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1 Introduction

The Teridian™ 78M6618 PDU1 evaluation board is an example of a low-cost power distribution unit
(PDU) utilizing the 78M6618 system-on-chip (SoC). The 78M6618 monitors the AC line voltage and eight
load currents, and controls switching of eight internal load relays. The embedded firmware calculates the
RMS line voltage and RMS load currents, watts, VAs, VARs, and power factor. The real-time data is
transmitted to a PC via a USB interface for display in a Windows®based graphical user interface (GUI).
The 78M6618 UART interface is used as the communications link to an on-board isolated USB interface
IC.

Included with the 78M6618 PDU1 is a Windows-based GUI for simplified access to the following
measurement data and controls:

e RMS voltage and current

e Real, apparent, and reactive power and power factor
e Accumulated energy usage and expense tracking

e Line frequency

e Minimum and peak parameter tracking

e Alarm indicators

e Programmable alarm thresholds

e Internal load relay (16A) control

This document describes the evaluation board with “78M6618 PDU1_DIFF” imprinted on the board. This
board is a complete replacement for (and obsoletes) the earlier 78M6618 PDU1 evaluation board.

Refer to the GUI User Guide for information about the GUI.

1.1 Package Contents

The 78M6618 PDU1 evaluation kit includes:

e 78M6618 PDU1_DIFF evaluation board

e Universal AC to 12 V DC power supply with international plug adapters

e |CE Adaptor board
e USB A/B cable

1.2 System Requirements
The 78M6618 PDU1 GUI requires use of a PC with the following features:

e PC (1 GHz, 1 GB) with Microsoft Windows 7, Windows XP® or Win2000, equipped with USB port
e Minimum 1024 x 768 video display resolution

Teridian is a trademark of Maxim Integrated Products, Inc.
Windows and Windows XP are registered trademarks of Microsoft Corp.
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1.3 Safety and ESD Notes

CAUTION EXERCISE CAUTION WHEN LIVE AC VOLTAGES ARE PRESENT!
HIGH
VOLTAGE
A Standard ESD precautions must be taken when handling electronic equipment. The

78M6618 PDU1 contains ESD protected interfaces.

Az

Do not connect test equipment, ICE emulators or external development boards directly to the
78M6618 hardware. Damage to the 78M6618 PDU1 and external equipment will occur due to the
78M6618’s “high side” reference topology. The 78M6618’s V3P3 (i.e., “high side”) is connected
directly to Neutral (Earth Ground) and the ground is 3.3V below neutral, creating a ground
reference disparity with any properly grounded external equipment. Also, reversing the line and
neutral connections at the inlet would place the board’s ground reference at the AC line voltage.

Always use the isolated USB interface for connecting to a PC. Contact the factory for instructions
on connecting other types of test equipment.

The board components and firmware settings are designed to operate with the following nominal AC
electrical ranges:

Voltage Current Line Frequency

110-240 VAC 20A Max 46-64 Hz

1.4 Firmware Demo Code Introduction

The Firmware Demo Code provides the following features:

e Basic energy measurement data such as Watts, Volts, current, VAR, VA, phase angle, power factor,
accumulated energy, frequency, date/time, and various alarm statuses.

e Control of alarm thresholds, calibration coefficients, temperature compensation, etc.

There are two means to facilitate performance evaluation between the user at the PC host and the
firmware code in the 78M6618 PDU1 evaluation board:

e The graphical user interface (GUI). For information about the GUI, refer to the GUI User Guide.

e The Command Line Interface (CLI) via HyperTerminal or comparable terminal emulator on a different
operating system. For information about the CLI, see the Firmware Description Document.

The 78M6618 PDU1 evaluation board is shipped with demonstration code loaded in the 78M6618 device
and included on the CD. The code revision can be verified by entering the command >i via the command
line interface. Firmware for the Demo Unit can be updated using either the Teridian TFP2 or an in-circuit
emulator such as Signum Systems ADM51 (www.signum.com).

1.5 Testing the Evaluation Board Prior to Shipping
Before every 78M6618 PDU1 evaluation board is shipped, the following procedures have been performed
at the factory:

e Full Calibration — Precise energy source equipment is used to calibrate the current and voltage. The
temperature is also calibrated at the same time.

e Accuracy Test — This “bench” level test ensures the energy measurement accuracy is within +/-0.5%.

6 Rev 3
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2 Installation

Figure 1 shows the basic connections to the 78M6618 PDU1 Evaluation Board. DC power is supplied to
the PDU1 through the DC power jack (J48). The USB cable provides an electrically isolated
communications link between the host PC and the PDU1 as well as power to the USB controller on the
Evaluation Board. The AC input to the PDU is connected via the terminal block J4. The PDU1 has eight
outlets that connect to the loads to be measured. Screw terminals are provided to make the line and
neutral connections to the loads.

DC Power Plug AC Inlet (J4)

(J48) /

; I B

Connect the USB Port Outlet 7 Outlet 5 Outlet 3 Outlet 1
(J47) to the Host PC

Outlet 8 Outlet 6 Outlet 4 Outlet 2

Figure 1: 78M6618 PDU1 Connections

Rev 3 7



78M6618 PDU1 Evaluation Board User Manual UM_6618_022

2.1 USB Connection and Driver Installation

This evaluation kit includes an isolated USB interface for serial communications with a PC. The FTDI USB
controller IC FT232R performs the USB functions. The FTDI Windows driver presents a virtual COM port
for enabling serial communications. Control of the 78M6618-PDU-1 can be managed using either a
terminal emulation program or using the supplied Windows Dashboard GUI. The FTDI Windows driver is
a certified driver for Windows 2000 and XP.

