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Warranty Information

CERTIFICATION

Agilent Technologies cettifies that this product met its published specifications at time of shipment from the factory.
further certifies that its calibration measurements are traceable to the United States National Institute of Standards
and Technology, to the extent allowed by the Institute's calibration facility, and to the calibration facilities of other
International Standards Organization members.

WARRANTY

This Agilent Technologies hardware product is warranted against defects in material and workmanship for a period
of one year from date of delivery. Agilent Technologies software and firmware products, which are designated by
Agilent Technologies for use with a hardware product and when properly installed on that hardware product, are
warranted not to fail to execute their programming instructions due to defects in material and workmanship for a
period of 90 days from date of delivery. During the warranty period Agilent Technologies will, at its option, either
repair or replace products which prove to be defective. Agilent Technologies does not warrant that the operation for
the software firmware, or hardware shall be uninterrupted or error free.

For warranty service, with the exception of warranty options, this product must be returned to a service facility
designated by Agilent Technologies . Customer shall prepay shipping charges by (and shall pay all duty and taxes)
for products returned to Agilent Technologies for warranty service. Except for products returned to Customer from
another country, Agilent Technologies shall pay for return of products to Customer.

Warranty services outside the country of initial purchase are included in Agilent Technologies' product price, only if
Customer pays Agilent Technologies international prices (defined as destination local currency price, or U.S. or
Geneva Export price).

If Agilent Technologies is unable, within a reasonable time to repair or replace any product to condition as warranted,
the Customer shall be entitled to a refund of the purchase price upon return of the product to Agilent Technologies .

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance by the
Customer, Customer-supplied software or interfacing, unauthorized modification or misuse, operation outside of the
environmental specifications for the product, or improper site preparation and maintenance. NO OTHER
WARRANTY IS EXPRESSED OR IMPLIED. AGILENT TECHNOLOGIES SPECIFICALLY DISCLAIMS THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE THE CUSTOMER'S SOLE AND EXCLUSIVE REMEDIES. AGILENT
TECHNOLOGIES SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR
CONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

The above statements apply only to the standard product warranty. Warranty options, extended support contacts,
product maintenance agreements and customer assistance agreements are also available. Contact your nearest
Agilent Technologies Sales and Service office for further information on Agilent Technologies' full line of Support

Programs.
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Safety Summary

The following general safety precautions must be observed during all phases of operation of this instrument.
Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Agilent Technologies assumes no liability
for the customer's failure to comply with these requirements.

GENERAL

This product is a Safety Class 1 instrument (provided with a protective earth terminal). The protective features of
this product may be impaired if it is used in a manner not specified in the operation instructions.

Any LEDs used in this product are Class 1 LEDs as per IEC 825-1.
ENVIRONMENTAL CONDITIONS

This instrument is intended for indoor use in an installation category II, pollution degree 2 environment. It is
designed to operate at a maximum relative humidity of 95% and at altitudes of up to 2000 meters. Refer to the
specifications tables for the ac mains voltage requirements and ambient operating temperature range.

BEFORE APPLYING POWER

Verify that all safety precautions are taken. Note the instrument's external markings described under "Safety
Symbols".

GROUND THE INSTRUMENT

To minimize shock hazard, the Agilent MCCD Mainframe chassis and cover must be connected to an electrical
ground. The mainframe must be connected to the ac power mains through a grounded power cable, with the ground
wire firmly connected to an electrical ground (safety ground) at the power outlet. Any interruption of the protective
(grounding) conductor or disconnection of the protective earth terminal will cause a potential shock hazard that
could result in personal injury.

The Agilent Powerbus Load does not connect to ac mains. Connect the ground terminal of the load to the ground
terminal of the external dc source. Use a #14 AWG wire as a minimum.

ATTENTION: Un circuit de terre continu est essentiel en vue du fonctionnement sécuritaire de 1'appareil.
Ne jamais mettre I'appareil en marche lorsque le conducteur de mise ... la terre est d,branch,.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in the presence of flammable gases or fumes.
DO NOT REMOVE THE INSTRUMENT COVER

Operating personnel must not remove instrument covers. Component replacement and internal adjustments must be
made only by qualified service personnel.

Instruments that appear damaged or defective should be made inoperative and secured against unintended
operation until they can be repaired by qualified service personnel.
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Safety Symbols

SAFETY SYMBOLS

Direct current

Caution, risk of electric shock

| Earth (ground) terminal

Caution, hot surface

Protective earth (ground) terminal
(Intended for connection to external

protective conductor.)

Caution (Refer to accompanying documents.)

On - power (Indicates connection to the
ac mains.)

On - equipment (Identifies the on condition of
part of the equipment.)

Off - power (Indicates disconnection
from the ac mains.)

OO = >

Off - equipment (Identifies the off condition of
part of the equipment.)

Document Scope

This document describes and specifies the “standard” version of the Agilent Multi-Cell
Charger/Discharger System. It contains installation instructions, connection information, programming
information, example programs, and specifications. Information about the Agilent MCCD User Interface
is provided online. System options are described on a separate option sheet that is shipped with this
manual. All information is this manual is subject to change. Updated editions will be identified by a new

printing date.

Notice

This document contains proprietary information protected by copyright. All rights are reserved. No part
of this document may be photocopied, reproduced, or translated into another language without the prior
consent of Agilent Technologies. The information contained in this document is subject to change

without notice.

© Copyright 1999, 2000, 2001 Agilent Technologies, Inc.
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General Information - 1

E4370A
MULTICELL CHARGER/DISCHARGER
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LINE Applies and removes ac power from the Agilent MCCD. Relays inside the unit that connect
the power bus are disengaged when power is off, so the power bus is also disconnected from
the unit by this switch.

SYSTEM

Power When lit, indicates that the mainframe is powered on.

Ready When lit, indicates that the unit is ready for operation.

When off, indicates that the external power bus voltage is either too high or too low.

Active When lit, indicates that data communication is present on the LAN cable.

When flashing, indicates that LAN communication is in progress.

FAULT (Refer to A

pendix E to clear any fault conditions)

External

When lit, indicates an external fault such as:
External digital fault signal received,
Power fail shutdown signal received,
High power bus voltage after power on,
Low power bus voltage after power-on.

Overtemperature
Internal When lit, indicates an internal hardware fault such as:
Selftest failure,
Calibration error,
Hardware error.
1,2,3,4
Ready Indicates the card is powered up and ready to be used
Fault When lit, indicates an internal hardware fault such as:

Selftest failure,
Calibration error,
Hardware error.

Figure 1-2. Agilent E4370A MCCD Mainframe Front Panel Controls and Indicators

11
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General Information - 1

The Agilent E4371A Powerbus Load has a + and a — power bus connector on its rear panel. There is also
a ground connection. To meet safety requirements, connect the ground terminal of the Agilent Powerbus
Load to the ground terminal of the external dc source. The load receives its operating power from the
power bus. If the dc voltage on the power bus drops below 22.8 volts, or if there is no power available on
the power bus, the load will not operate. Note that the load is not programmable. It is set at the factory
for the correct operating voltage and does not require calibration.

The On/Off switch on the load simply connects or disconnects the load from the power bus. Note that the
internal fans draw approximately 1.5 amperes of current from the power bus.

CAUTION:  When discharging its maximum rated power, the Agilent E4371A Powerbus Load
becomes hot to the touch.
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Figure 1-4. Agilent E4371A Powerbus Load Front and Rear Panels
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General Information - 1

28 kW
Power Source
24V @
1167A)

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

POWERBUS

Agilent E4371A
Powerbus Load

Agilent E4371A
Powerbus Load

Agilent E4371A
Powerbus Load

Agilent E4371A
Powerbus Load

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

Agilent E4370A
+4 E4374A cards
(256 channels)

Figure 1-5. System Diagram Using Agilent E4374A Cards
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1 - General Information

Dig I/O for fire/smoke detector Powerbus

Control PC Dig /O for fixture ]
open/close

/77

Fixture

Dig I/O for
buttons and
indicators

/010777

/7777
/177777
i i

o O O
Ready Test Start

Power + Sense lines

Tray of cells

: \\\ Serial

communications

Figure 1-7. Typical Cell Forming Station

¢ The control PC sends a signal via the LAN to the digital I/O to turn on the Ready light on the test
fixture. This tells the operator that the system is ready for another tray of cells. The control PC also
begins polling for serial data on the RS-232 buffer of the Agilent MCCD.

¢ The operator scans the bar code on the tray of cells sitting on the conveyor belt. The operator then
loads the tray into the test fixture and closes the fixture.

¢ After detecting that data is available on the RS-232 buffer, the control PC reads the bar code data.
Based on the data, it downloads the correct forming sequence into the Agilent MCCD. It also
downloads setup information such as which channel outputs to enable, probe check settings, trigger
source, etc.

¢ The control PC then polls the digital I/O lines for the Start button.

When the operator presses Start, the control PC detects it and polls the digital I/O lines to make sure
the fixture is closed. It sends a signal to turn off the Ready light and turn on the Test light, indicating
to the operator that the cell forming sequence has started.

¢ The control PC then sends a trigger to the Agilent MCCD to start the forming sequence. It also starts
polling the instrument status for the completion of the test sequence.

¢ The cell forming sequence runs. The test sequence automatically applies a stimulus to the cells,
monitors cell parameters to determine if a cell passes or fails, and stores the test results. During the
test sequence, the Agilent MCCD monitors the dedicated digital I/O lines that are connected to the
fire and smoke detectors. This allows rapid response in case of a problem.

