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DEMO MANUAL DC2619A
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2-Chuannel PMBus Power System Manager
with Eight Power Supply Ruils
DESCRIPTION

The DC2619A is a demonstration system for the LTC®2972
power system manager that interfaces to various regu-
lators. The board contains all the circuitry needed to
demonstrate a power system that utilizes four 2-chan-
nel LTC2972 devices that manage eight power supplies.
The eight power supplies include linear and switching
regulators for the purpose of demonstrating a variety of
methods to sense voltage and current. The demo board
provides a sophisticated 8-channel programmable power
supply system.

The LTC2972 is a 2-channel 12G/SMBus/PMBus power
system manager that features accurate input current and
energy measurement. The device monitors input current
and input voltage, and calculates input power and energy.
The DC2619A demonstrates the ability of the LTC2972
to sequence, trim, margin, supervise, monitor, and log
faults for eight power supplies. The LTC2972 monitors
each channel’s output voltage and output current and
also monitors external temperature sensors and its own
internal die temperature.

The DC2619A board contains eight independent power
supply rails. The +5V/-5V rails are based on the switched
capacitor LTC3260 regulator, the 1.0V/1.2V rails are pow-
ered by an LTC3633 switching regulator, the 1.5V/1.8V
rails are powered by LTC3405A switching regulators, and
the 2.5/3.3V rails are powered by LT3086/LT3055 linear
requlators. The board is pre-configured with these volt-
ages and may be re-configured with feedback resistors.

The LTpowerPlay® graphical user interface (GUI) supports
this demonstration system and enables complete
control of all the features of the LTC2972. Together, the
LTpowerPlay software and DC2619A hardware system
create a powerful development environment for designing
and testing configuration settings of the LTC2972.
LTpowerPlay stores these settings in the LTC2972’s
internal EEPROM or in a project file. The software

displays all of the configuration settings and real time
measurements from the power system management
IC. Telemetry allows easy access and decoding of the
fault log created by the LTC2972. The board comes pre-
programmed with the EEPROM values appropriate for
the eight power supply rails on the DC2619A. Just plug
and play!

Order pre-programmed devices from Linear Express®
using LTpowerPlay.
The following items are required:

m +12VDC Power Supply
= USB-to-12C/SMBus/PMBus Controller (DC1613)
® | TpowerPlay Software

PC2619A FEATURES

® Sequence, Trim, Margin and Supervise Eight Power
Supplies

Manage Faults, Monitor Telemetry, Create Fault Logs
PMBus Compliant Command Set

Supported by LTpowerPlay GUI

Margin or Trim Supplies to 0.25% Accuracy

Eight IgyT and Four Iy Monitors

Input Power Measurement and Energy Accumulation
Fast OV/UV Supervisors Per Channel

Multi-Channel Fault Management

Automatic Fault Logging to Internal EEPROM
Operates Autonomously without Additional Software
Monitors: Voltage, Current, Power, Temperature
Time-Based Output Sequencer

12C/SMBus Serial Interface

® Powered from 8V to 14V

All registered trademarks and trademarks are the property of their respective owners. Protected
by U.S. Patents including 7382303, 7420359, and 7940091.
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DEMO MANUAL DC2619A

PGBFOﬂmﬂﬂCE Summﬂﬁ\' Specifications are at T = 25°C

PARAMETER CONDITIONS MIN TYP MAX VALUE
VPWR Supply Input Operating Range 4.5 15 V
VDD33 Supply Input Operating Range 3.13 3.47 V
ADC Total Unadjusted Error Vinz1v £0.25 %
ADC Voltage Sensing Input Range -0.1 6 v
ADC Current Sensing Input Range Differential Current Sense Voltage -170 170 mV
ADC Voltage Sensing Resolution 0V <Viy_apg <6V 122 pV/LSB
ADC Current Sense Resolution OmV < |Vy_apc| < 16mV 15.6 HV/LSB
16mV < |Vin_apc| < 32mV 31.25 uV/LSB
32mV < |Viy_apc| < 63.9mV 62.5 uV/LSB
63.9mV < |Viy_apc| < 127.9mV 125 pV/LSB
127.9mV < |Vin_apc| 250 uV/LSB
DAC Resolution 10 bits
DAG Full Scale Qutput Voltage Buffer Gain Setting 0 Typ. 1.38 V
Buffer Gain Setting 1 Typ. 2.65 V
Temperature Sensor TUE +1 °C
Voltage Supervisor Input Voltage Range (Programmable) Vsenseppn) (Low Resolution) 0 6 V
(High Resolution) 0 3.8 v
Voltage Supervisor Sensing Resolution 0V to 3.8V range: 4.096/1024 4 mV/LSB
0V to 6V range: 8.192/1024 8 mV/LSB
Voltage Supervisor 2V < Vi _ys < 6V, Low Resolution Mode +1.25 %
Total Unadjusted Error (TUE) 1.5V < V) _ys < 3.8V, High Resolution Mode £1.0 %
0.8V < V|y_ys < 1.5V, High Resolution Mode £15 %
12C Serial Clock Frequency 10 400 kHz
Table 1. Demo Board System Specifications
RESISTORS
NOMINAL REGULATOR THAT SET CURRENT SENSE
UNTRIMMED Vgyrt PART NUMBER UNTRIMMED Vg1 Rpac MARGIN RANGE METHOD
CHO +5V 1% R1, R2 R13 +10% Rsense
LTC3260
CH1 -5V 1% R3, R4 R14, R15 +10% LT6015
CH2 1.0V £1% R23, R24 R27 +5% R
TR LTC3633 =2 SENSE
CH3 +1.2V 1% R25, R26 R28 +5% Rsense
CH4 +1.5V £1% LTC3405A R39, R40 R41 +10% DCR
CH5 +1.8V £1% LTC3405A R45, R46 R47 +10% DCR
CH6 +2.5V £1% LT3086 R53 R55 +5% IMON
CH7 +3.3V 1% LT3055 R58, R59 R61 +5% IMON
Notes:

