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RN5T651 Charge-Pump for White LED and Power Supply

1. Outline

RNST651 contains constant frequency charge pump to optimize for white LED application, step-down DC/DC
converter and two low-noise LDOs. Output enable/disable, LEDs current setting and LDO output voltage setting

are individually controllable through 12C.

2. Feature

®  Power Supply Function
v' Step-down DC/DC converter x 1 (ON/OFF programmable)
v" LDO x 2 (ON/OFF programmable)
v" Over current Protection (ALL Regulators) and thermal shutdown

®  White LED Charge Pump
v Current capability: All currents capability 450mA
v" Flash at 300mA max.
v" Four Main LEDs at 25mA max.
v" Two Sub LEDs 25mA max.

® [2C-Bus (Max 400kHz)
v' Address = 12h
v" ON/OFF control
v Individual LEDs current value setting
v" Individual LDOs voltage value setting

®  Others
v Soft-start circuit
v Short-circuit circuit, open-circuit and Thermal Protection

®  Package
v 28pin Thin QFN package (Body size: 4 x 4 x 0.8mm)

®  Process
v' CMOS process

RICOH ©2009 Rev. 34 Page 3



RN5T651 Charge-Pump for White LED and Power Supply

3. Pin Configuration

(TOP VIEW)
o2o000?253%
Z2 0 Z2Z22Z20m
Ao oo NN
NDNDNMDNDNDNDNDDNDDN
CONOOOTIT R~ WN
1 1 1 1 1 11
DIN3 1 121 LDOUT1
DIN2 2 [ 120 VIN3
DIN1 3 [ 119 LDOUT2
VOUT 4 [ RN5T651 118 FB
CiP 510 117 PGND2
C2P 61 116 LX
c2m 71 715 VIN2
T 7T T T ¢ I 7
S Y U R RN
TO< "n n w - i
32s5438¢ QFN0404-28 pin
Z<Z=Z2Z2Z0r >
(w] vy}

Pin No. Name Pin No. Name Pin No. Name Pin No. Name
1 DIN3 8 PGNDI1 15 VIN2 22 VREF
2 DIN2 9 CiM 16 LX 23 GND2
3 DIN1 10 VIN1 17 PGND2 24 DIN7
4 VOUT 11 VEN 18 FB 25 DING6
5 CIP 12 STBB 19 LDOUT2 26 DINS
6 C2P 13 SCL 20 VIN3 27 GND1
7 C2M 14 SDA 21 LDOUT1 28 DIN4

Fig 3-1 Pin Configuration
RICOH ©2009 Rev. 34 Page 4




RN5T651 Charge-Pump for White LED and Power Supply

4. Block Diagram

VIN2
LX g
Charge Pump
V CORE 2 2uH DC/DC .
- m
@500mA FB o Step-down
4.7uF (@500mA)
PGND2 Thermal Shutdown
VIN3
GND GND \\REF VREF
CC Driver
Main
LDOUT1 X LDOT ( )
»
LDO2
LDOUT2 g I CC Diriver (Sub)
GND2 —
o
DIN7
VEN CC Diriver (Flash) E‘E @300mA
SCL i )
SDA Digital —J  GND1
STBB
Fig 4-1 Block Diagram
RICOH ©2009 Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

5. Pin Description

No. Name /O Function Notes
1 DIN3 (0] LED driver current control output 3

2 DIN2 0 LED driver current control output 2

3 DIN1 (0] LED driver current control output 1

4 VOUT O LED driver voltage output

5 C1P - Charge pump boost capacitor connection
6 C2pP - Charge pump boost capacitor connection
7 Cc2M - Charge pump boost capacitor connection
8 PGNDI - Ground (charge pump)

9 CIM - Charge pump boost capacitor connection
10 VINI1 - Power supply (charge pump)

11 VEN - Voltage supply (I12C), enable input

12 STBB I Strobe enable input

13 SCL I 12C interface clock input

14 SDA I/O | I2C interface data input

15 VIN2 - Power supply (DC/DC convertor)

16 | LX (0] DC/DC convertor inductor switching pin
17 PGND2 - Ground (DC/DC convertor)

18 | FB I DC/DC convertor feed back pin

19 | LDOUT2 0O LDO2 output

20 VIN3 - Power supply

21 LDOUTI1 0O LDO1 output

22 | VREF O Bypass capacitor connecting pin

23 GND2 - Ground

24 DIN7 O LED driver current control output 7

25 DING6 (0] LED driver current control output 6

26 DINS 0 LED driver current control output 5

27 | GNDI - Ground

28 DIN4 O LED driver current control output 4

Table 5-1 Pin Description

RICOH ©2009

Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

6. Functional Blocks
6.1 Regulators

6.1.1 LDOI Electrical Characteristics

Operating Conditions (unless otherwise specified)

Vaarr= 3.6V, Crero = 1 U F, T,=25°C

Symbol Item Condition Min Typ Max Units
50 4 A<IOUT1<300mA
VOUTI Output Voltage 2% 1.50 | 2% \%
VOUTI+0.5V = Vgarr(VIN) =4.5V
I0UT1 Output Current - 300 mA
ILIM1 Current Limit VOUTI1=POUTI1—0.2V 500 mA
VDRP1 Drop-out Voltage IOUT1=200mA, T, =85°C 200 mV
AVOUTI . . VOUTI140.5V = Viarr(VIN)=4.5V
Line Regulation 2.4 mV
AVIN IOUT1=150mA
AVOUTI1 .
Load Regulation 50 4 AIOUTI1<300mA 25 mV
AIOUT1
Output Voltage
AVOUTI . . .
AT Temperature -40°C=T,=85°C +100 ppm/°C
! Coefficient
. L f=10Hz-10kHz, C,,=2.2 4 F
RR1 Ripple Rejection 60 dB
IOUT1=30mA
Output Noise BW=100Hz-100kHz, C,,=2.2 4 F
ENI 35 U Vrms
(RMS) IOUT1=30mA
BCl1 Bypass Capacitor 0u A<IOUT1<300mA 2.2 uF
Normal (IOUT1=Max) 50 *1
ISS1 Supply Current UA
OFF 1
1.50
1.80
2.50
2.60
2.80
3.00
3.10
Programmable
POUTI IOUT1=300mA -2% 330 | 2% v
Output Voltage
1.85*
240 *
2.55 %
2.70 *
2.85*
2.90 *
320*

Table 6-1 LDOI1 Electrical Characteristics

Note*: Bypass capacitor: 2.2 ¢ F, in mounted state.

For optimized phase compensation, the bypass capacitor must be the ceramic type.

RICOH ©2009 Rev. 34

Page 7



RN5T651 Charge-Pump for White LED and Power Supply

6.1.2 LDO?2 Electrical Characteristics

Operating Conditions (unless otherwise specified) Viarr= 3.6V, Crero =1 UL F, T,=25°C
Symbol Item Condition Min Typ | Max Units
50 4 A<IOUT2<300mA

VOUT2 Output Voltage -2% 1.50 | 2% \Y
VOUT2+0.5V = Varp(VIN) =4.5V
10UT21 Output Current - 300 mA
ILIM2 Current Limit VOUT1=POUT1—0.2V 500 mA
VDRP2 Drop-out Voltage IOUT2=200mA, T, =85°C 200 mV
AVOUT2 ) ) VOUT2+0.5V = Vparr(VIN) =4.5V
Line Regulation 2.4 mV
AVIN IOUT2=150mA
AVOUT2 .
Load Regulation 50 4 A<IOUT2<300mA 25 mV
AIOUT2
(0] t Volt
AVOUT2 uput Voltage . . .
AT Temperature -40°C=T,=85°C +100 ppm/°C
! Coefficient
. o f=10Hz-10kHz, C,,=2.2 4t F
RR2 Ripple Rejection 60 dB
IOUT2=30mA
Output Noise BW=100Hz-100kHz, C,,~2.2 4 F
EN2 35 4 Vrms
(RMS) IOUT1=30mA
BC2 Bypass Capacitor 0 ¢ A<IOUT2<300mA 2.2 UF
Normal (IOUT2=Max) 50 *1
ISS2 Supply Current UA
OFF 1
1.50
1.80
2.50
2.60
2.80
3.00
3.10
Programmable
POUT2 IOUT2=300mA -2% 330 | 2% \%
Output Voltage
1.85*
240 *
2.55*
2.70 *
2.85%*
2.90 *
320%*

Table 6-2 LDO2 Electrical Characteristics

Note*: Bypass capacitor: 2.2 ¢ F, in mounted state.

For optimized phase compensation, the bypass capacitor must be ceramic type.

Note*1: Vref Block Supply Current typ 20 4 A
ex)LDO1+LDO2+Vref =120 t A(typ)
LDO1+Vref=70 u A(typ)

RICOH ©2009 Rev. 3.4
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RN5T651 Charge-Pump for White LED and Power Supply

6.2 Step-down DC/DC Converters

(a) Output voltage

The output voltage is decided according to the resistance ratio of external resistor. Please refer to the formulas in
section 6.2.2 for the output voltage set.