¢ When the instrument status in the Agilent MCCD shows that the sequence is complete, the control
PC sends commands to the Agilent MCCD to measure the internal resistance of all cells and then
upload all measurement data.

+ Finally, the control PC sends a signal to turn off the Test light and light the Ready light. The
operator knows that it is now safe to remove the tray from the fixture and start another batch.

Chapter 7 contains several programming examples written in C. The purpose of these examples is to

show you how to implement the various functions of the Agilent MCCD so that you can develop your
own application programs. Program #2 matches the example described here.

22
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2 - Installation

Table 2-2. Accessories (continued)

Item

Manufacturer’s Part
Number

Description

Documentation Package | Agilent E4373A Contains user documentation, software
drivers, and utility programs .
Serial cable Agilent 34398A RS-232 null-modem cable for port A or B.

(see figure 2-4 for schematic)

37-pin
D-sub connector

AMP 205210-2

Mating connector for front panel channel
connectors. Eight connectors are required
for each 64-channel card.

(Connector pins on 64-channel cards are
rated at 5 A maximum.)

Connector hood for 37-
pin connector

AMP 749916-2

Eight connector hoods are required for each
64-channel card.

37-pin connector

Crimp style contacts for | AMP 66506-9 Crimp contact for 37 pin connector

37-pin connector 16 contacts are required for each connector.
(Pins only accept wires sized 20-24 AWG.)

Crimp tool for crimp AMP 58448-2 Hand crimp tool

style contacts

Solder style contacts for | AMP 66570-2 Crimp contact for 37 pin connector

16 contacts are required for each connector.
No tooling is required.
(Pins only accept wires sized 18 AWG.)

Front Panel Filler Panel

Agilent p/n 5002-1505

One blank filler panel is required for every
empty slot in Agilent MCCD mainframes.

Rack mount Flange Kit

Agilent p/n 5062-3979

Includes 2 flanges, fasteners, and mounting
SCrews

Rack mount Flange Kit

Agilent p/n 5062-3985

Includes 2 handles, 2 flanges, fasteners, and

Harrisburg, PA 17111-0100

with Handles mounting screws
Table 2-3. Manufacturer's Addresses

Company Address Contact

Phoenix Contact P.O. Box 4100 Phone:717-944-1300

Fax: 717-944-1625
http://www.phoenixcontact.com/index.html

AMP

Harrisburg, PA 17111

http://www.amp.com/

Agilent Technologies

See list at back of this manual

http://www.agilent.com/
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2 - Installation

1+
'

charging = 160A
«———

Charging values based on: Discharging values based on: Power Source
Power/channel = 18W Power/channel = 13.5W (24V @ 160 A)
Efficiency = 80% Efficiency = 75% -

Power bus voltage = 24V Power bus voltage = 26.5V charging = 160A

. ——

Power Source

(24 V@ 160 A)
Power Source charging = 160A
(24 V @ 160 A) ) o E—
maximum Power Source
charging _| (24V @ 160 A)

current = 480A

Power Source l
(24V @ 160 A) discharging = 196A
WV, .

Agilent E4371A
Powerbus Load

Agilent E4370A °
+4 E4375A cards 7%
(256 channels) *%37

Agilent  E4370A &~ o
+4 E4375A cards

(256 channels) Block

| Power Source maximum

24 \/ 160 A discharging
( @ ) current = 196A

charging = 240A
discharging = 98A
Terminal <« > +

Agilent E4370A
+4 E4375A cards
(256 channels)

Agilent E4371A

Powerbus Load charging = 240A
discharging = 98A
Flexible Wires <“—p +
Agilent E4370A
+4 E4375A cards
(256 channels)

o1 \ / -
Rigid Bars

Flexible Wires

STAR CONFIGURATION BUS BAR CONFIGURATION

Figure 2-2. Typical Power Bus Configuration for Agilent E4375A cards

The star configuration on the left is designed so that each section of the power bus carries no more
current than the rating of the equipment that it is connected to. This configuration lets you use longer
lead lengths because the voltage drop in each lead is directly related to the amount of current flowing in
the lead. However, this configuration requires you to run separate leads from each Agilent MCCD
mainframe to the load as well as the power supply, thus increasing the total amount of wiring required.

The bus bar configuration on the right is designed to minimize the amount of wiring between the
equipment. However this requires larger diameter wires or bus bars. This is because the leads from the
power supplies as well as the leads to the load are required to carry the full charging and discharging
current for two Agilent E4370A MCCD mainframes. Larger currents result in larger voltage drops in the
wiring, which may prove unacceptable with long lead lengths.

Charging Mode Guidelines:
Power bus wires must be capable of handing the full charging current requirements of all Agilent
E4370A MCCD units connected to the power bus. In the example that follows, the calculations are for

worst case current requirements. Calculate the input current requirement of one fully loaded Agilent
E4370A MCCD as follows:
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Installation - 2

Multiply the power used by one cell times the number of cells in the Agilent MCCD. Divide the
result by the efficiency of the unit to determine the total input power required for that mainframe.
The efficiency of the unit in charging mode is assumed to be 80%, which is a worst-case value as far
as calculating the total power required by the mainframe.

# of cells X power _per cell

0.8

Divide the input power requirements of the Agilent MCCD by the minimum voltage required at the
input terminals of the Agilent MCCD (22.8 volts). The result will be the maximum charging current
required by the Agilent MCCD. (Double this current if you are simultaneously charging two Agilent
MCCD mainframes as illustrated in Figures 2-1 and 2-2.)

= Max_power _in

Max_power_in
Power_source_voltage

= Max_powerbus_current

Determine the voltage drop that the maximum current will produce in the power bus leads using the
resistance values in Table 2-6.

Add this voltage drop to the minimum voltage required at the input terminals of the Agilent MCCD
to determine the output voltage setting of the dc power supply.

The voltage at the input terminals of the Agilent MCCD during charging mode must be between 25.2
and 22.8 volts. If the sum of the voltage drops in both the + and — power bus leads causes the voltage
at the mainframe power terminals to drop below 22.8 volts, the Agilent E4370A MCCD will shut
down due to an undervoltage condition. Use a larger size wire to reduce the voltage drop.

Discharging Mode Guidelines:

Power bus wires must also capable of handing the full discharging current requirements of all Agilent
E4370A MCCD units connected to the power bus. In the example that follows, the calculations are also
for worst case current requirements. Calculate the output current of one fully loaded Agilent E4370A
MCCD as follows:

1.

Multiply the power generated by one cell times the number of cells in the Agilent MCCD. Multiply
the result by the efficiency of the unit to determine the total output power produced by that
mainframe. The efficiency of the unit in discharging mode is approximately 80% with Agilent
E4374A cards and 75% with Agilent E4375A cards. This percentage represents the highest
efficiency possible for calculating the total power that is generated by the mainframe in discharge
mode.

(# of cells X power _per cell) X Efficiency = Max_power_out

Divide the power generated by the Agilent MCCD by the input voltage of the Agilent Powerbus
Load. At an input voltage of 26.5 volts, the result will be the maximum discharging current that will
be absorbed by the Agilent Powerbus Load. (Double this current if you are simultaneously
discharging two Agilent MCCD mainframes as illustrated in Figure 2-5.)

Max_power_out
26.5

Determine the voltage drop that the maximum current will produce in the power bus leads using the
resistance values in Table 2-6.

= Max_powerbus_current

The sum of the voltage drops in both the + and — power bus leads cannot exceed 1.5V If the
voltage drop exceeds 1.5 volts in discharging mode, the Agilent MCCD will shut down due to an
overvoltage condition at the mainframe terminals. Use a larger size wire to reduce the voltage drop.
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3 - Configuration

Digital I/0 Configuration

Digital I/0 Configuration over the LAN is ENABLED
1) To ENABLE Digital I/O Configuration over the LAN
2) To DISABLE Digital I/O Configuration over the LAN

3) To configure Digital I/0

Type a number and press Enter or ctrl-G to return to initial screen

To continue configuring the Digital I/O, press 3. The pin numbers of the Digital I/O connector appear on
the screen. Refer to Figure 2-2 for the physical locations of the pins. Note that the two pins on each end
of the connector are the Common connection for any pins that are configured as grounded outputs.

Digital I/0 Configuration

Pin, Function

0 General Purpose I/0, Grounded, High True
1 General Purpose I/O, Grounded, High True
2 General Purpose I/0, Grounded, High True
3 General Purpose I/O, Grounded, High True
4 General Purpose I/0, Grounded, High True
5 General Purpose I/O, Grounded, High True
6 General Purpose I/0, Grounded, High True
7 General Purpose I/O, Grounded, High True
8 General Purpose I/0, Grounded, High True
9 General Purpose I/O, Grounded, High True
10 General Purpose I/0, Grounded, High True
11 General Purpose I/O, Grounded, High True
12 General Purpose I/0, Grounded, High True
13 General Purpose I/O, Grounded, High True
14 General Purpose I/0, Grounded, High True
15 General Purpose I/O, Grounded, High True

Type a pin number and press Enter or ctrl-G to return to initial screen

To configure a pin, select a pin number and press Enter. The following choices appear on the screen for
each pin that you select. Selections made in this screen will be shown in the previous screen.
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Configuration - 3

Pin O Digital I/0 Configuration

1) Change to External Fault Input Grounded
2) Change to External Fault Output Grounded
3) Change to External Interlock Grounded
4) Change to General Purpose I/O Grounded
5) Change to General Purpose Input Grounded
6) Change to General Purpose Output Grounded
7) Change to External Trigger Grounded
8) Change to External Fault Output Isolated
9) Change to General Purpose Output Isolated
10) Change to Power Fail Input Grounded
11) Change to Power Fail Output Grounded
12) Change to Power Fail Output Isolated
13) Change to Output and not Fault In Grounded
14) Change to Output and not Fault In Isolated

Type a number and press Enter or ctrl-G to return to initial screen

All pins do not have to be configured in the same way. Some can be used as isolated outputs while others
are single-ended I/O. Functions can also be mixed, with some pins being general purpose Digital /O
while others have a specific purpose. Chapter 2 under “Digital Connections” provides further information
about the purpose and application of the digital I/O signals. Any pin can be configured for selections 1
through 7. The common ground pin is the return for these selections.