Note 1: Keep load currents < 50mA on +5V channels, < 1.5A on 1.0V/1.2V channels, < 300mA on 1.5V/1.8V channels, < 1A on 2.5V channel, and < 0.5A
on 3.3V channel.

Note 2: Output voltages can be margined by +5% or +10% from nominal with the default resistor values. These values can be easily changed. See

section Changing Nominal Output Voltages. Use the LTG2972 Resistor Selection Tool which is accessed from LTpowerPlay.
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GLOSSARY OF TERMS

The following list contains terms used throughout the
document.

Channel: The collection of functions that monitor, super-
vise, and trim a given power supply rail.

EEPROM: Nonvolatile memory (NVM) storage used to
retain data after power is removed.

Margin: Term used typically in board level testing that
increases/decreases the output voltage to look for sensi-
tivity/marginality problems.

Monitor: The act of measuring voltage, current, and tem-
perature readings.

NVM: Nonvolatile memory, see EEPROM.

0V: Overvoltage, the result of a voltage comparison that
a pin voltage is above a programmable threshold voltage.

PMBus: An industry standard power-management proto-
col with a fully defined command language that facilitates
communication with power converters and other devices
in a power system.

Rail: The final output voltage that the LTC2972 monitors
and supervises.

Supervise: The act of quickly responding (compared to
a fault setting) to a voltage and current condition that is
compared to pre-programmed values.

Trim: The act of adjusting the final output voltage. A servo
loop trims the output voltage.

UV: Undervoltage, the result of a voltage comparison that
a pin voltage is below a programmable threshold voltage.

WHAT THIS DEMO SYSTEM CAN DO

* Prototype your system by modifying: nominal output
voltages, range and resolution of margining, sequenc-
ing, OV/UV limits, and OC limits.

» Create your own configuration: store in the
LTC2972 EEPROM or save to a project file. Order
pre-programmed parts.

* Test fault scenarios. Short outputs to ground, and
observe system response and faults.

USB CABLE

USB TO I2C/PMBus
DONGLE (DC1613)

Demo System Hardware

Hardware required:

1. DC2619A

2. PC + USB cable

3. 12V, 1A power supply

4. USB to 12C/SMBus/PMBus Controller, DC1613

+12V POWER
SUPPLY

FOUR LTC2972s
8-CH DEMO BOARD
(DC2619A)

DC2619 FO1
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Figure 1. DG2619A Demo Setup
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LTpowerPlay GUI SOFTWARE

LTpowerPlay is a powerful Windows-based development
environment that supports Analog Devices power system
management ICs with EEPROM, including the LTC2972
dual channel power system manager. The software sup-
ports a variety of different tasks. You can use LTpowerPlay
to evaluate Analog Devices ICs by connecting to a demo
board system. LTpowerPlay features an offline mode to
build a multi-chip configuration file for later use with
hardware. LTpowerPlay provides unprecedented system
level diagnostic and debug features. It becomes a valuable
diagnostic tool during board bring-up to program or tweak

SYSTEM TREE OF
ALL DEVICES

CONFIGURATION SETTINGS FOR
ALL DEVICES IN SYSTEM TREE

the power management scheme in a system or to diag-
nose power issues when bringing up rails. LTpowerPlay
utilizes the DC1613 12C/SMBus/PMBus controller to com-
municate with one of many potential targets, including the
DC2619A demo system or a customer board. The soft-
ware also provides an automatic update feature to keep
the software current with the latest set of device drivers
and documentation. Download the LTpowerPlay software.

Select “Help, View Online Help” from the LTpowerPlay
menu to access technical documents

DISPLAY OF SELECTED PARAMETER
REAL TIME (CONFIG OR TELEMETRY) CHIP DASHBOARD
TELEMETRY DATA ACROSS SYSTEM AND ENERGY METER

| ./

T DC2619 F02

SCOPE-LIKE
TELEMETRY WINDOW

IDEALIZED ON/OFF
SUPPLY WAVEFORMS

Figure 2. Screenshot of the LTpowerPlay GUI
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DEMO MANUAL DC2619A

QUICK START PROCEDURE

The following procedure describes how to set up a
DC2619A demo system.

1.
2.

Download and install the LTpowerPlay GUI.

Remove the board from the ESD protective bag and
place it on a level surface. Connect the DC1613 12C/
SMBus/PMBus controller to the DC2619A board using
the 12-pin ribbon cable.

. Confirm that the CONTROL switch is set to its OFF

position.

. Plug the USB-to-12C/SMBus/PMBus controller into a

USB port on your PC. The board should power up the
four LTC2972 devices by illuminating the green LEDs
and the eight PG LEDs will illuminate red.