(b) Additional components

It can be easily composed of DC/DC converters with only few kinds of external components such as inductor,
capacitor and etc. For the output capacitors, ceramic type is recommended for voltage ripple.

(d) Protection circuits

Max Duty circuit limits maximum pulse width of DC/DC. Current Limit circuit limits peak current of LX at clock
cycle of DC/DC. Latch type protection circuit starts working if the over-current condition keeps on for certain time.
Latch-type protection circuit latches an internal driver by keeping it disable. To release the protection condition,

enable it again after disabling DC/DC by setting Buck Enable register through 12C.

6.2.1 Step-down DC/DC Converter Block Diagram

|
e | FB

} Sl C AAA %

| ope urrent

} Compansation f }

| |

| |

| Current |

I Limit ‘

| |

I [ }

|

} FF%*E;} | x 2 H

I > Output ‘

} } Control g —

| s I |

| | 47uF

| I (ceramic)
|

| 7J77 | PGND2

|

| |

GND GND

Fig 6-1 Step-down DC/DC Converter Block Diagram

6.2.2 Output Voltage Setting Calculation Formula

X VINZ The output voltage (Vcore) is decided by the following formula.
(R2+200k 2)x0.6
R2
( Vcore=Output Voltage )

TuF Veore: 1.2V (R2=200k Q)
1.5V (R2=133kQ)
1.8V (R2=100k Q)
2.5V (R2=63k Q)
Cr=8pF 2.6V (R2=60k Q)

Vcore=
DC/DC

Step-down
(@500mA)

VCORE
@500mA

RICOH ©2009 Rev. 34 Page 9



RN5T651 Charge-Pump for White LED and Power Supply

6.2.3 Step-down DC/DC Convertors Electrical Characteristics

Operating Conditions (unless otherwise specified) ~ Vgarr= 3.6V, Crgro = 1UF, Ta= 25°C

Symbol Item Condition Min Typ Max Units
Vbat Input voltage - 2.7 4.5 \Y
Voutdc Output voltage range Vbat=3.6V 122 6N V *1
AVout/ATa | Ovutputvoltage temperature -40<Ta<85°C 50 ppm/°C

coefficient
Fosc Switching frequency Vbat=3.6V 2.5 MHz
Iss Consumption current Vbat=3.6V no load 3.5
. Vbat =3.6V
Ilx Maximum output currentl PWM Mode 500 mA
VLx Limit current Vbat=3.2~4.5V 1000
. Vbat=3.6V
Votr Output transition response 1—120mA@AT=1ys 30 45 mV
. . Vbat=3.6V
Vrip Output ripple voltage Tout=300mA 5 15 mV
Tprot Protection delay time Vbat=3.6V 1.6 ms
. L Vbat=3.6V Cout=4.7uF
Tris Rising time 40<Ta<85°C 100 Us
Ronnch Output Nch ON Resistance Vbat=3.6V 0.4 Q
Ronpch Output Pch ON Resistance Vbat=3.6V 0.4 Q
Isd Standby current - 0.1 UA

Table 6-3 Step-down DC/DC Converter Electrical Characteristics

Note*1: The output voltages are selectable in ranges 1.2 ~ 2.6V by trimming.
6.2.4 (Reference waveform) Soft-start Waveforms (simulation result)

E e Edis A b ok b =t Irace
Bl I I e ™ N I I = S S IS N |

> wems |

ERl — - B T T —— ' - — .
r i
1 i
i

IS Eia Rt ik R ! SRRt

I i i :

o —L : : | : H

- ! ! 1 H DC/DC Output Wave Form
e 1 Z0ax | Al CTe ELT e | e

_

. - B 'I_'_'_.' ''''''' [ !'_'_'_"_'I_'_'_'!_'_i

- - - e — == - — - — - — - I— - — - — - — e — - — - — - - - g— - — - — 44— - —

i - r L

........... -

1 ] -

i 1 :

—————— e el

i ! i

N 1 H []

- (48] -c k14 TTES | R4 8BRS L2 Chun=
-
~
Cdd

80us Enable Internal Signal “L”:Active

Rising Time
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RN5T651 Charge-Pump for White LED and Power Supply

6.3 Thermal Shutdown Circuit

The thermal shutdown circuit is consisted of two temperature detection circuits and an op-amp.

6.3.1 Thermal Shutdown Block Diagram

N VIN _
Temperature | Temperature N ToP
Detection Circuit Detection Circuit o Fower-on
- Control Circuit
Control Circuit } 577 } El
GND GND

Fig 6-2 Thermal Shutdown Circuit Diagram

6.3.2 Thermal Shutdown Explanation of Operation

The overheat state can be detected by comparing the output voltages from two temperature detection circuits,
which have different temperature Characteristics. If the overheat state is detected, internal POWERSW signal will
fall down to “L”, and RN5T651 will turn off to protect itself from overheating. When VEN signal is “H (Enable),

the thermal shutdown function is effective.

6.3.3 Thermal Shutdown Electrical Characteristics

Operating Conditions (unless otherwise specified) Visrr= 3.6V, Crero = 1 4L F, T, = 25°C
Symbol Item Condition Min Typ | Max Units
Tper Detected Temperature - 150 °C
TreT Return Temperature - 100 °C
Iss Supply Current - 10 20 UA

Table 6-4 Thermal Shutdown Electrical Characteristics

RICOH ©2009 Rev. 34 Page 11



RN5T651 Charge-Pump for White LED and Power Supply

6.4 Charge Pump

RNST651 charge pump drives up to six white LEDs and one strobe with regulated constant current for uniform

intensity.

6.4.1 Block Diagram

1uF 1uF
= a5 M
— i (] N
&) O O &)
- vouT
E Py Py
VIN1
Charge Pump l
4T F—b— .
g @450mA 22 uF_—
7_7|7_7 e P e ]
PGND1
GND /’\ Feed Back
IR R IA R
VEN Eﬂf Adjust — v v vvw
&‘ Voltage — ]
SCL 1 Logic — M DIN1
SDA B3 | P @25mA
STBB | = = s, DIN2
cC E T @25mA
Driver [ ] E@ DINS3
o ON/OFF (Main) E T @25mA
L - e < DIN4
— E E @25mA
ON/OFF ] @ DIN5
- CC Driver (Sub) E @DZISII\Ing
J i
| | | onorFr ) A X DIN7
| | | sTBB | CC Driver (Flash) E ~ @300ma
T, GND1,
- GNDL,
| 7777
GND

Fig 6-3 Charge Pump Circuit Diagram
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RN5T651 Charge-Pump for White LED and Power Supply

6.4.2 Operation

Initial and 1x mode

When any channel is turned ON, charge pump output (VOUT) voltage becomes VIN1 voltage. In this time, Soft-start
prevents the inrush current. As a result, RN5T651 starts at 1x mode.
In 1x mode, the following relation is the condition to stay in 1x mode.
VOUT-Vf >0.25V (1)
Here, VOUT and Vf mean output of Charge pump and forward voltage of white LED, respectively. 0.25V means mode

transition threshold, in case of setting at 25SmA of Main or Sub.

1x or 1.5x transition

When the battery voltage decreases and DIN  pin voltage becomes lower than 0.25V for 100us, RN5T651 starts
charge pump in 1.5x mode.
In 1.5x mode, the following relation is the condition to stay in 1.5x mode.
VOUT-Vf >025V  (2)

In 1.5x mode, CP is switched to 1x mode about every 1 sec for 100us and judge the mode whether 1x or 1.5x.

1.5x or 2x transition

When the battery voltage decreases furthermore, and DINx pin voltage goes down below 0.25V for 100us,
RNS5T651 starts 2x mode from 1.5x mode. In 2x mode, CP is switched to 1.5x mode about every 1 sec for 100usec and

judge the mode whether 2x or 1.5x.

1x/1.5x/2X mode transition

Initial VOUT = GND

Any Channel On
A

VOUT Soft-start

VOUT becomes VIN voltage.

A VOUT = VIN -Ro*lled
—»|  1xMode, LED On DIN_=VOUT -Vt
Every 1 sec return to 1x Mode. Min. DIN_ lower than 0.25V.
( Except Strobe and Torch) A4 VOUT = 1.5*VIN - Ro*lled
1.5 Mode | DIN_=VOUT - Vf
Min. DIN_ lower than 0.25V.
Every 1 sec return to 1.5x Mode VOUT= 2*VIN -Ro*lled
> VOUT =2* VIN - Ro*lled

( Except Strobe and Torch)

i

2x Mode |

DIN_=VOUT - Vf

RICOH ©2009 Rev. 34 Page 13



RN5T651 Charge-Pump for White LED and Power Supply

6.4.3 Protection circuit

When any DIN_ pin is floating or grounded, VOUT voltage is limited below protection voltage by gating on/off charge
pump. In case any LED fails as an open circuit, VOUT voltage is also limited. Besides, when VOUT is smaller than

approximately 1.2V, charge pump also stops.

6.4.4 Unused DIN_ pin

In case that there is any unused DIN pin, connect DIN to GND to avoid over voltage protection status.