Because the USB interface is USB powered, the USB driver installation can be completed with no other
DC power supplied to the evaluation board.

1. Connect a USB AB cable between the host PC and the evaluation board.

2. Upon attaching the 78M6618-PDU-1 to the PC, the Found New Hardware Wizard automatically
launches and installs the appropriate driver files. If your PC does not find the FTDI driver files on its
local hard disk drive, locate and reference the FTDI USB Driver and Utilities subdirectory on the CD.
The FT232R controller is powered from the USB cable and is active even when no AC power is
applied to the 78M6618-PDU-1.

Note: If an older FTDI driver has been previously installed, it is recommended to remove the older
version before installing this newer FTDI driver. Execute the ftdiClean.exe utility from the FTDI
USB Driver and Utilities subdirectory.

For FTDI driver support on other operating systems, please check FTDI’s website at
(http://www.ftdichip.com/FTDrivers.htm).

2.2 Connecting the External DC Supply

An external DC supply is provided for operation of the evaluation board. Follow these steps to connect
the 78M6618 PDU1 with the external DC supply:

1. Select the appropriate plug for the AC adapter and snap it into place.
2. Connect the DC cable of the 12V AC adapter to J48.
3. Plug the AC adapter into an appropriate outlet.
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2.3 Confirm COM Port Mapping

1. Launch the Control Panel and click on the System icon.

B Control Panel

File Edit \View Favorites Tools  Help

\_I% d lw /..7\1 Search W= Folders v

: Address |G' Control Pane!

= G % L
B" Control Panel 2 = Q
Accessibilty  Add Hardware Add or
G Switch ko Cateqgary Yiew Options Remov...
J - | &
See Also . —"J
Folder Options Fonts Game
% windows Update Controllers
Q) Help and Support: &%
Mouse Nebwork. Phone and
Connections  Modem ...
5 9 1
Scheduled Security SoundMay
Tasks Center AudicESP

Administrative
Tools

Intel(R) GMA
Driver

)

Power Options

9

Sounds and
Audio Devices

P

B

Automatic  Date and Time Display
Updates
Inkernet Keyboard Mail
Options

HQ% Q

Printers and

3

Regional and  Scanners and

Fazes Language ... Cameras
Sh7 )
¥
Speech Symantec
LivelJpdate

2. The System Properties screen appears. Click on the Hardware tab. Click on Device Manager.
Under Ports (COM & LPT), look for the USB Serial Port assignment.

System Properties

Automatic Updates

Hardware

System Restore ”
Gereral |

Femate |

Advanced

Computer M ame ‘

Device Manager
The Device Manager lists all the hardware devices installed
- on your computer, Use the Device Manager to change the

properties of any device,

Drivers

Driver Signing lets you make sure that installed drivers are
compatible with Windows. Windows Update lets you set up
hiow Windows connects to Windows Update for drivers.

[ Driver Signing ] [ windows Update

Hardware Profiles

Hardware profiles provide a way for pau to set up and store
different hardware configurations.

Hardware Profils

Apply

File: Help
EME
] %PC‘?E\IT

5& Computer

e Disk drives

a Display adapters

2 DVDYCD-ROM drives

=4 Floppy disk controllers

+ \5 Floppy disk drives

+-{Z8 Human Interface Devices
+-4= IDE ATAJATAPI controllers
+-z» Keyboards

% Mice and other pointing devices

Action  Yiew

] [ [

Monitars
B2 Net
JE
ﬁ Processors

Sound, video and game contrallers

D,
g System devices

1
i
4
4
4
4
4
i

Universal Serial Bus controllers

3. Take note of the COM port assignment for the USB Serial Port.

Modems
& Monitors
B8 Network adapters
[ PCMCIA adapters
# Ports (COM & LPT)
7 UsB serial Port (COMN)
ﬂ Processors
;!j Secure Digital host controllers
R Smart card readers
B, Sound, video and game controllers

W System devices
Universal Serial Bus controllers

ﬁ

PDU-1 COM Port:
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2.4 Verify Serial Connection to the PC

After connecting the USB cable from the 78M6618-PDU-1 to the host PC and powering the PDU board
with the 12VDC adapter, start the HyperTerminal application (or another suitable communication
program) to create a session using the communication parameters shown in Table 1. The firmware
installed in your board may use a different COM port setup than what is shown here. Refer to the
Firmware Description Document provided with your board for the correct setup for your firmware.

Table 1: COM Port Setup Parameters

Setup Parameter 78M6618
Port speed (baud) 38400
Data bits 8
Parity None
Stop bits 1
Flow control None

HyperTerminal can be found in Windows by selecting Start > All Programs > Accessories >
Communications >HyperTerminal. The connection parameters are configured by selecting File >
Properties. The New Connection Properties menu appears.

1 2]x)
Connect To | Settings

=

II Mew Connection Change lcon.