. Connecta +12Vpc power supply with 1A capacity to the

V|y input jack of the DC2619A board. The blue LEDs
will illuminate indicating that DC jack power and +5V
IBV power is applied. Move the CONTROL switch to the
RUN position. The eight outputs will power up and the
PG LEDs will illuminate blue.

6. Launch the LTpowerPlay GUI.

a. The GUI automatically identifies the DC2619A and
builds a system tree for each 12C device. The system
tree on the left hand side will look like this:

: ------- 554 CH1 -5V
-4 U1 (7r5D) LTC2972

- 5] CH2 +1.0V

CH3 +1.2v

5 U2 (Th5E) -LTC2572
) CHe =15V

: CH5 +1.8V

a ﬂ 13 (Th5F) LTC2972

....... - o) CHe +25V

....... .f5g CHT =33V

b. A green message box will be displayed momentarily
in the lower left hand corner confirming that the
DC2619A is communicating.

All the PMBUS Davicss dsfined in this
project are ACKnowledging their 12C
addresses.

is recommended that
s the 'Re dAIIR egister:
Duttan n the toalbar to read
tt g s from the hai dwaremtu
the

Figure 3. Connecting DC2619A and the DC1613 USB to I2C/SMBus/PMBus Controller
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QUICK START PROCEDURE
¢. You may make configuration changes. When you 7. The LTG2972 is configured to use the CONTROL switch
update registers in the GUI by using either function to sequence on/off the eight channels. Slide the switch
key F12 to write an individual register or use the to RUN to enable, OFF to disable all channels.

Write All icon to write all registers, you may need _ _ _ o
these settings for future use. Save the demo board ~ Loading a Configuration (*.proj) File with the GUI

configuration to a (*.proj) file by clicking the “Save”  1q |9ad a previously saved proj file:
icon. This creates a backup file on your C: drive.

Name it whatever you like. 1. In the upper left hand corner of the GUI, File > Open
> browse to your *.proj file. This will load the file into
File View ,Configuration  Utilitie the GUI. %
|| 3 AT 2. Click on the “Go Online” L2 icon, then click on the
= - B “PC->RAM” icon to write all registers.

(ANl (E# Goups )

PC RAM

If you need to load the original board default config- _ : o ,
uration, select the GUI menu pull-down item Demo This loads the configuration into the working RAM of

>DC2619A_Defaults. This writes the board defaults ~ the LTC2972.
into the LTC2972's RAM and automatically to NVM 3. To store the configuration to NVM (EEPROM), click on

as well. the “RAM->NVM” icon.
LT2972 CASCADING
PG TURRETS PSM DEVICES CONNECTOR

DC JACK
(+12V)

12C PORT — ¢

DC1613
CONNECTOR

DC2619 Fo4

PUSHBUTTONS TO FORCE CHO THROUGH CH7 OUTPUTS CASCADING RUN
A RESET AND A FAULT CONNECTOR SWITCH

Figure 4. DC2619 Details
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common BOARD OPERATIONS

Overview

A simplified block diagram of the DC2619A is shown
in Figure 5. The LTC2972 devices control, monitor and
supervise all eight outputs. U0, U1 and U2 are powered
from the DC jack. U3 is powered from the +5V intermediate
bus voltage (IBV) rail. The four LTG2972 devices measure
input current at various input voltage points. The current
is determined by measuring the voltage drop across a
10mQ sense resistor. Devices U2 and U3 have the ability
to shut off their V,y (+5V I1BV) via AUXFAULT.

Powering the Board

The DC2619A board is powered from a wall-powered 12V
supply. The supply must be capable of delivering 1A. If
multiple channels are loaded with the maximum allowable
current, the input current may exceed 1A. The LTC2972
devices are powered either from the DC1613’s 3.3V
power or DC jack if V,y is applied. The board automati-
cally selects the power source for the LTC2972 devices.
This allows LTpowerPlay to communicate (view or change

configuration settings) with the LTG2972 devices without
main board power.

DC2619A LEDs

There are two blue LEDs near the power jack. These indi-
cate that the DC jack has voltage and the +5V switch-
ing regulator output is powered up. Each LTC2972 has a
green LED that illuminates when the device is powered
from either the USB controller or the external Vy power.
Each channel has a green LED which indicates that the
channel is enabled. The red LEDs on ALERT and FAULT
indicate a warning or fault has occurred. The red-blue
LEDs next to each of the PG turrets indicate the logic level
of the PG pin. Logic high = blue, logic low = red.

Reset the LTC2972

To reset all LTG2972 devices and reload the EEPROM con-
tents into operating memory (RAM), press the pushbutton
switch labeled RESET. If you have overwritten the contents
of the EEPROM, load the demo board default configuration

|
|

12V A 1 | |
|

LTC3260 LTC3633 |

5V -5V SO0V w12V ||

! 3 '

|

|

|

uo U1 |

LTC2972 — LTC2972 l

|

|

|

|

|

RSNS2 BV RSNS3 ~ - ~ |

DC1613 +5V 1 1 1 | I
USB DONGLE == ry |
= 113405 |LTC3405 L3086 | | L3055 | |
T +1.5v || +1.8v w25V || +33v |

| ! 1 !t

| |

| |

: u2 u3 :

i LTC2972 LTC2972 |

| |

| AUXFAULT AUXFAULT |

| RUN |

| |

| |

| |

| |

| |

DC2619 FO5

Figure 5. DC2619 Details
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common BOARD OPERATIONS

by selecting the GUI menu item Demo > DC2619A_Defaults
to restore the settings back to factory defaults.