6.4.5 Soft-start

When LEDs are turned ON, to prevent the inrush current, RNST651 has Soft-start function. (The internal resistance

gradually increases, just after LEDs enabled.)

RICOH ©2009 Rev. 34 Page 14



RN5T651 Charge-Pump for White LED and Power Supply

6.4.6 Charge Pump Electrical Characteristics

Unless otherwise specified, VIN=3.6V, Ta=25°C, C1=C2=1uF, Cout=2.2uF

Parameter Conditions ‘ Min ‘ Typ ‘ Max ‘ Units
Charge Pump
Operating Voltage VINI and VIN3 voltage 2.7 4.5 \
VOUT voltage (Over voltage) Repeat On and Off in 1.5x or 2x 4.8 \Y
Over voltage detection hysteresis - 0.1 \Y
Maximum Output current VIN1=3.6V, VOUT=4.2V 450 mA
1x mode 1 Ohm
Output resistance: Ro 1.5x mode 3 Ohm
2x mode 5 Ohm
Switching Frequency - 1.25 MHz
Soft-start time - 0.12 msec
Supply current 1x mode, No load, (DET, Reference ON) 0.5 mA
1.5x mode or 2x mode 5 6 mA
Standby supply current VEN=0V, VIN1 and VIN3 current 1 uA
Current Limit VOUT shorted 50 mA
LED Driver
Maximum Sink current DINI-6 2 mA
DIN7 300 mA
LED current accuracy (Main, Sub) Code=1F, DIN =0.25V -5 5 %
LED current accuracy (Flash) Code=1F, DIN7=0.4V -5 5 %
LED current matching Main or Sub, respectively. *1 -5 5 %
1x to 1.5x, 1.5x to 2x transition threshold At lowest DINx pin, DIN1-6 250 mV
1x to 1.5x, 1.5x to 2x transition threshold At lowest DINx pin, DIN7 400 mV
1x to 1.5x, 1.5% to 2x transition time Chattering noise reduction 100 us
DINI1-7 leakage in shutdown - 0.01 uA

Table 6-5 Charge Pump Electrical Characteristics

Note*1: Matching is defined (Iave - Iled ) /Iave .lave means the average current of Main or Sub, respectively.

Matching is defined without Vf voltage difference between channels.

For Main, lave_main = (Iled1 + Iled2 + Iled3 + Iled4) / 4
For Sub, Iave sub = (Iled5 + Iled6) / 2

RICOH ©2009

Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

6.4.7 STBB Logic Input

STBB input is used to control the flash LEDs without accessing [2C. When STBB is driven to "L", the flash LEDs are

driven by the current set in Strobe Luminance register. Driving STBB low overrides the flash LEDs set by 12C. With

STBB high, the flash LEDs becomes controllable by 12C.

Selecttor

Flash Luminance
SCL [{—— %
'7
SDA [X}—— <Resister> | _Strobe Luminanc DAC Constant Current Pin -] DIN7
@
77" 0 Enable
|
|
]
}
STBB [0 DIN7 Enable
6.5 UVLO(Under Voltage Lock Out)

Operating Conditions (unless otherwise specified) Crero =1 M F, T,=25°C
Symbol Parameter Condition Min Typ Max Units
VRelease Under voltage lock out threshold VCCVIN rising 2.25 VvV
V Detect Under voltage lock out threshold VCCVIN falling 2.05 2.20 2.35 Vv

Viys UVLO Hysteresis - 50 mV

Table 6-6 UVLO Electrical Characteristics

RICOH ©2009

Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

6.6 CPU Interface

RNST651 uses 12C -Bus system for CPU connection through 2-wires. Connection and transfer system of 12C -Bus

are described in the following sections.

6.6.1 Start and Stop Condition

Within the procedure of 12C, unique situations arise which are defined as Start and Stop conditions.

see /o
SDA >C

Fig 6-4 12C -Bus Data Transmission

An “H” to “L” transition on SDA line while SCL is “H” indicates a Start condition. An “L” to “H” transition on
SDA line while SCL is “H” defines a Stop condition. Start and Stop conditions are always generated by master
(Refer to the figure below). The bus is considered to be busy after the start condition. The bus is considered to be
free again a certain time after the stop condition.

Start Condition Stop Condition

]
|

SCL

SDA

e
« /]

Fig 6-5 I2C-Bus Start and Stop Condition
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RN5T651 Charge-Pump for White LED and Power Supply

6.6.2 Data Transmission and its Acknowledge

After start condition, data is transmitted by lbyte (8bits). The number of bytes that can be transmitted per
transmission is not limited. Receiver must send an acknowledge signal to the transmitter every time 8bit data is
transmitted.

Data transmission must be accompanied by acknowledge signal. The acknowledge-related clock pulse is generated
by the master. The transmitter releases SDA line during the acknowledge clock pulse.

The receiver must pull down SDA line during the acknowledge clock pulse so that it remains stable “L” during
“H” period of this clock pulse.

If a master—receiver is involved in a transfer, it must signal the end of the data to the slave-transmitter by not
generating an acknowledge signal on the last byte that was clocked out of the slave. The slave-transmitter must

release the data line to allow the master to generate a Stop condition.

C
SCL from )
L from j\ /2 8 9

SDA from >< ><
Transmitter (
SDA 5
from
Receiver Start Condition Acknowledge Signal

Fig 6-6 12C-Bus Data Transmission and its Acknowledge

6.6.3 I2C-Bus Slave Address

After Start condition, a slave address is sent. This address is 8 bits long followed by. The slave address of

RNS5T651 are specified at “0001 0010b”

A7 A6 AS A4 A3 A2 Al A0

Setting

0 0 0 1 0 0 1 0
value

A7~ AOQ: Slave Address

Fig 6-7 Slave Address of RN5T651

RICOH ©2009 Rev. 34 Page 18



RN5T651 Charge-Pump for White LED and Power Supply

6.6.4 Data Transmission Write Format

The transmission format for the slave address allocated to each IC is defined by 12C-Bus standard. However
transmission method of address information of each IC is not defined. RN5T651 transmits data to the internal
address pointer at lbyte continue to the slave address and write command. For the data transmission, please

transmit MSB first from Master and following data in sequence. Also, Master should receive MSB first when it

receives data from the slave.

‘ S0 1 1 ‘ 0 ‘ 01 0 0| A| Command Data A| Command Data A| Command Data A‘ P ‘
\ [ L1 !
T .. £l Writing of Command and Writing of Command and Writing of Command and
ransmission ot siave data to the internal register data to the internal register data to the internal register
address (01100100 b)

D Master to Slave D Slave to Master Acknowledge Signal
Start Condition B Stop Condition

Fig 6-8 Data Transmission Write Format

6.6.5 Internal Register Write-in Timing

SCL from Master L 1 2 3 4 5 6 7 8 jg

SDA from Master

Adknowledge

SDA from Slave LJ

An Internal Register
Write-in Signal (WRB)

Start Condition T Stop Condition

Writing to an internal register

Fig 6-9 Internal Register Write-in Timing
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RN5T651 Charge-Pump for White LED and Power Supply

6.6.6 Connection of I2C-Bus

2 wires of SCL and SDA are connected to 12C-Bus and used for transmitting clock pulses and data individually.
All ICs connected to these two lines are designed not to be clamped, even though the voltage which exceeds its
power supply voltage is supplied through the input and output pins. Open drain pins are for output. This
construction allows the communication of signals between Ics, which have the different supply voltages, by adding
a pull-up resistor to each signal line as shown in the figure below. Each IC is designed not to give any effect on

SCL and SDA signal lines even though their power is turned off individually.

xDD; 4 ° *1) For data interface, the following conditions must be met:

VEE3 Py Vbp4 > Vb1

VDD4 VbD4 > VDD2
VDDp4 > VDD3

Rp Rp *2) When the master is one, the microcontroller is ready for driving

SCL to "H" and Rp of SCL may not be required.

e ’ ’

SDA f—‘

¢ | -
Microcontroller RNS5T651 Other Periphral IC

Fig 6-10 Connection of I2C-Bus
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RN5T651 Charge-Pump for White LED and Power Supply

6.6.7 AC Characteristics of I12C-Bus

Operating Conditions (unless otherwise specified)

Vearr= 3.6V, Crero = 1 L F, To= 25°C

Symbol Item Condition Min Typ | Max Units
fscL SCL Clock Frequency - 400 kHz
- Bus Free Time Between ) 47 us

a Precedent and Start

tLow SCL Clock “L” Time - 1.3 Us
tuigH SCL Clock “H” Time - 0.6 us
tsu:sTA Start Condition Setup Time - 0.6 Us
tHD:STA Start Condition Hold Time - 0.6 us
tsu:sTo Stop Condition Setup Time - 0.6 Us
tyD:DAT Data Hold Time - 0 us
tsu:pAT Data Setup Time - 100*1 ns
tr Rising Time of SCL and SDA (Input) - 300 ns

tg Falling Time of SCL and SDA (Input) - 300 ns

Spike Width that can be
tsp . . - 50 ns
Removed with Input Filter

tVENSET VEN to Start Condition Setup Time - 100 Us

tVENHOLD VEN to Stop Condition Hold Time - 100 us

Note*: All the above-mentioned values are corresponding to Vi min and Vi max level.