Country/region:

Enter the area code withaut the long-distance prefis

Area code:

Phone number: |1 Sel eCt
Connect using: | COM1 - / COM POI’t

Select the appropriate COM port and click Configure. The COMn Properties menu appears.
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COM50 Properties E]@I

Port Settings

EBits per second:

Data bits: |8 v

Baity: |Mone v
Stop bits: |1 v
Flow control: | Hardware »
Bestare Defaults
[ ak. ] [ Cancel ] [ Apply ]

Note that port parameters can only be adjusted when the connection is not active. It may be necessary to
click the Disconnect Button (shown below) to disconnect the port.

When the terminal emulation program has connected to the correct USB COM port, verify operation of the
PDU by pressing the “Enter” key on the PC. The evaluation board should respond with a “>” prompt. You
should also be able to identify the firmware version programmed into your board

If communication is not established with the evaluation board, check the following:

1. Make sure that 12VDC is supplied to the board through J48.
2. Make sure that the terminal emulation program is using the correct COM port.

3. Check the serial port configuration against the configuration given in the Firmware Description
Document.

Rev 3 11
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Disconnect

[FE ' | |
Fle Edt Yiew Trarsfer  Help

0O EIDH

»1

TSC 78Me618 PDU S8 URT v1.00 Apr 16 2010(c)2009 Teridian Semiconductor Corp.
All Rightz Reserved

CE6618_PDU_S&_Ae1_wve_2

>

Connched 0:00:22 Bk detect 35400 5-M-1

Figure 2: Serial Port Verification Screen

FTDI COM Port Trouble-Shooting

If the FTDI device driver did not install properly, there would be no assigned COM port
number for the FTDI controller. Repeat the USB Driver Installation, see Section 2.1.

Microsoft Windows may associate a Ball Point device to the FTDI USB controller. When this
occurs a FTDI device COM port assignment is available via HyperTerminal but there is no
communications data. Verify if a Ball Point device has been added to the “Human Interface
Devices” via the Device manager. Refer to Section 2.3 for access to the Device Manager. If
a Ball Point device exists, delete it and unplug and replug the evaluation board’'s USB cable.

2.5 Connect the AC Source and Load

Connect the desired AC source to the terminal block J4. Be sure to observe the correct connections for
line and neutral as they are designated on the silk screen. Terminal block J4 accepts bare wires size
24AWG to 10AWG. Be sure to select wire gauge appropriate to the total load to be applied to the board,
and make sure that the screws are tightened for good electrical connection and wire retention.

The loads to be controlled and metered are connected to the screw terminals J7-J22 that are located on
the bottom edge of the board. These terminals can accept bare wire, or spade terminals or ring terminals
that are capable of accepting a 6-32 screw. The individual terminals are rated to carry a maximum current
of 15A. As with the AC inlet connection, be sure to observe proper connection to the AC line (labeled
Outlet n) and AC neutral.

12 Rev 3
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3 Circuit Description and Theory of Operation

Figure 3 shows a block diagram of the PDU1 Evaluation Board. For simplicity, only one of the 8 identical
channels is shown.

AC
NEUTRAL®

Voltage Sense
Resistors

° V3P3
ACLINEe Low Pass .
Vinput

Filter

78M6618

+12VDC @& DIO

I Input
+12V
V6P6 |

Series
Regulators

o Rel Current D'-fferent'al Low Pass
elay L Sense ifterent /
GND i } T Amplifier Filter
| Driver Resostor} |

12VDC
Return

LOAD

(One of 8 channels)

Figure 3: Differential PDU Block Diagram

The main functional blocks of the evaluation board are the 78M6618 energy measurement SoC, voltage
regulators, input signal conditioning, and relay control.

3.1 78M6618

The 78M6618 is a highly integrated IC for energy monitoring and measurement. The key features of the
78M6618 include:

e A 21-bit delta sigma analog to digital converter (ADC) with 10 multiplexed analog inputs
e A 32-bit digital signal processor core (Compute Engine, or CE)

e An 8-bit microprocessor core

o 128 Kbytes flash memory

e 32,768 kHz oscillator

e Up to 19 general-purpose digital 1/0 pins (DIO).

For detailed information on the 78M6618, refer to the 78M6618 Data Sheet.

3.2 Voltage Regulators

The evaluation board is powered by an external 12VDC source. The on-board relays for switching power
to the 8 outlets are powered directly from the 12V supply. Linear regulators are used to provide the 3.3V
supply for the 78M6618 and external logic and a 6.6V supply for the operational amplifiers that are used

to amplify the voltage from the current sense resistors.

Rev 3 13
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3.3 Input Signal Conditioning

Input signal conditioning includes the voltage divider used to reduce the AC line voltage to a level that can
be measured by the 78M6618, the differential amplifiers that are used to remove common-mode voltage
from the input signals to the ADC current channels, and the low-pass filters that block high-frequency
signal content from the ADC inputs.

3.4 Relay Control

Power to each of the 12 outlets on the board is switched by a relay. The relays are individually controlled
by digital /0 (DIO) lines from the 78M6618. Do to the type of relay driver circuit used on this board, the
firmware Relay Config register (0x0210) is set equal to 2. This inverts the relay driver input polarity.

3.5 Theory of Operation

Before describing the operation of the PDU, it may be helpful to make note of some of the characteristics
of the 78M6618 and the board design.

