TECHNOLOGY

, Ll” DEMO MANUAL DC2518A

LTC2975

4-Chunnel PMBus Power System Manager
with £12V and 48V Power Supply Ruils

DESCRIPTION

The DC2518Aisademonstration system forthe LTC®2975
Power System Manager that interfaces to various regula-
tors. The board contains all the circuitry needed to use
the LTC2975 in a power system and control four power
supplies. The four 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, digitally programmable
4-channel power supply system.

The LTC2975 is a 4-channel 12C/SMBus/PMBus Power
System Manager that features accurate input current and
energy measurement. The device monitors input current
and input voltage to calculate input power and energy.
The DC2518A demonstrates the ability of the LTC2975
to sequence, trim, margin, supervise, monitor, and log
faults for four power supplies. The LTC2975 monitors
each channel’s output voltage and output current and also
monitors each channel’s external temperature sensor and
its own internal die temperature.

The DC2518Aboard contains fourindependent power sup-
plyrails. The +12V/-12V rails are based on LDO regulators,
and the +48V/-48V rails are based on DC/DC switching
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 systemand enables complete control of
all the features of the LTC2975. Together, the LTpowerPlay
software and DG2518A hardware system create a power-
ful development environment for designing and testing
configuration settings ofthe LTC2975. LTpowerPlay stores
these settings in the LTC2975’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 LTC2975.
The board comes pre-programmed with the EEPROM
values appropriate for the four power supply rails on the
DC2518A. Just plug and play!

Order pre-programmed devices from Linear Express®
using LTpowerPlay.

The following items are required:

* +12VDC Power Supply

* USB-to-12C/SMBus/PMBus Controller (DC1613)
* LTpowerPlay Software

* PC

DC2518A Features

e Sequence, Trim, Margin, and Supervise Four 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

* Four lgyt and One Iy Monitor

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

e Multi-Channel Fault Management

 Automatic Fault Logging to Internal EEPROM

* QOperates Autonomously without Additional Software
* Monitors: Voltage, Current, Power, Temperature

* 4-Channel Time-Based Output Sequencer

* 12C/SMBus Serial Interface

* Powered from 9V to 14V

Design files for this circuit board are available at
hitp://www.linear.com/demo/DC2518A

A7, LT LTC, LTM, Linear Technology and the Linear logo, Linear Express and LTpowerPlay are
registered trademarks of Linear Technology Corporation. All other trademarks are the property
of their respective owners.
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DEMO MANUAL DC2518A

PGRFOﬂmHﬂCG Summﬂﬂ\' Specifications are at Ty = 25°C

PARAMETER CONDITIONS VALUE
VPWR Supply Input Operating Range 9Vto 15V
VVDD33 Supply Input Operating Range 3.13Vt0 347V
ADC Total Unadjusted Error Vinz 1V +0.25%
ADC Voltage Sensing Input Range -0.1Vto 6V
ADC Current Sensing Input Range Differential Current Sense Voltage -170mV to 170mV
ADC Voltage Sensing Resolution 0V < VN apc <6V 122uV/LSB
ADC Current Sense Resolution 0mV < |Vin_apc| < 16mV 15.64V/LSB
16mV < |Viy_apc| < 32mV 31.25uV/LSB
32mV < |Viy_apg| < 63.9mV 62.5pV/LSB
63.9mV < |Vin_apc| < 127.9mV 1254V/LSB
127.9mV < |Viy_apcl 250pV/LSB
DAC Resolution 10 Bits
DAC Full Scale Output Voltage Buffer Gain Setting 0 1.38V Typ.
Buffer Gain Setting 1 2.65V Typ.
Temperature Sensor TUE +1°C
Voltage Supervisor Input Voltage VSENSEP[n] 0V to 6V (Low Resolution)
Range (Programmable) 0V to 3.8V (High Resolution)
Voltage Supervisor Sensing Resolution 0V to 3.8V Range: 4.096/1024 4mV/LSB
0V to 6V Range: 8.192/1024 8mV/LSB
Voltage Supervisor 2V <V _ys < 6V, Low Resolution Mode +1.25%
Total Unadjusted Error (TUE) 1.5V < Viy_ys < 3.8V, High Resolution Mode +1.0%
0.8V < Viy_ys < 1.5V, High Resolution Mode +1.5%
12C Serial Clock Frequency 10kHz to 400kHz
NOMINAL REGULATOR RESISTORS THAT SET
UNTRIMMED Vgyr PART # UNTRIMMED Vgyrt RDAC MARGIN RANGE
CHO +12V £1% LT3081 R3, R4 +10%
CH1 -12V £1% LT3090 R17,R18 R31, R32 +10%
CH2 +48V 1% L T8330 R34, R35 R40 +5%
CH3 48V £1% L 78580 R52 R58, R59 +5%

Notes:

— Keep load currents < 100mA on +48V channels and < 250mA on +12V channels.

— Qutput voltages can be margined by +10% from nominal with the default resistor values. These values can be eas-
ily changed. See section Changing Nominal Output Voltages. Use the LTC2975 Resistor Selection Tool which is
accessed from LTpowerPlay.
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DEMO MANUAL DC2518A

GLOSSARY OF TERMS

The following list contain terms used throughout the
document.

Channel — The collection of functions that monitor, su-
pervise, 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
temperature 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 —Anindustry 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-Thefinal outputvoltage thatthe LTC2975 supervises.

Supervise — The act of quickly responding to a voltage
and currentcondition thatis compared to pre-programmed
values.