Selections 10 and 11 are the power fail signals. One is the input, to signal that a power failure has
occurred; the other is the output, to indicate when the shutdown state has been saved. Pin 13 is a special
purpose signal discussed under cfSetDigitalConfig in chapter 5.

Selections 8, 9, 12, and 14 are the isolated output selections, which require a dedicated pair. Dedicated
pairs are located on adjacent pins (0-1, 2-3, 4-5, etc.), up to a maximum of eight pairs. For example to use
the pair pin 0-1 as an isolated output, configure pin 0 to be the isolated output and do not configure pin 1.
Pin 1 is the minus connector of the output. Writing to or reading pin 1 has no effect. Isolated outputs
cannot be used as inputs.

After you press Enter, select whether the pin will be configured as either High True or Low True.

Pin O Digital I/0 Configuration
1) Change to High True

2) Change to Low true

Type a number and press Enter or ctrl-G to return to initial screen
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4 - User Interface

7.

Raw log

Sorted by cell

Individual
files per cell

Transfers all of the logged data in the order that it was logged.

Transfers all of the logged data sorted by cell. Data is organized from first
cell to last cell.

Transfers all of the logged data and creates a separate data file for each cell.

When you select Raw log or Sorted by cell, you must enter a filename in which to store the data.

Select the Browse button to chose a directory in which to put the file. The default directory is

C:\hpmccd\bin

for each active

When you select Individual files per cell, the utility automatically creates up to 256 data files (one

cell. Filenames are c001.txt through c256.txt. All files will be placed in the

C:\hpmccd\bin\data directory.

Click Transfer
transfer.

to start the data transfer. The status field provides status information about the

Click Exit to exit the utility.

Data files that are created by the measurement log utility contain the following information:

cell-number
step-number
time

status

entry-type
volt-reading
curr-reading
amp-hours

watt-hours

resistance
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1 through 256
1 through n; the total number of steps in the sequence
Time in seconds since the forming sequence was triggered

A value that indicates the status of the cell
Value  Status

1 constant voltage mode
2 constant current charge mode
4 constant current discharge mode

One of the following: “Charge”, “Discharge”, “Rest”, “ACR”, “DCR”
Cell voltage in volts (only for Charge, Discharge, and Rest steps)
Cell current in amperes (only for Charge, Discharge, and Rest steps)

Cumulative ampere-hours from the beginning of the step-number (only for
Charge, Discharge, and Rest steps)

Cumulative watt-hours from the beginning of the step-number (only for
Charge, Discharge, and Rest steps)

ac or dc resistance measurement in ohms (only for ACR and DCR steps)
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Programming Overview - 5

Step 1

In Step 1, all cells are set to charge at a constant current of 0.295 amperes until the voltage reaches 4.2
volts. It continues charging at the 4.2 volt limit, however the charging current now starts decreasing from
its 0.295 ampere limit setting. The cell continues charging until the cell current falls to 0.02 amperes.
When this occurs, the cell goes to the next step, the resting state. This is shown occurring for cell 1 and
cell 2 in Figure 5-2. Because the current test was never true for cell 3, it remained in the charging step
for the maximum charging time of 20 minutes.

A cell fails the test if it reaches the 3.8 volt setting in less than 5 minutes. This indicates that the cell is
charging too rapidly.

Step 2

In Step 2, all cells rest for at least 10 minutes with no stimulus applied to their outputs. The resting step
can thus be used to move a cell into a resting state if you do not want the present stimulus settings to be
applied to it after it has satisfied the test criteria, or if you do not want it to proceed to the next step
before any of the other cells have completed the present step.

Step 3

In step 3, all cells are set to discharge at a constant current of 0.295 amperes until the voltage falls to 3
volts. This voltage is referred to as the end of discharge voltage or EODV. If the voltage drops to 3 volts
after five minutes has elapsed, the cell goes to the resting state. This is shown for cells 1 and 2 in Figure
5-2. The maximum time limit for the discharge step is 15 minutes, however the step is completed sooner
than that for cells 1 and 2.

A cell fails the test if its voltage drops to 3 volts before 5 minutes has elapsed. This is shown for cell 3 in
Figure 5-2, which indicates that the cell is discharging too rapidly. A cell also fails the test if the voltage
does not fall below 3 volts after 15 minutes. This indicates that the cell is discharging too slowly, due to a
possible problem with the test fixture or the wiring.

Step 4

Step 4 is a five minute rest step, which is only included in this example as a buffer between the previous
discharge step and any other step that may follow in the sequence. Because cells can be independently
paced, you do not have to use rest steps in this manner.

NOTE: Sequence steps and tests are volatile and disappear when the ac power is turned off.
Also, cfReset resets all volatile settings to their power-on state, which deletes all steps
and tests.
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5 - Programming Overview
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Figure 5-2. Simple Cell Forming Example
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cfMeasDCResistance
cfMeasOutputProbeResistance
cfMeasProbeContinuity
cfMeasSenseProbeResistance
cfMeasVoltage
cfOpen

cfOpenGroup
cfProtect
cfProtectClear
cfReadMeasLog
cfReadTestLog
cfReadSerial

cfReset

cfResetSeq

cfRestart
cfSaveQutputConfig
cfSelftest
cfSetAutoConnect
cfSetCurrent
cfSetDigitalConfig
cdSetDigitalPort
cfSetErrorFunction
cfSetGroup
cfSetMeasLogInterval
cfSetOutputConfig
cfSetOutputProbeTest
cfSetOutputState
cfSetSense
cfSetSenseProbeTest
cfSetSeqStep
cfSetSeqTest
cfSetSeqTestAnd
cfSetSerialConfig
cfSetServerTimeout
cfSetShutdownDelay
cfSetShutdownMode
cfSetTimeout
cfSetTrigSource
cfSetVoltage
cfShutdown
cfStateDelete
cfStateList
cfStateRecall
cfStateSave

cfTrigger
cfWriteSerial

Language Dictionary

measures the dc resistance of a cell or all cells

measures the output probe resistance of a cell or all cells
checks the sense and output probe connections of a cell or all cells
measures the resistance looking into the sense probes of a cell or all cells
measures the voltage of a cell or all cells

opens a connection to the Agilent MCCD

associates a server handle with a defined group

forces the Agilent MCCD into a protected state

clears the protected state of the Agilent MCCD

returns measurements acquired during a forming sequence
returns error messages from the test log

reads data from one of the serial ports

sets programmable functions to their power-on state

aborts and clears a previously defined sequence

recalls a previously saved restart state

saves the output configuration in non-volatile memory

begins an instrument selftest

turns the automatic reconnect feature of the mccd.dll file on or off
sets the output current

sets the operation of an individual digital I/O port

writes a data word to the digital I/O port

defines an error function

defines a group of cells

defines the criteria for generating a measurement log entry
configures the output cells as active or inactive

sets the resistance limit of the output probe

sets the instrument’s output state off, charge, or discharge

sets the voltage sense to remote or local

sets the automatic testing of the sense probe resistance

defines an output sequence step

defines the tests performed during a sequence step

defines multiple tests combined with the logical AND function
sets the communication parameters of a serial port

sets the connection inactivity timeout period

sets the shutdown delay period

sets the shutdown mode to auto or manual

sets the time the client waits for a response from the server
sets the trigger source to LAN or external

sets the output voltage

causes the Agilent MCCD to go to a safe state prior to shutting down
deletes a previously created instrument state

returns a list of instrument state names

loads a previously created instrument state

saves the present instrument settings in non-volatile memory
sends a trigger over the LAN

writes data words to the serial port

-6
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Language Dictionary - 6

The measurement log contains measurements acquired during the forming sequence. For the
sequence step types CF_CHARGE, CF_DISCHARGE, or CF_REST, a log entry is made at the
beginning and end of a step. Additional log entries are made whenever the voltage, current, or
time meet the criteria specified by the function cfSetMeasLoglnterval. For all other sequence
step types, only one entry is made containing a specific measurement.

The value pointed to by the read_pos argument controls which portion of the log is read. If this
value is the special value CF_READ_FIRST, data is returned starting at the beginning of the log.
Subsequent calls to cfReadMeasLog use the location pointed to by read _pos to keep track of the
read position. If the value pointed to by read_pos is the special value CF_ READ_LAST, the last
entry for the specified cell is returned. If this special read_pos value is combined with the cell
argument of CF_ALL CELLS then the last 256 entries in the log are returned if bufsize is large
enough to accept them. If bufsize is not large enough, the last entries that fit in bufsize are
returned.