1.8V Logic Levels Using VDDIO

The LTC2972 can natively level translate digital signals
to a low voltage 1/0 bus typically found on CPUs, FPGAs
and ASICs. The DC2619 demonstrates this with the
VDDIO jumper. With the jumper set to the 1.8V option,
the PWRGD, SCL, SDA, ALERT and FAULT turrets will
drive to 1.8V logic levels. The VDDIO pin on the LTC2972
acts as the reference voltage against which the digital
logic pins are compared.

Pre-Load the Outputs

Each of the outputs has pre-load resistors that provide
5mA to 10mA of load. This ensures that the output voltage
decays to GND quickly when the channel is disabled. This
is useful when sequencing off then on quickly.

Sequencing Output Channels

The LTC2972 are pre-configured with different TON_
DELAY values for each channel. The TON_DELAY
parameter is applied to each of the channels relative to
the CONTROL pin. On this demo board, all CONTROL pins
are wire ORed. Therefore the TON and TOFF delays are
enforced relative to one edge.

DC2619 FO6

Figure 6. Sequencing Output Channels On/Oft

The same applies to TOFF_DELAY values. When the
CONTROL switch is set to the OFF position, all rails will
power down sequentially based on the devices’ TOFF_
DELAY values. Figure 6 shows an oscilloscope screen
capture of four output rails sequencing up and down.

Each channel has an LED which visually indicates if the
channel has power. When the CONTROL pin is switched
on and off, you will observe the relative on/off timing of
the eight channels. The timings are intentionally skewed
to show the rails on/off times more clearly. The GUI
shows idealized on/off waveforms (see Figure 2). This
graphical view shows the relative TON and TOFF delays in
response to an on/off command, whether it comes from
the CONTROL switch or PMBus command.

- TOFF_DELAY {(All Pages in System)
CHO +5% - LTiC2972 300,000 ms
TH1 -5 300,000 m=
CH2 H,0% - LTCEET2 250,000 m=
CHI A2V 150,000 ms CH3 +1.2% 200,000 ms
CH4 1,5 - LTC2972 200,000 ms CHE H,5% - LTCR2ET2 150,000 ms

FHE 41 a SEA ANA e CHE 41 100 N e
DC2619 FO7

- TON_DELAY (All Pages in System)
CHO+5 - LTCZ2972 0,000 ms
CHT -EB 50,000 ms
CHE #1.0% - LTC2972 100,000 ms

Figure 7. TON_DELAY and TOFF_DELAY Settings

For the LTC2972, the TON_DELAY and TOFF_DELAY val-
ues extend to 13.1 seconds, providing a wide range for
sequencing power supply rails.

Margin All Rails

The LTC2972 power system managers on the DG2619A
not only monitor the eight outputs, but can margin the
outputs either high or low. Margining is an operation that
moves a rail up or down for testing purposes. It allows a
system to be fully characterized over supply limits with-
out the use of external hardware or resources. The GUI
provides an easy way to margin all rails high or all low
by clicking one of four buttons. To invoke the margin-
ing dialog, click the GroupOp icon in the toolbar. e
The buttons labeled “ignore faults” will margin &
without creating a fault even if the fault limits

are exceeded.
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common BOARD OPERATIONS

Command Entire System

Cycle Off /On

Margin High ‘

Margin High {lanore

Margin Low

:

Margin Low
{lgnore

|
|
‘ Immediate Off

IMPORTANT NOTES: Hover Mouse here for Important Motes on Device Differences

| Cancel

A look at the telemetry window shows the effect of the
margin high or margin low operation. This screen shot
is a telemetry plot of READ_VOUT_PERCENT showing
all rails going from nominal set-points to margin high,
margin low, and back to nominal voltages.

/& Telemetry Plot | -

£% W Plot. ~ 4.8Hz

READ VOUT PERCENT

The LTC2972 has a multiplexed ADC that is used to pro-
vide voltage, current and temperature readback values.
The telemetry plot in the GUI is similar to a multi-channel
oscilloscope which is capable of displaying any param-
eter that is displayed in the telemetry window. Due to the
nature of a multiplexed ADG converter, it has an associ-
ated ADC loop time of approximately 135ms.

IMON Feature

The LTC2972 has a feature for output current measure-
ment that allows the direct connection of the Iggysg pins
to a regulator’s IMON pin. The IMON pin allows a loss-
less method for measuring output current. It is ‘lossless’
because there is no sense resistor in the output path and
therefore no IR drop between the regulator’s output and
the load. This is demonstrated on CH6 and CH7.

+2.5V AT 0.5A
+5V —Vin Vour[
LT3055 3 SRom
mon | 0P £

DEVELOPS 499mV AT FULL LOAD LTC2972

N
< Rivon L Cimon Isensep

499Q T 10nF — ISENSEN
l DC2619 FO8

|0UT/500l

When the LTC2972 imon_sense configuration bit is set,
this allows up to 6V to be applied differentially to the lggyse
pins. The linear regulators on these channels have an IMON
pin that only needs a single resistor to convert the IMON
current to a single-ended voltage. This resistor can have
a smaller footprint as opposed to the larger shunt resistor,
saving board space. The IMON output represents a fraction
of the actual output current. An optional capacitor provides
noise filtering. The Isgnse pins are wired across the IMON
resistor. There are two configuration registers to change
in the LTC2972. The first is MFR_CONFIG_LTC2972 and
the bit to set is called imon_sense.
Bt Cimon berered -

servo_continuous ox1 (Continuously ...

nnnnnnnnnnnnn M oAvn na waT 2T Taw

The other register is IOUT_CAL_GAIN. This sets the
equivalent resistance in milliohms and must be set to
Rivon/(lout/Imon)- In the example shown, the loyt/Imon
ratio of the LT3055 is 500. IOUT_CAL_GAIN should be
set t0 499€2/500 = 0.998<2 or 998 milliohms.

