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2 Introduction

The Compact Power Line continues to evolve since its introduction over 8+ years ago. The latest modules are
significantly more efficient, provide a lot more power, and offer enhanced communications features such as reading
input voltage or computing input power consumption, all in a retrofit able package. This application note
concentrates on two GE Digital Power Insight™ software development tools that demonstrate the 12C based PMBus™
protocol compliant communications capabilities of the modules.

The first tool is an interactive Graphical User Interface (GUI) that can communicate to and display the status of all 8
power supplies that could get connected to a single 12C bus.

The second tool is the Command Line Interface (CLI) that issues individual commands and receives back data from the
power supply. The CLI supports a powerful scripting capability that can be used to automatically test a set of features.

3 The GE Digital Power Insight™ development tool

This User Manual starts with detailed information on installing the configuration software that places all drivers and
executable programs into a directory structure consistent with the Windows environment. The section ends with
describing how to connect the various elements to initiate communications.

The second element describes in detail the simple, graphically-oriented User Interface, referred to here as the Digital
Power Insight GUI. This tool, designed for users who do not want to do the detailed level of programming needed to
communicate with one or more modules, is easy to learn. It is ideal for the Power Design Engineer who wants to
access digital functionality in a limited number of power modules without getting into the details of PMBus commands
and programming. Finally, the GUI enables a user to communicate with a system containing multiple modules (up to a
total of eight) by supporting various functions such as loading commands into the power supplies, “on-the-fly”
adjustment of module parameters and functions, and real-time display of status, alarm, and measured data.

The third element is a low level command line interface tool called the Digital Power Insight Command Line Interface
or CLI. The CLI provides a host of capabilities ranging from invoking simple PMBus commands to scripting complex test
programs with multiple PMBus commands that can be used to control and acquire data from the power supply. By
providing a lower level interface to multiple power supplies, this tool delivers comprehensive support of programming
activities as well as testing/debugging capability for users who are developing software to control the power supplies
or want to examine specific commands or controller-module interactions in detail. The CLI also provides a means to
guery and change settings of the USB Interface Adapter.

4 Installing the DPI Software

1 DIPICAR £ St

==

The DPI software is installed using a self-executable install file. To install the : o :

software double click on the file dpi_CP_CAR.msi. This results in the screen
shown to the right. Click on <next> and follow the successive installation
instructions.

Welome to the Weard for DPL CAR CP Setup.

The DPI Software installation automatically places icons for the dpi_cli.exe, |Biasa N 5
dpi_car.exe, and cpgui.exe programs on the computer’s Windows

Desktop.

This Start In location is driven by the windows operating system and it has
been our experience that it may not show the correct file structure. Click
on the <next> button and on the following screen click <install>
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The setup program finishes with the statement DPI CAR CP has been installed successfully. Click on <finish>.

(8 cpqui.texe Propertes &) The installed location of the DPI Program files vary depending on the computer,
= Detaie e permissions, and file structure of the specific machine. To determine the actual
ot location right click on the icon that was created by the installation and click on
@ cogui | ece properties. The screen to the left will appear. The Target area shows the
vtte Fopicaien correct location of the executable.
Teraetlocatien DPLER DPI programs create log files every time the program is executed, in the same
. directory where the actual executable resides. The user may either choose to
e C:\Users 204063632 Apo Data\Foaming\DF | & have the DPI Program files installed in an alternate directory that can be
Shortcutkey. oo specified during the installation, or move the program files into a directory that
Bin [Homalwindow | is simpler to access after the installation.
Comert:_[Showat o DR GLIor CF Pt The software installation also attempts to install a driver file that allows the
(0t o Locstion | [ G ... ] [ Advanee. | computer to communicate to the GE USB Interface Adapter.
If the GE USB Interface Adapter driver file could not be installed automatically,
a manual installation process may be necessary in order to use the programs.
Different driver files are available for 32 bit and 64 bit systems.

4.1 Starting the DPI software

The programs can also be started by clicking on the windows icon [ and entering the name of the executable in
the search program and files box right above the windows icon, provided that the directory location of the executable

is known. _ ——
p = } F | ¢.|

The location of the executable can be found by right clicking on the executable icon, and clicking on the ‘properties’
feature in the pull down menu. The resulting properties screen shows the Start In location where the executable is
installed.

4.2 USB Interface Adapter driver setup

The files GE_Power_Electronics_USB_Interface_Adapter.inf

and GE_Power_Electronics_USB_Interface_Adapter_64bit.inf

contain the Interface adapter driver for Windows 32-bit and 64-bit operating systems, respectively. During the DPI
software installation, the file  GE_Power_Electronics_USB_Interface_Adapter.inf Is automatically placed in the
C:\Windows\System32 directory for 32 bit systems.

The file GE_Power_Electronics_USB_Interface_Adapter_64bit.inf is placed in the C:\Windows\SysWOWe64 directory
for 64 bit systems. Please verify that the appropriate driver file has been installed on your PC operating system.
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4.3 32 bit or 64 bit

To determine whether your computer is 32 bit or 64 bit follow the following steps in Windows7 environments. (Similar
steps should be available in previous Windows based systems).[ Note: You can skip this task if the computer locates
the .inf file as evidenced by a normal start of either the GUI or the CLI ]

*  On the desktop locate the ‘Computer’ icon and right click on it.
e Anumber of selections should appear, the last selection is ‘properties’ click on it
¢ Under the System subsection, the System Type: tells you whether your computer is either a 32 or 64 bit

)= + Control Panel b All Contiol Panel Rems. + Systern - |5 ll )
File Edn Yiew Jock Help
o o -
Control Panel Home . . R
View basic information about your computer
& Gystem pe vight & 2009 Micresoft Corporation. Al ights reserved.
% Advanced zystem settings Service Packl
Systemn
Katng: :?’ dows Diperience Inde
J CPU S 250GH: .50 GHz
Installed memory (RAM): 800 G (316 GE usable]
AT
Pen and Towch: HNe Pen or Towch Input is available for this Display
Computer name, domain, and workgroup settings
Computer name: D BWESTRL i Chenge setting
Full ecmputes name D BWFITRY pramee e ge.com
Cornpater description:
Deemain: pramerpr.ge.com
Windews sctivation
g Winderws is activated
Perfarmance Information and Product I0: 00371-868-0000007-85900  Change product key
Toals

4.4  Recognition and configuration of the USB Interface Adapter

Plug the USB Interface Adapter into an open USB port on your computer. The computer should recognize that new
hardware has been connected and it will ask you for a location for the driver for this new hardware.

Found New Hardware Wizard

Welcome to the Found New
\Q\ Hardware Wizard
Windows will search for current and updated software by

lacking on paur carputer, on the hardware installation CD, or on
the Windows Update Web site [with your permission)

Bead our privacy policy

CanWindaws connect to Windows Update to search for
software?

€ Yes, this time only
7 Yes, now and gvery time | connect & device
& o, ot this me

Click Mext to continue:

< Back I Mext > I Cancel
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In the screen shown above, select No, not this time, and then click on the Next> box. This will bring up the screen
shown below:

Found New Hardware Wizard

Thiz wizard helps you install software for

USE Device

\'j If your hardware came with an installation CD

“4i2 or floppy disk. insert it now.

What do you want the wizard to do?

" Install the software automatically (Recommended)

1 dntall from a list or specific ocation [Advanced}

Click Mext to continue.

< Back I Nest > I Cancel

Select Install from a list or specific location (Advanced) and click on Next> to proceed to the next screen.

The resulting screen is shown below

Hardware Update Wizard

Please choose your search and installation options. .

% Search for the best diiver in these locations.

Use the check boxes below ta limit or expand the default search, which includes local
paths and removable media. The best driver found will be installed

™ Search removable media (floppy, CO-ROM. .

¥ Include this lozation in the search:

IC:\WINDDWS\syslemEZ j Browse |

€ Don't search. | wil choose the driver ta install

Choose this option to select the device driver from a list. Windows does not guarantee that
the diiver you choose will be the best match for your hardware

< Back I Hest > I Cancel

Select Search for the best driver in these locations, followed by checking the Include this location in the search and
enter C:\Windows\System32 or C:\Windows\SysWOW64 as appropriate for your PC Operating System.

Click on the Next> button and the computer should now install the driver for the USB Interface Adapter. Wait until the
driver installation completes before proceeding to the next step.
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4.5 Communication Port Setup

In order to improve communication speed, settings of the COM port that is
used by the USB Interface Adapter should be changed. This step is not
necessary, but may result in faster communication speeds. In Microsoft
Windows, from the Start button, select Settings and then Control Panel. Within
the Control Panel window, double click on System, select the Hardware tab on
the System Properties window, and then select Device Manager. Under Device
Manager navigate down to Ports and double click on the USB Interface
Adapter icon. The port properties should be displayed. Select the Port Settings
tab and change the transmission speed to 115200 and flow control to Xon/Xoff
by selecting and clicking on the drop down menu. The screen shot for this step
is shown below.

