip =2 pA *1
drop voltage SEGs32 V1=27Vto3.6V
Common driver  Vpc coOM;to — — 03 V Ip=2uA *1
drop voltage COM4 V1=27Vto3.6V
LCD power supply Ricp 15 30 7.0 MQ BetweenV;and
split-resistance Vss
Liquid crystal Vicp Vi 22 — 36 V *2

display voltage

Notes: 1.
common pin.

The voltage drop from power supply pins V1, V2, V3, and VSS to each segment pin or

2. When the liquid crystal display voltage is supplied from an external power source,
ensure that the following relationship is maintained: Vcc = Vi 2 V2 =2 V3 2 Vss.

RENESAS

Rev. 6.00, 08/04, page 485 of 628



16.7 Absolute Maximum Ratings of H8/38124 Group
Table 16.20 lists the absolute maximum ratings.

Table 16.20 Absolute Maximum Ratings

ltem Symbol Value Unit Note
Power supply voltage Vce -0.3t0 +7.0 \% *1
CVce -0.3to +4.3 \Y
Analog power supply voltage AVce -0.3t0 +7.0 \%
Input voltage Other than portB Vi —0.3t0 Vcc +0.3 \%
Port B AVin —0.3to AVcc +0.3 \%
Port 9 pin voltage Vpg -0.3t0 Vce +0.3 \%
Operating temperature Topr —20 to +75*2 °C
(regular specifications)
—40 to +85*°
(wide-range temperature
specifications)
Storage temperature Tstg -551to0 +125 °C

Notes: 1. Permanent damage may result if maximum ratings are exceeded. Normal operation
should be under the conditions specified in Electrical Characteristics. Exceeding these
values can result in incorrect operation and reduced reliability.

2. The operating temperature ranges from —20°C to +75°C when programming or erasing
the flash memory.
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16.8

16.8.1

Electrical Characteristics of H8/38124 Group

Power Supply Voltage and Operating Ranges

Power Supply Voltage and Oscillation Frequency Range (System Clock Oscillator Selected)

16.0 f=----------
N
I
=3
(o]
2]
kel
20 f=---------- :
1 1
2.7 55
Vce (V)

« Active (high-speed) mode
« Sleep (high-speed) mode

fw (kHz)

I

+ All operating modes

Power

Supply Voltage and Oscillation Frequency Range (On-Chip Oscillator Selected)

fosc (MHz)

20 e

07 f-mmmmmmm-- /
1 1

5.5
Vcee (V)

« Active (high-speed) mode
« Sleep (high-speed) mode

fwr (KHz)

AT

5.5
Vee (V)

* All operating modes
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Power Supply Voltage and Operating Frequency Range (System Clock Oscillator Selected)

80 f—----------
o 16.384 f=--------- J--om
z 1
= : |
= 1 1
1.0 f=---------- . |
2.7 5.5 N 8192 fr--ocomfoomeeo e
Vee (V) < . \
o 1 1
« Active (high-speed) mode g ! !
« Sleep (high-speed) mode (except CPU) , H
4.096 f~--------- fo--o-mmeememee e
1 i
2.7 55
Vee (V)
, + Subactive mode
1000 f=---------- + Subsleep mode (except CPU)
« Watch mode (except CPU)
N
T
=3
=
15.625 f=---------- ' !
1 1
2.7 55
Vee (V)

« Active (medium-speed) mode
« Sleep (medium-speed) mode (except A/D converter)
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Power Supply Voltage and Operating Frequency Range (On-Chip Oscillator Selected)

16.384 f--------- e
N . .
I —
= N 8192 f--------- froomom e ]
< =3 ' |
10 f=---------- - ! ;
2
035 p=---------- 4,096 [F-----c-mfmmm o
2.7 5.5 i i
Vee (V) 27 55
« Active (high-speed) mode Vee (V)
« Sleep (high-speed) mode (except CPU) + Subactive mode
« Subsleep mode (except CPU)
* Watch mode (except CPU)
N
T
=3
= 125 f=----------
6.25 [=---------- :
1 1
2.7 5.5
Vce (V)