1. The reference for the 78M6618’s ADC is its positive power supply (V3P3), not ground.

2. The 78M6618’s 3.3V power supply is directly connected to the neutral side of the AC power source.
As a result, the 78M6618’s ground reference is actually 3.3V below the AC neutral.

3.5.1 78M6618 Operation

The analog multiplexer at the front end of the delta-sigma ADC sequentially presents the signals at the 10
analog input pins to the ADC, which converts them to digital words which are presented to the 32-bit
compute engine (CE). The CE performs filtering and calculates RMS voltage and current, line frequency,
real power and reactive power. The CE transfers its results to the 80515 MPU at the end of each
accumulation interval. The accumulation interval, which is the period over which RMS voltage, current
and power are calculated, is determined by the firmware loaded into the 78M6618’s internal flash, and
may be between 200 milliseconds and 1 second. The 80515 MPU performs some scaling of the CE
results, calculates some additional values, and manages the communication with an external host via its
integrated UART. The MPU also controls the operation of the CE.

3.5.2 Voltage and Current Measurement

As previously described, the reference voltage for the 78M6618 ADC is 3.3V. The valid input range for
the ADC is 3.3V +250 mV. A 250 mV signal corresponds to full scale on the ADC. A voltage divider is
used to scale the line voltage to the 250 mV range of the ADC. The voltage divider consists of 2 1 MQ
resistors and one 750 Q resistor. The ADC measures the voltage across the 750Q resistor, which is
0.0375% of the line voltage. With this ratio, the ADC can measure line voltages up to 667Vpegak, which
corresponds to a sinusoidal voltage input of ~471 Vgrus. An RC low-pass filter at the input to the ADC
limits the frequency content of the input signal to around 4,500 Hz.

The PDU uses current sense resistors, also known as shunt resistors, to sense the current flowing in the
neutral or return of each outlet. The value of the current sense resistor is selected to scale the voltage
drop across the resistor to the input range of the ADC. The sense resistors must also have low resistance
values in order to keep voltage drop and power dissipation to acceptable levels. The 78M6618’s ADC has
single ended inputs referenced to V3P3. The PCB traces that are used for the line and neutral buses on
the PDU board have resistances that are of the same magnitude or greater than that of the acceptable
shunts. This parasitic resistance appears between the reference end of the sense resistors and the ADCs
reference point, as illustrated by Figure 4. If the sense resistors are corrected directly to the ADC inputs
as shown in Figure 5, it is impossible to separate the voltage across the sense resistors from the voltage
across the parasitic resistance in the PCB. Because of this, current flowing in one outlet will affect the
voltage at the ADC current measurement inputs for other channels, resulting in channel-to-channel
crosstalk. To eliminate this problem, differential amplifiers are used between the current sense resistors
and the ADC current measurement inputs, as shown in Figure 5. The differential amplifier is biased to
provide an output centered at 3.3V, and rejects the voltage drop due to the PCB resistance, which
appears as common mode voltage at the amplifier inputs, so that the signal presented at the ADC input is
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due only to the voltage drop across the current sense resistor. An additional advantage of using the
differential amplifier is that it is possible to use lower value sense resistors by increasing the gain of the
differential amplifier. The PDU evaluation board uses 500 uQ sense resistors, with an amplifier gain of 10.

With this configuration, a peak current of 50A results in full-scale input to the ADC. This allows the PDU to
measure 16A loads with a crest factor slightly greater than 3.

ADC Neutral
Reference

Runknown Runknown Runknown Runknown

78M6618

Rshunt Rshunt Rshunt Rshunt

Current
Sense
Inputs

Load
Load
Load

Load

Line

Figure 4: PCB Parasitic Resistance

AC Return
from load V6P6
o o
Load Current
Current N . To LPF
Sense DA'ffer?.?t'al and ADC
Resostor mpliter Input
[
AC Neutral GND

Figure 5: Differential Amplifier and Current Sense Resistor

The layout of the feedback networks for the differential amplifiers is critical to provide true differential
operation and to avoid noise pickup due to the high voltages and currents present on the PDU1 board.

Figure 6 shows a detail view of the current sense resistors, the dual op amp, and their feedback
networks.
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Figure 6: Detail View of Differential Amplifiers

The op amps and their feedback networks are laid out to minimize the interconnect distance between the
current sense resistors and the op amp inputs. They are also located above a V3P3 plane to minimize
electrical noise pickup. For more detailed information on PCB layout, refer to the application note
Designing a Differential Power Distribution Unit Using the 78M6618.
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4 In-Circuit Emulator (ICE) Adaptor

The 78M6618’s firmware (stored in internal flash memory) can be updated to accommodate program
enhancements. Use the Signum ADM51 or the Teridian TFP2 to download new firmware to the 78M6618.
The supplied ICE Adaptor is required to interface the flat ribbon cable (provided with the ADM51 or TFP2)

to the 78M6618 evaluation board.

TERIDIAI

& Pin ICE
daptor

Figure 7: ICE Adaptor

Figure 3 shows how to attach the ICE Adaptor to the 78M6618 evaluation board. Please make note of the
orientation of the ICE Adaptor as to how it attaches to the 78M6618 evaluation board (V3P3 ICE Adaptor
pin connects to the +V Evaluation Board pin).