USB 12C Translator (COM3) Prc

Genersl  Port Settings |Drwer | Detais |

x|

Bite per second: m
Diatabits: |8 -

Parity: lﬁ

Stop bits: lﬁ

Flow control: TR R - |

Advanced.. | Bestore Defals |

Cancel

Once these steps are completed, the DPI Tool Set is ready to use.

4.6 Changing the location of files Created by DPI

The GUI and CLI tools within DPI create files that keep logs of commands, states
and readings. These log files are created in the directory where the DPI executable
software is installed. To determine the location of these files right click on any of
the dpi icons that have been placed on the desktop, then click on ‘properties’ in the
window that appeared after the right click. The properties window shows the
installed location in the Target: area. Navigate into the DPI_CP directory where you
can locate both the executable and the created .txt log files.

The Target location for the executable file can be moved if rapid access to the log
files are desired. The location could be the desktop or any other convenient
directory. You may want to delete all the DPI shortcut icons created by the installer
on the desktop, but this is not necessary. Move, or copy, the DPI_CP directory to
the desktop. [you need to move this directory in its entirety, since it includes many
subroutines used by the executable), On the dektop click on the DPI_CP icon. Either
create shortcuts for the desired executables, or simply execute the desired
program from the DPI_CP directory. The .txt files are now accessible from the
desktop/DPI_CP directory.

§% cpgui_l.exe Properties

[

Previous Versions |

Compatibility

| secuiy | Details |

General Shorteut

P
@ cpoui | exe

Targettype:  Application
Target location: DPLCP

Target pDhtaRoaming \DP| Suite \DPI_CP'cpgui_l exe”

Start in: "C:\Users'\ 204063632 App Data\Roaming ' DP| Si

Shortcutkey:  Mone

Bun: [Nomnal window -

Commert Shortcut to DPI GUI for CP Platform

Open Fie Location | [ Change lcon... | [ Advanced... |

Filenames are automatically created by the tools. Those created by the GUI have the filename

“cpgui_log_MM_DD_HH_MM.txt"

where “MM_DD" refers to the month and day and “HH_MM" refers to the hour and minute when the file was created.

These files can be safely deleted, or renamed as desired.

The contents of the GUI log file can be modified by the user. The following GUI section reviews the steps for modifying

the contents of the logfile.
The log file created by the CLI has similar annotations
“dpi-cli-YYYYMMDD-HHMM.txt"

with “YY YYMMDD" referring to the year, month and day when the file was created and “HHMM” referring to the time.
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The contents of the log file created by the CLI tool can be truncated as outlined in the <SUPPRESS> command
description in the CLI command set. The user therefore has a choice between keeping the ‘longer’ style or
‘abbreviated’ style of records. The <SUPPRESS> command can be invoked at any time within CLI. Commands executed
after the <suppress> command are recorded in the style directed by the command. The default content is the ‘longer’
style of recordkeeping. The ‘suppress’ command provides the only permitted modification of the lodfile.

5 The GE Interface Adopter

This adapter is the interface between the USB port available in all computers/notebooks and the I12C port of the
modules. The interface is bi-directional either transmitting commands to, or receiving data from, the modules. The
adapter receives its operational power from the 5V pin of the USB port. GE Digital Power Insight™ development tools
are designed to work in conjunction with the GE Interface Adapter. Other commercially available interfaces will likely
not work.

5.1 Pull-up Resistors

The translator has internal pull-up resistors connected to 3V that source a default value of 3.3mA for the clock and
data lines. Other possible values are 0.9mA, or 0.44mA. The SMBAlert# signal is pulled up to 3V via a 7.5kQ resistor.

5.2 Changing the Pull-up resistor of the USB Interface Adopter

The pull-up resistor values can be changed with the P command.

Possible options are 3.3mA (default), 0.9mA, 0.44mA, or 0 (none). The desired pull-up current capability is specified in
mA as an argument for the function.

Examples:
>P 0.9
>P 3.3mA

>p If no argument is specified, the current value is returned.

5.3 LED Status Indicator

The USB Interface Adapter has a three-color (Green/Orange/Red) LED on one end where the USB interface cable plugs
into the adapter. The status of the adapter is displayed as follows:

e Green ON - Normal operation
e Green - Fast Blinking - The translator is communicating on the bus.
e Orange - Blinking or ON - The SMBAlert# line is active (LO). Blinking indicates active communications.

e Red - Internal fault

5.4 12C Clock Speed Settings
The default value of the 12C clock speed is set at 100kHz. It can also be programmed to 400kHz.
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5.5 Changing the I2C Clock Speed Settings

The clock speed setting can be changed by invoking the Command Line Interface program. The command used for
this function is the K command.

This function is used to read or change the I12C clock setting in the USB Interface Adapter. The default value is 100kHz
but the clock rate can be changed to 400kHz. The desired clock rate can be specified as 100 or 100kHz or 400 or
400KkHz. If this function is used without an argument, the current I2C clock rate in the USB Interface adapter is
returned.

Examples:

>K 400Khz (sets the USB Interface Adapter Clock speed to 400kHz)
>K 100 (sets the USB Interface Adapter Clock speed to 100kHz)
>K (reads the USB Interface Adapter Clock speed setting)
6 Setup

The following components are required to set up a working system

e Adesktop or laptop PC running Microsoft Windows XP, Vista or the Windows 7 operating systems

An open USB interface slot on the computer

e The USB Interface Adapter provided by GE

e The CPL Interface Board

e A USB to Mini-USB cable to connect the USB Interface Adapter to the computer

e A 10-conductor ribbon cable that mates the USB Interface Adopter to the CPL Interface Board

e A GE Critical Power J85480 shelf, or an equivalent mating mechanism to the UUT

e Acable set connected between the P1 connector of the Interface Board and the J1 connector of the shelf

The figure below shows a lab setup using the interface board, the USB Interface Adapter, the interconnection cables,
and a CPL shelf with four rectifiers. A number of other instruments are also included in this setup. The interface board
is cabled to the J1 connector interface on the rear of the CPL shelf.

Cable connection to J1 on rear of shelf

CP Interface board

GE Interface Adapter
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7 Using the DPI-CPGUI

The DPI-GUI is a graphically-oriented tool for interfacing to up to eight modules. The tool capabilities include

e |dentifying and configuring the addresses of up to eight modules

e Retrieving and displaying status and alarm register information for the eight modules.

e Display of bus status information for the eight modules.

e Acquiring and showing analog data including; input voltage, input power, output voltage, output current, unit
temperature, fan speed settings and fan speeds, micro controller firmware revisions, run time

e Setting of key parameters such as; output voltage, output voltage shutdown level, fan speed, or issuing a
custom command

e Control of key parameters; who should be controlled (one or all modules), output ON/OFF, LED test routine,
read a single status, fan speed control, EEPROM write control, shutdown control (latch or restart), i2c bus
control, isolation test, inhibit droop output voltage control, issue bad command or a bad PEC number.

e  Setting up periodic polling and display of key information from the modules

e Anautomated communications log saving all the commands issued on the I2C bus and status changes with
associated time stamps

e Saving to and retrieving data from the EEPROM

e  Acquiring which of the two i2c busses has control and executing commands to take over control either
manually or automatically at pre-set periods of time.

7.1 Starting the CPGUI Tool

Once the USB Interface Adapter is plugged into the USB port on the Personal Computer, the Green LED of the Adapter
should be ON. Apply input power to the module and start the GUI application. Note that dpi_car.exe and cpgui.exe
applications cannot run simultaneously as they share the same COM port connection to the USB Interface Adapter on
the personal computer.

The GUI tool can be started by double clicking on the cpgui.exe or dpi_car.exe icons located on the desktop, or using

the standard Windows Start - Programs - DPI - CP GUI or CAR GUI option. In Windows_7, the programs can also be
started by clicking on the windows icon and entering the name of the executable in the search program and files box
right above the windows icon. The tool starts up and displays the following screen, (Note: it may take up a few seconds
for this screen to appear. This is normal)

This tool has only the one screen shown below. The various functions of the tool will be explained in the following
sections.

Note that the GE USB Interface adapter needs to be plugged into the computer for the GUI program to work properly.
If the GE USB Interface adapter cannot be accessed by the GUI software for any reason, it will either display the
following window during startup, or it may not start up at all.

EﬂDigital Power Insight™ P o m] [

Cannot find the GE Energy USB 12C Translator

In some cases, this can be corrected by removing and re-inserting the USB cable connected to the GE USB Interface
adapter, and restarting the GUI program. Correcting this condition may require at least two reinsertions .To exit the
GUI program, just click on the X in the top right corner of the tool display window.

July 6, 2015 ©2013 General Electric Company. All rights reserved. Page 13



GE

Communicating with the CPL line

8 CPGUI Description

The CPGUI tool display may be divided into the areas shown in the figure below as an aid to describing its functionality.
On the first line the executable revision number, the date of creation of the executable and the communications port

being used are displayed.