The cell and step arguments act as filters that allow limiting the returned log entries to a specific
cell or specific step numbers. The cell argument can be an individual cell number from 1 to 256,
or the constant CF_ ALL_CELLS to read log entries for all cells. The step argument can be an
individual step number, or the constant CF_ALL STEPS to read log entries for all steps.
Additional step arguments return tagged measurements. The following table summarizes the step

arguments:
<step number> returns entries for that step number
CF_ALL_STEPS returns entries for all steps
CF_STEP_TRANSITIONS returns summary entries of each step
CF_TAGGED_ACR returns tagged ac resistance entries
CF_TAGGED_DCR returns tagged dc resistance entries
CF_TAGGED_OCV returns tagged open circuit voltage entries

CF_TAGGED_CUM_AH returns tagged cumulative ampere-hour entries
CF_TAGGED_CUM_WH returns tagged cumulative watt-hour entries

If the step argument is the special value CF_STEP_TRANSITIONS, the function returns a very
abbreviated number of entries from each step. This can be used to obtain a quick summary of a
sequence. For steps of type CF. CHARGE, CF_DISCHARGE, or CF_REST, it returns an entry
at the beginning of the step and the last entry in the step. For all other sequence step types, it
returns a single entry.

The number of characters read into the buffer is returned in retcount. cfReadMeasLog will not
return a partial measure log entry, so the number of characters read will typically be slightly less
than the buffer size. When the retcount value is 0, the end of the measure log has been reached.
Reading the entire measurement log can be time consuming if the forming sequence is long and
the logging intervals are set for frequent entries. There is an optimum buffer size that should be
used if maximizing the reading speed is important. The macro CF_ MEAS LOG_BUFSIZE is
provided in the header file mccd.h for this purpose, and can be used as shown in Example 1 in
chapter 7.

Measurement log entries are sequences of ASCII formatted values separated by ASCII tab ("\t")
characters. Each log entry is terminated by a newline ("n') character. The format of a
measurement log entry depends upon the step type of the corresponding sequence step. All log
entries are the same format in the first 4 values, but the meaning of subsequent values depend on
the step type.
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Language Dictionary - 6

When an output signal is programmed, the pin is driven by an open collector transistor. Writing a
word to the port using cfSetDigitalPort will turn the transistor on or off based on the word and
the polarity of the bit. Reading the port using cfGetDigitalPort returns the last value written to
the bit.

When an input signal is programmed, the state of the input can be read using cfGetDigitalPort.
Writing to the port has no affect on the bit.

When CF_DIG _INOUT is programmed, the bit can be used as both an input and an output.
Writing a word that causes the output to go high turns the output transistor off and allows an
external device to drive the port high or low. Writing a word that causes the output to go low
turns the transistor on and drives the port bit low. Reading the port returns the actual state of the
port, not the programmed value.

NOTE: If an even bit that was previously configured as CF_ISOLATED is set to
CF_GROUNDED, the attributes of its adjacent paired bit (the odd bit) default to
CF_GROUNDED, CF _DIG INOUT, and CF_ LOW_TRUE, unless otherwise
programmed.

CF _ISOLATED Operation

When the reference argument is set to CF_ ISOLATED, each even numbered bit and the odd
numbered bit that immediately follows it form a pair. The pins on the output connector that
correspond to each bit-pair are the plus and minus outputs of an optical isolator. The bit
argument can be either the even or odd numbered bit of a pair when cfSetDigitalConfig is called.
However, only the even numbered bit of the pair is used to set the logic level of the output with
cfSetDigitalPort. cfSetDigitalPort ignores the odd numbered bits of any pair that is configured as
CF_ISOLATED.

Any bit-pair whose reference is set to CF_ISOLATED can be used as a general purpose output
by setting the signal argument to CF_DIG_OUT. The pair can also be used as an isolated fault
output by setting the signal argument to CF_ EXT FAULT_OUT. The following table
summarizes the signal choices for CF_ISOLATED operation:

CF_EXT_FAULT_OUT External Fault output (has the same logical value as External Fault input)
CF_DIG_OUT General purpose output

CF_POWER_FAIL_OUT  External Power Fail output.

CF_DIG_OUT_AND_NOT_ Combines a CF_DIG OUT function with enabling logic from
FAULT_IN CF_EXT FAULT IN.

The polarity of an CF_ISOLATED pair is set using the polarity argument. If the polarity is
CF_HIGH _TRUE, then a 1 sent to the pair's even numbered bit by cfSetDigitalPort will be
output as a high level at the connector. If the polarity is CF_LOW_TRUE, then a 1 sent to the
pair's even numbered bit will be output as a low level at the connector.

Any pair that is set to CF_ISOLATED cannot be used as a digital input. The data returned by
cfGetDigitalPort for a CF_ISOLATED pair consists of the programmed value in the even
numbered bit and a 0 in the odd numbered bit.

See Also
cfSetDigitalbPort, cfGetDigitalConfig
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6 - Language Dictionary

CF_CHARGE Constant voltage/constant current charge

CF_DISCHARGE Constant voltage/constant current discharge

CF_REST Rest (output in high impedance state)

CF_ACR AC resistance measurement

CF_DCR DC resistance measurement

CF_TAG_ACR Makes an ac resistance measurement which is identified in
the measure log as a TaggedACR entry type.

CF_TAG_DCR Makes an dc resistance measurement which is identified in
the measure log as a TaggedDCR entry type.

CF_TAG_OCV Makes an open circuit voltage measurement which is
identified in the measure log as a TaggedOCYV entry type.

CF_TAG_CUM_AH Writes the cumulative ampere hours to the measure log as a
TaggedCumAH entry type.

CF_TAG_CUM_WH Writes the cumulative watt hours to the measure log as a
TaggedCumAH entry type.

CF_RESET CUM_AH  Resets the cumulative ampere hours measurement to zero.
CF_RESET_CUM_WH  Resets the cumulative watt hours measurement to zero.

There are two classes of step types. Charge, discharge, and rest step types define periods of time
with specific stimulus to the cells. For these step types, the maximum duration of the step is
given by the time argument in seconds. Transitions to the next state before the time period has
elapsed can be affected by actions defined by the function cfSetSeqTest.

Other step types are used to control measurements and generate entries into the measure log. For
these step types, the time argument is ignored, and the duration of the step is only the time
required to perform the action associated with the step. For example, ACR and DCR
measurements can be made at specific steps in the sequence. These can be either tagged or
untagged measurements. Tagged measurements can be retrieved from the measurement log using
a query filter which returns only these entries. Untagged measurements can also be read from the
log, but the these measurements cannot be queried selectively and will be returned along with all
other entries when the entire log is read.

The Agilent MCCD also measures cell capacities in both ampere hours and watt hours. These
capacities are reset to zero at the beginning of each sequence step, and they are reported as part
of the standard measurements in each measure log entry. The Agilent MCCD also has the ability
to accumulate capacity over several sequence steps. Special step types are provided to reset these
cumulative capacities and to send them to the measure log at specific steps in the sequence.
These are tagged measurements, which are retrieved using a query filter.

There is little capability to edit sequence steps. If a step_number is sent that is already defined,
the new step_number settings replace the previous settings. There is no way to insert a new step
between two previously defined steps, or to delete a single step. cfResetSeq deletes all sequence
steps and tests, and should be sent prior to defining a new set of sequence steps and tests. If a
forming sequence is in progress when cfSetSeqStep is given, an error is returned.

Steps are volatile and disappear when the ac power is turned off.

See Also
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CF_NEG _DIDT LE  The change in the magnitude of current during the standard measurement
interval that is negative, and the magnitude of the change is less than or equal to
the programmed limit.

CF_DVMAX GE The magnitude of the difference between the voltage and the maximum voltage
observed during the step that is greater than or equal to the programmed limit.
CF_DVMAX_LE The magnitude of the difference between the voltage and the maximum voltage
observed during the step that is less than or equal to the programmed limit.
CF_DVMIN_GE The magnitude of the difference between the voltage and the minimum voltage
observed during the step that is greater than or equal to the programmed limit.
CF_DVMIN_LE The magnitude of the difference between the voltage and the minimum voltage
observed during the step that is less than or equal to the programmed limit.
CF_DIMAX GE The magnitude of the difference between the absolute value of current and the

maximum absolute value of current observed during the step that is greater than
or equal to the programmed limit.

CF_DIMAX LE The magnitude of the difference between the absolute value of current and the
maximum absolute value of current observed during the step that is less than or
equal to the programmed limit.

CF_DIMIN_GE The magnitude of the difference between the absolute value of current and the
minimum absolute value of current observed during the step that is greater than
or equal to the programmed limit.

CF_DIMIN_LE The magnitude of the difference between the absolute value of current and the
minimum absolute value of current observed during the step that is less than or
equal to the programmed limit.

time_test_type is one of:

CF_TEST_BEFORE Action is taken if the measurement test is true before the time
argument

CF_TEST_AT Action is taken if the measurement test is true at the time argument

CF_TEST_AFTER Action is taken if the measurement test is true after the time
argument

CF_TEST_BEFORE_STIMULUS Action is taken if the measurement test is true before the stimulus
is applied for this step. The outputs are in a reset condition during
this test. The #ime argument is ignored for this time_test type.

time is in seconds relative to the beginning of the present step number

action is the action taken when the meas_test type and time_test type are both satisfied. The
action choices are:

CF_NEXT Advance as soon as possible to the next step, short circuiting all remaining tests
in the present step.