Trim—-The act of adjusting the final output voltage. A servo
loop is typically used to trim the 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 LTC2975
EEPROM orsavetoaprojectfile. Order pre-programmed
parts.

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

USB to I°C/SMBus/
PMBus Controller
(DC1613)

Demo System Hardware

Hardware Required:

1. DC2518A

2. PC + USB Cable

3. 12V, >1A Power Supply

4. USB to 12C/SMBus/PMBus Controller (DC1613)

+12V Power
Supply

A\ 4

—> CHO: +12V

LTC2975 PSM & [ ciiy. 15

{mm)|  4-ChHV/Neg Demo |, cho- 48y
Board (DC2518A) | s 4y

dc2518a FO1

Figure 1. DC2518A Demo Setup
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DEMO MANUAL DC2518A

LTpowerPlay GUI SOFTWARE

LTpowerPlay is a powerful Windows-based development
environmentthat supports Linear Technology power system
management ICs with EEPROM, including the LTC2975
4-channel Power System Manager. The software supports
a variety of different tasks. You can use LTpowerPlay to
evaluate Linear Technology 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 diag-
nosticand debugfeatures. [tbecomes avaluable diagnostic
tool during board bring-up to program or tweak the power
management scheme in a system or to diagnose power

issues when bringing up rails. LTpowerPlay utilizes the
DC161312C/SMBus/PMBus Controller to communicate with
one of many potential targets, including the DC2518A demo
system or a customer board. The software also provides
an automatic update feature to keep the software current
with the latest set of device drivers and documentation.
Download the software from:

www.linear.com/Itpowerplay

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

DISPLAY OF SELECTED

CONFIGURATION SETTINGS REAL-TIME PARAMETER (CONFIG ~ CHIP DASHBOARD
SYSTEM TREE OF FOR ALL DEVICES IN TELEMETRY OR TELEMETRY) AND ENERGY
ALL DEVICES SYSTEM TREE DATA ACROSS SYSTEM METER
File View | Configuration Utilities Custom Scripts  Help
ala . || GO 7 |= 4 " B (= ey
Bio e Bal 0 =iSiT T Qs NE
Al B G | / PConfig | @ Capture/Replay - % || W Telemetry | - X § Dashboard --U0 (7'h50) -LTCZ! | - x|
Config: CHO: +12V Telemetry: CHO: <12V ;
. ** One or more Custom Scaling Parameters ane Configured, Parameters Shown -
B St Leclap: -[&J - ik Here to View Custom Scaling Parameters. .. E
- "!i ) Sl o e ad L1 MF;::N;EAK_LT:.I 12,0781 V : ]
=il V0 Ows0) LTC2975 OnfOffMargin | Voltage | Current | Temperature | Energy | Timing READ_VIN 12,0781 V [V
CHY: 2V WatchdogPG00D | Feult Responses | Fault sherng | soratchped | A l"'":;::"i‘“:;;"ﬁ' "lwa'zt'v";“' L Z
CHZ: +48V | MFR_VOUT_PEAK_LTC 12,0780 V B
CH3: 48V _ 12.0007 v LS
| MFR_CONFIG_LTC2974 (0x0483) Expand for Detail, . = mfﬂﬂ"a:";ﬂ V‘M"I&?’ i o
On/otr Control and Margining MFR_VOUT_PEAK_LTC_PER,. +0,65 % /b V.o | £ — E
‘;:é"n-‘);;-co"gm w"('e’ ‘°“"°"'“-’c"‘h"’“-°"‘"- READ_VOUT_PERCENT +0,01 % above/below V... [4 rails] READ_VOUT | sitadl | =]
AT L OO0 I E = | =
a0 s""0"““c:’l'l“’° s :Fn_vsﬂﬁuiic_nnce... -0.03 % above/balow V... ~ READ_VOUT (All Pages in System) 1=
& (0:90) On/Hominal Voltage MFR_DAC_LIVE_LTC 0x01CD Ll ": = LTC2975 12,0007 V¥
{094) MarginLowlgnoreFay, ., MFR DAC UVE PERCENTFS.  -0.969 % L 12,0116 V
£0ué MorginLow | Telemetry — Input Pawer - A7.2988 ¥
(0xA4) MarginHighlgnoreFs, . MEF_PIN_PEAK YR -48,0017 ¥
{OxAS) MarginHigh READ_PIN 1570 W
- Output Voltage MFR_PIN_MIN 1,559 W
WOUT_OV_FAULT_LIMIT +10,0 % above/below YOUT alematry — v
VOUT_OV_WARN_LIMIT +15 % sbove/below VOUT FTET L T
VOUT_MARGIN_HIGH +5.0% above/below VOUT R BN 0 days, 000 : 0 : 19,6585
VOUT_MARGIN_LOW 35@% an:ve.a’belnw vouT MEREN_WATTS 1555
VOLIT_UY_WARN_LINIT -1.5% sbove/below YOUT 4 Tﬂ:‘:;lm: :E:KM Corant 01338 A 7 sty Pt | b .1
VOUT_UY_FAULT_UMIT -10.0% above/below VOUT RERSCI 01501 A € W Plot - 49Hz
POWER_GOOD_ON “5,0% above/below VOUT RN IR O1EE A