. . . s .
Polling control Polling Status bus control Commands Bus traffic
Fé 1U Platform wiNAE Dongle Version 1.31a 11/13/2012 %:44AM COMM PORT 5 \ / W
Pollunit ™1 23 & s 67 & At| hone| Standard — Broadcast —I|  Clear Flags
Stop Poll [~ 12C Fault [~ Packst PEC [~ Bad Packet Rate 300ms Power On Power Off
—
STATUS 12345678 | AARMS 1234567 6fJ] POLLNG 12345678 StartLEDTest | Stop LED Test
Output On vin limits 12C Fault ot || e
LEDs Flash Vout limits 12C Bus
Read Status Normal Fans | EEPROM Protect
ExtFault Overvoltage 12C Control
Bad Command Bad PEC Latch on Fail Aufo Restart
Senvice LED Over current PacketLength
Shutdown Temp. wam PEC Error Start Iso Test Test LPort 12C Bus Control Wus Read
—
Int Fautt Overtemp DSP Fail IO=I0CC ID184= flGE=" /E0=" JFO=" /H1=" =)
50 Test Ok Primary Fault
1Port
Spate AT LA Automatic 12C Bus Control
Enable Hi spare None |
Data Err 5\ limits
Load Share [ Status Changes W 12CChanges [ PCAdata LogData| Cle:
Restat Thermal Sense 06125 13:42:10 -1 toil 10g_06_25_13_42:60 1
~10 - logging to file cpA\i_log_06_25_13_:
Iso Fail Vout <Vbus B =) B V4NN
High Line Sec Hot Address Read | write
Invalid Cmd Pri Hot Count
Will Restart No Pri ata (2scii)
PEC Error Fan Fault

DATA Vout /[But  Temp.  Fans (%controlipm123)  AC (volts power) ,Fvsmn Hours
N ([ [ — — — _

@ N @ ook oW
|
|
|
|
|
|
|

i' A T

Status and Alarm  Read Back  EEPROM read/write control  Information to be logged  Command Log

8.1 Polling control

This area is used to select which modules are to be polled, what rate they should be polled at, and under what
conditions should polling be automatically stopped.

Module addresses are set by the unit_ID and shelf_ID signal pins of the power supplies. The internal DSP translates
these two signal pins to three bits A2, A1, and AO components of the address field. ....000 is unit #1 and .....111 is unit
#8. This is all done automatically. There are three devices that can be addressed, the micro controller that
communicates power supply related information and control, the EEPROM that contains FRU_ID information, and the
PCA9541 multiplexer that controls which i2c line is being communicated to. The GUI automatically sets the correct
address depending on which feature is selected by the user.

8.1.1 Initiation of and manual termination of Polling

The tool can be set up to poll any of the 8 modules by clicking on the individual areas to the left of the module number.
If all modules are to be pulled the user can alternatively click the All button once. To turn OFF polling simply click on
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the None button. The polling rate can be changed by moving the scrolling bar to the right or left. The chosen polling
rate is displayed to the left of the scrolling bar.

Pollunit [ 11T 21 31 41 51 6l 71 8 ﬂ None

8.1.2 Automatic Poll termination

Polling can be automatically stopped for any or all of the three failure modes, 12C fault, Packet error, or Bad Packet
detected by the tool if the appropriate box is selected by clicking on the box area. A bad packet may exist if the
number of data bytes requested and sent do not agree.

Stop Poll [ R2CFault [ Packet PEC | Bad Packet

8.1.3 Changing the rate of Polling

Rate200ms || | The polling rate can be changed by dragging the bar to the right of the displayed polling rate.
The selected rate is displayed. The rate between polls can vary from 200ms to 5 seconds.

8.1.4 Choosing what to Poll and which product is being Polled

w The Standard labeled button above the scrolling bar determines what is being polled. Clicking on the little
square to the right of the ‘standard’ label displays a drop down menu that selects other possible features beside the
‘standard’ polling feature. The following features are currently available:

Standard: Polls the digital STATUS and ALARM registers and output voltage, output current, and temperature.

Enhanced: Invokes the polling of all analog read backs in addition the ‘standard’ poll. These include input voltage and
power, fan speeds, Controller revisions, and run time. Default numbers are set in registers that are not supported by
the module being polled.

CDC2100 and CAC3000: These are two custom codes that to tool can support.

CP2500DC: Clicking on this icon changes the GUI display to communicate with the latest CP2500DC module. In this
mode only the ‘enhanced’ mode of read back is supported.

8.2 Returned data Display Area

There are three areas in the tool that display the status and key module parameters as a combination of numerical
values and LED-like status displays. These are the Status & Alarm, Read Back, and Polling Status areas.

The LED-like status screen of the Status & Alarm, Polling Status, and the analog data displayed in the Read Back area
display the latest reported state of the monitored modules. These registers are not ‘frozen’ as specified by the PMBus
specification. Instead the registers display the updated state being read back every time the unit is polled.

8.2.1 Status & Alarm

The Status & Alarm Area displays status of up to eight power supplies is being presented here. The user selects in the
Polling and Stop Control area which power supplies are to be monitored and at what time rate they should be polled.
The displayed color assesses event severity. Green - normal, [T EREIaINe Red - fault which requires immediate
attention. Since these registers are continually being updated, it is not unusual to see changes in the displayed states
as the module goes through a number of event changes prior to settling down to the final state.
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Output On
LEDs Flash
Ext Fault
Service LED
Shutdown l
It Fault l
lz0 Test Ok
spare
Enable Hi
Data Emr
Flestart
Iso Fail
High Line
Invalid Cmd
“fill B estart
PEC Emor

“in Limits
“out limits
Over valtage
Ower curtent
Temp. warn
Ower temp. .
Primary Fault
Pawer Limit
spare
5 limits
Thermal Sense
Wout ¢ Wbus
Sec Hot
Pri Hot
Mo Pri
Fan Fault

STATUS 12346676 ABAMS 123456878 In the display to the left, module #1 has been shut down because

of an over-temperature event on the secondary side. The module
assesses that this is an internal fault which is the predictably
likely cause but not necessarily correct. The thermal condition
could have been caused by either an excessive thermal ambient
or airflow blockage. Unfortunately, the determination of these
two ‘external’ events is beyond the assessment capability of the
module electronics. Thus the assessment of the internal fault has
a likelihood of being incorrect. This is a real example of the
limitations of fault prediction.

Modules #2 and #3 are working correctly. Their outputs are ON.

The ‘will restart’ indicator shows that the three modules are in the

8.2.2 Polling Status

restart mode.

The Polling Status area displays the status of communications of the modules being read or polled.

POLLIMG

[2C Bus
12C Control
Packet Length
PEC Error
DSP Fail

123456728

zcraut [ B

8.3 Read Back

I2C Fault — RED Communications failed with the 12C pController.

12C Bus — Communications are not established on the bus.
GREEN Module at address #5 Established communications

I12C Control — Does not have control of this 12C line.
GREEN Module at address #5 Has control of the connected bus

Packet Length — RED Length of the data packet is incorrect.
PEC error — RED The calculated PEC does not agree with the transmitted PEC.
DSP Fail — RED Internal communications between the DSP and the 12C uC failed

In the lower left corner analog register information is read from the selected modules. The data read back from all 8
possible modules (the maximum capacity of a single bus line) can be displayed at once. There are two modes of read

back, standard and extended.

The standard read back records the output voltage, output current, and temperature of the units.

The extended read back also records the commanded fan control percentage and the speed of up to three fans in
RPM, input voltage and power, firmware revision of the three uCs, and operational running time. The extended read
back is supported by the latest revisions of the power supplies.
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DATA Vout lout Temp. Fans (%controlrpm1,2,3)  AC (volts,power) Version Hours VOUt, |OUt, Temp - standard & extended mode reads

1 [ S — — — — —

— = = - - - - Fans - commanded duty cycle(RPM#1,RPM#2,RPM#3)

- — - - - - AC - input voltage, input power

5399 00 29 0% (0.0k,0.0k,0.0k) M7V ITW FE, 73,25 105

— = - - - - Version —-primary uC, secondary DSP,I2C pC in succession

N — — _ - - = Hours - Cumulated run time hours

=R - TS R ]

The digital STATUS and ALARM register information area shows the last read state of all polled modules. The
registers are cleared by either clicking on the Clear Flags button or by clicking on the Read Status button. If the fault
or alarm is still persistent after clearing the register flags are reset again. The communication fault bits are an
exception. These bits must be cleared using the Clear Flags command.

8.4 Commands area

This area of the tool provides access to a number of commands. Each of the commands is summarized below

Broad cas%# | Clear Flags | SetValtage
4
/Pz@n Power Off Set 0% Fault

Start LED Test Stop LED Test SetFan Speed
/ Senvice LED On Service LED Off Custom Command
Module selector _

Fead Status Marmal Fans EEFPROM Protect EEFPROM White
Biad Command Bad PEC Latch an Fail Auto Restart
Inhibit Droop Startlso Test FesetiFort 12C Bus Caontrol

8.4.1 Broadcast/module:

The user may select between addressing an individual module or all modules simultaneously as indicated by the
‘broadcast’ label. In the view above, the GUI indicates that ‘broadcast’ is the present addressing choice. To change to a
specific address click on the module selector tab that opens a selection menu showing all possible combinations.
Select the module to be addressed. The GUI responds by showing the new address in the box, i.e. unit 1 or unit 2 etc.
Only a single module, or all modules, can be selected..