CF_FAIL Mark the cell as a failure and disconnect it. No further tests or steps are applied
to the cell.

NOTE:

CF_ACR_LE and CF_ACR_GE can only be used with CF_ACR steps.
CF _DCR_LE and CF_DCR_GE can only be used with CF_DCR. steps.
Other meas_test types cannot be used with CF_ ACR or CF_DCR steps.
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You cannot delete a single test. cfResetSeq deletes all sequence steps and tests, and should be
sent prior to defining a new set of sequence steps and tests. If a forming sequence is in progress
when cfSetSeqTest is given, an error is returned.

Tests are volatile and disappear when the ac power is turned off.
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7 - C Program Examples
} while (presentState != CF_INITIATED) ;

/* Start the sequence */
cfTrigger (server) ;

/* Wait for the sequence to end */

do {
cfGetRunState (server, &presentState) ;
/* sleep or do something else */

} while (presentState == CF_FORMING) ;

/* Read entire measurement log and write it to a disk file */
fp = fopen("logfile", "w");
for (read pos = CF_READ FIRST; ; ) {
cfReadMeasLog (server, &read pos, CF_ALL CELLS, CF_ALL STEPS,
CF_MEAS LOG _BUFSIZE, buf, &retcount);
if (retcount)
fputs (buf, fp);
else
break;

}

fclose (fp) ;

/* Close the server connection */
cfClose (server) ;

return(0) ;

}

/* Program the charge/discharge sequence */
void setup (CF_HANDLE server)
{
/* Step 1 and tests. */
cfSetSeqgStep (server, 1, CF_CHARGE, 4.2, 0.295,
20 * SECONDS_ PER_MINUTE, 0.0);
cfSetSeqTest (server, 1, CF_VOLT GE, 3.8, CF_TEST BEFORE,
5 * SECONDS_ PER MINUTE, CF_FAIL);
cfSetSeqTest (server, 1, CF_CURR_LE, 0.02, CF_TEST_AFTER,
5 * SECONDS_ PER MINUTE, CF_NEXT);

/* Step 2 is a rest step. */
cfSetSeqgStep (server, 2, CF_REST, 0.0, 0.0);
10 * SECONDS_ PER MINUTE, 0.0);

/* Step 3 and tests. */
cfSetSegStep (server, 3, CF_DISCHARGE, 3, 0.295,
15 * SECONDS_ PER MINUTE, 0.0);
cfSetSeqTest (server, 3, CF_VOLT LE, 3, CF_TEST BEFORE,
5 * SECONDS_ PER_MINUTE, CF_FAIL);
cfSetSeqTest (server, 3, CF_VOLT LE, 3, CF_TEST AFTER,
5 * SECONDS_PER_MINUTE, CF_NEXT) ;
cfSetSeqTest (server, 3, CF_VOLT GE, 3, CF_TEST AT,
15 * SECONDS PER MINUTE, CF_FAIL) ;

/* Step 4 is a rest step. */
cfSetSegStep(server, 4, CF_REST, 0.0, 0.0);
5 * SECONDS_ PER MINUTE, 0.0) ;
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7 - C Program Examples

/***********************************************************************

Main function
***********************************************************************/
void main(int argc, char *argv[])

{

char *szServerAddr = DEFAULT_SERVER;
char *szPassword = DEFAULT PASSWORD;
CF_HANDLE hServer;

int nResult;

int nDigitalPort;

char szBarCodeMsg[MAX BARCODE] ;

int nBarCodeCount;

int nRunState;

CF_READP readPos;

FILE *hFile;

char szMeasBuffer [MEAS BUF SIZE];
int nMeasBufCount;

float fCellResistance [CF_MAX CELLS];

/* Open a connection to an MCCD. */
nResult = cfOpen(szServerAddr, &hServer, szPassword) ;
if (nResult != CF_OK)

{

!

printf ("Could not connect to MCCD: %$s\n", szServerAddr) ;
APIError (hServer, "cfOpen", nResult)

}

printf ("Connected to MCCD: %s\n", szServerAddr) ;

/*
* Setup the client API DLL.
*/

/* Install a central error handler function. */
cfSetErrorFunction (APIError) ;

/* Set the client timeout period. */
cfSetTimeout (CLIENT TIMEOUT) ;

/*
* Setup the MCCD server.
*/

/* Reset the server to power-on defaults. */
cfReset (hServer) ;

/* Set voltage sense to remote. */
cfSetSense (hServer, CF_SENSE REMOTE) ;

/* Set trigger source to LAN. */
cfSetTrigSource (hServer, CF_LAN) ;

/* Set measurement log intervals for all sequence steps. */
cfSetMeasLogInterval (hServer, CF_ALL STEPS, 0.1f, 0.1f, CF_INFINITY);

/* Set serial port A configuration to use with bar code reader. */
cfSetSerialConfig(hServer, CF_PORTA, 9600,
CF_PARITY NONE, 8, CF_FLOW_NONE) ;

/* Enable probe tip checking. */
cfSetSenseProbeTest (hServer, CF_ON) ;
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/* Configure resistance limit for output probe test. */
cfSetOutputProbeTest (hServer, 0.1f);

/* Mark outputs 65 - 256 as unused by this fixture. */
cfSetOutputConfig(hServer, 1, 14, CF_SET ACTIVE);
cfSetOutputConfig (hServer, 15, 256, CF_SET INACTIVE);

/*
* Turn on the fixture ready light to tell the operator that the
* gystem is ready for a new tray of cells.
*/

cfGetDigitalPort (hServer, &nDigitalPort) ;

nDigitalPort |= DIG READY LIGHT;

cfSetDigitalPort (hServer, nDigitalPort) ;

/*
* Poll serial port A for data from the bar code reader.
*/
while (1)
{
cfReadSerial (hServer, CF_PORTA, MAX BARCODE,
szBarCodeMsg, &nBarCodeCount) ;
/* Check the data for a token that indicates end of data.
* When token is found, break out of loop. (not shown)
*/
break;
/* Sleep for 1 second to suspend this process, but allow
* other processes to continue to run.
*/
Sleep (1000) ;

}
/*

* Process the barcode message to determine what forming sequence
* should be downloaded to the fixture. (not shown in this example)

*/

/* Download the forming sequence. */

cfSetSeqgStep (hServer, 1, CF_CHARGE, 4.0f, 1.0f, 300.0f, 0.0f);

cfSetSegStep (hServer, 2, CF_REST, 0.0f, 0.0f, 60.0f, 0.0f);

cfSetSegStep (hServer, 3, CF_DISCHARGE, 0.5f, 2.0f, 120.0f, 0.0f);

cfSetSeqTest (hServer, 1, CF_VOLT LE, 0.5f, CF_TEST AFTER, 120.0f,
CF_FAIL);

cfSetSeqgTest (hServer, 1, CF_VOLT GE, 4.0f, CF_TEST AFTER, 0.0f, CF_NEXT);

cfSetSeqgTest (hServer, 3, CF_VOLT LE, 1.0f, CF_TEST AFTER, 0.0f, CF_NEXT);

/* Poll the fixture; wait until it is closed. */
while (1)

cfGetDigitalPort (hServer, &nDigitalPort) ;

if (nDigitalPort & DIG_FIXTURE_READY)
break;

/* Sleep for 1 second. */

Sleep(1000) ;

/*
* Poll digital port for START button pressed.
* Since lines are not latched, must press button > 1 second.

*/
while (1)
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{

cfGetDigitalPort (hServer, &nDigitalPort) ;
if (nDigitalPort & DIG_START_BUTTON)
break;
/* Sleep for 1 second. */
Sleep (1000) ;
}
/*
* Turn off the READY light and turn on the TEST light
* to indicate to the operator that cell forming has started.
*/
cfGetDigitalPort (hServer, &nDigitalPort) ;
nDigitalPort &= ~DIG_READY LIGHT;
nDigitalPort |= DIG TEST LIGHT;
cfSetDigitalPort (hServer, nDigitalPort) ;

/* Initiate the sequence. */
cfInitiate (hServer) ;

/*
* Wait for sequencer to transition to initiated state.
* This may take up to 1 minute while data logs are erased.
*/

while (1)

cfGetRunState (hServer, &nRunState) ;

if (nRunState == CF_INITIATED)
break;
Sleep (1000) ;

/* Trigger the sequence. */
cfTrigger (hServer) ;
printf ("Forming sequence started.\n");

/*
* The sequence is now running.
* Display the sequencer state until it finishes.