St

Figure 8: 78M6618 ICE Adaptor Attachment

Disconnect the 78M6618 evaluation board from live AC voltages before connecting the
ADM51 or TFP2. An Earth ground disparity and high AC voltages are present on the
CALUTION 78M6618 evaluation board when it is connected to the AC outlet. Equipment damage to
HIGH the 78M6618, ADM51/TFP2 and attached PC may occur when live AC voltages are
VOLTAGE present on the 78M6618 evaluation board. Refer to the 78M661x Safety Precautions
Applications Note for additional information.

It is recommended to always use the supplied flat ribbon cable. Do not use discrete wires in place of the
flat ribbon. Poor signal integrity will cause flash memory programming errors. Additional adaptors and flat
ribbon cables can be ordered through Maxim.
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5 Schematics, Bill of Materials, and PCB Layouts

This section includes the schematics, bill of materials and PCB layouts for the 78M6618 PDU1 evaluation board.

5.1
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78M6618 PDU1 Evaluation Board Schematics
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Figure 9: 78M6618 PDU1 Evaluation Board Electrical Schematic (1 of 4)
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Figure 10: 78M6618 PDU1 Evaluation Board Electrical Schematic (2 of 4)
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Figure 11: 78M6618 PDU1 Evaluation Board Electrical Schematic (3 of 4)

20 Rev 3



UM_6618_022

78M6618 PDU1 Evaluation Board User Manual

Alternate  12C Master
437 SMBus OneNet PacketPower  bit-bang SPI for
Pins interface  EEPROM
V3P3 c25 DIO16  noconnect  CE csN
1.2 NEUTRAL 0.1uF DIO19  noconnect  SLE TRXCE
car c26 0603 DIO43  noconnect  SDATA PWRUP
1uF 0.1uF GND DIOS SMBRXD SREAD MISO SDI SDA
0603 0603 DIO4 SMBCLOCK  SCLK SCK CLK scL
810-C1608X6R1C105M |__GND DIO3 SMBTXLOB  INT DR SDO
[ DIO1 SMBCKHDB ~ DATAIO  MOSI csz
DIO2 SMBALTRB  DATACLK  CD
- © a DIO18  no connect TEN
S 59 DIO17  noconnect ~ GND no connect
GND 49 2 28
RESET g S 168
Optional Reset Switch > vaps
' DI04
SWI' EVO-PU0SM Panasonic spokiDiowseczs [L Dlod 1 CON2 3
Ry 1K SDATA/DIOS/SEG25
€28 1000pF
V%W ICE inputs become DigiKey 475-1409-1-ND
LCD seg drivers
|1 when ICEE low DigiKey 160-1184-1-ND ACTIVE
J38 RXTX 4 P4
ERXTX/SEGY
SIP10Es 2 ETCLK/SEG10 4 o o READYI, o Y EOem
36 | ERST/SEG11 D10 |\ IR AN
Fe— ICEE DIO3 s
DIO3 c ™
DIO7/SEG SREPIVE 3
Must use isolated USB hub DIoB/SEG2S =V
191 ckTESTISEG19 DIO10/SEG30 RELAY5 3 R62 Ris
TMUXOUT DIO11/SEG31 RELAY4 2 e Al
DIO13/SEG RELAY3 2 603 i
USB3V DIO14/SEG34 RELAY2 2
DIO15/SEG35 5157 RELAY1 2
4 DIO16/SEG36 [5 DIoTT
4 5 USBIX 2 7 DIOT7/SECST |7 DIOT8
UsB5V 20 | /ES10 RO [ USeRX 3 a6 | % Do Eee 4 DIOT9
DI043
USBDM 1 3 4 DIO43/SEGES [2 7
Ja7 USBDP 15 | JSEoM R 2 519 | seso ™ 1Pww e
UsB-8 [4 S 2% R72 020 SEO P TPww
MS 806-KUSBVXBSIN-W| [ 5 NeeeTs g e ADUM3201 0 0 o2i] SES) J40
USBBY [6 DR o ADUM3201 0603 0603 026 SES2 ] SPI1
6 % ADUM3201ARZ-ND 21 ] DIP100P10
Nez RI 7 090 588, V330 Internal slave SPI controller
. CBUSO M5 o311 seGia PCLK L]
1.5M A/B White Cable Sabey 2% [ET o _PCLK 3
Mouser 571-1487588-2 R IR 1 ovaPs 038 SEere PSDI 5
caus3 Hi—X =9 2 AL o341 Sggir PSDO___ 7
12 DEBUG URX —35 | —PCSz 9|
oscl CBUS4 12X SiPioom4 3 SEG18
osco 174 como V3P3
orao o
2588 u2 eND Ere
3vsouT 0zz2 @ 28-LD SSOP comt DigiKey 160-1181-6-ND
% , PCLK
sossor| PoLIUSESS 55 PSDI 213 LED
E RS PSDI/SEG6 [~15 PSDO R60 e
USBGND R K] PCSZ 470 X LED, Red
J67 CSZISEGS 0603
U2 internal 3.3V LDO
can source upto 50ma CcoN2 1 DIO2 51 opmapios
2 DIoT o4
OPRX/DIO1 DIOS
WrULSE/DIOBISEG26 |2 o V3P3 SM Bus Address
ADI TX/RX data interface
=)
a5 3
z 2 Wh
© = sIP100P2
ut-2 7 g Pulse Output
78ME618-68QF N
QFNEB GND
TERIDIAN SEMICONDUCTOR CORP.
itle
Power Distribution Unit 8 Outlet Differential Current Single Phase
—aND