Note*1: Standard mode is allowed in 12C bus standard. For Standard mode, it needs to satisfy the condition;

tSU; DAT>=250ns.

VEN /1 |tvenser

SDA

SCL

t

HD;STA

Fig 6-11 AC Characteristics of [2C-Bus

t

VENHOLD
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RN5T651 Charge-Pump for White LED and Power Supply

7. Register

7.1 Register Map

SDA Control Byte
Function COMMAND DATA
C2 Cl CO0 D4 D3 D2 D1 DO
Main Luminance 31-steps 25mA / LED max. 000 00000 = off
0 0 0
Initial value 0 0 0 0 0
Sub Luminance 31-steps 25mA / LED max. 001 00000 = off
0 0 1
Initial value 0 0 0 0 0
Flash Luminance 31-steps 300mA max,I2C enabled, 010 00000 = off
0 1 0
Initial value 0 0 0 0 0
Strobe Luminance 31-steps 300mA max, STBB enable, 011 00000 = off
0 1 1
Initial value 0 0 0 0 0
LDO1 Output Voltage X 16 steps
1 0 0
Initial value 0 0 0 0 0
LDO2 Output Voltage X 16 steps
1 0 1
Initial value 0 0 0 0 0
Buck Enable On/ Off\ X X X X
1 1 0
Initial value 0 0 0 0 0
Main Sub DIN7 LDO1 LDO2
Others Function
1 1 1 Enable Enable Enable Enable Enable
Initial value 0 0 0 0 0

Note*: C2 is MSB, and DO is LSB.

Do not write

“1”in Buck Enable Register [D3:D0].

Table 7-1 Register Map

RICOH ©2009
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RN5T651 Charge-Pump for White LED and Power Supply

7.2 Main /Sub / Flash / Strobe Luminance

Each sink current of DIN1-4, 5, 6, and 7 can be set by the code of D4-DO.

LED Current (mA) Data
Main Sub Flash Strobe D4 D3 D2 D1 DO
off off off off 0 0 0 0 0
0.8 0.8 9.7 9.7 0 0 0 0 1
1.6 1.6 19.4 19.4 0 0 0 1 0
2.4 24 29.0 29.0 0 0 0 1 1
32 3.2 38.7 38.7 0 0 1 0 0
4.0 4.0 48.4 48.4 0 0 1 0 1
4.8 4.8 58.1 58.1 0 0 1 1 0
5.6 5.6 67.7 67.7 0 0 1 1 1
6.5 6.5 77.4 77.4 0 1 0 0 0
7.3 7.3 87.1 87.1 0 1 0 0 1
8.1 8.1 96.8 96.8 0 1 0 1 0
8.9 8.9 106 106 0 1 0 1 1
9.7 9.7 116 116 0 1 1 0 0
10.5 10.5 126 126 0 1 1 0 1
11.3 11.3 135 135 0 1 1 1 0
12.1 12.1 145 145 0 1 1 1 1
12.9 12.9 155 155 1 0 0 0 0
13.7 13.7 165 165 1 0 0 0 1
14.5 14.5 174 174 1 0 0 1 0
15.3 153 184 184 1 0 0 1 1
16.1 16.1 194 194 1 0 1 0 0
16.9 16.9 203 203 1 0 1 0 1
17.7 17.7 213 213 1 0 1 1 0
18.5 18.5 223 223 1 0 1 1 1
19.4 19.4 232 232 1 1 0 0 0
20.2 20.2 242 242 1 1 0 0 1
21.0 21.0 252 252 1 1 0 1 0
21.8 21.8 261 261 1 1 0 1 1
22.6 22.6 271 271 1 1 1 0 0
234 234 281 281 1 1 1 0 1
242 24.2 290 290 1 1 1 1 0
25.0 25.0 300 300 1 1 1 1 1
Note*: Defaults are shown in Bold.
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RN5T651 Charge-Pump for White LED and Power Supply

7.3 LDOI1/LDO2 Output Voltage

Each output voltage of LDO1 and LDO2 can be set by the code of D3-D0. And enable/disable of the output can be

individually set by D4 bit.

7.4 Buck Enable

Buck Enable (D4)

LDO Voltage (V) Data
LDO1 LDO2 D3 D2 D1 DO
1.50 1.50 0 0 0 0
1.80 1.80 0 0 0 1
2.50 2.50 0 0 1 0
2.60 2.60 0 0 1 1
2.80 2.80 0 1 0 0
3.00 3.00 0 1 0 1
3.10 3.10 0 1 1 0
3.30 3.30 0 1 1 1
1.85 1.85 1 0 0 0
2.40 2.40 1 0 0 1
2.55 2.55 1 0 1 0
2.70 2.70 1 0 1 1
2.85 2.85 1 1 0 0
2.90 2.90 1 1 0 1
3.20 3.20 1 1 1 0
1.50 1.50 1 1 1 1
ON/OFF of DC/DC can be set by D4 bit.
D4 Function
1 DC/DC convertor Output Enable
0 DC/DC convertor Output Disable

RICOH ©2009

Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

7.5 Others Function

Bit DATA Function
. 1 Enable

D4 Main Enable

0 Disable

1 Enable
D3 Sub Enable

0 Disable

1 Enable
D2 DIN7 Enable

0 Disable

1 Enable
D1 LDOI1 Enable

0 Disable

1 Enable
DO LDO2 Enable

0 Disable

Note*: The relations between each bit of the other function registers and each register are AND conditions.
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RN5T651 Charge-Pump for White LED and Power Supply

8. Electrical Characteristics

8.1 Absolute Maximum Ratings

The operation exceeding “Absolute Maximum Ratings”’below may cause permanent damage to the device.

The operation of the device within the stated ratings below is not guaranteed.

Symbol Item Condition Rated value Units
VIN1
VIN2 .
VING Power Supply Voltage Battery Voltage Input Pins -0.3~6.0 v
VEN
VIN Input Voltage Range All Input Pins -0.3~VEN+0.3 \Y
Package Mounted on Board,
PD C o 1826 mW
Allowable Dissipation T,=70"C
Ty Storage Temperature - -55~+125 °C
8.2 Recommendation of Operation Conditions
Symbol Item Condition Min Typ Max Units
VIN Power Supply Voltagel Battery Voltage Input Pins 2.7 3.6 4.5 \Y
VEN Power Supply Voltage - 1.8 3.0 4.2 \%
T, Temperature of Operation - -40 +85 °Cc
8.3 General Characteristics
Symbol Item Condition Min Typ | Max Units
ISSVEN VEN Supply Current SCL=SDA=STBB=VEN 1 LA
VEN=3.0V, 12C ready, 55
TA=25°C ’
Shutdown Supply Current VEN=3.0V, 12C ready,
IsHuT o UA
(All output off) TA=85"C
VEN=0V, 12C off, TA=25°C 1
VEN=0V, 12C off, TA=85°C

RICOH ©2009 Rev. 34
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RN5T651 Charge-Pump for White LED and Power Supply

8.4 DC Characteristics
Digital part Input
(Input Pin) SCL, SDA, STBB

Operating Conditions (unless otherwise specified) ~ Vparr= 3.6V, Crero = 1 U F, T,= 25°C

Symbol Item Condition Min Typ | Max Units
VEN
Viu “H” Input Voltage - \Y
x 0.7
VEN
Vi “L” Input Voltage - v
x0.3
VoL “L” Output Voltage Ior=-3mA 0.3 A%
I Input Leakage Current V=0~VEN -3 3 uA
Ioz Off Leakage Current V=0~VEN -3 3 LA

Terminal Equivalent Circuit

DVCC

VINi

VEN [<] jﬂ

GND

1

T

GND
VING

4{
STBB <
-

GND

SDA/SCL@—»—@«

VINi

-
|

Fig 8-1 Terminal Equivalent Circuit
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RN5T651 Charge-Pump for White LED and Power Supply

9. Additional Application Circuit

(1) Dual Main 4 LEDs and Sub 2 LEDs

Control flow chart

GPIO1 = “H” (RNS5T651 Enable)

A

A

Transmission
SDA=(0,0,0,1,1,1,1,1)

SN

Transmission
SDA=(0,0,1,1,1,1,1,1)
N
Transmission
SDA=(1,1,1,1,0,x,x,x)
N
Transmission
SDA=(1,1,1,0,1,x,X,X)
N
GND Transmission
SDA=(1,1,1,1,1,x,x,X)

GPIO1 = “L”

(Main LEDs Setting 25mA )

(Sub LEDs Setting 25mA )

TS9LENY

GPIO1
GPIO2
CPU
GPIO3

GPIO4

(Main LEDs ON / Sub LEDs OFF)

(Main LEDs OFF / Sub LEDs ON)

(Main LEDs ON / Sub LEDs ON)

(RN5T651 Sleep Main/Sub LEDs OFF)

x:Don't care
Fig 9-1 Dual Main 4 LEDs and Sub 2 LEDs

(2) Mono 5 LEDs

Control flow chart

GPIO1 = “H”

(RN5T651 Enable)

Transmission
SDA=(0,0,0,1,1,1,1,1)
L
Transmission
SDA=(0,0,1,1,1,1,1,1)

(Main LEDs Setting 25mA )

TG9LENY

(Sub LEDs Setting 25mA )

GPIO1
CPU GPIO2 \I/
GPIO3 SPA=(LLLLLXXX) |\ fon 5 TEDs ON)
Transmission
GPIO4
GND L
SDA=(1,1,1,1,1,x,x,X)

(Mono 5 LEDs ON)

Transmission
Camor= v | (e
“p eep
=
GPIOI L Mono 5LEDs OFF )

Note*: Please connect DIN6 to GND.