« Active (medium-speed) mode
« Sleep (medium-speed) mode (except A/D converter)
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Analog Power Supply Voltage and A/D Converter Operating Range (System Clock
Oscillator Selected)

80 [----------
~ —
T N
s 3
= = 1000 [=----------
I R 500 [=-mmmmmees .
1 1
2.7 55 2.7 55
AVcc (V) AVcce (V)
« Active (high-speed) mode * Active (medium-speed) mode
« Sleep (high-speed) mode + Sleep (medium-speed) mode

Analog Power Supply Voltage and A/D Converter Operating Range (On-Chip Oscillator
Selected)

10 pP=----------
~ —
T N
= z
= e 125 =----------
035 p=----------- 625 p=---------- :
1 1
27 5.5 27 55
AVcce (V) AVce (V)
« Active (high-speed) mode * Active (medium-speed) mode
« Sleep (high-speed) mode + Sleep (medium-speed) mode
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16.8.2 DC Characteristics
Table 16.21 lists the DC characteristics.

Table16.21 DC Characteristics

V=27V 1055V, AV =27V 1055V, Vs=AVs=0.0V, unless otherwise specified

Values
Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Input high V4 RES, Vcex0.8 — Vce +0.3 \Y Vecce=4.0Vto55V
voltage WKP, to WKP>,
IRQo, IRQy,
IRQ3, IRQ4.
’ ’ Vcex 0.9 — Vce + 0. her than
AEVL, AEVH, ccx0.9 cc+0.3 Other than above
TMIC, TMIF,
TMIG, ADTRG,
SCKas;
RXD3,, UD Veex 0.7 — Vecc+03  V Vec=40Vt055V
Vcex 0.8 — Vce + 0.3 Other than above
0sC, Vecx 0.8 — Vec+03 V Vec=40Vt055V
Vecex 09 — Vce + 0.3 Other than above
P1; P14 P1,, Veex 0.7 — Vec+03 V Vec=4.0Vt0o55V
P3o to P37,
P40 to P43,
P5q to P57,
Vcex 0.8 — Vce + 0.3 Other than above
P60 to P67, cc ce
P70 to P77,
P8o to P87,
PA, to PA3
PB, to PB; Veex 0.7 — AVcc+0.3 V Vec=4.0Vt0o55V
Vecx 0.8 — AVcc +0.3 Other than above
IRQAEC, P95"°  Vccx0.8 — Vec+03 V Vec=4.0Vt0o55V
Vecx 09 — Vce +0.3 Other than above

Note: Connect the TEST pin to Vss.
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Values

Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Input low VL RES, -0.3 — Veex0.2 V Vee=4.0Vio 55V
voltage WKP, to WKP>,
IRQo, IRQy,
IRQs, IRQ4,
IRQAEC, P95*®,
-0. — Vce x0.1 her than
AEVL, AEVH. 0.3 cc x0 Other than above
TMIC, TMIF,
TMIG, ADTRG,
SCK32
RXD3,, UD -0.3 — Vce x 0.3 \% Vec=4.0Vto55V
-0.3 — Vce x 0.2 Other than above
0sC, -0.3 — Veex0.2 V Vee=4.0Vto 55V
-0.3 — Vee x 0.1 Other than above
P1;, P14, P15, -0.3 — Vce x 0.3 \Y Vecce=4.0Vto55V
P3o to P37,
P4o to P43,
P5, to P55,
PG, 10 PGy, -0.3 — Vce x 0.2 Other than above
P7,to P74,
P8, to P85,
PA, to PA3,
PB, to PB-;
Output VoH P1;, P14, P15, Vece-1.0 — — \% Vec=4.0Vto55V
high P3, to P37, —lon = 1.0 mA
voltage P4, to P4,,
P5, to P57, Vcc—-05 — — Vee=4.0Vio 55V
P6, to P67, —lon = 0.5 mA
P70 to P77,
P8, to P8, Vcc—-03 — — —lon = 0.1 mA
PAO to PA3
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Values