- Output Current Calibration
TOUT_CAL_GAIN 998. 000 mohms
TOUT CAlI OFFSFT 0. nnon A

The READ_IOUT register will then read back the correct
output current in units of Amps.
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Programmable PG Pins

The LTC2972 brings new functionality to the LTC297x
PSM family. The LTC2972 has a PWRGD pin and two
PG pins. The PWRGD pin has the same functionality
as previous devices in the family. It releases when all
channels (as configured) report their Voyt voltage rises
above the POWER_GOOD_ON threshold. Whereas the
PWRGD pin is driven from ADC results, the new PG pins
respond to comparator-based circuits resulting in faster
signal assertion. The PG pins are also more configurable,
similar to GPIO pins. They can be used to assert upon
any combination of Vgyt OV/UV, Vi OV/UV, OT/UT and
TON_MAX_FAULT, or controlled via PMBus commands.

g MPH_WalLHUUL_ I LIL
- Power Good
# § MFR_PWRGD_EN_LTCZ,, | {0x003) chani,chand
G MFR_POWERGOOD_ASSE,. | 100,000 ms
- PG Pins
+ MFR_PG_CONFIG
+ MFR_PG_GPO

U, U s

{0xC046) Expand for Detail,.,
(0x003 PG forced low

The Vgyt OV/UV has an optional deglitch time that may be
added to the assertion time. A PG pin may be used solely
as a hardware pin that pulls low upon an overtemperature
or Vjy UV condition. The DC2619 board has a red-blue
LED next to each of the PG turrets. Blue indicates the PG
pinis alogic high level and red indicates a logic low level.

Vout CHZ

The scope shot shows Vgyr CH2, PG2, and PWRGD
signals with infinite persistence. Multiple triggers show
that PG asserts immediately and is predictable whereas
PWRGD assertions are not only slower than PG but also
the timing is variable.

Creating a Fault

There is a pushbutton on the DG2619A board that is used
to force a fault and demonstrate the demo board’s ability
to detect it and respond according to the configuration.
When depressed, the FAULT pushbutton (SW2) creates a
fault (shorts Vsgyse node to ground) on CH7, the +3.3V
output. When faulted, all channels power down immedi-
ately and the GUI's system tree indicates the color red for
the Status portion of that channel. You should see all out-
puts power off, the fault LED momentarily illuminates, the
alert LED illuminate continuously, and all rails sequence
back on after a retry period. You may also hold the FAULT
pushbutton indefinitely to demonstrate the retry timing to
a persistent fault.

=] ﬂ System
=4 WP (Ungrouped)
-5 U0 (ThsC)-LTC2972
{ N3g CHO+5V

-.-25g U1 (ThsD}-LTC2972
CLEg CH2 410V
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Clearing a Fault

@ To clear a fault, the user can click the CF icon in
=1 the GUI or simply push the RESET pushbutton
(SW1) on the DC2619A demo board. In both cases, the
red (+) on the CF icon and alert LED on the board are both
cleared. Notice that all rails are automatically re-enabled
after a programmable retry period. A dialog box may pop
up after clicking the Clear Faults (CF) icon. If a fault log is
present, a dialog will ask if you would like to clear the fault
log as well as clear system faults. After clearing faults, the
system tree will return to green and fault logs re-armed.

 Breiemery |

Telemetry: CH7 +3.3V

Mo Custom Scaling is Enabled. Telemetry values shown:  Why am I Off? Summary

Click Here to View Custom Scalic

3. View Analysis Results

For further information, see the Working with the Fault
Log section.

“Why Am | 0ft?” Tool

Use the “Why am | Off” tool in the LTpowerPlay GUI to
diagnose the cause for a power supply channel being in
an off state. The tool is located in the top right corner of
the GUI, above the “Register Information” tab. Hover your
cursor over the tab to show the tool.

First select an output channel in the system tree. The
tool collects various status information and provides
a diagnosis.

- Telemetry — Input ¥Yoltage
G MFR_WIN_PEAK_LTC 50313 ¥

| Rail CH7 +3 3V is commanded off by the user |

G READ_VIN
G MFR_VIN_MIN_LTC

5.0234 ¥

50234 ¥ Details:

- Telemetry — Output Yoltage {¥)
MFR _WOUT_PEAE_LTC

3.3364 ¥

. 0.0000 ¥
IN_LTC 3.2988 Vv

- Telemetry — Output Yoltage (%)
MFR_WOUT_PEAE_LTC_P,, | +1,10 % abowve
RE&D _YOUT_PERCENT —100.00 % abao

Rail "CH7 +3.3V' is commanded off via the CONTROLO pin.

« CONTEOL( pin is presently at logic low.

s CONTROLO pin is confisured as active high.