8.4.2 Clear_Flags:

The alarm states of the four status and alarm registers can be cleared by clicking on this button. Note that the cleared
states of the modules will not be observed on the screen until Read Status is clicked to refresh the module status in
the tool. An alternate approach is to poll the status of all modules periodically to maintain a continuously refreshed
status display. If the fault/warning condition in the module persists the refreshed display will get reinstated into its
alarm state to indicate the continuing fault/warning condition.

8.4.3 Power On and Power Off:

The main output of the power supply is commanded to turn ON or OFF via these commands.
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8.4.4 Start LED Test and Stop LED Test:

These buttons command the power supply to execute the LED test which starts/stops the blinking of all LEDs
simultaneously. The ON time is appreciably longer than the OFF time. The ON time is chosen to enable the user to
scan through a large number of power supplies operating in parallel.

8.4.5 Service LED ON and Service LED OFF:

These buttons exercise the Service LED commands.

8.4.6 Read Status:

This button executes a single read to the module selected to be commanded to.

8.4.7 Normal Fans:

This button relinquishes control of the power supply fan speed to the power supply controller.

8.4.8 Bad command and Bad PEC:

These commands purposely issue either a bad command or an incorrect PEC so that the user could verify that the
power supply properly sets the correct STATUS flags identifying the incorrect instruction. An executed read back
should verify the correct behaviour .

8.4.9 Inhibit droop:

This command is only applicable to modules such as the PEM that incorporate droop regulation where the output
voltage decreases proportionately to output current. The command tells the module to ignore drooping. There isn't a
command to revert back to droop. The only way to reinstate droop is to unplug and reinsert the unit in a multiple unit
arrangement. (This is required in order to remove the bias voltage from the control DSP and thus reset it into its
default mode).

8.4.10 Startlso Test:

This command instructs the selected module to commence an isolation test. The isolation test can only be performed
when multiple modules are being tested. Prior to initiating this command the user needs to verify that the other
modules on-line have sufficient capacity to provide the output power without the unit being tested. If sufficient power
is not available the modules on-line will go into a power /current limit mode that may negate the validity of the test.

Note: Since the verification of sufficient power capacity is a contingency for validity of this test, a test failure is
provided as ‘information only’ and does not trigger an automatic power fault. The using system must determine
whether the module is in fact faulty.

8.4.11 Set Voltage and Set OV fault:

The output voltage of the module and the OV shutdown set point can be changed with these two buttons. The
changes are only temporary. Removal of the bias voltage to the DSP would reset these register values into their
defaults.

8.4.12 Set Fan Speed:

This button can be used to increase the speed of the fans beyond what the power supply requires for its internal
operation. The entry is in % duty cycle.
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8.4.13 Custom Command:

This button enables the exercising of a command that is not listed in this command area. The command needs to be
entered in Hex and it should be supported by the module.

8.4.14 EEPROM Protect and EEPROM Write:

These commands instructs the module to either ‘enable’ or ‘disable’ the ability to write into the upper % of memory
space of the EEPROM. The EEPROM in the CP platform contains 64kbits. Memory locations 0 x 1800 and above are in
the protected section of the EEPROM.

8.4.15 Latch on Fail and Auto Restart:

These buttons instruct the module to either ‘latch’ after a OV, OC, or OT fault or ‘restart’ after an OV, OC, OT fault. The
instruction cannot be commanded to individual functions. These commands do not change the default state of the
power supply.

8.4.16 Reset Iport:

This function is no longer supported. It was used prior to the introduction of the GE Interface Adapter.

8.4.17 12C Bus Control:

The power supply has two independent and isolated I2C ports. This button instructs the module to take over control to
the I12C port this application is connected to. This feature is further discussed in the next section.

8.5 Communicating with the External EEPROM

This section of the tool enables writing to and reading data from the external
EEPROM1 — ] Read FRU[ EEPROM (Atmel AT64C64 or ST M34D64). Besides storing and reading data the ‘write
protect’ feature protection the upper % of memory can be demonstrated.

Address[— Readl Wlile[
Count| The tool can select which of the 8 possible modules is being communicated to.
Data (ascii) Clicking on the little square to the right of the EEPROM1 labeled button brings up a

dropdown menu that can select any of the 8 modules.

8.5.1 Reading content in the EEPROM

There are two ways to extract content from the EEPROM. The first was to extract data is using the Read_FRU
command that extracts all the FRU_ID information in one command. The second way provides the starting memory
location address and telling the gui how many bytes of data are to be read.

8.5.1.1 Read FRU:

This button extracts the FRU_ID information that is stored in the EEPROM. The information is displayed in the
Command Log area of the tool. It is also stored in the test record file that has been created automatically by the tool.

8.5.1.2 Read content

The procedure below reads content in any memory location of the EEPROM
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8.5.1.2.1 Address:

The starting hex memory location for either the Read or Write functions needs to be entered next to the address box
prior to clicking either of these two functions. Note that a Read also needs the count area to be populated.

8.5.1.2.2 Count:

Tells the tool how many bytes should be read back. The entry is a number indicating how many bytes are to be read
back. The count number should not exceed 32 bytes and it needs to be populated prior to clicking on the Read
function.

8.5.1.2.3  Data (ascii):

The read back information is displayed in the Command Log box. The Command Log displays both the hex and ascii
equivalent of the read back information. This information gets logged into the test record file.

8.5.2 Writing content into the EEPROM:

Writing content into the EEPROM requires sending the starting memory address and the content to be written

8.5.2.1 Address

The starting hex memory location needs to be entered next to the address box

8.5.2.2 Count

Leave this box empty

8.5.2.3 Data - 32 byte content limit

The external EEPROM is partitioned into 32 byte pages. For a write operation only the starting address is required and
subsequent data is automatically incremented by the EEPROM hardware. If the 32 byte limit is exceeded the device
executes a wrap-around that will start rewriting from the first address specified. Thus byte 33 will replace the first
byte written, byte 34 the second byte and so on. One needs to be careful therefore not to exceed the 32 byte page
limitation of the device address incrementing feature.

8.5.2.4 Write protect

Make sure that the write_protect feature is enabled when executing a write command to the upper % of memory.
Without enabling write_protect the write command will be ignored by the EEPROM.

8.6 Demonstration of dual 12C communications

The tool can be used to demonstrate the dual 12C communications capability of the power supplies. The Interface
board connected to the GE shelf brings out both 12C lines of the power supply. There are two ways to demonstrate the
capability.

8.6.1 Using asingle adapter and laptop

The first way is to connect the GE Interface Adapter into 12C-0 and set up the tool to communicate to the power
supply. After the establishment of communications (note the communications information displayed by the LEDs in
the polling section of the display area), disconnect the ribbon cable from 12C-0 and insert it into 12C-1. Observe that the
polling section of the display area will indicate that the 12C-1 side does not have control if the power supplies are
polled. Issue any operational commands and observe that the power supplies do not respond to the commands.
Next, click on the 12C Bus Control button in the commands area to take over control. Note that LED indicator
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changes showing that the 12C-1 side now has control. Issue any operational commands and observe that the power
supplies respond to the instructions. This method is not the best alternative because of the switching spikes that are
observed when the Interface Adapter is removed and inserted into the 12C ports. Albeit, in our development labs,
numerous switching between the ports did not cause any glitches or damage.

8.6.2 Using two adapters and two laptops

The second, and preferred way, of demonstrating dual communications capability is to connect two GE Interface
Adapters, one into 12C-0 and the other into 12C-1, each adapter connected to a separate computer. Start the CPGUI in
both computers and observe that the computer connected into 12C-0 has control. The computer connected to 12C-1
should indicate that 12C-1 has no control. Control can be taken over manually by either computer by clicking on the 12C
Bus Control button. Alternatively, drag the cursor below the Automatic 12C Bus Control labeled area in the middle of
the tool to set the time delay between automated bus takeover on both computers. The time delay can be as long as
30 minutes. Set different times so that you can recognize which side is being used. ( a good suggestion is 1 minute and
2 minutes). The set time delay is displayed instead of the None that is initially configured. . Set both computers to the
poll mode, and observe that control is automatically being taken over by the two applications.

8.7 Command/Data log

Another feature of the CP GUI is its automated time stamp driven capture of all changes in the STATUS and ALARM
registers, including the execution of all instructions.

Four different types of events can be time stamp recorded and these are;

Load Share v Status Changes W 12CChanges  Log Data‘ Clear|

Load share - an entry in this table compares the difference in current
readings between the modules. If the difference is greater than the value

08722 19:28:39 - logging to file cpgui_log_08_22_19_28.t< J nter hi will r r
|DE,-’23 00:50:48 - Unit 1 12C: fault (send: iPort failure (reset iPor) entered, this data be recorded.