Item Symbol Applicable Pins Min Typ Max Unit Test Condition Notes
Output low VoL P1; P14, P1,, — — 0.6 \% Vec=4.0Vt055V
voltage P4, to P4,, loL=1.6 mA
P5, to P55,
P60 to P67,
P7,to P75, — — 0.5 loL=0.4mA
P8,
PA, to PA3
P3, to P3; — — 1.0 Vec=4.0Vto 55V
loL =10 mA
— — 0.6 Vec=4.0Vto 55V
loL =1.6 mA
— — 0.5 loL = 0.4 mA
P9, to P9s — — 15 Vec=4.0Vto 55V
loL =15 mA
— — 1.0 Vec=40Vto55V
loL =10 mA
— — 0.8 Vec=40Vto55V
loL =8 mA
— — 1.0 loL=5mA
— — 0.6 loL = 1.6 mA
— — 0.5 loL =0.4 mA
Input/ | he | RES, P4,, — — 1.0 HA ViN=0.5VtoVce —
output P1s, P14, P15, 0.5V
leakage OSCy, Xy,
current P3, to P37,
P40 to P42,
P5q to P57,
P6, to P6-,
P70 to P77,
P8o to P87,
IRQAEC,
PAO to PAg,
Pgo to P95
PB, to PB; — — 1.0 ViN=0.5V to AVcc
-05V
Pull-up —lp P1;, P14, P1,, 20 — 200 pA Vce=5.0V,
MOS P3, to P35, ViN=0.0V
current EZO to Egﬂ — 0 — Vec =27V, Refer-
010 P67 ViN=0.0V ence
value
Input Cin All input pins — — 15.0 pF f=1 MHz,
capaci- except power Vin=0.0V,
tance supply pin Ta=25°C
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Values

Item Symbol Applicable Pins Min Typ  Max Unit  Test Condition Notes
Active loPEL Vee — TBD — mA  Active (high-speed) ***3**
mode mode Approx.
current Vec =27V, max. value
consump- fosc =2 MHz =11x
tion Typ.
_ 10 _ *x2*k3%4
Approx.
max. value
=11x
Typ.
— TBD — Active (high-speed) **3**
mode Approx.
Vecc =5V, max. value
fosc =2 MHz =1.1x
Typ.
_ 1.8 _ *2%3%4
Approx.
max. value
=11x
Typ.
— TBD — Active (high-speed) **3**
mode Approx.
Vecc =5V, max. value
fosc =4 MHz =1.1x
Typ.
— 20 — rerara
— TBD TBD Active (high-speed) ***3**
mode *2 %3 %4
— 4.0 7.0 Vee =5V,
fosc = 10 MHz
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Values

Item Symbol Applicable Pins Min Typ  Max Unit  Test Condition Notes
Active lopE2 Vee — TBD — mA  Active (medium- *1rIEa
mode speed) mode Approx.
current Vec =27V, max. value
consump- fosc =2 MHz, =11x
tion (Posc/128 Typ.
_ 05 _ *2%k3%4
Approx.
max. value
=11x
Typ.
— TBD — Active (medium- *LrsRa
speed) mode Approx.
Vecc =5V, max. value
fosc = 2 MHz, =1.1x
(Qosc/128 Typ.
. 0.8 . *2%3%4
Approx.
max. value
=11x
Typ.
— TBD — Active (medium- *LrIRa
speed) mode Approx.
Vecc =5V, max. value
fosc = 4 MHz, =1.1x
Qosc/128 Typ.
— 09 — rerara
— TBD TBD Active (medium- *LrIRa
— 12 3.0 speed) mode Tx2%3%4
Vecc =5V,
fosc = 10 MHz,
([bsc/128
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Values

Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Sleep Isteer  Vcc — TBD — mA  Vcc=27V, *LrIRa
mode fosc =2 MHz Approx.
current max. value
consump- =11x
tion Typ.
_ 08 _ *2%x3%4
Approx.
max. value
=11x
Typ.
— TBD — Vee =5V, rarara
fosc =2 MHz Approx.
max. value
=11x
Typ.
— 09 — rerara
Approx.
max. value
=11x
Typ.
— TBD — Vee=5V, rLrara
fosc =4 MHz Approx.
max. value
=11x
Typ.
— 1.3 — *2rIRa
— TBD TBD Vee =5V, ¥EIEa
— 29 5.0 fosc = 10 MHz T*2%3%4
Subactive Isus Vee — TBD — HA Vec =27V, *Lx3xa
mode LCD on, Reference
current 32-kHz crystal value
c_onsump- — 107 resonator used Tx2%3%4
tion (@sus = Qw/8) Reference
value
— TBD TBD Vee =27V, ¥EIEa
LCD on, *2 %3 %4
- 30 %0 32-kHz crystal
resonator used
(psus = Qw/2)
Subsleep Isussp  Vcc — 40 16 PA  Vcec=27V, *3xa
mode LCD on,
current 32-kHz crystal
consump- resonator used
tion (psuB = OW/2)
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Values

Item Symbol Applicable Pins Min Typ Max Unit  Test Condition Notes
Watch lwatcH Ve — TBD — PA  Vcec=27V, *LrI R4
mode 2= 25°C, Reference
current 32-kHz crystal value
consump- _ 18 _ resonator used, *2%3%4
tion LCD not used
Reference
value
— 1.8 6.0 Vec =27V, *3xa
32-kHz crystal
resonator used,
LCD not used
Standby sty Vce — TBD — HA Vee = 2.7V, *1%3%4
mode Ta=25°C, Reference
current 32-kHz crystal value
consump- resonator not used
tion — 05 — Vec=2.7V, FoxaRa
T. = 25°C, Reference
32-kHz crystal value
resonator not used
— 0.05 — Vee =2.7V, exa
Ta=25°C, Reference
SUBSTP (subclock value
oscillator control
register) setting = 1
— 0.6 — Vee=5.0V, rerara
Ta=25°C, Reference
32-kHz crystal value
resonator not used
— 016 — Vee=5.0V, T
T. = 25°C, Reference
SUBSTP (subclock value
oscillator control
register) setting = 1
— 1.0 5.0 32-kHz crystal *3xa
resonator not used
RAM data VRram Vce 2.0 — — \Y *e

retaining
voltage
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Values

Applicable Test
Item Symbol Pins Min Typ Max Unit  Condition Notes
Allowable output low loL Output pins — — 2.0 mA Vec =4.0V to
current (per pin) except ports 3 55V
and 9
Port 3 — — 10.0 Vec =4.0V to
55V
Output pins — — 0.5
except port 9
Port 9 — — 15.0 Vee=40Vio *°
— — 100 55V
— — 8.0
Allowable output low  XloL Output pins — — 40.0 mA Vec =4.0V to
current (total) except ports 3 55V
and 9
Port 3 — — 80.0 Vec =4.0V to
55V
Output pins — — 20.0
except port 9
Port 9 — — 80.0
Allowable output high —lon All output pins — — 2.0 mA Vec=4.0V to
current (per pin) 55V
— — 0.2 Other than
above
Allowable output high >—lon All output pins — — 15.0 mA Vece=4.0Vto
current (total) 55V
— — 10.0 Other than
above

Notes: Connect the TEST pin to Vss.
1. Applies to the mask-ROM version.
2. Applies to the F-ZTAT version.
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3. Pin states when current consumption is measured

LCD Power
Mode RES Pin Internal State Other Pins Supply Oscillator Pins
Active (high-speed) Vcc Only CPU operates Vce Stops System clock:
mode (lope1) crystal resonator
Active (medium- Subclock:
speed) mode (lopez) Pin X; = GND
Sleep mode Vce Only all on-chip timers  Vcc Stops
operate
Subactive mode Vce Only CPU operates Vce Stops System clock:
Subsleep mode Vce Only all on-chip timers  Vcc Stops crystal resonator
operate Subclock:
CPU stops crystal resonator
Watch mode Vce Only clock time base Vce Stops
operates
CPU stops
Standby mode Vce CPU and timers Vce Stops System clock:
both stop crystal resonator
Subclock:
Pin X; = GND

4. Except current which flows to the pull-up MOS or output buffer

5. Used when user mode or boot mode is determined after canceling a reset in the F-
ZTAT version

6. Voltage maintained in standby mode
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16.8.3 AC Characteristics

Table 16.22 lists the control signal timing and table 16.23 lists the serial interface timing.