*/
while (1)
{
Sleep (5000) ;
cfGetRunState (hServer, &nRunState) ;
printf ("Runstate = %s\r", RunStateToString(nRunState)) ;
if (nRunState == CF_IDLE)

break;

/* The sequence is finished. */
/* Read the entire measurement log to a file. */
if ((hFile = fopen(LOG_FILE, "w")) != NULL)
{
readPos = CF_READ FIRST;
while (1)
{
cfReadMeasLog (hServer, &readPos, CF_ALL CELLS, CF_ALL STEPS,
MEAS BUF_SIZE, szMeasBuffer, &nMeasBufCount) ;
if (nMeasBufCount == 0)
break;
fwrite (szMeasBuffer, sizeof (char), nMeasBufCount, hFile);

}

fclose (hFile) ;
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/* Measure the internal resistance of all cells. */
cfMeasACResistance (hServer, CF_ALL CELLS, fCellResistance);

/*
* Turn off the TEST light and turn on the READY light
* to indicate that it the tray can be removed from the fixture.
*
/
cfGetDigitalPort (hServer, &nDigitalPort) ;
nDigitalPort &= ~DIG TEST LIGHT;
nDigitalPort |= DIG READY LIGHT;
cfSetDigitalPort (hServer, nDigitalPort) ;
printf ("Forming sequence complete.\n");

/* Close the server connection. */
cfClose (hServer) ;
exit (0) ;

}

/***********************************************************************

API error handler.
***********************************************************************/

void APIError (CF_HANDLE hServer, char *szName, int nError)
printf ("\nServer = %d Function = %s Error = %d\n",
hServer, szName, nError) ;
cfClose (hServer) ;
exit (1) ;

}

/***********************************************************************

Convert sequence run state to a description string.
***********************************************************************/

char *RunStateToString(CF_RUN_ STATE state)
{

switch (state) {
case CF_NOT_READY:

return "CF_NOT READY ";
case CF_IDLE:

return "CF_IDLE ",
case CF_ERASING:

return "CF_ERASING ",
case CF_INITIATED:

return "CF_INITIATED ";
case CF_FORMING:

return "CF_FORMING ",
case CF_INTERLOCKED:

return "CF_INTERLOCKED";
case CF_PROTECTED:

return "CF_PROTECTED ";
case CF_HW_FAILED:

return "CF_HW_ FAILED ";
}

return ("Unknown state");
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// Signal threads to start reading logs.
SetEvent (ThreadInfo[0] .hStart) ;
SetEvent (ThreadInfo[l] .hStart) ;

// Wait for threads to terminate.
WaitForSingleObject (hReadThread0, INFINITE) ;
WaitForSingleObject (hReadThreadl, INFINITE) ;
printf ("Press any key to exit\n");
getchar () ;

}

/*****************************************************************************

Thread to read log from MCCD.

*****************************************************************************/

DWORD WINAPI ReadThread (LPVOID lpvThreadParm)
{

int nThread = (int)lpvThreadParm;

CF_READP readPos;

FILE *hFile;

char szMeasBuffer [MEAS BUF SIZE];

char szTimeStamp [LINE SIZE];

int nMeasBufCount;

CF_HANDLE hServer;

// Wait for a signal to start reading the data logs.
WaitForSingleObject (ThreadInfo [nThread] .hStart, INFINITE) ;

// Open a connection to MCCD.
printf ("Thread %d trying MCCD: %$s\n", nThread,
ThreadInfo [nThread] .szAddr) ;

if (cfOpen(ThreadInfo[nThread] .szAddr, &hServer, PASSWORD) != CF_OK)
printf ("Thread %d could not connect to MCCD: %s\n",
nThread, ThreadInfo [nThread] .szAddr) ;
return 1;
}
printf ("Thread %d connected to MCCD: %$s\n", nThread,
ThreadInfo[nThread] .szAddr) ;
// Read the measurement log to a file.
if ((hFile = fopen(ThreadInfo[nThread] .szLogFile, "w")) != NULL)
GetTimeStamp (szTimeStamp) ;
fwrite (szTimeStamp, sizeof (char), strlen(szTimeStamp), hFile);

readPos = CF_READ FIRST;
while (1) {

cfReadMeasLog (hServer, &readPos, CF_ALL CELLS, CF_ALL_ STEPS,

MEAS BUF_SIZE, szMeasBuffer, &nMeasBufCount) ;
if (nMeasBufCount == 0)
break;

fwrite (szMeasBuffer, sizeof (char), nMeasBufCount, hFile);

}

GetTimeStamp (szTimeStamp) ;
fwrite (szTimeStamp, sizeof (char), strlen(szTimeStamp),
fclose (hFile) ;

}

return O0;

hFile) ;

{
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/*****************************************************************************
Return a timestamp string.
*****************************************************************************/
void GetTimeStamp (char *szTimeStamp)

{

char buf[128];

_strdate (szTimeStamp) ;
strcat (szTimeStamp, " ");
_strtime (buf) ;

strcat (szTimeStamp, buf) ;
strcat (szTimeStamp, "\r\n");

/*****************************************************************************
Error handler function.
*****************************************************************************/
void ErrorHandler (CF_HANDLE server, char *name, int error)
{ printf ("ErrorHandler: Server = %d Function = %$s Error = %d\n",
server, name, error) ;
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A - Specifications

Tables A-2 through A-4 list the supplemental characteristics of the Agilent MCCD System.
Requirements for the external power bus source are also listed. Characteristics are not warranted but are
descriptions of typical performance determined either by design or by type testing.

Table A-2. Agilent E4370A/E4374A/E4375A MCCD Characteristics

from Programmed Output Current

Parameter Condition Value
E4374A E4375A
Ah Capacity Measurement Accuracy % of reading + offset <2 A: | +(0.1% +1mAh/h) | +(0.10% +1.5mAh/h)
>2 A N/A +(0.15% +1.5mAh/h)
Wh Capacity Measurement Accuracy % of reading + offset <2 A: | +(0.1% +5mWh/h) | *(0.10% +7.5mWh/h)
>2 A N/A +(0.15% +7.5mWh/h)
Maximum Deviation of Measured Current constant current mode +2mA +3 mA

Maximum Deviation of Measured Voltage constant voltage mode *2mV
from Programmed Qutput Voltage
ac Resistance Measurement maximum measurable: 1Q
max. time/cell to measure: ls
time for 256 cells: ~ 5 min.
dc Resistance Measurement maximum measurable: 1Q
max. time/cell to measure: ls
time for 256 cells: ~ 5 min.
Voltage Output Noise rms 30 mV
(at MCCD connector; bandwidth = 20Hz - 20MHz) peak-to-peak 100 mV
Current Output Noise rms 1l mA
(at MCCD connector; bandwidth = 20Hz - 20MHz) peak-to-peak 10 mA

Maximum Current Overshoot/Undershoot
(from first applied programmed current level)

with current <50 mA
with current >50 mA

+ 15 mA for up to 500 ms
5 % for up to 5 ms

Maximum Voltage Overshoot/Undershoot +25mV
Maximum Current Risetime 0.1s
Minimum Programming Current charging and discharging 25 mA
Measurement Interval for data logging Is
for sequence tests ls
for probe check/channel ls
Step Time maximum 596 hours
minimum 7s
resolution ls
Maximum Readings in Data Buffer 349,504
Maximum Sequence Length 596 hours
Maximum Number of Steps in Sequence 100
Maximum Number of Defined Groups per mainframe 8
ac Input Line Requirements input voltage range 95 Vac - 250 Vac
input frequency range 47 Hz - 63 Hz
maximum input power 300 W
max. current @ 100/120Vac 4 A
max. current @ 220/240Vac 2 A
Maximum Sense Probe Resistance' 1 kQ
Auxiliary bias output power max. @ 5 to 24V/0.42 to 2A 10 W
Auxiliary bias output voltage max. @ 0 to 0.42A 24V
min. @ 0to2 A 5V
Auxiliary bias output current max. @ 5 V output 2A
min. @ 24 V output 042 A

'To measure output probe resistance accurately there must be 50 mV between the +/— power leads and the +/— sense leads. To
measure sense probe resistance accurately, there must be 100 mV of cell voltage.
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Table A-2. Agilent E4370A/E4374A/E4375A MCCD Characteristics (continued)

Parameter Condition Value
Auxiliary bias output voltage accuracy % of setting at any voltage and current 7%
Auxiliary bias output noise peak to peak at any voltage and current 100 mV
Non-isolated Digital I/O Characteristics max. low-level output voltage 0.4V @ 20 mA sink

min. high-level output voltage

max. high-level output current

1 V @ 300 mA sink
3.5V @ 0 mA source
2.6V @ -200 pA source
250 uA @ Voh =24V

min. high-level input voltage 21V
max. low-level input voltage 05V
max. high-level input current 0.8 mA @ Vih min.
Isolated Digital I/0O Characteristics max. low-level output voltage 0.6V
max. high-level output current 100 HA
Maximum Airflow cubic meters per minute 7.1
cubic feet per minute 250
Maximum Exhaust Air Temperature Rise from inlet air to exhaust air 8 deg C
Dimensions Height 221.5 mm
Width 425.5 mm
Depth 540.5 mm
Weight for 1 mainframe with 4 cards 22 kg

Table A-3. Agilent E4371A Powerbus Load Characteristics
Use this information when integrating the Agilent E4371A Powerbus Load into your system.