POWER_GOOD_OFF =80 % above/Dalow YOUT
 Fault Rezponzes — Output Yoltage

Telematry — Output Current

MFR_IOUT_PEAK_LTC 6,226 mA

# TON_MAX_FAULT_RESPON,, (0xB8) Inmediate OffRetry pe.., WFR_READ_IOUT LTC2974 | 5.000 mA

3 VOUT_UY_FAULT_RESPON,., (0x7C) Deglitched Of,4Retry ., . B i

# VOUT_OV_FALLT_RESPO,.  (0x#d) Daglitchad Off,4No_Rs,,. HE:D;OUET,M" e :’2? ::

Output Voltage — Miscellansous MER T SELE MEAT 0.0 °C

VOUT_MAX 15,0000 ¥ -

MFR_DAC_LTC 454 LT Idealized On/Off Waveforms i)

4 VOUT _MODE 0x13) Linear, Isb_size = £1-13,
MFR_VOUT_DISCHARGE TH,. | 200

- Owutput Cumrent Calibration
10UT_CAL_GAIN 500,000 mOhms

MFR_IOUT_CAL_GAIN_TC 0 ppm/*C

MFR_IOUT_CAL_GAIN_TAL_INY 0,00

MFR_IOUT_CAL_GAIN_THETA U000 "CW

- Output Current
bt e [vout_commano
| {Prez= F1 lor More Detaeiled Information on thiz Regisier)
Advanced Mode | Nominal DC/DC converter output vollage setpoint,

IDEALIZED ON/OFF SCOPE-LIKE
SUPPLY WAVEFORMS TELEMETRY WINDOW

Figure 2. Screen Shot of the LTpowerPlay GUI
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DEMO MANUAL DC2518A

QUICK START PROCEDURE

Thefollowing procedure describes howto setupaDG2518A
demo system.

1. Download and install the LTpowerPlay GUI:
www.linear.com/Itpowerplay

2. Remove the board from the ESD protective bag and
place it on a level surface. Connect the DC1613 12C/
SMBus/PMBus controller to the DG2518A board using
the 12-pin ribbon cable.

3. Confirm that the RUN switch is set to its OFF position.

4. Plugthe DC1613 USB-to-12C/SMBus/PMBus controller
intoa USB port onyour PC. The board should power up
with the LED labeled “LTC2975 ON” illuminated green.

5. Connect a +12VDC power supply with > 1A capacity to
the Vy input jack of the DC2518A board. The blue LEDs
will illuminate indicating that DC jack power and input
power to the LDOs is applied. Move the RUN switch to
the ON position. The four outputs will power up and
the green LEDs will illuminate.

6. Launch the LTpowerPlay GUI.

a. The GUI automatically identifies the DC2518A and
builds a system tree for each 12C device. The system
tree on the left hand side will look like this:

=45 System
=--#3g) (Ungrouped)
B
- #5g) CHO: +12V
458 CH1:-12v
‘ CH2: +48V
- CH3: -48V

b. A green message box will be displayed momentarily
in the lower left hand corner confirming that the
DC2518A is communicating.

All the PMBUS Devices defined in
this project are ACKnowledging
their [2C addresses.

NOTE: It is recommended that you

Re. press the ‘Read All Registers® button
in the toolbar to read settings from
the hardware into the GUI

Figure 3. Connecting DC2518A and the DC1613 USB to I2C/SMBus/PMBus Controller
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DEMO MANUAL DC2518A

QUICK START PROCEDURE

¢. You may make configuration changes. When you
update registers in the GUI by using either function
key F12 to write an individual register or use the
Write All icon to write all registers, you may need
these settings for future use. Save the demo board
configuration to a (*.proj) file by clicking the “Save”
icon. This creates a backup file on your C: drive.
Name it whatever you like.

File View Configuration Utilities GO

vHAsBal

All (Edit Groups...)

= System
%% {Ungrouped}

E--a5§) U (7h5C) -LTC2975
...l TN BV

Ifyou needtoloadthe original board default configu-
ration, selectthe GUI menu pull-downitem DEMO —
DC2518A_Defaults. This writes the board defaults
into the LTC2975’s RAM and automatically to NVIM
as well.

7. The LTC2975 is configured to use the RUN switch to
sequence on/off the four channels. Slide the switch to
RUN to enable, OFF to disable all channels.

Loading a Configuration (*.proj) File with the GUI
To load a previously saved proj file:

1. In the upper left hand corner of the GUI, File — Open
— browse to your *.proj file. This will load the file into
the GUI.

2. Click on the “Go Online” icon, then click on the “PC —

RAM” icon to write all registers. This

5|E& loads the configurationinto the working
LINE RAM of the LTC2975.

3. To store the configuration to NVIM (EEPROM), click on
the “RAM — NVM” icon.

P RAM

RAMNVM

dc2518af
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PDC2518A DETAILS

LTC2975 PSM

PUSHBUTTON
TO FORCE

A RESET AND
AFAULT

12C PORTS

CH2 AND CH3
OUTPUTS

LTC2975

DEMO CIRCUIT 2518nA

ge and Negative
stem Management

CHO AND CH1
OUTPUTS

Figure 4. DC2518A Details

CASCADING
CONNECTOR

CASCADING
CONNECTOR

DG JACK
(+12V)

T

DC1613

CONNECTOR

RUN
SWITCH
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DEMO MANUAL DC2518A

common BOARD OPERATIONS

Overview

A simplified block diagram of the DC2518A is shown
in Figure 5. The LTC2975 measures input current with
a 10mQ sense resistor. It also controls, monitors, and
supervises all four outputs.