Fig 9-2 Mono 5 LEDs

RICOH ©2009 Rev. 34 Page 28



RN5T651 Charge-Pump for White LED and Power Supply

(3) Dual Main 3 LEDs and Sub 2 LEDs

Control flow chart

GPIO1 = “H”

Main LED Sub LEL Flash

(RN5T651 Enable)

Li-ion Battery Transmission
= . .
Z SDA=(0,0,0,1,1,1,1,1) (Main LEDs Setting 25mA )
= I
% L
= ranSmIssIon (Sub LEDs Setting 25mA
- g 25mA)
GPIO1 SDA=(0,0,1,1,1,1,1,1)
CPU GP102 N
Transmission .
GPIO:
3 SDA=(1.1,1,1,0.x.x.X) (Main LEDs ON / Sub LEDs OFF)
GPIO4
L
GND Transmission .
7J77 SDA=(1,1,1,0,1,%,%,X) (Main LEDs OFF / Sub LEDs ON)
MONO 4 LEDs
GND N}

Transmission

SDA=(1,1,1,1,1 x.x.x) (Main LEDs ON / Sub LEDs ON)

(RNST651 Sleep
Main/Sub LEDs OFF)

GPIO1 = “L”

x:Don't care

Note*: Please connect DIN4 to GND.

Fig 9-3 Dual Main 3 LEDs and Sub 2 LEDs

(4)Mono 4 LEDs

Control flow chart

[l GPIO1 = “H” (RN5T651 Enable)
4.7Tu

Li-ion Battery Transmission . .
% SDA=(0,0,0,1,1,1,1,1) (Main LEDs Setting 25mA )
GND E \L
= SDAALLLLOXXX) | (1o 4 LEDs ON)
Transmission
GPIO1 T
GPIO2
CPU SDA=(1,1,1,0,0,x,X,X)
GPIO3 Transmission (Mono 4 LEDs ON)
GPIO4

(RN5T651 Sleep

GND GPIO1 = 'L Mono 4 LEDs OFF )

x:Don't care

GND

Note*: When DINS and 6 are not used, write “0” into D3 of the other function registers or connect DIN5 and DIN6
to GND.

Fig 9-4 Mono 4 LEDs
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RN5T651 Charge-Pump for White LED and Power Supply

10. Package Information
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1. Outline


RN5T651 contains constant frequency charge pump to optimize for white LED application, step-down DC/DC converter and two low-noise LDOs. Output enable/disable, LEDs current setting and LDO output voltage setting are individually controllable through I2C.

2. Feature

· Power Supply Function

· Step-down DC/DC converter × 1 (ON/OFF programmable)

· LDO × 2 (ON/OFF programmable)

· Over current Protection (ALL Regulators) and thermal shutdown


· White LED Charge Pump

· Current capability: All currents capability 450mA


· Flash at 300mA max.


· Four Main LEDs at 25mA max.


· Two Sub LEDs 25mA max.


· I2C-Bus (Max 400kHz)

· Address = 12h


· ON/OFF control


· Individual LEDs current value setting


· Individual LDOs voltage value setting


· Others

· Soft-start circuit

· Short-circuit circuit, open-circuit and Thermal Protection

· Package

· 28pin Thin QFN package (Body size: 4 x 4 x 0.8mm)


· Process


· CMOS process

3. Pin Configuration
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		Pin No.

		Name

		Pin No.

		Name

		Pin No.

		Name

		Pin No.

		Name



		1

		DIN3

		8

		PGND1

		15

		VIN2

		22

		VREF



		2

		DIN2

		9

		C1M

		16

		LX

		23

		GND2



		3

		DIN1

		10

		VIN1

		17

		PGND2

		24

		DIN7



		4

		VOUT

		11

		VEN

		18

		FB

		25

		DIN6



		5

		C1P

		12

		STBB

		19

		LDOUT2

		26

		DIN5



		6

		C2P

		13

		SCL

		20

		VIN3

		27

		GND1



		7

		C2M

		14

		SDA

		21

		LDOUT1

		28

		DIN4





Fig 3‑1  Pin Configuration


4. Block Diagram
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Fig 4‑1 Block Diagram


5. Pin Description


		No.

		Name

		I/O

		Function

		Notes



		1

		DIN3

		O

		LED driver current control output 3

		



		2

		DIN2

		O

		LED driver current control output 2

		



		3

		DIN1

		O

		LED driver current control output 1

		



		4

		VOUT

		O

		LED driver voltage output

		



		5

		C1P

		-

		Charge pump boost capacitor connection

		



		6

		C2P

		-

		Charge pump boost capacitor connection

		



		7

		C2M

		-

		Charge pump boost capacitor connection

		



		8

		PGND1

		-

		Ground (charge pump)

		



		9

		C1M

		-

		Charge pump boost capacitor connection

		



		10

		VIN1

		-

		Power supply (charge pump)

		



		11

		VEN

		-

		Voltage supply (I2C), enable input

		



		12

		STBB

		I

		Strobe enable input

		



		13

		SCL

		I

		I2C interface clock input

		



		14

		SDA

		I/O

		I2C interface data input

		



		15

		VIN2

		-

		Power supply (DC/DC convertor)

		



		16

		LX

		O

		DC/DC convertor inductor switching pin

		



		17

		PGND2

		-

		Ground (DC/DC convertor)

		



		18

		FB

		I

		DC/DC convertor feed back pin

		



		19

		LDOUT2

		O

		LDO2 output

		



		20

		VIN3

		-

		Power supply

		



		21

		LDOUT1

		O

		LDO1 output

		



		22

		VREF

		O

		Bypass capacitor connecting pin

		



		23

		GND2

		-

		Ground

		



		24

		DIN7

		O

		LED driver current control output 7

		



		25

		DIN6

		O

		LED driver current control output 6

		



		26

		DIN5

		O

		LED driver current control output 5

		



		27

		GND1

		-

		Ground

		



		28

		DIN4

		O

		LED driver current control output 4

		





Table 5‑1 Pin Description


6. Functional Blocks


6.1 Regulators


6.1.1 LDO1 Electrical Characteristics

Operating Conditions (unless otherwise specified)                                           VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		VOUT1

		Output Voltage

		50μA＜IOUT1＜300mA


VOUT1+0.5V≦VBATT(VIN)≦4.5V

		-2%

		1.50

		+2%

		V



		IOUT1

		Output Current

		-

		

		

		300

		mA



		ILIM1

		Current Limit

		VOUT1=POUT1－0.2V

		

		500

		

		mA



		VDRP1

		Drop-out Voltage

		IOUT1=200mA, Ta =85℃

		

		200

		

		mV



		ΔVOUT1


ΔVIN

		Line Regulation

		VOUT1+0.5V≦VBATT(VIN)≦4.5V


IOUT1=150mA

		

		2.4

		

		mV



		ΔVOUT1


ΔIOUT1

		Load Regulation

		50μA＜IOUT1＜300mA

		

		25

		

		mV



		ΔVOUT1


ΔTa

		Output Voltage


Temperature
Coefficient

		-40℃≦Ta≦85℃

		

		+100

		

		ppm/℃



		RR1

		Ripple Rejection

		f=10Hz-10kHz, Cout=2.2μF
IOUT1=30mA

		

		60

		

		dB



		EN1

		Output Noise (RMS)

		BW=100Hz-100kHz, Cout=2.2μF


IOUT1=30mA

		

		35

		

		μVrms



		BC1

		Bypass Capacitor

		0μA＜IOUT1＜300mA

		

		2.2

		

		μF



		ISS1

		Supply Current

		Normal (IOUT1=Max)

		

		50 *1

		

		μA



		

		

		OFF

		

		

		1

		



		POUT1

		Programmable
Output Voltage

		IOUT1=300mA

		-2%

		1.50


1.80


2.50


2.60


2.80


3.00


3.10


3.30


1.85 *


2.40 *


2.55 *


2.70 *


2.85 *


2.90 *


3.20 *

		+2%

		V





Table 6‑1 LDO1 Electrical Characteristics

Note*: Bypass capacitor: 2.2μF, in mounted state. 
      For optimized phase compensation, the bypass capacitor must be the ceramic type.