[Size Document Number
B

rev

Tuesday, May 10, 2011

Bheet 7] of 4

Figure 12: 78M6618 PDU1 Evaluation Board Electrical Schematic (4 of 4)
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5.2 78M6618 PDU1 Evaluation Board Bill of Materials
Table 2: 78M6618 PDU1 Evaluation Board Bill of Materials
PCB Digi-Key
Item | Qty Reference Part Footprint MS - Mouser Part Number Manufacturer RoHS
C1,C3,C15,C25,C26,C32,C33,
1 | 15 | C45,C46,C47,C48,C49,C50, 0.1uF 0603 399-5089-1-ND C0603C104K5RACTU KEMET Yes
C51,C52
2 | 3 | c2c30,C35 10uF 25V 2312 399-3734-1-ND T491C106K025AT KEMET Yes
3 [ 1 |ca 0603 DNP — — —
4 |1 ]cs 100pF 0603 445-1281-1-ND C1608C0G1H101J TDK Corporation Yes
C6,C8,C17,C18,C19,C20,C21, . Yes
5 | 11| Coh 03.Co4.029 1000pF 0603 445-1298-1-ND C1608X7R2A102K TDK Corporation Voo
6 | 1 |C7 33pF 0603 399-1055-1-ND C0603C330J5GACTU KEMET Yes
7 [ 1]co 9pF 0603 445-5046-1-ND C1608C0G1H090C TDK Corporation Yes
8 | 1 |c12 14F 25V 1206 311-1356-1-ND CC12°6K§X7RSBB1O Yageo Yes
9 |1 |c13 220“;1 iSV lo SMD 493-2278-1-ND UUD1E221MNL1GS Nichicon Yes
10 | 3 | C14,C27,C36 14F (0603) 0603 490-3897-1-ND GRM1B8ROTET05KAT Murata Yes
11 | 1 | c31 4.7uF 1206 399-4630-1-ND (1206) | T491A475M025AT KEMET Yes
C37,C38,C39,C40,C41,C42, GRM188F51H473ZA0
12 | 8 | G5Cua 047yF 0603 490-1567-1-ND D Murata Yes
13 | 9 | D1,D2,D3,D4,D5,06,D07,D08,D11 Green LED 0603 475-1409-1-ND LG Q971-KN-1 SOSRAM Opto Yes
emiconductors
14 | 2 | D9,D12 Red LED 0603 160-1181-6-ND LTST-C190CKT Lite-On Inc. Yes
15 | 1 | D10 Yellow LED 0603 160-1184-1-ND LTST-C190YKT Lite-On Inc. Yes
J3,J49,J50,J51,J52,J53,J54,
16 | 17 | J55,J56,J57,J58,J59,J60,J61, CONT1 Through Hole DNP — — —
J62,J63,J64
17 1|44 TERM BLOCK Through Hole A98275-ND 796740-2 TE Connectivity Yes
J7,J8,J9,J10,J11,J12,J13,J14, Kevstone
18 | 16 | J15,J16,J17,J18,J19,J20,J21, CON4 Through Hole MS 534-8191 8191 yston Yes
122 Electronics
19 | 1 | J38 ICE Through Hole S1011E-36-ND PBC36SAAN Sullins Connector | ¢
Solutions
20 | 1 |J39 DEBUG Through Hole S1011E-36-ND PBC36SAAN Sullins Connector | yo¢
Solutions
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PCB Digi-Key
Item | Qty Reference Part Footprint MS - Mouser Part Number Manufacturer RoHS
21 | 1 | J40 SPI1 Through Hole S2011E-36-ND PBC36DAAN Sullins Connector |y ¢
Solutions
22 | 1 |47 USB-B Through Hole | MS Sgg'ﬁ\lf_gBVX' 806-KUSBVX-BSTN-B Kycon Yes
23 | 1 | J48 RAPC712A | Through Hole | MS 502-RAPC712X RAPC712X Switchcraft Yes
24 | 2 | J66,J67 CON2 Through Hole S1011E-36-ND PBC36SAAN S”"'gs Connector | g
olutions
25 2 | LOGO1,LOGO2 Logo Silkscreen — — — —
26 | 5 | TP1,TP2,TP5,TP6,TP7 TP Through Hole S1011E-36-ND PBC36SAAN S”'"gf) Iﬁt‘i’ggse"tor Yes
Q10,Q11,Q12,Q13,Q14,Q15,Q INDCT NUD3112LT1GOSCT-