Status changes - records changes in STATUS and ALARM registers

12C changes - records initiated commands and communications errors

Automatic 12C Bus Control

None T 8.7.1 Log Data:
[ Records the analog data captured on the screen. This is a one- time stamped
event. The time stamp captures the date, time of the screen capture, and the unit
# transmitting the information. If the Standard read is selected then three parameters, output voltage, output current
and temperature are captured. If the Enhanced read is selected, then all accessible parameters, such as fan speed
control, fan speed, input voltage, input power, firmware revision numbers and accumulated running time are also

captured. In either mode the date, time, and unit # are also recorded.

Standard read capture 06/27 13:41:13 - Unit 5 Vout=53.99 lout=0.0 Temp.=34

Enhanced read copture 06/27 13:46:44 - Unit 5 Vout=53.99 lout=0.0 Temp.=35 Fans (%control,rpm1,2,3)=0% (
0.0k,0.0k,0.0k) AC (volts,power)=119V 17W Version=FE, 73, 25 Hours=35

8.7.2 Clear:

Clicking this button clears the Log screen, however, it does not erase the data that has already been captured in the
Log file.
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8.8 LogFile

The Log File is recorded automatically in the same directory where the executable .exe file resides. If the downloaded
executable is located on the desktop than the Log file is also automatically placed on the desktop. It is named
automatically by date i.e. 6_27 and timelhours_minutes) recorded 13_25 in military time (1:25PM),

| cpgui_log_06_27 13 _25.bd 1 KB Text Document 6/27/2013 1:46 PM

The log file can be renamed and located into any directory just like any other file. Or, if not needed, simply delete it.

8.9 Bus Traffic

The latest bus traffic transmitted over the 12C bus is shown above the Command Log. This detailed information of bus
activity is not trivial to decode. The commands are a conglomerate of the Interface Adapter command set, the 12C
communications protocol of the CPL platform and the command set of the PCA9541 multiplexer. This data is normally
for information only. The contents have already been translated and displayed by the GUI into the various sections.

Never the less, the information presented may be useful for programmers who are attempting to communicate to the
power supply but have trouble doing so. The data here shows what is being transmitted over the bus, albeit,
commands between the adapter and the computer overshadow some of the information.

Translation of the recorded single poll shown below is as follows: uC of the module at address 44! is requested to
read status [DO], 10 bytes of data are received, the first byte tells the host that 9 data bytes follow, and these are:
STATUS - 2 bytes, ALARM - 2 bytes, output voltage - 2 bytes,

/Dgg=" FT-DO=MTC /R10=/MRC~09-40~01~00-00-5e-54-00~18-29 +  output current - 1 byte, temperature - 1 byte, followed by the PEC
IDE&=* M~11=MTC /ROI1=MRC~04 /RO1=MRC~00 .

or - 1 byte. (The last data byte of each data packet is always the
computed PEC ). When this instruction is completed the GUI

- addresses the multiplexer of the module, 0xE8, at device address

74 and command 112 is executed. Two successive reads follow obtaining control and interrupt status.

1Unit #1 in the 2nd shelf; device 0x88 has the bit pattern 10001000, however, since the LSB is the write/read bit, the actual address is 1000100
which is Ox44. The last three bits are A2, A1, and AQ. In the next section Starting the CPGUI we explain how we created this address
2 Command hex byte 0x11 reads the control register, increments by one and reads the interrupt status register of the multiplexer
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9 DPI-CLI (Command Line Interface)

The DPI-CLI is a low-level command-line based tool that is useful for decoding and analyzing basic communications
with the module. The low level capability facilitates debugging when specific command interactions need to be
examined in detail. The DPI-CLI also has a powerful scripting and data capture/logging capability that supports
diagnostics-type debugging of a system with one or more modules.

9.1 Starting the DPI-CLI Tool

Unlike the CP_GUI, the CLI requires connectivity to a powered up set of modules prior to start up. CLI automatically
finds all modules with valid addresses on the bus. These modules may include POLs, bus converters, CAR front ends or
CP modules. When multiple devices are found, the tool will indicate that and ask the user to select the device to
communicate with (in the CLI, only one device can be addressed at a time).

Make sure that the modules are powered up and that all connections are properly made. CP is designed to issue an
SMBAlert signal until the module is addressed by the host controller. The Interface Adapter should indicate that the
Alert has been set by the continuous blinking of its LED in Amber color. This is a clear indication from the adapter that
communications with the power supply has been established.

The DPI-CLI tool can now be started by double clicking on the dpi_cliicon placed by the installation program on the
desktop. The tool can also be started by directly executing the executable file from its stored location.

In the example below the tool starts up stating that COM3 is not available. We believe that this error occurs on
occasion if the port was not disconnected cleanly from the computer the last time the Adapter was used. The
computer indicates that the Adapter is not available on COM3 but then it looks for other ports to see if it can find the
Adapter. Once the adapter is found, the program starts. The tool identifies four modules, at the decimal addresses
indicated by the tool. The tool also indicates that all four modules are CP power supplies. The tool then asks to choose
which CP module should be chosen.

Once the module address is selected, the CLI starts by displaying some basic information including which address is
being used, followed by the command prompt. The tool is now ready to communicate with the selected module.

£3 dpi_cliexe - Shortcut =N X

Sorry, “N?TWCOM3 iz not availabhle. Please wunplug from the computer port and pluy
hack in.
t—— More than one module was found. Choose one of the following Cor Qrguitd:

: 'CP > ——>64
—————— e e

i DPI Command Line Interface i USE Port ¢6> Module <(64d 48h 1860>

i Energy | Uer B5-82-2013 B2:15:860 AM 86 | Auto—finding module address.
+ +

[DATA] or HELP ——>

9.2 Standard instruction

The instruction normally contains a function such as ‘write’ or ‘read’ followed by the command to be executed and
then a data field, if required, each separated by a space.
FUNCTION <command> <data>

Below is a list of supported functions and their brief description:
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e Hor HELP - provides help within the program with a detailed list of functions, brief descriptions and examples
of usage

e Aor ALERT - reads the status of the SMBAlert Line

e D or DELAY - allows a specified delay to be inserted before the next function is executed

e G or GROUP - dllows for the execution of multiple read commands in a comma separated list. Works only with
text commands (cannot use the hex value of the command)

e | or INPUT - used to load a text file (.txt) containing a series of commands to be executed by DPI-CLI

e K- fordisplaying or changing the I12C clock rate between 100kHz (default) and 400kHz in the USB Interface
Adapter

e LorLIVE - allows continuous, repetitive running of one or more commands

e Mor MODULE - changes the module being addressed

e N or NOTE - supports insertion of notes for logging

e O or OUTPUT - allows for saving all results to a file as well as the screen

e P -fordisplaying or changing pull-up resistor values in the USB Interface Adapter

e QorQUIT - exit the DPI-CLI tool

e Ror READ - allows data to be extracted from the power module

e REGINFO - tabulates the supported functions and commands of DPI-CLI

e Sor STOP - supports stopping the saving of results to a file

e SHOWALL - displays a summary of all commands within DPI-CLI

e SUPPRESS_X - used to abbreviate the display returned by the tool, X is either Y (for yes}, or N (for No)

eV -shows version of firmware in the USB Interface Adapter

e W or WRITE - allows data to be written to the module

All functions are case-insensitive, i.e. they can be entered as lower case, upper case or a mix of the two. Also note that
except for the REGINFO and SHOWALL functions, it is not necessary to type the entire function name, just the first
letter is sufficient.

REGINFO provides additional information such as the hex command byte corresponding to each command and the
default value of each command.

Below are two examples of standard instructions. The first changes the value of the output voltage of the power
supply and the second turns OFF the output of the power supply. (note: A table showing all supported commands and
their hex register equivalents is summarized further down in this document)

>write vout_command 50
>W 2150

Both commands execute the same instruction. The ‘write’ function can be abbreviated and entered in upper case, if
desired.

>write OPERATION on:n
>W 01 on:n
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Some commands, as seen above, follow with a verbalized data field. These data fields may include multiple
instructions, each separated by a ;. However, the CP platform command set does not support commands with
multiple data field instructions.

Detailed instructions and examples for each of the functions follow.

9.2.1 Hor HELP Function

This function can be used in two forms, with and without an argument. If no argument is used, the function returns a
screen with the following:

e Examples of how the DPI-CLI tool can be invoked and the purpose of each command line argument
e Description of how module addresses can be specified (in hex, octal or decimal format)

e Examples of how to use functions

e How to exit the tool

The HELP function can also be used with an argument, where the argument is the specific function on which help is
needed. For example,

>HELP ON_OFF_CONFIG or
>H 02

results in the DPI-CLI tool displaying help information specific to the ON_OFF_CONFIG PMBus command which also
has the hex value 02.

9.2.2 Aor ALERT Function

The ALERT or A function will read the SMBALERT line status. If the line is asserted it will return the value ‘asserted’ and if
the line is not asserted the value ‘'normal’ will be returned.

Example:

>ALERT

‘normal’ or ‘asserted’ follows the command indicating the status of the SMBAlert line

9.2.3 D or Delay Function

This function is used to insert a specified delay in seconds and is commonly used in a list with multiple functions. If the
Delay function is used without any specified delay, the tool will pause until the user presses the <ENTER> key to
continue.