Parameter Condition Value
Recommended Maximum Power Dissipation 5,400 W
Normal Input Voltage 26.5-27 Vdc
Recommended Maximum Input Current 200 A
Maximum Wiring Voltage Drop between at maximum current 15V
Agilent MCCD and Agilent Powerbus Load
Maximum Exhaust Air Temperature Rise from inlet air to exhaust air 40 deg C
Maximum Airflow cubic meters per minute 10
cubic feet per minute 350
Dimensions Height 221.5 mm
Width 425.5 mm
Depth 540.5 mm
Weight 22.7kg
Table A-4. Requirements for External Power Bus Source
Parameter Condition E4374A E4375A
Maximum Output Current for one Agilent MCCD mainframe I55A 255 A
with 256 channels charging | @ 5.5V,2A/channel | @ 6V,3A/channel
Maximum Output Power for one Agilent MCCD mainframe 3,520 W 5,760 W
with 256 channels charging @11W/channel @18W/channel
Nominal Output Voltage 24 Vdc
Output Voltage Range 22.8-25.2 Vde
Voltage Output Noise rms 30 mV
(measured at output; peak-to-peak 100 mV
bandwidth = 20Hz - 20MHz)
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Figure B-1. Calibration Connections
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C - Dimension Drawings
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Figure C-2. Agilent Powerbus Load Simplified Outline Diagram
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Figure D-1. Card 1 Sense and Power Connector Cell Assignments
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Figure D-2. Card 2 Sense and Power Connector Cell Assignments
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Figure D-3. Card 3 Sense and Power Connector Cell Assignments
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Figure D-4. Card 4 Sense and Power Connector Cell Assignments
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Table D-1. Card 1 Sense and Power Pinout Assignments

Sense Pins Cell Number  Power Pins Sense Pins Cell Number Power Pins
Connector 1 Connector 5
+19, =37 cell 1 +8, 27 +19, =37 cell 33 +8, 27
+18, -36 cell 2 +7, 26 +18, -36 cell 34 +7, 26
+17, =35 cell 3 +6, —25 +17, =35 cell 35 +6, 25
+16, -34 cell 4 +5, 24 +16, -34 cell 36 +5, —24
+15, -33 cell 5 +4, 23 +15, -33 cell 37 +4, 23
+14, 32 cell 6 +3, 22 +14, -32 cell 38 +3, 22
+13, 31 cell 7 +2, 21 +13, 31 cell 39 +2, 21
+12, —30 cell 8 +1, 20 +12, 30 cell 40 +1, 20
Connector 2 Connector 6
+19, =37 cell 9 +8, 27 +19, =37 cell 41 +8, 27
+18, =36 cell 10 +7, -26 +18, -36 cell 42 +7, 26
+17, =35 cell 11 +6, —25 +17, =35 cell 43 +6, —25
+16, -34 cell 12 +5, 24 +16, -34 cell 44 +5, 24
+15, -33 cell 13 +4, 23 +15, -33 cell 45 +4, 23
+14, -32 cell 14 +3, 22 +14, -32 cell 46 +3, 22
+13, 31 cell 15 +2, 21 +13, 31 cell 47 +2, 21
+12, 30 cell 16 +1, 20 +12, 30 cell 48 +1, 20
Connector 3 Connector 7
+19, =37 cell 17 +8, 27 +19, =37 cell 49 +8, 27
+18, -36 cell 18 +7, -26 +18, -36 cell 50 +7, 26
+17, =35 cell 19 +6, —25 +17, =35 cell 51 +6, —25
+16, -34 cell 20 +5, 24 +16, -34 cell 52 +5, 24
+15, -33 cell 21 +4, 23 +15, -33 cell 53 +4, 23
+14, 32 cell 22 +3, 22 +14, -32 cell 54 +3, 22
+13, 31 cell 23 +2, 21 +13, 31 cell 55 +2, 21
+12, 30 cell 24 +1, 20 +12, —30 cell 56 +1, 20
Connector 4 Connector 8
+19, =37 cell 25 +8, 27 +19, =37 cell 57 +8, 27
+18, =36 cell 26 +7, -26 +18, -36 cell 58 +7, 26
+17, =35 cell 27 +6, —25 +17, =35 cell 59 +6, —25
+16, -34 cell 28 +5, 24 +16, -34 cell 60 +5, 24
+15, -33 cell 29 +4, 23 +15, -33 cell 61 +4, 23
+14, -32 cell 30 +3, 22 +14, -32 cell 62 +3, 22
+13, 31 cell 31 +2, 21 +13, 31 cell 63 +2, 21
+12, 30 cell 32 +1, 20 +12, —30 cell 64 +1, 20

Note: Connector pins 9 - 11, 28 and 29 are not used.
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Table D-2. Card 2 Sense and Power Pinout Assignments

Sense and Power Connector Pinouts - D

Sense Pins Cell Number  Power Pins Sense Pins Cell Number Power Pins
Connector 1 Connector 5
+19, =37 cell 65 +8, 27 +19, =37 cell 97 +8, 27
+18, -36 cell 66 +7, -26 +18, -36 cell 98 +7, 26
+17, =35 cell 67 +6, —25 +17, =35 cell 99 +6, —25
+16, -34 cell 68 +5, 24 +16, -34 cell 100 +5, 24
+15, -33 cell 69 +4, 23 +15, -33 cell 101 +4, 23
+14, 32 cell 70 +3, 22 +14, -32 cell 102 +3, 22
+13, 31 cell 71 +2, 21 +13, 31 cell 103 +2, 21
+12, 30 cell 72 +1, 20 +12, 30 cell 104 +1, 20
Connector 2 Connector 6
+19, =37 cell 73 +8, 27 +19, =37 cell 105 +8, 27
+18, =36 cell 74 +7, =26 +18, -36 cell 106 +7, 26
+17, =35 cell 75 +6, —25 +17, =35 cell 107 +6, —25
+16, -34 cell 76 +5, 24 +16, -34 cell 108 +5, 24
+15, -33 cell 77 +4, 23 +15, -33 cell 109 +4, 23
+14, -32 cell 78 +3, 22 +14, -32 cell 110 +3, 22
+13, 31 cell 79 +2, 21 +13, 31 cell 111 +2, 21
+12, —30 cell 80 +1, 20 +12, 30 cell 112 +1, 20
Connector 3 Connector 7
+19, =37 cell 81 +8, 27 +19, =37 cell 113 +8, 27
+18, -36 cell 82 +7, -26 +18, -36 cell 114 +7, 26
+17, =35 cell 83 +6, —25 +17, =35 cell 115 +6, —25
+16, -34 cell 84 +5, 24 +16, -34 cell 116 +5, 24
+15, -33 cell 85 +4, 23 +15, -33 cell 117 +4, 23
+14, 32 cell 86 +3, 22 +14, 32 cell 118 +3, 22
+13, 31 cell 87 +2, 21 +13, 31 cell 119 +2, 21
+12, —30 cell 88 +1, =20 +12, 30 cell 120 +1, 20
Connector 4 Connector 8
+19, =37 cell 89 +8, 27 +19, =37 cell 121 +8, 27
+18, =36 cell 90 +7, -26 +18, -36 cell 122 +7, 26
+17, =35 cell 91 +6, —25 +17, =35 cell 123 +6, —25
+16, -34 cell 92 +5, 24 +16, -34 cell 124 +5, —24
+15, -33 cell 93 +4, 23 +15, -33 cell 125 +4, 23
+14, -32 cell 94 +3, 22 +14, -32 cell 126 +3, 22
+13, 31 cell 95 +2, 21 +13, 31 cell 127 +2, 21
+12, —30 cell 96 +1, =20 +12, 30 cell 128 +1, 20

Note: Connector pins 9 - 11, 28 and 29 are not used.
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Table D-3. Card 3 Sense and Power Pinout Assignments

Sense Pins Cell Number  Power Pins Sense Pins Cell Number Power Pins
Connector 1 Connector 5
+19, =37 cell 129 +8, 27 +19, =37 cell 161 +8, 27
+18, -36 cell 130 +7, -26 +18, -36 cell 162 +7, 26
+17, =35 cell 131 +6, —25 +17, =35 cell 163 +6, —25
+16, -34 cell 132 +5, 24 +16, -34 cell 164 +5, —24
+15, -33 cell 133 +4, 23 +15, -33 cell 165 +4, 23
+14, 32 cell 134 +3, 22 +14, -32 cell 166 +3, 22
+13, 31 cell 135 +2, 21 +13, 31 cell 167 +2, 21
+12, —30 cell 136 +1, =20 +12, 30 cell 168 +1, 20
Connector 2 Connector 6
+19, =37 cell 137 +8, 27 +19, =37 cell 169 +8, 27
+18, -36 cell 138 +7, -26 +18, -36 cell 170 +7, 26
+17, =35 cell 139 +6, —25 +17, =35 cell 171 +6, —25
+16, -34 cell 140 +5, 24 +16, -34 cell 172 +5, —24
+15, -33 cell 141 +4, 23 +15, -33 cell 173 +4, 23
+14, -32 cell 142 +3, 22 +14, -32 cell 174 +3, 22
+13, 31 cell 143 +2, 21 +13, 31 cell 175 +2, 21
+12, 30 cell 144 +1, 20 +12, —30 cell 176 +1, 20
Connector 3 Connector 7
+19, =37 cell 145 +8, 27 +19, =37 cell 177 +8, 27
+18, -36 cell 146 +7, -26 +18, -36 cell 178 +7, 26
+17, =35 cell 147 +6, —25 +17, =35 cell 179 +6, —25
+16, -34 cell 148 +5, 24 +16, -34 cell 180 +5, —24
+15, -33 cell 149 +4, 23 +15, -33 cell 181 +4, 23
+14, 32 cell 150 +3, 22 +14, 32 cell 182 +3, 22
+13, 31 cell 151 +2, 21 +13, 31 cell 183 +2, 21
+12, 30 cell 152 +1, 20 +12, —30 cell 184 +1, 20
Connector 4 Connector 8
+19, =37 cell 153 +8, 27 +19, =37 cell 185 +8, 27
+18, -36 cell 154 +7, 26 +18, -36 cell 186 +7, 26
+17, =35 cell 155 +6, —25 +17, =35 cell 187 +6, —25
+16, -34 cell 156 +5, 24 +16, -34 cell 188 +5, —24
+15, -33 cell 157 +4, 23 +15, -33 cell 189 +4, 23
+14, -32 cell 158 +3, 22 +14, -32 cell 190 +3, 22
+13, 31 cell 159 +2, 21 +13, 31 cell 191 +2, 21
+12, —30 cell 160 +1, 20 +12, 30 cell 192 +1, 20