» Rail 'CH7 +3.3V" is configured to respect the control pin via
AN AFE CONTEIR

[ ojuf by B ] HOT we fypy Q ]

Figure 8. “Why Am | Off” Tool in the LTpowerPlay GUI
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What Is a Fault Log?

Afaultlog is a nonvolatile record of the power system lead-
ing up to the time of fault. Telemetry data is continuously
updated in a circular RAM buffer in the LTC2972. When a
fault occurs, the contents of the RAM buffer are automati-
cally written to NVM. The most recent monitored values
(uptime, voltage, current, temperature) provide additional
context preceding the fault. It is a powerful diagnostic
feature of the LTC2972 on the DC2619A demo board.

Create a Fault Log

To create a fault log, check that the fault_log_enable bit is
setinthe MFR_CONFIG_ALL register. Then, create a fault,
as described in the section Creating a Fault. If multiple
boards are configured, select the appropriate device in the
system tree by clicking on the appropriate LTC2972 chip,
in this case U3. We are ready to work with the fault log.

=W | System |
=854 (Ungrouped)
=83 U0 (7h5C) LTC2972
..... o3F CHO =5V
154 CH1-5v
A58 U1 (ThsD)-LTC2972
: CH2 +1.0V
g3 CH3+12V
o¥F Uz (ThsE) -LTC2972

38 CH4 +15v

CH5 +1.8V

Working with the Fault Log

@ Once a fault has occurred, the Fault Log (FL) icon
will show a red (+) sign on it, indicating that the
GUI has detected a fault log in the device.

Clicking the icon will bring up a dialog box. Note that it is
a context sensitive icon. If multiple DC2619A boards are
connected, be sure that the desired device is selected in
the system tree. Notice that the EEPROM log is locked.
The log will not change until it is cleared by the user.

Fault Log--U2 (7'h5E) -LTC2972

RAM Fault Log EEFROM Fault Log
RAM Log Status: | Logto EEPROM on Fault
Not Locked pARL A | Read/Clear ALL in System |

Read RAM Log

g

Clear/ Re-amn
EEPROM Log Status:
LOCKED EEPRCM Log

It is a 2-step process to read the fault log. First click
the “NVM to RAM” button. At this point the RAM Log is
locked. Click the “Read NVM Log” button. The fault log
data will appear in the text box below.

—

Fault Log--U3 (T'hSF) -LTC2972 =]

RAM Fault Log EEPROM Fault Log
FAM Log Status | Log to EEPROM on Fault
Mot Locked | Read/Clear ALL in System |

Clear/ Re-am
EEPROM Log Status:
NVMta RAM LOCKED EEPROM Log

Up-Time: 235,668 Ticks (200us each)
Up-Time: 0000 Days, 00h : 00m : 47.1336s

NVM to RAM
Export... Export All...

|Press "‘READ RAM Log'to show the fault log here

B

‘ RAM to NVM

The folleowing information describes the 'FirstFault' that caused this fault log
LS-byte of time counter = 0x7A
Source Description: (0x147A) 'VOUT_UV_FAULT[ch=1]"
Detail:
Channel: 1
Status Code: Ox72
Bit Num: Ox04

Position Last: 18 (0xl2)

2.494781 V, Peak: (0x5004) 2.500488 V
26.09375, Peak: (0xDB74) 27.625
9) -0.004257202, Peak: (OxB1DR) 0.007232&66

Vin: Min: (OxCR87) 5.054688, Peak: (O0xCRBB) 5.0625

Iin: Min: (Ox8671) -0.006088257, Peak: (OxB8ACB) 0.02172852
Pin: Min: (0x8Cl0) -0.03076172, Peak: (Ox9B84) 0.1038633

[Voutl: Min: (Ox€932) 3.293072 V, Peak: (Ox6ARF) 3.333882 V
Templ: Min: (0xDB32) 25.5625, Peak: (OxDBSE) 28.337%5
TOoutl: Min: (0x87F5) -0 0001878467, Peak: (0x829F) 0. 01023865

1:{0x10) VOUT_UV_FAULT

The log contains timestamp, up-time, channel voltage
readings, an input voltage reading, an on-chip tempera-
ture reading, etc. There will be a number of loops; each
loop contains data obtained in one ADC loop time with the
most recent ADC loop data on top and the oldest data at
the bottom of the log. The up-time indicates, at the time
of fault, the amount of time the device had been powered
up or time since the previous reset.
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In this case, the fault log will show that CH1 of device
U3 faulted due to a VOUT_UV_FAULT condition. On the
previous telemetry loop, the channel voltage reading was
a nominal value (+5V). You can save the fault log to a file
(.rtf) by clicking the Export button.

To clear the fault log, click the “Clear/Rearm EEPROM
Log” button. This allows the selected device to be ready
for a new fault event. To clear all faults, click the Clear
Faults (CF) icon.

Fault Sharing Setup in the GUI

Fault sharing provides a means of propagating a fault
detected by a power manager to other power managers
via FAULT pins. Use the Fault Sharing Setup Tool to con-
figure the fault sharing in the GUI. Select U3 in the system
tree. Go to Utilities > Fault Sharing Diagram. For more
details on this topic, please refer to the Fault Management
section in the data sheet.

Configuration | Utilities | Custom Scripts  Help
5 Import Training Module(s)...

% Project File Migration ,
£d 12C Utility...
Configuration/CRC...
Programming Utility...

Fault Sharing Diagram...
On/Off Configuration...