Powering the Board

The DC2518A board is powered from a wall-powered 12V
supply. The supply must be capable of delivering > 1A. If
the four channels are loaded with the maximum allowable
current, the input current will be greater than 1A. The
LTC2975 device is powered either from the DC1613’s
3.3V power or jack power if Vy is applied.

DC2518A LEDs

There are three blue LEDs near the power jack. These
indicate that the DC jack has voltage and +15V switching
regulator outputs are up and running. The LED labeled
VDD33 illuminates when the LTC2975 is powered from
either the USB controller or the external Vy power. Each
channel has its own green LED which indicates that the
channel is enabled. The red LEDs on ALERTB and FAULTB
indicate a warning or fault has occurred.

INPUT
CURRENT SENSE
—_—

AAA

Reset the LTC2975

Toresetthe LTC2975and reload the EEPROM contents into
operating memory (RAM), press the pushbutton switch
SW2 labeled RESET.

Preload the Outputs

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

Controlling/Sequencing Channels

By default all four channels on the DC2518A board are
controlled by a single RUN switch.

The LTC2975is 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
pinor Group operationcommandtoturnall channels “on”.
Figure 6 shows an oscilloscope screen capture of the four
output rails sequencing up.

The same applies to TOFF_DELAY values. When the Run
switch is set to the OFF position, all rails will power down
sequentially based on the TOFF_DELAY values.

+Viy

vy

DC1613
USB DONGLE HEADER

PMBus
—P]

LTC2975
4-CH POWER
SYSTEM MANAGER

+3.3V

CONTROL

RUN

Vewr Vin_sns lin_snsp liN_snsm

A

LDO
+12v

LDO
-12v

DC/DC
+48V

DC/DC
-48V

CHO

CH1

A

CH2

CH3

SWITCH

dc2518a FO5

A

Figure 5. Simplified Block Diagram of the DC2518A
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DEMO MANUAL DC2518A

common BOARD OPERATIONS

Agilent
CH2, +48V

CHO, +12V

\CH1, =12V

CH3, -48V

Figure 6. Sequencing Output Channels On/Off

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 four channels. The timings are intentionally skewed
to show the rails ramp times more clearly.

For the LTC2975, the TON_DELAY and TOFF_DELAY
values extend to 655ms, providing a reasonable range
for sequencing power supply rails on and off.

-/ TON_DELAY (All Pages in System)
U0 - LTC2975 0,000 ms

TOFF_DELAY (All Pages in System)
U0 - LTC2975 50,000 ms

U 25,000 ms ua 50,000 ms
uaz 100,000 ms uo:2 20,000 ms
U3 125,000 ms uo:s 20,000 ms

Figure 7. TON_DELAY and TOFF_DELAY Settings

Margin All Rails

The LTC2975 Power System Manageron the DC2518A
not only monitors each of the four outputs but can margin
the outputs either high or low. Margining is the operation
that moves a rail up or down for testing purposes. It al-
lows a system to be fully characterized over supply limits
without 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 margining
dialog, click the GroupOp icon in the toolbar. The buttons

labeled “ignore faults” will margin without creating a fault
even if the fault limits are exceeded.

Write OPERATION to all pages in the Entire System

Write OPERATION for All Pages in System to:

Margin High

Cycle Off./On Margin High ‘ (lgnore: Faults)
_|
ediate Off Margin Low ‘ ugnao?énFléﬂ;tvs)

Clicking a button will immediatety write OP ERATION to every device in the system using the

Group command protocol and PAGE=FF

A look at the telemetry window shows the effect of the
margin high and margin low operations. 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 | v X
€y W Plot.. ~ 5.0Hz

|
1
]
]
~—

dc2518af
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DEMO MANUAL DC2518A

common BOARD OPERATIONS

The LTC2975 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 parameter
thatis displayed inthe telemetry window. Due to the nature
of a multiplexed ADC converter, it has an associated ADC
loop time of approximately 160ms.

Creating a Fault

There is a pushbutton on the DC2518A 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 creates a fault
(shorts Vggyse node to ground) on CHO, the +12V output
(GUI channel U0:0). When faulted, all channels power
down immediately and the GUI's system tree indicates
the color red for the status portion of that channel. You
should seeall outputs power off, the fault LED momentarily
illuminate, 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 fault behavior and retry timing.

4 Sysen
= 4] (Ungrouped)
¥ _. ] U0 (7h5C) -LTC2975
pol CHO: +12V
58 CH1:-12v
g CH2: +48V
- g CH3: 48V

Clearing a Fault

To clear a fault, you can click the CF icon in the GUI or
simply pushthe RESET pushbutton (SW2) onthe DC2518A
demo board. In both cases, the red (+) on the CFicon 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 are re-armed. For further
information, see the ‘Working with the Fault Log’ section.

“Why Am | 0ff?” 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.

ﬁMﬂq
3. View Analysis Results
Telemetry: UD:3
Telemetry — Input Voltage
MFR_VIN_PEAK_LTC 95156 ¥
READ_WIH

Why am I Off? Summary

95156 ¥ 0
MER_VIN_MIN_LTC | Rail V03 is commanded off by the user.
Telemetry — Outp:
MFR_VOUT_PEAK_LTC 33377V .
oooagy  Details:
MFR_VOUT _MIN_LTC 33353 v
| Telemetry — Output Voltage (%)  Fail "U0:3" is commanded off via the OPERATION command.
MFR_VOUT_PEAK_LTC_ .. +1.14 % ab
READ _VOUT _PERCENT -99.87T % a
MFR_VOUT_MINLTC_P..  +1.07 % ab
o Telemetry — DAC
MFR_DAC_UVE_LTC 0x0219
MFR_DAC_UVE_PERCE,. 4.883 %
| Talamatrs — Innit Dawsr

Figure 8. “Why Am | Off” tool in the LTpowerPlay GUI

o The OPERATION command is presently InmmediateOff (0:00).
o Rail U03'is configured to respect the OPERATION command via
ON_OFF_CONFIG.

g
=]
<
=
opeusojuy smisboy 8| po1we ym |
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DEMO MANUAL DC2518A

ADVANCED DEMO BOARD OPERATIONS

What is a Fault Log?