Example:

>DELAY 1.2

results in a 1.2 second delay, before the next function is executed.
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9.2.4 G or GROUP Function

This function allows multiple commands to be placed in a comma separated list for execution. Note that there should
be no spaces between multiple commands.
Example:

>GROUP VOUT,VIN, 10UT
reads the output voltage, input voltage and output current and return all three values.

Note: The CP command set does not use this capability.

9.2.5 |orINPUT Function

This function is used to load a text file containing one or more functions. Only one function may appear in each line of
the text file. This function supports a scripting capability where a sequence of multiple functions with numerous
commands can be loaded and run using the DPI-CLI tool.

Example:
>INPUT test_sequence.txt

reads in the file test_sequence.txt and execute functions contained within the file.

9.2.6 K- Clock Setting Function

This function is used to read or change the 12C clock setting in the USB Interface Adapter. The default value is 100kHz.
The desired clock rate can be specified as 100 or 100kHz or 400 or 400kHz. If this function is used without an
argument, the current 12C clock rate in the USB Interface adapter is returned.

Examples:

>K 400Khz (sets the USB Interface Adapter Clock speed to 400kHz)
>K 100 (sets the USB Interface Adapter Clock speed to 100kHz)

>K (reads the USB Interface Adapter Clock speed setting)

9.2.7 LorLIVE Function

This function supports the continuous and repetitive running of one or more commands. The delay between the
execution of a set of commands can also be specified in seconds, as well as the number of repetitions desired.

Example:
> vin,vout 2.5 30

reads Vin and Vout from the UUT 30 times with a 2.5 second delay between each set of read operations (read Vin and
Vout). Note that there should be no spaces between the entered commands (e.g. between vin and vout in the example
above). but a space must be entered between the delay and the number of repetitions. If the number of repititions is
not specified, the comparison continues indefinitely until it is stopped by using the DOS command ( <CNTL>C).
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9.2.8 M or MODULE Function

This command allows switching to either a different device address or transitioning to the Global address 0 x 00, if
supported, to issue simultaneous commands to all devices on the bus. Changing the output voltage of a system of
paralleled power supplies needs to be accomplished simultaneously. Switching to the Global address accomplishes
that simultaneous command transmission. The default address is assumed to be decimal, but hex or octal addresses
are also supported if the letters 'h’ or ‘o’ are placed before or after the address numbers.

Examples:

>module 25

>module 19h

>module 310

are all equivalent and change the module addressed to 25 (decimal), 19 (hex) or 31 (octal).
>m 0

Changes the communicating address to the Global 0 x 00. Note that the CLI warns that the 0 x 00 address isina
special category and should not be used as a ‘device’ address.

9.2.9 N or NOTE Function

This command allows a note to be put out by the tool - primarily useful for logging purposes. If spaces are to be
included, enclose the enter text string within single quotes.

Example:
>N ‘this is a test’

places the text string “this is a text” in the output from the tool.

9.2.10 O or OUTPUT Function

This command supports saving results to a specified file. The file using the specified name is saved in the same
directory where the executable DPI-CLI tool resides. The STOP command terminates saving results into the specified
file. So the feature can be used to capture everything from when OUTPUT is enabled to when STOP is entered.

Example:
>OQUTPUT testing_results.txt

places results from the DPI-CLI tool into the file named testing_results.txt located in the directory from where the DPI-
CLI tool is run.

9.2.11 P Function

This command is used to set the clock and data line pull-up resistors in the USB Interface Adapter. Possible options are
3.3mA (default), 0.9mA, 0.44mA, or O (none). If no argument is specified, the current value is returned.

Examples:
>P 0.9
>pP 3.3mA

>p [This command returns the current sourced current value. ]
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9.2.12 Q or QUIT Function

This function is used to exit the DPI-CLI tool.

9.2.13 R or READ Function

This function can be the PMBus command entered as a command string or a command byte in hex format.
Examples:

>READ READ_STATUS

>R DO

The CLI tool responds with a detailed response, an example of which is shown below with explanations.

[ Digital bit representation of the data read back — high byte first ]

{ 'BINARY" 0000M0000000000000000000101000000000010017"
‘CMDBYTE" 'DO’, } [ The command: hex byte representation and its meaning ]
'‘CMDNAME": 'READ_STATUS',

‘DATA": { "1 STATUSZ2":'01000000(WILL RESTART),
¢ ! ) /Shows the four digital registers, their bit pattern, and the meaning of

'2 STATUS1": '00000001(OUTPUT ONY), bits with a ‘1’ state. In this example the STATUS2 register returned a ‘1’
in bit 6 which indicates ‘will restart’ and the STATUS1 register returned

'3 ALARMZ2': 000000001, a ‘1’ in bit 0 which indicates ‘output ON’.

‘4 ALARM1':'00000000(),

> VOLTAGE:'53.99, (" Three readings are returned in the ‘standard format’;
'6 CURRENT" 0, output voltage - 53.99, output current - 0, and
L internal temperature - 30

‘7 TEMP": 30},
'ERRORS" [, [ No transmission errors were recorded ]
‘MODADDR': '68d", [ The device address in decimal format ]

'RAW"'/O=/OCC\r /Da4=* [*T~DO=/MTC\r /ROA=/MRC~09~40~01~00~00~5e~54~00~1e~fb\r /C=/CCC\r '}
L )

~

RAW shows the transmitted communication. Interpretation is as follows: /O - open,

/OCC - open command complete, /D44 - device address in hex, /*T~ command is followed

by a restart, do not issue a STOP followed by command DO, /MTC -master transmit

complete, /ROA - read back ten bytes, /MRC - master receive complete, followed by the ten

data bytes. (~ separates each bytes). The first byte ‘09’ indicates how many data bytes are

following. The last byte ‘b’ is the calculated PEC number of the transmitted data. The last
kinstruction is /C - close followed by /CCC - close command completed by the translator. /
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Note: The CP command set does not support the reading of ‘writeable’ commands. The OPERATION command is
writeable, but simply reading the state of the OPERATION command is not supported. See example below,

. B89:49:09 CMD [DATA] or HELP —> r operation
*BINARY” :

OPERATION’ ,

S’: [’READ FAILURE'. *'READ PERMISSION DENIED <(8x1>’1.
‘68d’ .

‘RAW z 2
7. B?:41:44 CMD [DATA] or HELP ——>

9.2.14 REGINFO Function

This command is used with no arguments and provides a compact listing of all supported PMBus commands.
Example:

>REGINFO

9.2.15 S or STOP Function

This command is used along with the OUTPUT command to stop saving results from DPI-CLI to a file.
Example:

>STOP

9.2.16 SHOWALL Function

This function displays all commands with initial default values, the default bit string and the interpreted meaning of the

command. An example of the command with a partial view of the response is shown here.

05/18/2010 12:38:54 --- R/W/C/H CMD [WDATA] --> showall

| HX | PARAMETER | CURRENT BINARY | INTERPRETED RESULT

| O1 | OPERATION ] 00000000 | {°"On": *N*, *"Margin®: "Off"}

| 02 | ON_OFF_CONFIG ] 00010111 | {°"CPA": "Y", "CPR": "Y", "CMD": *N-7,
"POL": "Y", "PU": "Y"}

| 10 | WRITE_PROTECT | 00000000 | {"ALLOW®": “ALL"}

| 20 | VOUT_MODE ] 00010110 | {"VOUTEXP*: -10, "VOUTMODE": 0}

| 22 | VOUT_TRIM ] 0000000000000000 | 0.0
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9.2.17 SUPPRESS_Y or SUPPRESS_N Function

Instructs DPI-CLI to suppress or turn back display of some of the message content in order to reduce the amount of

information being displayed and saved. The SUPPRESS_Y function will suppress part of the displayed content while

SUPPRESS_N will turn back ON the full display.
Example:

For example the instruction to read STATUS will display the following:

{ 'BINARY":'000111100000000001010100010111100000000000000000000000010100000000001001",
'‘CMDBYTE" 'DO,
'CMDNAME'": 'READ_STATUS',
'DATA":{ "1 STATUS2": '01000000(WILL RESTART/',
'2 STATUS1":'00000001(OUTPUT ONJ,
'3 ALARMZ2':'000000001)',
‘4 ALARM1":'00000000)',
'5 VOLTAGE" '53.99',
'6 CURRENT": 0,
'7 TEMP": 30},
'ERRORS": [],
'MODADDR": '68d",
'RAW': /O=/OCC\r /D44=* [*T~DO=/MTC\r /ROA=/MRC~09~40~01~00~00~5e~54~00~1e~fb\r /C=/CCC\r '}

When the SUPPRESS_Y function has been exercised,
>SUPPRESS_Y

the same instruction will display as follows:

READBACK: STATUS|
{'1 STATUS2": '01000000(WILL RESTART',
'2 STATUS1":'00000001(0OUTPUT ONJ',
'3 ALARM2':'00000000()',
‘4 ALARM1':'00000000()',
'5 VOLTAGE" '53.99',
'6 CURRENT": O,
'7 TEMP": 35}

The user can invoke this command set multiple times if desired during a scripting program.