Table 16.22 Control Signal Timing

V=27V 1055V, AV =27V 1055V, Vs=AVs=0.0V, unless otherwise specified

Applicable Values Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
System clock fosc 0SC,;, 0SC, 20 — 16.0 MHz
pscillation 07 — 2.0 On-chip oscillator ~ *2
frequency selected
OSC clock (osc)  tosc 0OSC,, OSC, 625 — 500 ns Figure 16.1
cycle time

500 — 1429 On-chip oscillator
selected
System clock (@) teyc 2 — 128 tosc
cycle time — — 182 us
Subclock oscillation fw X1, Xz — 32.768 — kHz
frequency
Watch clock (ow)  tw X1, X2 — 30.5 — us Figure 16.1
cycle time
Subclock (@sus)  tsubeye 2 — 8 tw *1
cycle time
Instruction cycle 2 — — teyc
time tsubcyc
Oscillation tre OSC,, — — 20 ms
stabilization time 0SC;
trc X1, X2 — — 2.0 s
External clock high tcph 0SC, 25 — — ns Vec=2.7V1t03.6 Figure 16.1
width V in conditions A
and C

External clock low tcpL 0OSsC, 25 — — ns Figure 16.1
width
External clock rise  tcpr 0OSsC, — — 6 ns Figure 16.1
time
External clock fall  tcps 0OSsC, — — 6 ns Figure 16.1
time
RES pin low tREL RES 10 — — teye Figure 16.2
width
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Values

Applicable Reference
Item Symbol Pins Min  Typ Max Unit Test Condition Figure
Input pin high tim IRQO, IRQ1, 2 — — teye Figure 16.3
width |RQAEC, tsubcyc

WKPO to

WKP?7,

AEVL, AEVH 05 — — tosc
Input pin low ti IRQO, IRQ1, 2 — — teye Figure 16.3
width IRQAEC, tsubeye

WKPO to

WKP?7,

AEVL, AEVH 05 — — tosc

Notes: 1. Determined by the SA1 and SAO bits in the system control register 2 (SYSCR2).

2. These characteristics are given as ranges between minimum and maximum values in
order to account for factors such as temperature, power supply voltage, and variation
among production lots. When designing systems, make sure to give due consideration
to the SPEC range. Please see the Web site for this product for actual performance
data.

Table 16.23 Serial Interface (SCI3) Timing
Ve =27V 1055V, AV =27V 1055V, Vg=AVss=0.0V, unless otherwise specified

Values

- @ Test Reference
Item Symbol Min Typ Max Unit Condition  Figure
Input clock Asynchronous tscyc 4 — —  fgeor Figure 16.4
cycle Clocked synchronous 6 — — Touoe
Input clock pulse width tsckw 0.4 — 0.6 ey Figure 16.4
Transmit data delay time tTxD — — 1 teye OF Figure 16.5
(clocked synchronous) tsubcyc
Receive data setup time tRxs 4000 — — ns Figure 16.5
(clocked synchronous)
Receive data hold time tRXH 4000 — — ns Figure 16.5

(clocked synchronous)
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16.84 A/D Converter Characteristics
Table 16.24 shows the A/D converter characteristics.