Afaultlogisanonvolatile 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 LTC2975. 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 LTG2975 on the DC2518A 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 LTC2975 chip.

- 4 S
ﬂ (Ungrouped)
L 000mso Licas
CHO: +'|2V
434 CH1: 12V
-IX CH2: +48V
254) CH3: 48V

Working with the Fault Log

Once a fault has occurred, the Fault Log (FL) icon
ﬁ will show a red (+) sign on it, indicating that the

GUI has detected a faultlog in the device. Clicking
the icon will bring up a dialog box. Note that it is a context
sensitive icon. If multiple DC2518A 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--U0 (7'h5C) -LTC2975

RAM Fault Log EEPROM Fault Log
RAM Log Status: & Log to EEPROM on Fault
Mot Locked paliol Read/Clear ALL in System l

Read RAM Log

§1I

iBB

Clear/ Re-am
EEPROM Log Status:
NVM to RAM LOCKED EEFROM Log
I

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

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

RAM Fault Log EEFROM Fautt Log
RAMta NVM

RAM Log Status: Logto EEPROM on Faut

Mot Locked Read/Clear ALLin System
Clear/ Re-am

EEPROM Lag Status:

\OCKED EEPROM Log

icks (200us each)
. Ulh:lm:lulse

Pezk Values znd Fast Statua:

VoutO: Min: (0x 7F113 3. 9103 5 ¥, Peak: tnxajm) 4406738 W
TempO:- Min: (0xE280] 40, Peak: {(0xE234)

in: (0x8ZRTI O 0103607 Deak: cOxEBa;E) 0.1032715

2 I0UTO:
TTUS\’M 0x00) 0

Vin: Min: [0xD2FB) 11 92183, Peak: (0xDIFE) 1198375

Tin: Min: (0xE3S2) 0.1469727, Deak: (0xRR43) 0_Z856445
Pin: Min: (0xBBE4) 1.757818, Peak: (0xC367) 3402344

Voutl: Min: (0x10B1) 0.5216044 V, Peak: (0x10B7) 0.5223389 V
Templ:- Min: (0xE282) 40.125, Peak: (0xE230] 41

The log contains timestamp, up-time, channel voltage
readings, aninputvoltage reading, an on-chip temperature
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.

In this case, the fault log will show that channel U0:0
faulted due to a VOUT_UV_FAULT condition. On the pre-
vious telemetry loop, the channel voltage reading was a
nominal value (+12V). You can save the fault log to a file
(.rtf) by clicking the Export button.

Configuration | Utilities | Custom Scripts  Help

O_‘\% g} | Import Training Module(s)... 5‘
N Project File Migration 3

4 I2C Uility... v

Configuration/CRC...

Programming Utility...

| Fault Sharing Diagram...
On/Off Configuration... o
Resistor Selection Tool... -

ngrouped)

PSM Board Bring Up Tool... B
T —

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.

dc2518af
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ADVANCED DEMO BOARD OPERATIONS

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 the LTC2975 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.

The fault sharing dialog will appear as shown in Figure 9.
All Respond and all Propagate switches are closed by
default. In this configuration, a fault on a channel will shut
down not only the faulted channel but all other channels
since the Propagate switches are closed.

Zoneo_

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

-4

——
—.—
vo:l
M

——— | —a
™\ /M
- W— —
vo:2
—— e
el I—— | | —

Vg WP

- T FAULTEL
H oo
—r e }——t— s W

oei'\.-
Press 0K to copy these settings to the GUI OK

Figure 9. Fault Sharing Utility in LTpowerPlay GUI

There are two types of actions to fault conditions: How a
channel responds to another channel’s fault and whether
aparticular channel propagates its fault to other channels.
FAULT pinsare 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
LTC2975 is configured to shut down all channels if the
FAULT pin is low and to propagate its own fault to the
other channels by driving both FAULT pins low. On the
DC2518A, the two FAULT pins are tied together, which
effectively creates one fault line. You can think of the
“Respond” 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.

Fault Configuration Example

Suppose we do not want channel CHO (+12V rail) to
propagate its fault to the other channels when it faults.
And suppose we do not want channel CH1 (-12V rail) to
shut down in response to another channel’s fault. We can
configure the switches as shown in Figure 10. 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 LTC2975.

Fault Sharing Setup

Zone 0 |

Respond Propegate

[Pull LD on Internal Fault)

Figure 10. Updated Fault Sharing Configuration

Press 0K to copy thess seltings to the GUI

You can now create a fault on CHO by pressing the FAULT
pushbutton. This action does not directly short the +12V
supplyto GND butinstead pulls the Vseyse pinto GND. You
will notice that the channel shuts off but the other channels
remain powered up because its fault is not propagated to
the other channels. After the retry period, channel CHO
will power back up. You can now observe the effect of
changing the response setting on CH1. If you short the
test point VSP3 to ground on CH3 (—48V rail), notice that
all rails shut down except CH1. This is an example of a
keep-alive channel that remains powered up independent
of faults to other channels.