Resistor Selection Tool...

% U1 (7h5D) -LT| PSM Board Bring Up Tool...

There are two types of actions to fault conditions: How a
channel responds to another channel’s fault and whether
a particular channel propagates its fault to other chan-
nels. FAULT pins are bidirectional, meaning the device
may drive its fault pin low (output) or may respond to
the fault pin when another device drives it low (input). By
default, the LTC2972 is configured to shut down channels
if the FAULT pin is low and to propagate its own fault to the
other channels by driving both FAULT pins low. You can
think of the “Response” switches as “shut this channel
down” when another channel faults, and the “Propagate”
switches as “drive the fault pin” to broadcast to other
channels that this channel faulted.

On the DC2619A, the two FAULT pins are separated, which
creates two fault zones. This allows us to demonstrate
various fault management scenarios. The fault sharing
dialog will appear as shown in Figure 9. By default, the
FAULTBO Response and Propagate switches are closed
on devices U0 and U1. Similarly the FAULTB1 Response
and Propagate switches are closed on devices U2 and U3.
This creates two fault zones. In this configuration, a fault
on a channel will shut down the channels in that zone.

Zone 0

Respond Propagate

(Disable CH when Lo)

e i |
CHO +5V 1>° @
77 FAULTBO

CH1 -5V

(Pull LO on Internal Fault)

A N FAULTB1
> \«* o

Cancel

Figure 9. Fault Sharing Utility in LTpowerPlay GUI

Press ‘0K to copy these settings to the GUI ‘ 0K ‘

For example if you short CHO’s output to GND, CHO
through CH3 will shut off because CHO is propagating its
fault via the FAULTBO pin which we will call zone 0. CH1
through CH3 will respond to FAULTBO being asserted.
You may use a coin or a jumper to temporarily connect
an output to the GND turret.

Likewise, if you short the CH4’s output to GND, CH4
through CH7 will shut off because CH4 is propagating
its fault via the FAULTB1 pin and CH5 through CH7 are
responding to FAULTB1 or zone 1. In this configuration,
a fault on a channel will shut down not only the faulted
channel but all other channels within that zone.

NOTE: The FAULT turret is not tied directly to the FAULTB
pins of the PSM devices. The turret is a logic gate out-
put that drives the fault LED. Therefore the user cannot
expect to create a fault-in condition by pulling the turret
low. This will only illuminate the LED.
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Fault Configuration Examples

Let’s explore other scenarios. Suppose we want channel
CHO (+5V) and CH1 (-5V) to shut down in response to a
faultin zone 1. CHO and CH1 can be configured to respond
to the FAULT1 zone by closing the Respond switches
that correspond to FAULT1. Simply click the switches to
open/close. Click OK to close the dialog box. Click the
“PC->RAM” icon to write the changes to the LTC2972.

Zone 0

Respond Propagate

(Disable CH when Lo) (Pull LO on Internal Fault)

-4

D {>G .
FAULTBO

A 0N FAULTB1

CHO +5V

CH1 -5V

Press K to copy thess settings to the GUI

corce

Figure 10. Updated Fault Sharing Gonfiguration

We can now create a fault on CH7 by pressing the FAULT
pushbutton. This creates a fault in zone 1 which channels
0 and 1 are now listening to.

Another scenario is one in which a channel that does not
participate in responding to or propagating a fault. To
demonstrate this, select CH4 and open the fault switches.
Remember to click the “Write to RAM” icon. When you
short any of the other channels, the faulted channel and
other channels in that zone will shut off but CH4 remains
powered. After the retry period, the channels participating
in the fault zones will power back up. If you short CH4, this
channel will shut down and other channels are unaffected.
This is an example of a keep-alive channel that remains
powered up independent of faults to other channels.

Zone 0

Respond Propagate

(Disable CH when Lo) (Pull LO on Internal Fault)

<4

D [>O .
FAULTBO

. FAULTB1

CH4 +1.5V

CHS +1.8V

— .. l O

Press ‘0K to copy these settings to the GUI | oK | ‘ Cancel

Figure 11. CH4 Fault Switches Open

Energy Metering

The LTC2972 is capable of high-side current sensing of
an input power supply. This feature allows the manager
to measure input supply current. The DC2619A demon-
strates four different input supply current readings. Refer
to the block diagram shown in Figure 5 for the location
of each sense element. Select the READ_IIN register to
display the telemetry plot for all input currents. The input
current reading for U0 will be ~45mA if all channels are
enabled and Vy is 12V. Notice the current readings go to
zero when the channels are off.

The manager also measures input supply voltage and is
therefore able to report input power as well. Since energy
is the product of power and time, accumulated energy is
provided based on the manager’s internal timebase.

The meter displayed in the upper right hand corner of the
GUI provides a number of bits of information. The needle
is a real-time indicator of input power and the smaller
five dials show the total accumulated energy similar to a
home electricity meter. Digital readouts are also provided
for convenience.
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The four LTG2972 devices on the DC2619A monitor and
measure eight output supplies and four input power
supplies, both voltage and current. LTpowerPlay offers
a simple and easy to understand interface that brings
together input and output current, voltage, power and
energy readings.

You may also view the input current, input voltage, input
power and input energy together in tabular format. These
appear in the telemetry portion of the GUI. The MFR_EIN
register holds the accumulated energy value in millijoules.
There is also a total time that the energy accumulator has
been active and is shown as the MFR_EIN_TIME register.
The GUI will automatically update the displayed Sl prefix
as the units change from mJ to J to kJ.