6.1.2 LDO2 Electrical Characteristics

Operating Conditions (unless otherwise specified)                                          VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		VOUT2

		Output Voltage

		50μA＜IOUT2＜300mA


VOUT2+0.5V≦VBATT(VIN)≦4.5V

		-2%

		1.50

		+2%

		V



		IOUT21

		Output Current

		-

		

		

		300

		mA



		ILIM2

		Current Limit

		VOUT1=POUT1－0.2V

		

		500

		

		mA



		VDRP2

		Drop-out Voltage

		IOUT2=200mA, Ta =85℃

		

		200

		

		mV



		ΔVOUT2


ΔVIN

		Line Regulation

		VOUT2+0.5V≦VBATT(VIN)≦4.5V


IOUT2=150mA

		

		2.4

		

		mV



		ΔVOUT2


ΔIOUT2

		Load Regulation

		50μA＜IOUT2＜300mA

		

		25

		

		mV



		ΔVOUT2


ΔTa

		Output Voltage


Temperature
Coefficient

		-40℃≦Ta≦85℃

		

		+100

		

		ppm/℃



		RR2

		Ripple Rejection

		f=10Hz-10kHz, Cout=2.2μF
IOUT2=30mA

		

		60

		

		dB



		EN2

		Output Noise (RMS)

		BW=100Hz-100kHz, Cout=2.2μF


IOUT1=30mA

		

		35

		

		μVrms



		BC2

		Bypass Capacitor

		0μA＜IOUT2＜300mA

		

		2.2

		

		μF



		ISS2

		Supply Current

		Normal (IOUT2=Max)

		

		50 *1

		

		μA



		

		

		OFF

		

		

		1

		



		POUT2

		Programmable
Output Voltage

		IOUT2=300mA

		-2%

		1.50


1.80


2.50


2.60


2.80


3.00


3.10


3.30


1.85 *


2.40 *


2.55 *


2.70 *


2.85 *


2.90 *


3.20 *

		+2%

		V





Table 6‑2 LDO2 Electrical Characteristics

Note*: Bypass capacitor: 2.2μF, in mounted state. 
      For optimized phase compensation, the bypass capacitor must be ceramic type.

    Note*1: Vref Block Supply Current typ 20μA

           ex)LDO1+LDO2+Vref =120μA(typ)

              LDO1+Vref=70μA(typ)


6.2 Step-down DC/DC Converters


(a) Output voltage


The output voltage is decided according to the resistance ratio of external resistor. Please refer to the formulas in section 6.2.2 for the output voltage set. 


(b) Additional components


It can be easily composed of DC/DC converters with only few kinds of external components such as inductor, capacitor and etc. For the output capacitors, ceramic type is recommended for voltage ripple.


(d) Protection circuits
Max Duty circuit limits maximum pulse width of DC/DC. Current Limit circuit limits peak current of LX at clock cycle of DC/DC. Latch type protection circuit starts working if the over-current condition keeps on for certain time. Latch-type protection circuit latches an internal driver by keeping it disable. To release the protection condition, enable it again after disabling DC/DC by setting Buck Enable register through I2C.


6.2.1 Step-down DC/DC Converter Block Diagram
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Fig 6‑1 Step-down DC/DC Converter Block Diagram


6.2.2 Output Voltage Setting Calculation Formula
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6.2.3 Step-down DC/DC Convertors Electrical Characteristics

Operating Conditions (unless otherwise specified)   VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		Vbat

		Input voltage

		-

		2.7

		

		4.5

		V



		Voutdc

		Output voltage range

		Vbat=3.6V

		

		1.2 ~


2.6

		

		V *1



		ΔVout/ΔTa

		Output voltage temperature coefficient

		-40<Ta<85℃

		

		±50

		

		ppm/℃



		Fosc

		Switching frequency

		Vbat=3.6V

		

		2.5

		

		MHz



		Iss

		Consumption current

		Vbat=3.6V no load

		

		3.5

		

		mA



		Ilx

		Maximum output current1

		Vbat =3.6V


PWM Mode

		500

		

		

		mA



		VLx

		Limit current

		Vbat=3.2～4.5V

		

		1000

		

		mA



		Votr

		Output transition response

		Vbat=3.6V

1→120mA@ΔT=1μs

		

		30

		45

		mV



		Vrip

		Output ripple voltage

		Vbat=3.6V

Iout=300mA

		

		5

		15

		mV



		Tprot

		Protection delay time

		Vbat=3.6V

		

		1.6

		

		ms



		Tris

		Rising time

		Vbat=3.6V Cout=4.7μF 
-40<Ta<85℃

		

		

		100

		μs



		Ronnch

		Output Nch ON Resistance

		Vbat=3.6V

		

		0.4

		

		Ω



		Ronpch

		Output Pch ON Resistance

		Vbat=3.6V

		

		0.4

		

		Ω



		Isd

		Standby current

		-

		

		0.1

		

		μA





Table 6‑3 Step-down DC/DC Converter Electrical Characteristics

Note*1: The output voltages are selectable in ranges 1.2 ~ 2.6V by trimming.

6.2.4 (Reference waveform) Soft-start Waveforms (simulation result)
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6.3 Thermal Shutdown Circuit


The thermal shutdown circuit is consisted of two temperature detection circuits and an op-amp.


6.3.1 Thermal Shutdown Block Diagram
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Fig 6‑2 Thermal Shutdown Circuit Diagram


6.3.2 Thermal Shutdown Explanation of Operation


The overheat state can be detected by comparing the output voltages from two temperature detection circuits, which have different temperature Characteristics. If the overheat state is detected, internal POWERSW signal will fall down to “L”, and RN5T651 will turn off to protect itself from overheating. When VEN signal is “H (Enable), the thermal shutdown function is effective.

6.3.3 Thermal Shutdown Electrical Characteristics

Operating Conditions (unless otherwise specified)                                          VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		TDET

		Detected Temperature

		-

		

		150

		

		℃



		TRET

		Return Temperature

		-

		

		100

		

		℃



		ISS

		Supply Current

		-

		

		10

		20

		μA





Table 6‑4 Thermal Shutdown Electrical Characteristics

6.4 Charge Pump


RN5T651 charge pump drives up to six white LEDs and one strobe with regulated constant current for uniform intensity.


6.4.1 Block Diagram
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Fig 6‑3 Charge Pump Circuit Diagram


6.4.2 Operation


Initial and 1x mode


When any channel is turned ON, charge pump output (VOUT) voltage becomes VIN1 voltage. In this time, Soft-start prevents the inrush current. As a result, RN5T651 starts at 1x mode. 

In 1x mode, the following relation is the condition to stay in 1x mode.

VOUT - Vf  > 0.25V   (1)

Here, VOUT and Vf mean output of Charge pump and forward voltage of white LED, respectively. 0.25V means mode transition threshold, in case of setting at 25mA of Main or Sub.

1x or 1.5x transition

When the battery voltage decreases and DIN_ pin voltage becomes lower than 0.25V for 100us, RN5T651 starts charge pump in 1.5x mode. 

In 1.5x mode, the following relation is the condition to stay in 1.5x mode.

VOUT - Vf  > 0.25V   (2)

In 1.5x mode, CP is switched to 1x mode about every 1 sec for 100us and judge the mode whether 1x or 1.5x.

1.5x or 2x transition

When the battery voltage decreases furthermore, and DINx_ pin voltage goes down below 0.25V for 100us, RN5T651 starts 2x mode from 1.5x mode. In 2x mode, CP is switched to 1.5x mode about every 1 sec for 100usec and judge the mode whether 2x or 1.5x.

 1x/1.5x/2x mode transition
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6.4.3 Protection circuit

When any DIN_ pin is floating or grounded, VOUT voltage is limited below protection voltage by gating on/off charge 

pump. In case any LED fails as an open circuit, VOUT voltage is also limited. Besides, when VOUT is smaller than approximately 1.2V, charge pump also stops.

6.4.4 Unused DIN_ pin

 In case that there is any unused DIN_ pin, connect DIN_ to GND to avoid over voltage protection status.

6.4.5 Soft-start


When LEDs are turned ON, to prevent the inrush current, RN5T651 has Soft-start function. (The internal resistance gradually increases, just after LEDs enabled.)