27 | 8 LGS LS ARS, LOAD/RELAY SOT-23-3 NUD3112LT1G ON Semiconductor | Yes
16,Q17 ND
DRVR
RL1,RL2,RL3,RL4,RL5,RL6,RL | 16A 12V SPDT .
28 8 7 RL8 Low Profile Through Hole 255-1446-ND ALZ12F12 Panasonic Yes
29 | 1 [ R1 16.9K 1% 0603 P16.9KHCT-ND ERJ-3EKF1692V Panasonic Yes
30 | 9 | RERIOR2R2TRIZRITRAZ, 2K 0603 P2.0KGCT-ND ERJ-3GEYJ202V Panasonic Yes
31 [ 1 [R3 20.0K 1% 0603 P20.0KHCT-ND ERJ-3EKF2002V Panasonic Yes
32 | 2 [R4R7 750 0.1% 0603 P750YCT-ND ERA-3YEB751V Panasonic Yes
MS 660-
o,
33 | 4 | R5,R6,R8,RY 1M 0.1% 1206 RN732BTTD100aB25 | RN732BTTD1004B25 KOA Speer Yes
34 | 3 [ R15,R60,R62 470 0603 P470GCT-ND ERJ-3GEYJ471V Panasonic Yes
R17,R21,R26,R31,R36,R41,R4 .
35 | 10 | g Re1RE9.RET 10K 0603 P10.0KHCT-ND ERJ-3EKF1002V Panasonic Yes
R19,R29,R34,R39,R44,R49,R5 MS 66- ULRB22512R0005FL
36 | 8 | 4Rse1 0.0005 2512 ULRB2R0005FLFSLT FSLT IRC Yes
37 | 8 ('TZR%?%’R30’R35’R40’R45’R5 750 0603 P750GCT-ND ERJ-3GEYORO00V Panasonic Yes
38 | 1 | R58 330 0603 P330HCT-ND ERJ-3EKF3300V Panasonic Yes
39 | 2 [R71,R72 0 0603 P0.0GCT-ND ERJ-3GEYOR00V Panasonic Yes
R73,R76,R77,R80,R82,R85,
40 | 16 | R86,R89,R90,R93,R95,R97, 75K 0603 RG16P75.0KBCT-ND | RG1608P-753-B-T5 Susumu Yes
R99,R101,R102,R105
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Item | Qt Reference Part PCB Digi-Key Part Number Manufacturer RoHS
y Footprint MS - Mouser
R74,R75,R78,R79,R83,R84,
41 | 16 | R87,R88,R91,R92,R94,R96, 7.5k 0603 RG16P7.5KBCT-ND RG1608P-752-B-T5 Susumu Yes
R98,R100,R103,R104
42 | 1 | R106 11K 0603 P11KGCT-ND ERJ-3GEYJ113V Panasonic Yes
R107,R108,R109,R110,R111,
43 | 8 | R112R113R114 2.5k 0603 DNP — — —
44 | 1 | TP3 Wh Through Hole S1011E-36-ND PBC36SAAN Sullins Connector | yo¢
Solutions
45 | 1 | TP4 TEST POINT | Through Hole S1011E-36-ND PBC36SAAN S”"'gf) Iﬁt‘i’g:SGCtor Yes
46 | 1 | Ut 78M6618-68QFN |  68-QFN — — Maxim Yes
47 |1 w2 FTDI 28-SSOP 28-SSOP 768-1007-1-ND FT232RL-REEL FTDI Yes
48 | 1 | u3 ADUM3201 8-SOIC ADUM3201ARZ-ND ADUM3201ARZ Analog Devices Yes
49 | 4 | uausUsU7 OP AMP 8-SOIC LM2904MXCT-nd LM2904MX ROHM Yes
Semiconductor
50 | 2 | U10,U11 78L33 SOT-89-3 497-1200-1-ND L78L33ACUTR STMicroelectronics | Yes
51 | 1 [ v1 32.768KHz 4-s0J 535-9166-1-ND ABS25-32.768KHZ-T Abracon Yes
Corporation
Keystone
52 | 6 | MT1,MT2,MT3,MT4,MT5,MT6 STANDOFFS | Through Hole MS 534-1809 1809 Elotomes Yes
53 | 6 | standoff bumpers RUBBER N/A MS 534-720 720 Keystone Yes
Electronics
54 | 12 | # 4 screws for stand offs Screws Through Hole H346 PMS 440 0050 PH B&Fsl'jszltsner Yes
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5.3 78M6618 PDU1 Evaluation Board PCB Layouts
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Figure 14: 78M6618 PDU1 Evaluation Board PCB Power View