NOTE: Itis not recommended to short the +48V or-48V
power supplies directly to GND on this demo board as
you may damage an output. Damage might occur if you
change the fault response to “ignore”.

dc2518af
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ADVANCED DEMO BOARD OPERATIONS

Energy Metering

The LTC2975 is capable of high-side current sensing of
the input power supply. This feature allows the manager
to measure input supply current. Select the READ_IIN
register to display the telemetry plot. The input current
reading will be ~130mA if all channels are enabled and
Vin = 12V. Notice the current reading move lower as you
turn channels off.

= Telemetry Plot | - X
£ W Plot.. ~ 4.9Hz

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 time base.

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.

"Chip Dashboard --U0 (7hSC) -TC2975 IS fesl
5

The DC2518A demo board has two power supplies thatare
capable of relatively high voltages, +48V. Be careful when
handling the board with these channels enabled since the
voltage difference between the two is 96V.

The LTC2975 is able to monitor and measure four outputs
and its input power supply. LTpowerPlay offers a simple
and easyto understand interface that brings togetherinput
and output current, voltage, power, and energy readings.

- Telemetry — Input Power
MFR_PIN_PEAK
READ_PIN
MFR_PIN_MIN

= Telemetry — Input Energy
MFR_EIN
MFR_EIN_TIME
MFR_EIN_WATTS

-l Tel try — Input C
MFR_IIN_PEAK

§ READ_IIN

MFR_IIN_MIN

1.619 W
1.582 W
1.564 W

172,053 J
0 days,00h : O1m : 47.9,,,
1.589W

0,1353 A
01321 A
0,1306 A

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 milli Joules.
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.

To demonstrate the meter readings and register values,
first select the MFR_EIN register to display the energy
in the telemetry plot. Turn off all channels by setting the
RUN switch to the off position. You will notice that the
slope has changed. The accumulated energy rate is the

/= Telemetry Pot | - x

€3 W Plot.. ~ 7.1Hz

dc2518af
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ADVANCED DEMO BOARD OPERATIONS

slope. Energy is still being accumulating but at a lower
rate since channels 0 and 1 remain enabled. Note that the
input current changed from about 130mA down to OmA
as seen in the READ_IIN register. 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, the input power is
12V +130mA or 1.56W. 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.

Output Voltage Sensing Schemes

The voltage sensing schemes employed on the DC2518A
are of three types. For positive voltage channels (CHO and
CH2), a voltage divider performs this function in a simple
manner. It's inexpensive, takes up little board space, but
introduces errorinthe voltage reading. For negative voltage
channels (CH1 and CH3), two different sensing methods
are used. One method uses a divider that is referenced
to the REFP pin while the other method uses an op-amp
that converts the sensed voltage to a positive single-ended
divided-down voltage.

For the positive high voltage rails, a simple divider is
used. The equation that relates divider resistors and the
rail voltage is as follows:

Reot
Vsnsp = VRaiL ® [— +Isnsp *Rropl|Rsot

Rrop + Reor

The primary source of error is due to resistor tolerance.
This is the reason 0.1% resistors are used. A secondary
source of error comes from the Iggysep pin current that
is pulled from the divider into the LTC2975. The divider’s
IR drop is due to the product of the Thevenin equivalent
resistance and the Isgysgp current. To minimize this error,
the Thevenin resistance should be less than 2k.

+15V —

VSENSEP
LTC2975

VSENSEM

DC2518A F11

Figure 11. Output Voltage Sensing

The divider on CH2 (+48V) is 27k and 3k and the Thevenin
equivalent resistance is 2.727k. The top resistor is com-
prised of two series resistors in order to keep the power
dissipation within the limits of the 0603 case size which
a 100mW rating. The divided voltage is 4.8V, and the pin
currentis 9uA. Thisinformation can be foundinthe Typical
Operating Characteristics curve ofthe LTC2975 data sheet.
ThelRdropis~24mV.Thisintroducesapproximately 0.5%
error in the sensed voltage.

LT8330

+12V— V| Vout +48Y

R4 —L+ 3
FBX 309k T 4.7uF
<R5
i10.7k
DIVIDE-BY-10 VSENSEP

LTC2975

VSENSEM

DC2518A F12

Figure 12. High Voltage Sensing

For the —12V channel (CH1), a divider is used; however,
the Vsense pins must be kept above GND. To accomplish
this, the Vsensep pin is tied to a positive voltage and the
Vsensem pin to the divider. This arrangement not only
divides the rail voltage down to a safe level but also pro-
vides an absolute value of the divided voltage. There are
three sources of error in this case: the positive reference
voltage that the top of the divider is connected to, the
resistor tolerances, and the Vggnsem pin current that is
pushed into the divider node.

dc2518af
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REFP
+1.232V

VSENSEP
LTC2975

VSENSEM

DC2518A F13

LT3090
—15V—Viy Vout

Figure 13. Negative Voltage Sensing

To minimize these errors, one can choose REFP as the
positive reference supply and use 0.1% tolerance resistors.
The reference is accurate to within a few millivolts of the
nominal 1.232V value. To reduce the error introduced by
the Isensem current, divider resistor values must be cho-
sen to have a low Thevenin resistance while not drawing
more than 100pA fromthe REFP pin. The divided down rail
voltage is sensed across resistor R1. The resistors divide
the =12V down by 10k/(10k+140k) or 15. This is reflected
in the scale factor in the LTpowerPlay GUI.