9.2.18 V or Version Function

This function reads back the software (firmware) revision of the USB Interface Adapter.

Example:

>V

returns the firmware revision of the software in the USB Interface Adapter.
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9.2.19 W or WRITE Function

The WRITE function can have multiple syntaxes. The basic syntax consists of a single argument and data value, as follows:

WRITE <argument> <value>

For example,

>WRITE vout_command 50 commands the module to set the Output Voltage to 50Vdc.

The WRITE function can also execute successive arguments in a single command line. Note that this successive

arguments function is not used in the CP platform.

9.3 Summary of Supported PMBus Commands for the CP Platform

Command Code | Capability | Name Value
OPERATION 01h w On Y Turns Module ON
Example: > w 01 On:Y Turns Module OFF
CLEAR_FAULTS 03h w Clears the Status registers and resets the
Example: > w 03 SMBAlert# signal.
VOUT_COMMAND 21h w 2 Bytes Changes the main output voltage . The
Example: >w 21 52 command example instructs the module output
> write vout_... 52 to be set to 52Vvdc,
VOUT_OV_FAULT_LIMIT 40h W 2 Bytes Changes the overvoltage shutdown level of the
Example: > w 40 56 main output voltage. The example changes to
OV shutdown level to 56Vdc.
READ_STATUS DOh r 10 bytes Returns the state of the power supply (STATUS
Example: >r DO and ALARM registers, output voltage, output
> read read_status current, and internal temperature levels).
FLASH_LEDS_ON D2h W none ALL LED test, 0.7sec ON, 0.2sec OFF
Example: >w D2
> write flash_LEDs...
FLASH_LEDS_OFF D3h W none Turn OFF LED testing
Example: >w D3
> write flash_LEDs...
SERVICE_LED_ON D4h w none Turn ON service LED, 0.5s ON and 0.5sec OFF
Example: >w D4
> write service_...
SERVICE_LED_OFF D5h W none Turn OFF service LED
Example: >w D5
> write service_...
EEPROM_WRITE_ON D6h w none Enables writing into the upper % of EEPROM
Example: >w D6
> write EEPROM _.....
EEPROM_WRITE_OFF D7h w none Disables writing into the upper ¥ of EEPROM
Example: >w D7
> write EEPROM _...
INHIBIT_RESTART D8h w none Sets fault levels into latched mode.
Example: >w D8
> write inhibit_...
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Example: >rE1l
>readread_...

Command Code | Capability | Name Value Function
AUTO_RESTART D9h w none Sets fault levels into restart mode.
Example: >w D2
> write auto_...
ISOLATION TEST DAh w none Tests the Or'ing function in paralleled modules
Example: >w DA
> write isolation...
INHIBIT_VOUT_DROOP DBh w none Turns OFF the ‘droop’ feature, if supported
Example: >w D2
> write auto_...
READ_INPUT_STRING DCh r 3 Bytes Reads input voltage and input power
Example: >r D2
>read auto_...
READ_FIRMWARE_REV DDh r 3 Bytes Reads firmware revision of the 3 processors
Example: >r DD
>readread._...
READ_RUN_TIMER DEh r 3 Bytes Reads the accumulated ON time of the PS
Example: >r DE
>read read_run_...
FAN_HI_SPEED DFh w 1 Byte Increases speed to the specified % of maximum
Example: >w DF 75 speed capability of the fan. The example sets the
> write fan_HI_... 75 duty cycle of the fans to 75%.
FAN_NORMAL_SPEED EOh w none Reverts fan speed back to power supply control
Example: >w EO
> write fan_...
READ_FAN_SPEED Elh r 4 Bytes Returns % control, fan1, fan2, fan3 speed in RPM

9.4 Scripting support

One of the more powerful tools of CLI is the ability to sequentially execute a set of commands that were created in a
text file and record in the output file created by the tool the test results of these commands. Supporting the scripting
feature is the data comparison capability described in the next section. Data comparison allows the tool to validate
the value of the digital word or the analog value obtained from the module under test. The output file created with the
data comparison capability is a complete test record of the UUT. Review of this record is simplified by the error
reporting feature of the comparison tool which reports between asterisks unexpected or incorrect behavior. Simply
looking for the asterisk is sufficient to detect all errors in the test report that could become quite lengthy.

Scripting is being used to test the capability of the firmware within the modules. Appendix A demonstrates how
scripting is used to test the high voltage shutdown capability of the CP power supplies.
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9.4.2 Location of the script file

The script file must be located in the same directory as the CLI executable. To find the location of the executable, point

the mouse to the shortcut @ executable and right click the mouse. This action will bring up another menu screen
that displays a number of selectable options. Click on the last item; ‘properties’. Clicking on ‘properties’ brings up the
screen shown below.. The start in location, as seen below, shows the actual location of the executable file. The
scripting file must be located either in this directory or it can be located in a directory that gets placed (or copied) onto
the desktop.

£3 dpi_chiexe Properties =

Compattdey | Secuty | Desis [ Previeus Veesors
Genenl | oot | Optors | Fot | Lavew | Coen

ok || cancel

The entire directory must be copied, not only the executable because there are numerous files in this directory that are
linked together. Note: this directory can be relocated to the desktop as described in the previous section Changing
the location of files Created by DPI

9.5 Data comparison capability

CLI has enhanced features supporting testing operations that indicate whether the data returned is within specified
limits (for analog variables) or matches expected settings (for digital data). [Note that in the examples that follow
SUPPRESS_Y is commanded to limit the display to data returned. ]

9.5.1 Analog read back

For reading back analog variables the READ command enhanced functionality can be invoked by using the following
format:

READ [command] [parameter] (nominal,%high,%low),

9.5.2 Digital read back

For reading back digital comparisons the READ command enhanced functionality can be invoked using the following
format:

READ [command] [parameter] (byte)

Only one comparison can be invoked at any one time,
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9.5.3 Multi-parameter read back

The CP protocol uses batch read back in order to improve the transmission efficiency of the required information
across the bus. The batches are partitioned into various operational segments. Below, for example, is the read back
of the READ_STATUS command which returns the digital states of the status and alarm registers, and the analog
reading of output voltage, output current, and temperature of the unit. Suppression has been invoked.

READBACK: STATUS|
{'1 STATUS2":'01000000(WILL RESTART)',
'2 STATUS1":'00000001(OUTPUT ONJ,
'3 ALARM2': '00000000(),
‘4 ALARM1': '00000000(),
'5 VOLTAGE" '53.99',
'6 CURRENT": O,
‘7 TEMP": 35}

9.5.4 Multi-parameter read back comparison

Note that each parameter read back in the READ_STATUS command example above is identified within quotes [i.e. 1
STATUS2']. In the subsequent example below the read_status multi-level read is compared to expected values. Since
only a single comparison can be invoked at any one time, the multi-level read instruction must be executed in parts in
order to compare each data separately. Note in the example below the difference between digital comparisons and
analog comparisons. Each comparison is a separate command.

rd0 'l status2' (40) compares the status2 register to 0x40

rdo 2 statusl'(01) compares the statusl register to 0x01

rd0 '3 alarm2'(00)  compares the alarm? register to 0x00

rd0 ‘4 alarm1'(00)  compares the alarm1 register to 0x00

rd0 '5 voltage' (54,3,3) compares the voltage read to 54V +3% tolerance.

rd0'6 current' (0.3,50,100) compares the current read to 0.3A +50% and -100% tolerance.
rd0'7 temp'(38,10,10) compares the temperature read to 38V +10% tolerance.

If a digital comparison fails, the program informs the user what the expected value was, what value came back and
lists the functions that have been set.

In the example below the READ_STATUS read back sends back 9 bytes of data. The first byte returned is the digital
value of the status? register. The content of this register is examined and is being compared to 0x10. As can be seen
below the actual register value is 0xCO. The difference in the comparison is noted and the actual bits that are set to 1
are also reported by the tool in parenthesis.

=
=

3. 14:16:52 CMD [DATA] or
== EXPECTED : ®x18 — RE
HEADBACK: STATUS - 1 i

AR F RROR " AR ]

If an analog comparison fails, the program returns to the user the reading within *’

In the example below the output of the power supply is 54Vdc, but the comparison is being made on purpose to 50Vdc
+3%, in order to demonstrate the incorrect data reporting of the tool

4. 14:17:51 CMD [DATA] or HELF —> » dB *'5 voltage® (58.3.3>
[READBACK: STATUS - 5 UOLTAGEi= 53.98 =

9.5.5 Implementation of a scripting routine

Appendix A shows the scripting test routine implemented for overvoltage shutdown.
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10 CLl issues

10.1 Communications port reporting error

The tool starts up stating that COMx is not available. This announcement appears on occasion. It is reported because
even though the USB Adapter is plugged into a specific com.port, the computer incorrectly remembers that the
adaptor was plugged into another com.port, in this case COMx in this computer some time in the past. In other words,
the computer does not recognize that the Adapter is no longer connected to a specific port. To verify and correct this
condition in Windows 7, right click on the Computer icon on the desktop, click on ‘properties’, expand the Ports (COM
&LPT) section. In this section the USB I2C Translator is shown connected to two communications ports, even though in
actuality only one of the ports is being used. Note in the example below that com port 3 is shown as not available and
the Translator appears on com port 6. Delete com port 3 that is superfluous in order to ensure that you will no longer
receive this error. (Make sure that you verified which port is not used. Do not disconnect in error the port that is

actually being used.)