Charge Pump Electrical Characteristics

Unless otherwise specified, VIN=3.6V, Ta=25℃, C1=C2=1uF, Cout=2.2uF


		Parameter

		Conditions

		Min

		Typ

		Max

		Units



		Charge Pump



		Operating Voltage

		VIN1 and VIN3 voltage

		2.7

		

		4.5

		V



		VOUT voltage (Over voltage)

		Repeat On and Off in 1.5x or 2x

		

		4.8

		

		V



		Over voltage detection hysteresis

		-

		

		0.1

		

		V



		Maximum Output current

		VIN1=3.6V, VOUT=4.2V

		

		450

		

		mA



		Output resistance: Ro

		1x mode

		

		

		1

		Ohm



		

		1.5x mode

		

		

		3

		Ohm



		

		2x mode

		

		

		5

		Ohm



		Switching Frequency

		-

		

		1.25

		

		MHz



		Soft-start time

		-

		

		0.12

		

		msec



		Supply current

		1x mode, No load, (DET, Reference ON)

		

		

		0.5

		mA



		

		1.5x mode or 2x mode

		

		5

		6

		mA



		Standby supply current

		VEN=0V, VIN1 and VIN3 current

		

		

		1

		uA



		Current Limit

		VOUT shorted

		

		50

		

		mA



		LED Driver



		Maximum Sink current

		DIN1-6

		

		25

		

		mA



		

		DIN7

		

		300

		

		mA



		LED current accuracy (Main, Sub)

		Code=1F, DIN_=0.25V

		-5

		

		5

		%



		LED current accuracy (Flash)

		Code=1F, DIN7=0.4V

		-5

		

		5

		%



		LED current matching

		Main or Sub, respectively. *1

		-5

		

		5

		%



		1x to 1.5x, 1.5x to 2x transition threshold

		At lowest DINx pin, DIN1-6

		

		250

		

		mV



		1x to 1.5x, 1.5x to 2x transition threshold

		At lowest DINx pin, DIN7

		

		400

		

		mV



		1x to 1.5x, 1.5x to 2x transition time

		Chattering noise reduction

		

		100

		

		us



		DIN1-7 leakage in shutdown

		-

		

		0.01

		

		uA





Table 6‑5 Charge Pump Electrical Characteristics

Note*1: Matching is defined (Iave_ - Iled_) / Iave_. Iave_ means the average current of Main or Sub, respectively. 

       Matching is defined without Vf voltage difference between channels.


       For Main, Iave_main = (Iled1 + Iled2 + Iled3 + Iled4) / 4

       For Sub, Iave_sub = (Iled5 + Iled6) / 2

6.4.6 STBB Logic Input


STBB input is used to control the flash LEDs without accessing I2C. When STBB is driven to "L", the flash LEDs are driven by the current set in Strobe Luminance register. Driving STBB low overrides the flash LEDs set by I2C. With STBB high, the flash LEDs becomes controllable by I2C.
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6.5 UVLO(Under Voltage Lock Out)


Operating Conditions (unless otherwise specified)                                                      CREFO = 1μF, Ta = 25℃


		Symbol

		Parameter

		Condition

		Min

		Typ

		Max

		Units



		VRelease

		Under voltage lock out threshold

		VCCVIN rising

		

		2.25

		

		V



		VDetect

		Under voltage lock out threshold

		VCCVIN falling

		2.05

		2.20

		2.35

		V



		VHYS

		UVLO Hysteresis

		-

		

		50

		

		mV





Table 6‑6 UVLO Electrical Characteristics

6.6 CPU Interface


RN5T651 uses I2C -Bus system for CPU connection through 2-wires. Connection and transfer system of I2C -Bus are described in the following sections.


6.6.1 Start and Stop Condition


Within the procedure of I2C, unique situations arise which are defined as Start and Stop conditions.
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Fig 6‑4 I2C -Bus Data Transmission


An “H” to “L” transition on SDA line while SCL is “H” indicates a Start condition. An “L” to “H” transition on SDA line while SCL is “H” defines a Stop condition. Start and Stop conditions are always generated by master (Refer to the figure below). The bus is considered to be busy after the start condition. The bus is considered to be free again a certain time after the stop condition.
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Fig 6‑5 I2C-Bus Start and Stop Condition


6.6.2 Data Transmission and its Acknowledge


After start condition, data is transmitted by 1byte (8bits). The number of bytes that can be transmitted per transmission is not limited. Receiver must send an acknowledge signal to the transmitter every time 8bit data is transmitted.


Data transmission must be accompanied by acknowledge signal. The acknowledge-related clock pulse is generated by the master. The transmitter releases SDA line during the acknowledge clock pulse.


The receiver must pull down SDA line during the acknowledge clock pulse so that it remains stable “L” during “H” period of this clock pulse.


If a master–receiver is involved in a transfer, it must signal the end of the data to the slave-transmitter by not generating an acknowledge signal on the last byte that was clocked out of the slave. The slave-transmitter must release the data line to allow the master to generate a Stop condition.
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Fig 6‑6 I2C-Bus Data Transmission and its Acknowledge


6.6.3 I2C-Bus Slave Address


After Start condition, a slave address is sent. This address is 8 bits long followed by. The slave address of RN5T651 are specified at “0001 0010b”

		

		A7

		A6

		A5

		A4

		A3

		A2

		A1

		A0



		Setting
value

		0

		0

		0

		1

		0

		0

		1

		0





A7～A0: Slave Address


Fig 6‑7 Slave Address of RN5T651


6.6.4 Data Transmission Write Format


The transmission format for the slave address allocated to each IC is defined by I2C-Bus standard. However transmission method of address information of each IC is not defined. RN5T651 transmits data to the internal address pointer at 1byte continue to the slave address and write command. For the data transmission, please transmit MSB first from Master and following data in sequence. Also, Master should receive MSB first when it receives data from the slave.
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Fig 6‑8 Data Transmission Write Format


6.6.5 Internal Register Write-in Timing
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Fig 6‑9 Internal Register Write-in Timing

6.6.6 Connection of I2C-Bus


2 wires of SCL and SDA are connected to I2C-Bus and used for transmitting clock pulses and data individually. All ICs connected to these two lines are designed not to be clamped, even though the voltage which exceeds its power supply voltage is supplied through the input and output pins. Open drain pins are for output. This construction allows the communication of signals between Ics, which have the different supply voltages, by adding a pull-up resistor to each signal line as shown in the figure below. Each IC is designed not to give any effect on SCL and SDA signal lines even though their power is turned off individually.
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Fig 6‑10 Connection of I2C-Bus


6.6.7 AC Characteristics of I2C-Bus


Operating Conditions (unless otherwise specified)   VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		fSCL

		SCL Clock Frequency

		-

		

		

		400

		kHz



		tBUF

		Bus Free Time Between
a Precedent and Start

		-

		4.7

		

		

		μs



		tLOW

		SCL Clock “L” Time

		-

		1.3

		

		

		μs



		tHIGH

		SCL Clock “H” Time

		-

		0.6

		

		

		μs



		tSU;STA

		Start Condition Setup Time

		-

		0.6

		

		

		μs



		tHD;STA

		Start Condition Hold Time

		-

		0.6

		

		

		μs



		tSU;STO

		Stop Condition Setup Time

		-

		0.6

		

		

		μs



		tHD;DAT

		Data Hold Time

		-

		0

		

		

		μs



		tSU;DAT

		Data Setup Time

		-

		100*1

		

		

		ns



		tR

		Rising Time of SCL and SDA (Input)

		-

		

		

		300

		ns



		tF

		Falling Time of SCL and SDA (Input)

		-

		

		

		300

		ns



		tSP

		Spike Width that can be
Removed with Input Filter

		-

		

		

		50

		ns



		tVENSET

		VEN to Start Condition Setup Time

		-

		100

		

		

		μs



		tVENHOLD

		VEN to Stop Condition Hold Time

		-

		100

		

		

		μs





Note*: All the above-mentioned values are corresponding to VIH min and VIL max level.

Note*1: Standard mode is allowed in I2C bus standard. For Standard mode, it needs to satisfy the condition; 

       tSU; DAT>=250ns.
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Fig 6‑11 AC Characteristics of I2C-Bus


7. Register


7.1 Register Map


		Function

		SDA Control Byte



		

		COMMAND

		DATA



		

		C2

		C1

		C0

		D4

		D3

		D2

		D1

		D0



		Main Luminance

		0

		0

		0

		31-steps 25mA / LED max. 000 00000 = off



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		Sub Luminance

		0

		0

		1

		31-steps 25mA / LED max. 001 00000 = off



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		Flash Luminance

		0

		1

		0

		31-steps 300mA max,I2C enabled, 010 00000 = off



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		Strobe Luminance

		0

		1

		1

		31-steps 300mA max, STBB enable, 011 00000 = off



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		LDO1 Output Voltage

		1

		0

		0

		x

		16 steps



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		LDO2 Output Voltage

		1

		0

		1

		x




		16 steps



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		Buck Enable

		1

		1

		0

		On / Off\

		x

		x

		x

		x



		

		Initial value

		

		

		

		0

		0

		0

		0

		0



		Others Function

		1

		1

		1

		Main


Enable

		Sub


Enable

		DIN7 Enable

		LDO1


Enable

		LDO2


Enable



		

		Initial value

		

		

		

		0

		0

		0

		0

		0





Note*: C2 is MSB, and D0 is LSB.

      Do not write “１”in Buck Enable Register [D3:D0].


Table 7‑1 Register Map


7.2 Main / Sub / Flash / Strobe Luminance

Each sink current of DIN1-4, 5, 6, and 7 can be set by the code of D4-D0.