Figure 16: 78M6618 PDU1 Evaluation Board PCB Bottom View
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6 Ordering Information

Part Description

Order Number

78M6618 PDU1 Evaluation Board

78M6618-PDU-1

7 Contact Information

For more information about Maxim products or to check the availability of the 78M6618, contact technical

support at www.maxim-ic.com/support.
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Appendix A - 78M6618 PDU1 Board with CTs

This appendix includes the photograph, schematics, bill of materials, and layout images for a comparable 78M6618 PDU1 evaluation board using
current transformers (CTs) in place of current shunt resistors. The information on this board is provided as reference only and is not available for
purchase.

A.1 78M6618 PDU-CT Evaluation Board
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Figure 17: 78M6618 PDU-CT Evaluation Board
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A.2 78M6618 PDU-CT Evaluation Board Schematics
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Figure 18: 78M6618 PDU-CT Evaluation Board Electrical Schematic (1 of 4)
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Figure 19: 78M6618 PDU-CT Evaluation Board Electrical Schematic (2 of 4)
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Figure 20: 78M6618 PDU-CT Evaluation Board Electrical Schematic (3 of 4)
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Figure 21: 78M6618 PDU-CT Evaluation Board Electrical Schematic (4 of 4)
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A.3 78M6618 PDU-CT Evaluation Board Bill of Materials
Table 3: 78M6618 PDU-CT Evaluation Board Bill of Materials

Item Q Reference Part PCB Footprint Part Number
1 8 CT1,CT2,CT3,CT4,CT5,CT6,CT7,CT8 CT020P2A CT020P2A 582-1084-ND
2 2 C1,C13 10uF 25V 1812 478-1762-1-ND
3 7 C2,C3,C10,C24,C25,C28,C30 0.1uF 603 490-1519-1-ND
4 1 C5 100pF 603 445-1281-1-ND
5 11 021%8(3(;2105(302116(;02127002178 1000pF 603 445-1298-1-ND
6 1 C7 33pF 603 399-1055-1-ND
7 1 C9 9pF 603 445-5046-1-ND
8 1 C11 220uF 25V loimp uuDB MS 647-UUD1E221MNL
9 1 C12 1uF 20V 1206P 445-1381-1-ND
10 2 C14,C23 1uF 603 445-1328-1-ND
11 1 C29 4.7uF 1206P 478-2396-1-ND
12 1 J4 AC Inlet PX0580 MS 161-PX0580/PC
13 1 J8 Weco Tst SIP100P2 S1011E-36-ND
14 1 J9 Weco Tst RAPC712A MS 502-RAPC712x
15 9 J10,J18,J26,J33,J42,J50,J57,J66,J74 LED,GREEN SIP100P2 MS 604-WP1503GD
16 8 J14,J21,J29,J37,J46,J53,J61,J70 AC Outlet PX0675 MS 161-PX0675/PC
17 1 J75 ACTIVE,YELLOW SIP100P2 MS 604-WP1503YD
18 1 J76 ICE SIP100P6 S1011E-36-ND
19 1 J77 ONENET DIP100P18 S2011E-36-ND
20 1 J78 USB-B USBB MS 154-2442-E
21 1 J79 DEBUG SIP100P4 S1011E-36-ND
22 1 Jso SPI1 DIP100P10 S2011E-36-ND
23 1 Js1 FAULT,RED SIP100P2 MS 604-WP1503ID
24 8 MT1,MT2,MT3,MT4,MT5,MT6,MT11,MT12 TP MTGPS.PRT MS 561-PS500A
25 8 Q1,Q02,Q3,Q4,Q5,Q6,Q7,Q8 NPN 500ma 30V SOT23T MS 512-MMBTA13
26 8 RL1,RL2,RL3,RL4,RL5,RL6,RL7,RL8 16A 12V SPDT ALZ 255-1446-ND
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Item Q Reference Part PCB Footprint Part Number
27 1 R1 16.9K 1% 603 P16.9KHCT-ND
28 9 R2,R10,R15,R20,R25,R30,R35,R40,R45 2K 603 P2.0KGCT-ND
29 1 R3 20.0K 1% 603 P20.0KHCT-ND
30 2 R4,R7 750 0.1% 603 P750YCT-ND
31 4 R5,R6,R8,R9 1M 0.1% 1206W
32 8 R11,R16,R21,R26,R31,R36,R41,R46 1K 603 P1.00KHCT-ND
33 8 R12,R17,R22,R27,R32,R37,R42,R47 4.99 1% 1210 MS SR732ELTE4R99F

R13,R18,R23,R28,R33,
34 10 R38 R43 R48 R57.R63 10K 603 P10.0KHCT-ND
R14,R19,R24,R29,R34, o
35 8 R39,R44.R49 750 5% 603 P750GCT-ND
36 3 R51,R55,R56 0 603 P0.0GCT-ND
37 3 R52,R53,R58 470 603 P470GCT-ND
38 1 R54 330 603 P330HCT-ND
39 1 TP3 Wh SIP100P2 S1011E-36-ND
40 1 U1 78M6618-IM/F QFN68 Maxim
41 1 u2 FT232QFN32 FTQFN32 MS 895-FT232RQ
42 1 VR1 FSKS5-12V FSKS5 102-1471-ND
43 1 VR2 +3.3V 500mA SOT223 497-1241-1-ND
44 1 Y1 32.768KHz CM200Ss 535-9166-1-ND
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A.4 78M6618 PDU-CT Evaluation Board PCB Layouts
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Figure 22: 78M6618 PDU-CT Evaluation Board PCB Top View
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Figure 23: 78M6618 PDU-CT Evaluation Board PCB Bottom View
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Appendix B — 78M6618 PDU1 Version 1 (Single-Ended Shunt)

This appendix includes a photograph of the original 78M6618 PDU1 evaluation board using a single-ended shunt topology. The user
documentation for this board is available by request. This board is no longer available for purchase.
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Revision History

REVISION | REVISION
NUMBER DATE DESCRIPTION
1.0 3/10/2010 | First publication.
20 9/11 Changed the document to reflect the new board revision.
' Added Appendix B.
Removed “_DIFF” from “PDU1_DIFF” in all places except where referring
to the board imprint.
3 1111 Deleted the NI RunTime, LabWindows, and Trouble-Shooting sections.
These sections are no longer applicable.
Corrected Table 1, COM Port Setup Parameters.
Replaced Figure 2 with a new screenshot.
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