= Telemetry — Input Power
G tFR_PIN_PEAE 0,599 W
G RE&D_PIN 0.559 W
G MFR_PIN_MIN 0,141 W
= Telemetry — Input Energy
G MFR_EIN 55.036 J
G MFR_EIN_TIME 0 days,00h : 01m : 37.812s
G MFR_EIN_WATTS 0.571W
= Telemetry — Input Current
G FFR_IIN_PE ALK 0.0490 A
G READ_IIN 0.0465 A
G MFR_IIN_MIN 0.0113 A

To demonstrate the meter readings and register values,
first select the MFR_EIN register to display the energy
in the telemetry plot. To display the plot as shown here,
simply press the RESET pushbutton. This resets the
energy accumulators. The accumulated energy rate is
the slope. Note that the input current and input power
on U0 and U1 are higher than U2 and U3, and therefore
energy is accumulated at a higher rate. The MFR_EIN_
WATTS register displays the input power that is being
drawn. This register is the product of the READ_VIN and

READ_IIN values. Since the input voltage is 12V, UQ’s
input power is 12V » 45mA or ~0.54W. You can confirm
this by clicking these three registers one by one and view
the telemetry window.

The MFR_EIN and MFR_EIN_TIME registers may be reset
by right-clicking the MFR_EIN register which displays an
option menu to “Clear HW Register”. It may also be reset
by writing the MFR_EIN_CONFIG register.

= Telemetry Plot
£% ®m Plot.. - 4.8Hz

MFR_EIN

/&= Telemetry Plot - X

£3 W Plot.. - 3.4Hz

READ_IIN
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SETUP PROCEDURE FOR MULTI-BOARD ARRAYS

Multiple demo boards that have the 14-pin cascading
connectors can be combined to control as many eight
boards. Demo boards that can be cascaded include the
DC2619, DC1962, DC2022, DC2023, DC2028, DC2198
and DC2518. The number of boards is limited by an 1/0
expander chip that has three address pins, allowing 8 dif-
ferent combinations. This setup demonstrates the coor-
dinated fault responses and accurate time base shared
across multiple power system managers.

Procedure:

1. Stack the boards side-by-side by plugging JP3 of one
board into JP4 of another DG2619A board.

2. Ensure different slave address settings for each of the
boards. The address of each DC2619A board is set by
the DIP switch JP2 on the backside of the board. The
setting must be unique for each board in the array.

3. Plug in the +12V V| power into one of the boards as
shown in Figure 12 below. Only one +12V power source
is allowed.

4. The USB-to-12C/SMBus/PMBus controller may be

plugged into any board. If no demo boards show up in
the GUI, click the magnifying glass icon to enumerate
the 12C bus and find the addresses of the parts. Go to
step #2 to ensure that each board has a unique DIP
switch setting.

. Since the individual CONTROL lines are connected

across the boards (CTRL is a common signal across
all boards in the array), make sure that all CONTROL
switches are set to the RUN position.

. Re-launch LTpowerPlay. After launching, LTpowerPlay

will enumerate the entire board array and build a rep-
resentative system tree and read all hardware settings
into the GUI.

ATTENTION: Once the GUI has launched, click the
“RAM->NVM?” button in the toolbar to ensure that the
slave addresses are retained after a power off or reset.
Otherwise you may lose communication with the slaves
after a power cycle or reset event.

APPLY +12V POWER TO
ONLY ONE DC2619A BOARD

SET TO DIFFERENT ADDRESSES UISING
DIPSWITCH JP3 ON BACKSIDE

/.

DC2619 F12

Figure 12. Array of Multiple Board Sets
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Ensuring Slave Addresses Do Not Conflict a setup. The 1/0 expander has a base address of 0x20. The
DIP switch settings set the offset. The three switches that
may be changed are labeled AQ, A1, A2. Examples below
set the boards to address 0x20 and 0x27.

There is a small DIP switch on the backside of the
DC2619A. It is used to set the slave address of an 1/0
expander which allows the addition of multiple boards to

Figure 13. DIP Switch Set to All 0's Figure 14. DIP Switch Set to All 1's
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PC2612A DETAILS
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Information furnished by Analog Devices is believed to be accurate and reliable. However, no responsibility is assumed by Analog

Devices for its use, nor for any infringements of patents or other rights of third parties that may result from its use. Specifications
subject to change without notice. No license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
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ESD Caution
‘2 \ ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and
conditions set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation
Board until you have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”)
and Analog Devices, Inc. (“ADI”), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to
Customer a free, limited, personal, temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and
agrees that the Evaluation Board is provided for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted
is expressly made subject to the following additional limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (ii) permit any Third
Party to access the Evaluation Board. As used herein, the term “Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is
NOT sold to Customer; all rights not expressly granted herein, including ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all
be considered the confidential and proprietary information of ADI. Customer may not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of
use of the Evaluation Board or termination of this Agreement, Customer agrees to promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile
or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited
to soldering or any other activity that affects the material content of the Evaluation Board. Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS
Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF
LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY
DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS
LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER’S POSSESSION OR USE OF THE EVALUATION BOARD, INCLUDING
BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE AMOUNT OF ONE
HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable United States
federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of Massachusetts
(excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby submits
to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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