		LED Current (mA)

		Data



		Main

		Sub

		Flash

		Strobe

		D4

		D3

		D2

		D1

		D0



		off

		off

		off

		off

		0

		0

		0

		0

		0



		0.8

		0.8

		9.7

		9.7

		0

		0

		0

		0

		1



		1.6

		1.6

		19.4

		19.4

		0

		0

		0

		1

		0



		2.4

		2.4

		29.0

		29.0

		0

		0

		0

		1

		1



		3.2

		3.2

		38.7

		38.7

		0

		0

		1

		0

		0



		4.0

		4.0

		48.4

		48.4

		0

		0

		1

		0

		1



		4.8

		4.8

		58.1

		58.1

		0

		0

		1

		1

		0



		5.6

		5.6

		67.7

		67.7

		0

		0

		1

		1

		1



		6.5

		6.5

		77.4

		77.4

		0

		1

		0

		0

		0



		7.3

		7.3

		87.1

		87.1

		0

		1

		0

		0

		1



		8.1

		8.1

		96.8

		96.8

		0

		1

		0

		1

		0



		8.9

		8.9

		106

		106

		0

		1

		0

		1

		1



		9.7

		9.7

		116

		116

		0

		1

		1

		0

		0



		10.5

		10.5

		126

		126

		0

		1

		1

		0

		1



		11.3

		11.3

		135

		135

		0

		1

		1

		1

		0



		12.1

		12.1

		145

		145

		0

		1

		1

		1

		1



		12.9

		12.9

		155

		155

		1

		0

		0

		0

		0



		13.7

		13.7

		165

		165

		1

		0

		0

		0

		1



		14.5

		14.5

		174

		174

		1

		0

		0

		1

		0



		15.3

		15.3

		184

		184

		1

		0

		0

		1

		1



		16.1

		16.1

		194

		194

		1

		0

		1

		0

		0



		16.9

		16.9

		203

		203

		1

		0

		1

		0

		1



		17.7

		17.7

		213

		213

		1

		0

		1

		1

		0



		18.5

		18.5

		223

		223

		1

		0

		1

		1

		1



		19.4

		19.4

		232

		232

		1

		1

		0

		0

		0



		20.2

		20.2

		242

		242

		1

		1

		0

		0

		1



		21.0

		21.0

		252

		252

		1

		1

		0

		1

		0



		21.8

		21.8

		261

		261

		1

		1

		0

		1

		1



		22.6

		22.6

		271

		271

		1

		1

		1

		0

		0



		23.4

		23.4

		281

		281

		1

		1

		1

		0

		1



		24.2

		24.2

		290

		290

		1

		1

		1

		1

		0



		25.0

		25.0

		300

		300

		1

		1

		1

		1

		1





Note*: Defaults are shown in Bold.


7.3 LDO1 / LDO2 Output Voltage


Each output voltage of LDO1 and LDO2 can be set by the code of D3-D0. And enable/disable of the output can be individually set by D4 bit.

		LDO Voltage (V)

		Data



		LDO1

		LDO2

		D3

		D2

		D1

		D0



		1.50

		1.50

		0

		0

		0

		0



		1.80

		1.80

		0

		0

		0

		1



		2.50

		2.50

		0

		0

		1

		0



		2.60

		2.60

		0

		0

		1

		1



		2.80

		2.80

		0

		1

		0

		0



		3.00

		3.00

		0

		1

		0

		1



		3.10

		3.10

		0

		1

		1

		0



		3.30

		3.30

		0

		1

		1

		1



		1.85

		1.85

		1

		0

		0

		0



		2.40

		2.40

		1

		0

		0

		1



		2.55

		2.55

		1

		0

		1

		0



		2.70

		2.70

		1

		0

		1

		1



		2.85

		2.85

		1

		1

		0

		0



		2.90

		2.90

		1

		1

		0

		1



		3.20

		3.20

		1

		1

		1

		0



		1.50

		1.50

		1

		1

		1

		1





7.4 Buck Enable


ON/OFF of DC/DC can be set by D4 bit.

Buck Enable (D4)


		D4

		Function



		1

		DC/DC convertor Output Enable



		0

		DC/DC convertor Output Disable





7.5 Others Function


		Bit

		DATA

		Function



		D4

		Main Enable

		1

		Enable



		

		

		0

		Disable



		D3

		Sub Enable

		1

		Enable



		

		

		0

		Disable



		D2

		DIN7 Enable

		1

		Enable



		

		

		0

		Disable



		D1

		LDO1 Enable

		1

		Enable



		

		

		0

		Disable



		D0

		LDO2 Enable

		1

		Enable



		

		

		0

		Disable





Note*: The relations between each bit of the other function registers and each register are AND conditions.

8. Electrical Characteristics


8.1 Absolute Maximum Ratings

The operation exceeding “Absolute Maximum Ratings”below may cause permanent damage to the device. 


The operation of the device within the stated ratings below is not guaranteed.


		Symbol

		Item

		Condition

		Rated value

		Units



		VIN1
VIN2
VIN3


VEN

		Power Supply Voltage

		Battery Voltage Input Pins

		-0.3～6.0

		V



		ＶＩＮ

		Input Voltage Range

		All Input Pins

		-0.3～VEN+0.3

		V



		PD

		Package
Allowable Dissipation

		Mounted on Board,
Ta =70℃

		1826

		mW



		Tstg

		Storage Temperature

		-

		-55～+125

		℃





8.2 Recommendation of Operation Conditions


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units





		VIN

		Power Supply Voltage1

		Battery Voltage Input Pins

		2.7

		3.6

		4.5

		V



		VEN

		Power Supply Voltage 

		-

		1.8

		3.0

		4.2

		V



		Ta

		Temperature of Operation

		-

		-40

		

		+85

		℃





8.3 General Characteristics

		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		ISSVEN

		VEN Supply Current

		SCL=SDA=STBB=VEN

		

		1

		

		μA



		ISHUT

		Shutdown Supply Current


(All output off)

		VEN=3.0V, I2C ready, TA=25℃

		

		2.5

		

		μA



		

		

		VEN=3.0V, I2C ready, TA=85℃

		

		

		

		



		

		

		VEN=0V, I2C off, TA=25℃

		

		1

		

		



		

		

		VEN=0V, I2C off, TA=85℃

		

		

		

		





8.4 DC Characteristics

Digital part Input
 (Input Pin) SCL, SDA, STBB

Operating Conditions (unless otherwise specified)   VBATT = 3.6V, CREFO = 1μF, Ta = 25℃


		Symbol

		Item

		Condition

		Min

		Typ

		Max

		Units



		VIH

		“H” Input Voltage

		-

		VEN


x 0.7

		

		

		V



		VIL

		“L” Input Voltage

		-

		

		

		VEN


x0.3

		V



		VOL

		“L” Output Voltage

		IOL=-3mA

		

		

		0.3

		V



		IIL

		Input Leakage Current

		V=0～VEN

		-3

		

		3

		μA



		IOZ

		Off Leakage Current

		V=0～VEN

		-3

		

		3

		μA






Terminal Equivalent Circuit
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Fig 8‑1 Terminal Equivalent Circuit

Additional Application Circuit


(1) Dual Main 4 LEDs and Sub 2 LEDs



[image: image18.emf]R


N


5


T


6


5


1


VOUT


PGND1


GND


2.2μ


F


DIN1


DIN2


DIN3


DIN4


DIN5


DIN6


GND1


DIN7


C1P


VIN1


C1M


1


μ


F


GND


GND


4.7uF


Li-ion Battery


Main LED Sub LEDFlash


CPU


SCL


VEN


SDA


STBB


GPIO2


GPIO1


GPIO3


GPIO4


Start


GPIO1 


⇒“


H


”


(RN5T651 Enable)


  Transmission


 SDA=(0,0,0,1,1,1,1,1)


(Main LEDs Setting 25mA )


 Transmission


 SDA=(0,0,1,1,1,1,1,1)


(Sub LEDs Setting 25mA )


 Transmission


SDA=(1,1,1,1,0,x,x,x)


(Main LEDs ON /  Sub LEDs OFF)


Stop


 Transmission


SDA=(1,1,1,0,1,x,x,x)


(Main LEDs OFF / Sub LEDs ON)


 Transmission


SDA=(1,1,1,1,1,x,x,x)


(Main LEDs ON / Sub LEDs ON)


GPIO1 


⇒“


L


”


(RN5T651 Sleep Main/Sub LEDs OFF)


x:Don't care


Control flow chart V


CPUP


C2P


C2M


1


μ


F




Fig 9‑1 Dual Main 4 LEDs and Sub 2 LEDs

(2) Mono 5 LEDs
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Note*: Please connect DIN6 to GND.


Fig 9‑2 Mono 5 LEDs


(3) Dual Main 3 LEDs and Sub 2 LEDs
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Note*: Please connect DIN4 to GND.

Fig 9‑3 Dual Main 3 LEDs and Sub 2 LEDs


(4)Mono 4 LEDs
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Note*: When DIN5 and 6 are not used, write “0” into D3 of the other function registers or connect DIN5 and DIN6
      to GND.

Fig 9‑4 Mono 4 LEDs


9. Package Information
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Vcore：1.2V  (R2=200kΩ)
          1.5V  (R2=133kΩ)
          1.8V  (R2=100kΩ)
          2.5V  (R2=63kΩ)
          2.6V  (R2=60kΩ)
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