Table16.24 A/D Converter Characteristics

V=27V 1055V, AV =27V 1055V, Vs=AVs=0.0V, unless otherwise specified

Applicable Values Test Reference
Item Symbol  Pins Min  Typ Max Unit  Condition  Figure
Analog power supply AVcc AVce P2y — 5.5 Y, 1
voltage
Analog input voltage AVy AN, to -03 — AVec +0.3 V
ANg
Analog power supply Alope AVcc — — 15 mA AVcc=5.0V
current Alsrops AVee — 600 — LA *2
Reference
value
Alsrop2 AVcc — — 5.0 HA *3
Analog input Can AN, to — — 15.0 pF
capacitance ANj;
Allowable signal Rain — — 10.0 kQ
source impedance
Resolution (data — — 10 bit
length)
Nonlinearity error — — +3.5 LSB  AVcc=4.0V
to5.5V
— — +7.5 AVec =27V
to5.5V
Quantization error — — +0.5 LSB
Absolute accuracy — +2.0 4.0 LSB  AVcc=4.0V
to55V
—_ +2.0 +8.0 AVCC =27V
to55V
Conversion time 7.8 — 124 us

Notes: 1. Set AVcc = Vce when the A/D converter is not used.
2. Alstop: is the current in active and sleep modes while the A/D converter is idle.

3. Alstop2 is the current at reset and in standby, watch, subactive, and subsleep modes
while the A/D converter is idle.
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16.85 LCD Characteristics
Table 16.25 shows the LCD characteristics.

Table 16.25 LCD Characteristics

V=27V 1055V, AV =27V 1055V, Vs=AVs=0.0V, unless otherwise specified

Applicable Values Reference
Item Symbol Pins Min  Typ  Max Unit Test Condition Figure
Segment driver Vs SEG; to — — 0.6 \Y Ip =2 pA *1
step-down voltage SEG2s V1i=27Vto55V
Common driver Vbe COM; to — — 0.3 Vv Ip =2 pPA *1
step-down voltage COM, V1=27Vto55V
LCD power supply R, cp 1.5 3.0 7.0 MQ  Between V1 and
split-resistance Vss
Liquid crystal Vico V, 2.7 — 5.5 \Y *2

display voltage

Notes: 1. The voltage step-down from power supply pins V1, V2, V3, and Vss to each segment
pin or common pin.
2. When the liquid crystal display voltage is supplied from an external power supply,
ensure that the following relationship is maintained: Vcc =2 V1 2 V2 > V3 = Vss.
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16.8.6 Flash Memory Characteristics

Table 16.26 Flash Memory Char acteristics

Condition: AV =27V 1055V, Ves=AVss=0.0V, V=27V 1055V (range of
operating voltage when reading), Vcc = 3.0 V to 5.5 V (range of operating voltage
when programming/erasing), T, = —20°C to +75°C (range of operating temperature
when programming/erasing: product with regular specifications, product with wide-
range temperature specifications)

Values
Test

Item Symbol  Min Typ Max Unit Conditions
Programming time***2** tp — 7 200 ms/128 bytes
Erase time***%*® te — 100 1200 ms/block
Reprogramming count Nwec 1000"®  10000"° — times
Data retain period tore (10— — year
Programming Wait time after X 1 — — us

SWE-bit setting™*

Wait time after y 50 — — ps

PSU-bit setting™*

Wait time after z1 28 30 32 ps 1<n<6

. . *1% 4
P-bit setting 22 198 200 202 us 7 <n <1000
z3 8 10 12 ps Additional
programming

Wait time after a 5 — — us

P-bit clear**

Wait time after B 5 — — ps

PSU-bit clear™*

Wait time after Y 4 — — ps

PV-bit setting™*

Wait time after € 2 — — ps

dummy write**

Wait time after n 2 — — ps

PV-bit clear™*

Wait time after 0 100 — — ps

SWE-bit clear**

Maximum N — — 1000 times

programming

count™**#*®
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Values

Test
Item Symbol  Min Typ Max Unit Conditions
Erase Wait time after X 1 — — us
SWE-hit setting™
Wait time after y 100 — — ps
ESU-bit setting™*
Wait time after z 10 — 100 ms
E-bit setting™**®
Wait time after o 10 — — ps
E-hit clear**
Wait time after B 10 — — ps
ESU-bit clear™*
Wait time after Y 20 — — ps
EV-bit setting™*
Wait time after € 2 — — ps
dummy write™*
Wait time after n 4 — — ps
EV-bit clear™*
Wait time after 0 100 — — ps
SWE-bit clear**
Maximum erase N — — 120 times
count™**®*7
Notes: 1. Set the times according to the program/erase algorithms.