Toeliminate REFP and Vsgnsgm pin currenterrors, the—48V
channel (CH3) uses a ground-referenced op-amp circuit
to measure the negative rail voltage. See Figure 14. The
LTC6015 op-amp has input common mode range down
to GND. Attaching a resistor from the negative supply to
the inverting input and corresponding feedback resistor
allows the circuit to “touch” highly negative nodes while
providing a single-ended low impedance output to a
Vsensep input. Components R2/C2 set the low frequency
anti-aliasing filter to 1.59kHz. The time constant 100ps
establishes the response time to over- and under-voltage
conditions on the —48V output.

C2, 10nF
| |
I

R2, 10k

+12V

9— VSENSEP

LTC2975

LT8580

VSENSEM
+12V — Vin Vout

DC2518A F14

Figure 14. Output Voltage Sensing for Negative Rail

Output Current Sensing Schemes

The output current on each channel of the DC2518A demo
board uses a 50mQ sense resistor. This board uses a
variety of sensing schemes: IMON, current sense ampli-
fier, and op-amp with voltage-translating transistor. Each
of the channels allows the user to try different sensing
methods. Zero ohm jumpers select between one or the
other method so that you can understand the trade-offs
of cost versus accuracy.

Each channel’s output has a pre-load resistor that is
soldered in place. The primary reason for the pre-load is
to quickly discharge the output when sequencing off/on.

The board comes with IOUT_OGC_FAULT limits set to 0.4A
for the +12V/-12V rails and 0.2A for the +48V/-48V rails.
A deglitched fault response is set to mask OC when the
channels start up.

The LTC6101 and LT6105 current sense amplifiers are
used on the +12V (CHO), =12V (CH1), and +48V (CH2).

+3.3V

V+

Vour [— VSENSEP

R3
* LTC2975
VSENSEM

DC2518A F15

LT6105

LT3090

-15V—Vin Vour

—
LOAD
CURRENT

Figure 15. Output Current Sensing for Negative Rail

The LT6105 is a low side current sense amplifier and is
able to tolerate voltages up to 36V. For the —48V rail, an
alternative solution is needed. The —48V rail (CH3) uses
an LTC2054 and NFET to provide the current sensing and
level shift to a single-ended signal that drives the ISNSP
and ISNSM pins. The circuit implemented on the DC2518
is that shown on the front page of the LTC2054 data sheet.
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Servo Circuits

A number of different servo circuits are utilized on the
DC2518. The servo circuits control a regulator’s SET pin,
a feedback (FB) pin, and an FBX pin.

The+12Vrailon CHOis based onthe LT3081 linear regulator.
This device derives its output from a 50pA current source
(SET pin) that connects to a single resistor tied to GND.

Vin

|
dDSOuA

SET DC2518A F16

LT3081

412V
[Toan |
=

<SRser
240k

Figure 16. Regulator with SET Pin

The series resistors provide an equivalent 240k to GND.
The 50pA current develops a nominal +12V on the SET
pin which is buffered to the OUT pin. The output voltage
may have some error due to SET current and external
resistor tolerances. The LTC2975 can servo the output by
accurately measuring the divided Voyrand drives the SET
resistor midpoint to make adjustments to Voyr.

Vi

|
GlD 500 LT3081

=

12V
[Toan |
=

SET DC2518A F17 LT02975
2
vpAc | //Hi RANGE
+1.25V 0V T0 2.65V
RseT2 )
25k

Figure 17. DAC Connects to SET Resistors

The LTC2975’s DAC is connected directly to the midpoint
of the two SET resistors. The Rger1 and Rggro resistor
values are chosen such that the midpoint is approximately
1.25V, avoltage that is half of the DAC’s maximum output.
After the DAC finds a suitable voltage, it is connected to
the divider and controls this node, making it capable of
changing Voyrt higher or lower by +1.2V.

How to Servo a Negative LDO

A servo circuit that needs more thought is the LT3090
servo. The SET pin sinks 50pA and a 240k SET resistor
develops 12V below GND.

500Al =

RseT
240k

SET =
+
LT3090

10pF
-15V—Vin Vour L -12v

DC2518A F18

Figure 18. Negative LDO with SET Resistor

To add a servo circuit that translates a positive DAC volt-
age to a current pushing into a node that is below GND,
a PNP transistor is used.

LTC2975

VDAC

DC2518A F19

SET —

N =
LT3090

10pF
-15V—Vin Vout L -12v

DC2518A F18

Figure 19. Negative LDO with Servo
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There are two SET resistors and the midpoint is fed with
a 20pA pre-bias current that sets the floating voltage. The
SET resistor Rggr always sees 50pAand Rggro sees 30pA.
This arrangement allows the DAC, via the PNP to adjust
the pre-bias current, thereby moving the resistor midpoint,
and therefore the output voltage. The LTC2975 DAC can
soft-connect to the emitter which sits ~0.6V above GND.

With the DAC disconnected, the PNP emitter current is
defined by R3. The collector pushes 20pA into the SET
resistors. Once the DAC is soft-connected to Q5’s emitter,
the DAC resistor limits the current added or subtracted
to the R3 current.

Enable/Disable

Notall regulators have a RUN, SHDN, or other “enable” pin
that allows easy turn-on and shut-off. Additionally, there
might be no way to ensure Voyt goes to ground when the
regulator is disabled. Buck regulators are straightforward
in this regard. However, the regulator you choose for your
design may require some thought.