Note: Connector pins 9 - 11, 28 and 29 are not used.
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Table D-4. Card 4 Sense and Power Pinout Assignments

Sense and Power Connector Pinouts - D

Sense Pins

+19, -37
+18, 36
+17, =35
+16, 34
+15, -33
+14, -32
+13, 31
+12, —30

+19, -37
+18, 36
+17, =35
+16, 34
+15, -33
+14, -32
+13, 31
+12, —30

+19, -37
+18, 36
+17, =35
+16, 34
+15, -33
+14, -32
+13, 31
+12, —30

+19, -37
+18, 36
+17, =35
+16, —34
+15, -33
+14, -32
+13, 31
+12, —30

Cell Number

Connector 1

cell 193
cell 194
cell 195
cell 196
cell 197
cell 198
cell 199
cell 200

Connector 2

cell 201
cell 202
cell 203
cell 204
cell 205
cell 206
cell 207
cell 208

Connector 3

cell 209
cell 210
cell 211
cell 212
cell 213
cell 214
cell 215
cell 216

Connector 4

cell 217
cell 218
cell 219
cell 220
cell 221
cell 222
cell 223
cell 224

Power Pins Sense Pins
+8, 27 +19, =37
+7, -26 +18, -36
+6, —25 +17, =35
+5, 24 +16, —34
+4, 23 +15, -33
+3, 22 +14, -32
+2, 21 +13, 31
+1, 20 +12, 30
+8, 27 +19, =37
+7, -26 +18, —36
+6, —25 +17, =35
+5, 24 +16, —34
+4, 23 +15, -33
+3, 22 +14, -32
+2, 21 +13, 31
+1, 20 +12, 30
+8, 27 +19, =37
+7, -26 +18, -36
+6, —25 +17, =35
+5, 24 +16, —34
+4, 23 +15, -33
+3, 22 +14, 32
+2, 21 +13, 31
+1, 20 +12, 30
+8, 27 +19, =37
+7, 26 +18, -36
+6, —25 +17, =35
+5, 24 +16, —34
+4, 23 +15, -33
+3, 22 +14, -32
+2, 21 +13, 31
+1, 20 +12, 30

>

Cell Number

Connector 5

cell 225
cell 226
cell 227
cell 228
cell 229
cell 230
cell 231
cell 232

Connector 6

cell 233
cell 234
cell 235
cell 236
cell 237
cell 238
cell 239
cell 240

Connector 7

cell 241
cell 242
cell 243
cell 244
cell 245
cell 246
cell 247
cell 248

Connector 8

cell 249
cell 250
cell 251
cell 252
cell 253
cell 254
cell 255
cell 256

Power Pins

+8

i

+7

>

+6

+5,
+4,
+3,

+2,
+1

)

+8
+7

+6,
+5
+4,
+3
+2,

+1

)

+8,
+7
+6
+5
+4,
+3,

+2,
+1

+8
+7
+6
+5,
+4,
+3
+2,
+1

Note: Connector pins 9 - 11, 28 and 29 are not used.
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Index

cfSetOutputProbeTest, 94
cfSetOutputState, 94
cfSetSense, 95
cfSetSenseProbeTest, 95
cfSetSeqStep, 95
cfSetSeqTest, 97
cfSetSeqTestMult, 99
cfSetSerialConfig, 99
cfSetServerTimeout, 99
cfSetShutdownDelay, 100
cfSetShutdownMode, 100
cfSetTimeout, 100
cfSetTrigSource, 100
cfSetVoltage, 101
cfShutdown, 101
cfStateDelete, 101
cfStateList, 102
cfStateRecall, 102
cfStateSave, 102
cfTrigger, 102
cfWriteSerial, 103
channel
inactive, 26
channel connections, 25
characteristics, 115
external source, 117
powerbus load, 117
charging mode
guidelines, 30
close connection, 71
com port connection, 38
configuration screen, 38
calibration, 122
digital 1/0, 41
identification, 40
miscellaneous, 41
network, 39
configuring
output, 56
connections, 25
remote sensing, 27
connector, 24
manufacturers, 24
connector, kits, 24
connectors, 23
current measurement, 17, 61

—D—

damage, 23

data logging, 18

delete
group, 71

digital connections, 32
electrical characteristics, 33
wiring, 33

digital I/O
configuration, 42
mixed, 44
polarity, 43

digital operation
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grounded, 90

isolated, 91

polarity, 91
digital port, 64
dimensions

mainframe, 25, 125

powerbus load, 25, 126
direct output control, 62
discharging mode

guidelines, 31
document scope, 4
documentation, 24

— F—

energy re-use, 16
environmental conditions, 3
erasing, 56

error reporting, 67

example program, 105, 107, 112
ext fault, 57

external fault input, 32
external fault output, 32
external interlock, 32
external power source, 14
external trigger, 32

— F—

fail, 49
fault indicators, 135
forming, 56
front panel
mainframe, 10
power connector wiring, 27
sense connector wiring, 27
function
cell grouping, 53
overview, 53

— G—

general purpose 1/0, 32

get
cell status, 72
cell status string, 72
current, 72
digital configuration, 73
digital port word, 73
group, 73
instrument identification, 74
instrument status, 74
measurement log interval, 75
output configuration, 75
output probe test limit, 75
output state, 76
run state, 76
sense probe test setting, 77
sense setting, 76
sequence step parameters, 77
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sequence step time, 78
sequence test parameters, 77, 78
serial port configuration, 78
serial port status, 78
step number, 79
trigger source, 79
user identification, 79
voltage, 80

grouping
functions, 54
memory requirements, 60

— H—

high rail, 57
HW failed, 57
HyperTerminal configuration, 37

—I—

identification, 62
idle, 56

initiate, 80
initiated, 56
inspection, 23
interlocked, 57

.

LAN connection, 37, 62
load voltage drops, 26
location
mainframe, 25
powerbus load, 25
low rail, 57

—M—

MCCD configuration, 38
MCCD measurement log, 47
MCCD user interface, 45
using, 46
measure
ac resistance, 80
ampere-second capacity, 80
current, 81
dc resistance, 81
output probe resistance, 81
probe continuity, 82
sense probe resistance, 82
voltage, 83
watt-second capacity, 81
measurement log, 47, 60
data files, 48
measurement log utility
installation, 36
multiple mainframes, 14

— N—

next, 49

non-volatile memory, 56
not ready, 56, 57

null modem cable, 34

open
group, 83
open connection, 83
Out of Memory, 53, 60
output configuration, 56
output sensing, 62
output state, 62
overtemperature, 57

—P—

password, 67
password protection, 45
pinouts
power connector, 127
sense connector, 127
Port B switch setting, 38
power bus
connections, 28
example, 29
wiring, 28
power connector
pinouts, 127
wiring, 27
power cord, 23
power fail, 32, 58
input, 58
signal, 58
Powerbus load, 12
power-on, 58
selftest, 63
state, 87
probe check
continuity, 65
power, 65
sense, 65, 67
probe measurement, 61
probe resistance, 18
protected, 57
protection
ac line failure, 20
clear, 84
enable, 84
external, 20
internal, 20
states, 57

—R—

read
measurement log, 60, 84

Index
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Index

serial port data, 86
test log data, 87
rear panel
mainframe, 12
remote sensing, 27
repacking, 23
reset, 58, 87
reset sequence, 87
resistance measurement, 61
restart, 88
RS-232
connections, 34
interface, 34
run states, 55

safety summary, 3
safety symbols, 4
save
output configuration, 88
saving output configuration, 56
selftest, 63, 88, 135
error messages, 136
semi-automated example, 22
sense connector
pinouts, 127
wiring, 27
sequence control, 55
serial port
configuration, 64
status, 64
server
timeout, 99
server connections, 67
set
current, 62, 89
digital configuration, 90
digital port word, 92
error function, 92
group, 93
measurement log interval, 93
output configuration, 93
output probe resistance limit, 94
output sense probe, 95
output sequence step parameters, 95
output state, 62, 94
output voltage sensing, 95
sequence test parameters, 97, 99
serial port communication parameters, 99
timeout, 100
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trigger source, 100
voltage, 62, 101
set sequence step, 50, 54
set sequence test, 50, 54
shutdown, 101
delay, 79, 100
mode, 79, 100
software utility installation, 36
specifications, 115
state
delete, 101
list instrument states, 102
recall instrument states, 102
save instrument states, 102
state storage, 58
status, 59
step, 49
system capabilities, 9

test, 49

test log, 63

test outcome, 50

time stamp, 61

timeout setting, 62

trigger, 32

trigger sequence, 102

triggering critical measurements, 18

—V—

Visual C++ configuration, 36
voltage measurement, 16, 61

— W—

warranty, 2
watt-hour capacity, 17
web accessible interface, 21
web browser
access, 46
password, 45
settings, 45
web interface, 45
using, 46
wire resistance, 26, 27, 29
example, 27
wire sizing, 30, 31
write serial port words, 103
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