2.

10.

Programming time per 128 bytes (Shows the total period for which the P bit in FLMCR1
is set. It does not include the programming verification time.)

Block erase time (Shows the total period for which the E bit in FLMCRL1 is set. It does
not include the erase verification time.)

Maximum programming time (tr (max))

te (max) = Wait time after P-bit setting (z) x maximum number of writes (N)

The maximum number of writes (N) should be set according to the actual set value of
z1, z2, and z3 to allow programming within the maximum programming time (tp (max)).
The wait time after P-bit setting (z1 and z2) should be alternated according to the
number of writes (n) as follows:

1<n<6 z1=30ps

7<n<1000 2z2=200us

Maximum erase time (te (max))

te (max) = Wait time after E-bit setting (z) x maximum erase count (N)

The maximum number of erases (N) should be set according to the actual set value of z
to allow erasing within the maximum erase time (te (max)).

. This minimum value guarantees all characteristics after reprogramming (the guaranteed

range is from 1 to the minimum value).

Reference value when the temperature is 25°C (normally reprogramming will be
performed by this count).

This is a data retain characteristic when reprogramming is performed within the
specification range including this minimum value.

Rev. 6.00, 08/04, page 505 of 628
RENESAS



16.8.7 Power Supply Voltage Detection Circuit Characteristics

Table 16.27 Power Supply Voltage Detection Circuit Characteristics (1)

V=27V 1055V, AV =27V 1055V, Vs=AVs=0.0V, unless otherwise specified

Rated Values

Item Symbol Min Typ Max Unit  Test Conditions
LVDR operation drop VLvDRmin 1.0 — — \%

voltage™

LVD stabilization time TLvpon 150 — — us

Standby mode current IstBY — — 100 LA LVDE =1
consumption Vec=5.0V

32 oscillator not
used

Note: * In some cases no reset may occur if the power supply voltage, Vcc, drops below

VLVDRmin = 1.0 V and then rises, so thorough evaluation is called for.

Table 16. 28 Power Supply Voltage Detection Circuit Characteristics (2)

Using on-chip reference voltage and ladder resistor (VREFSEL = VINTDSEL = VINTUSEL = 0)

Rated Values

Item Symbol  Min Typ Max Unit Test Conditions
Power supply drop Vint(D)*3 3.3 3.7 4.2 \% LVDSEL =0
detection voltage

Power supply rise Vint(U)*3 3.6 4.0 4.5 \% LVDSEL =0
detection voltage

Reset detection voltage Vresetl*® 2.0 2.3 2.7 \% LVDSEL =0

1*1

Reset detection voltage Vreset2*® 2.7 3.3 3.9 \% LVDSEL =1

*2

2

Notes: 1. The above function should be used in conjunction with the voltage drop/rise detection

function.

2. Low-voltage detection reset should be selected for low-voltage detection reset only.
3. The values of Vint(D), Vint(U), Vresetl, and Vreset2 change relative to each other.

Example: If Vint(D) is the minimum value, Vint(U), Vresetl, and Vreset2 are also the
minimum values.
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Table 16.29 Power Supply Voltage Detection Circuit Characteristics (3)

Using on-chip reference voltage and detect voltage external input (VREFSEL =0, VINTDSEL
and VINTUSEL =1)

Rated Values

Item Symbol  Min Typ Max Unit Test Condition
extD/extU interrupt ~ Vexd 0.80 1.20 1.60 \%
detection level
extD/extU pininput  VextD*' -0.3 — Vec+0.30rAVee V Vec=2.7t03.3V
voltage™? VextU*! + 0.3, whichever is
lower
-0.3 — 3.6 0rAVec+0.3, V Vec=3.3t05.5V

whichever is lower
Notes: 1. The VextD voltage must always be greater than the VextU voltage.
2. The maximum input voltage of the extD and extU pins is 3.6 V.
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Table 16. 31 Power Supply Voltage Detection Circuit Characteristics (5)

Using external reference voltage and detect voltage external input (VREFSEL = VINTDSEL =
VINT