The LT3081 linear regulator does not have any such pin,
so an alternate method was devised to force Voyr off.
An external NFET is connected to the SET pin that when
activated pulls the SET pin to GND, thereby bringing Voyt
to GND. When the channel is disabled, the VOUT_EN pin
is low, thereby turning the PFET on which pulls the NFET
gate high, activating the NFET which pulls the SET pin to
GND. When the channel is enabled, the PFET gate pulls

high and the NFET is released, allowing the LT3081’s
50pA current source to ramp the SET node via the Rget
resistor. The TON_RISE timer begins to count. Once the
timer expires, the DAC starts its soft-connect operation.

LT3081
+3.3V

4 +15V—Viy Vout +12v
<ER1 I +|
S10k SET 10pF
LTC2975 | g
VoUTEN L | PFET =
NFET  SRser
R2 2k
10k = = DC2518A F20

Figure 20. Disable Output with Input PFET

Another potential issue you may encounter is the proper
disabling of a boost regulator. Look at the CH2: +48V
supply. The LT8330 is configured as a boost topology
which has a DC path (inductor and diode) from the input
to output. There is an enable pin on the device. However
when disabled, the output does not goto ground but rather
only goes downto the input voltage. To solve this problem,
a PFET was added in series with the input to disconnect
Vi, allowing the output to go to GND.

PFET L DF
+12V
R2 "—m—
10k +3.3V ‘ S
R Vin Vout 9 $— +48V
| 10k LT8330 R +
NFET & TOP 4.7uF
EN :
_E“ EBX 30% T
L‘\l’/%i?_z; < ?g(;{( DC2518A F21

Figure 21. Disable Output with Input PFET
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SETUP PROCEDURE FOR MULTI-BOARD ARRAYS

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

Procedure:

1. Stack the boards side-by-side by plugging JP1 of one
board into JP2 of another DC2518A board.

2. Ensure different slave address settings for each of the
boards. The address of each DG2518A board is set by
the DIP switch JP3 on the backside of the board. The
setting must be unique for each board in the array.

3. Plug in the +12V V,y power into one of the boards
as shown in Figure 22. 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 I12C bus and find the addresses of the parts. Repeat
steps #2-4 to ensure that each board has a unique DIP
switch setting.

5. 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.

6. 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” buttoninthetoolbartoensure that
PE RAM 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.
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Figure 22. Array of Multiple Board Sets
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Ensuring Slave Addresses Do Not Conflict expander has a base address of 0x20. The DIP switch

There is asmall DIP switch onthe backside ofthe DC2518A. Sﬁﬂ"‘gz set tlhg ‘l)f‘;js‘j\tb T:f tf\‘zreeE SW“"lhesb”;at nay tﬁe
Itis used to set the slave address of an 1/0 expander which g anget argda ¢ eO 20 and 07 Xampies below set the
allows the addition of multiple boards to a setup. The I/0 0ards 1o adaress bxzu and Uxe.

|
Figure 24. DIP Switch Set to All 1’s
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PC2518A DETAILS TOP
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Table 3. DC2518A — Default Switch Configuration (Default Position Shown in Grey in the Figure Above)

REFERENCE DESIGNATOR | SIGNAL NAME USAGE DEFAULT

JP3 (Bottom) A0, A1, A2 DIP Switch Used to Set the Address Offset OPEN

S1 CTRL Switch Used to Enable/Disable Channels by Pulling the Control | RUN
Input Pins High/Low of LTC2975
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PC2518A SCHEMATIC DIAGRAM
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PC2518A SCHEMATIC DIAGRAM

However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.

Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
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DEMONSTRATION BOARD IMPORTANT NOTICE
Linear Technology Corporation (LTC) provides the enclosed product(s) under the following AS IS conditions:

This demonstration board (DEMO BOARD) kit being sold or provided by Linear Technology is intended for use for ENGINEERING DEVELOPMENT
OR EVALUATION PURPOSES ONLY and is not provided by LTC for commercial use. As such, the DEMO BOARD herein may not be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including but not limited to product safety
measures typically found in finished commercial goods. As a prototype, this product does not fall within the scope of the European Union
directive on electromagnetic compatibility and therefore may or may not meet the technical requirements of the directive, or other regulations.

If this evaluation kit does not meet the specifications recited in the DEMO BOARD manual the kit may be returned within 30 days from the date
of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY THE SELLER TO BUYER AND IS IN LIEU
OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF MERCHANTABILITY OR FITNESS
FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THIS INDEMNITY, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR
ANY INDIRECT, SPECGIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user releases LTC from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to take any and all
appropriate precautions with regard to electrostatic discharge. Also be aware that the products herein may not be regulatory compliant or
agency certified (FCC, UL, CE, etc.).

No License is granted under any patent right or other intellectual property whatsoever. LTC assumes no liability for applications assistance,
customer product design, software performance, or infringement of patents or any other intellectual property rights of any kind.

LTC currently services a variety of customers for products around the world, and therefore this transaction is not exclusive.

Please read the DEMO BOARD manual prior to handling the product. Persons handling this product must have electronics training and
observe good laboratory practice standards. Common sense is encouraged.

This notice contains important safety information about temperatures and voltages. For further safety concerns, please contacta LTC application
engineer.

Mailing Address:

Linear Technology
1630 McCarthy Blvd.
Milpitas, CA 95035

Copyright © 2004, Linear Technology Corporation
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