.
£3 dpi_cli.exe - Shortcut

Som-y,_ SSW#WCOM3 iz not available. Please unplug from the computer port and plug

hack in.
*— More than one module was found. Choose one of the following <or Qr guitd):

', 65: 'CP’, 66z "CP’, 67: | Com port 6 is connected

{62/ Module ¢64d 48h 1080>

£ a
i Ver B5-82-2013 B2:15:88 AM 86 | ifig module address.
T — ———

1. 14:55:52 CMD [DATA] or HELP —>

When properly identified the ports section should list only a single com port for the Translator.

2 73 Ports (COM & LPT)

-T2 ECP Printer Port (LPT1)
JET USB 12C Translator (COMS)
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11 Using the 1u_Interface_Board

11.1 Concept

The CPL 1u_lInterface_Board is designed to interface to the J85480 type GE CPL shelves and to the GE USB Interface
Adapter that converts 12C signals into USB and vice versa.

On one end of the board a 40-pin ribbon cable terminates the interface board the CPL shelf. On the other end the
interface board provides inputs to two I2C lines. The GE USB Interface Adapter connects to either of these two
connectors. Note on the picture the orientation of the ribbon cable. This side is not keyed and so care needs to be
taken to ensure that the connection is correct. The key is the location of the red line identifier.

The board provides two 8-position dip switches for controlling the analog functions of the CPL system and a number of
LEDs that display drive signals from the CPL system.

Power for the Interface_Board is derived from the +5V output of the power supply. The board is operational as soon as
one of the power supplies receives AC power.

UNIT #4

SYSTEM MARGIN

il

o — - - . oN
o L .oz
- :

850026402 AM3
1U_INTERFACE

Figure 1: The latest CPL Interface Board and USB Interface Adapter

Note that in the above picture the adapter is connected to i2c-1 and not i2c-0. To communicate from this position the power
supply needs to be switched to side 1 because at default side 1 does not have control. Side i2c-0 is a better position to start from
because the multiplexer does not have to be exercised prior to the start of communications.

11.2 LED Annunciation

The top of the board shows four boxes, each one representing power supplies in the shelf under
test. The three LEDs in each box are;
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e UNIT PRESENT - This indicator is ON when a module is physically plugged in and at least one of the power
supplies has input power (thus generating 5Vdc for the interface board).

* LOW LINE/DC OK - In rectifiers this indicator is ON when Input voltage is below 135Vac. In PEMs this indicator
shows that the output voltage is present and normal.

*  PWR FAIL WARNING/Ilimit - This indicator shows PFW in rectifiers and in Current Limit in PEMs
Below the four sets of LED indicators there are two sets of LEDs, and these are;
e FAULT - This indicator is ON when one or more of the power supplies issues a fault warning.

*  OVERTEMP - This indicator is ON when one or more of the power supplies gets into an over-temperature
warning or shutdown condition.

* INTERRUPT-0/ INTERRUPT - 1 - These LEDs are functional with 12C communications. The indicators are ON
whenever the power supply requests service from the host controller.

11.3 Dip Switch Operation

There are two independent dip switches, one for System Control and the other for System margin.

The System Margin dip switch manually changes the output voltage of the power supply from its 54Vdc factory
setting. Switch 1 ON margins the power supply output to 58Vdc. Switches 1 and 2 ON margin the power supply output
to 56Vdc and so on. Switch 8 margins the power supply output to 44Vdc whenever it is ON, independent of the
position of the other switches.

The System Control dip switch has the following functions;

e MUX.RESET - The CPL platform offers two independent, redundant, i2C busses labeled i2C-0 and i2C-1.
Selection of which bus the power supply will communicate with is accomplished by a Philips PCA9541 2-to-1
Master Selector. The PCA9541 is configured such that i2C-0 is active on power up. Changing the
communications port is done by firmware. The PCA9541 also offers a RESET pin. In case of bus hang-up for
any reason, RESET reconfigures the device into its initial state. In addition, the device issues a set of reset
commands to the downstream devices as well. For additional information please consult the application
notes and data sheet for the PCA9541.

e UPPER MEMORY WRITE 1 - 4 - Each of the four power supplies in the shelf contains an internal EEPROM.
Turning these switches ON enables a write instruction into the upper % of memory. Although this feature is
available, it should be used with caution because a re-write will erase factory provided information. For
further information see the PMBus Compliant Digital Interface technical requirements document.

e RS485 - When ON, this setting tells the power supply to revert into RS485 mode.

» ENABLE side A/ENABLE side B - This switch turns ON output power. ENABLE side A operates all power
supplies in a single output shelf. Sides A and B are used in split shelf applications. Side A turns ON the two left-
most power supplies. Side B turns ON the two right-most power supplies.
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11.5 Components of the demonstration tool

Component Description Part number
1U Interface Board (IB) Exercises features through the J85480 shelves 150027074
Interface cable Between the IB and the J85480 L20 through L30 shelves CC848848960
GE Interface Adapter PMBus™ to USB protocol converter CC109155636
USB cable assembly Commercial part Molex 88732-8602 CC408649511
10position ribbon cable Between the IB and Interface Adapter CC408650477
commercial part Molex 1110620228

11.6 Two shelf operation

Up to two shelves can be paralleled and communicated to. Although the interface board can be used to
communicate to the two shelves, its display of operational status only shows the modules plugged into the first shelf.
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12 Attachment A: a scripting example

Below is a scripting example of testing the high voltage shutdown level of the power supply.

n 'CP rectifier i2c testing'

n 'Vout control and OV protection - rev1.0'

ne
n'#1'

Nt

n 'suppress printout'
Nt

suppress_y

n'

n 'recover power supply from a possible latched shutdown

n
w operation on:n
de
w operation on:y
ds
N

n 'verify that alert has retired to normal'

n
w vout_ov_fault_limit 60

d2

n 'Alert state'

a (normal)

nt

n ‘check revision and time in service'
n'

r read_firmware_rev

r read_run_timer

n'

r read_fan_speed

ne

n ‘verify normal start-up'

Nt

r read_status '1 status?2' (40)

r read_status '2 statusl1' (01)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (00)

r read_status '5 voltage' (54,1,1)

r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)

di

n 'Alert state'

a (normal)

n'

r read_input_string 'power' (17,20,20)
r read_input_string 'voltage' (120,5,5)
n'
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n 'verify that the output voltage can be changed within limits'

n
w vout_command 42

ds

ne

r read_status '1 status2' (40)

r read_status '2 status1' (01)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (00)

r read_status '5 voltage' (42,1,1)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)
di1

n 'Alert state'

a (normal)

n

w vout_command 48

da4

n

r read_status '1 status?2' (40)

r read_status '2 status1' (01)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (00)

r read_status '5 voltage' (48,1,1)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)
di1

n 'Alert state'

a (normal)

n

w vout_command 58

ds4

n

r read_status '1 status?2' (40)

r read_status '2 status1' (01)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (00)

r read_status '5 voltage' (58,1,1)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)
di1

n 'Alert state'

a (normal)

nt

w vout_command 54

ds4

n

r read_status '1 status2' (40)

r read_status '2 status1' (01)

r read_status '3 alarm2' (00)
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r read_status '4 alarm1' (00)

r read_status '5 voltage' (54,1,1)

r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)

dil

n 'Alert state'

a (normal)

n ‘change the high voltage shutdown level and test OV'

n
w vout_ov_fault_limit 55

d4

r read_status '1 status?2' (40)

r read_status '2 statusl' (01)

r read_status '3 alarm2' (00)
rread_status '4 alarm1' (00)

r read_status '5 voltage' (54,1,1)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)
dil

n 'Alert state'

a (normal)

nt

w vout_command 56

n'

d 30

n 'Alert state'

a (asserted)

n'

r read_status '1 status2' (40)

r read_status '2 statusl' (30)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (04)

r read_status '5 voltage' (0.2,1,1)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)
d3

n 'Alert state'

a (asserted)

nt

w vout_command 54

d2

n 'Alert state'

a (asserted)

nt

r read_status '1 status2' (40)

r read_status '2 statusl' (30)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (04)
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User Manual

r read_status '5 voltage' (0.2,50,100)
r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)

d3

n 'Alert state'

a (asserted)

n

n 'recover from latched state'

h

w operation on:n

d2

w operation on:y

d2

n

r read_status '1 status?2' (40)

r read_status '2 status1' (01)

r read_status '3 alarm?2' (00)

r read_status '4 alarm1' (00)
rread_status '5 voltage' (54,1,1)

r read_status '6 current' (0.3,50,100)
r read_status '7 temp' (24,60,20)

d2

n

n 'Alert state'

a (normal)

n

n 'this is the end of the ov test'
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