MODEL 173
POTENTIOSTAT/
GALVANOSTAT

SEE SAFETY NOTICE
PRECEDING SECTION |
BEFORE OPERATING INSTRUMENT

- INEG:G
"~ PRINCETON APPLIED RESEARCH




)

M173; 3/84-300-B&R

MODEL 173
POTENTIOSTATI/
GALVANOSTAT

OPERATING AND SERVICE MANUAL

JNEGzG PRINCETON APPLIED RESEARCH

P. O. BOX 2565 « PRINCETON, NJ 08540 * 609/452-2111 « TELEX: 843409

WARNING

When operating in the CONTROL E or CONTROL | mode, voltages as high
as 100 V with a current capability of 1 A may be present at the external cell
cable alligator clips when the Selector switch is in the EXT. CELL position.
To minimize the possibility of dangerous, possibly lethal electrical shock,
operators are warned not to touch these exposed clips, either to connect to
a cell, or to disconnect from it, unless the Selector switch is first placed in
the OFF position.

Copyright © 1984 EG&G PRINCETON APPLIED RESEARCH

Printed in U.S.A.



SHOULD YOuR EQUIPMENT REQUIRE SERVICE

A.  Contact the factory (609/452-2111) or your local factory
representative to discuss the problem. In many cases it
will be possible to expedite servicing by localizing the
problem to a particular plug-in circuit board.

B. Ifitis necessary to send any equipment back to the fac-
tory, we need the following information.

(1) Model number and serial number.

(2)  Your name (instrument user).

(3)  Your address.

(4) Address to which instrument should be returned.
(5)  Your telephone number and extension,

(6) Symptoms (in detail, including control settings).

(7)  Your purchase order number for repair charges (does
not apply to repairs in warranty).

(8) Shipping instructions (if you wish to authorize ship-
ment by any method other than normal surface
transportation).

C. Uus. CUSTOMERS—Ship the equipment being returned
to:

EG&G PRINCETON APPLIED RESEARCH
7 Roszel Road

(Off Alexander Road, East of Route 1)
Princeton, New Jersey

E.  Address correspondence to-

EG&G PRINCETON APPLIED RESEARCH
P. O. Box 2565
Princeton, NJ 08540

Phone: 609/452.21 1
TELEX: 84 3409

N o i N d
T e g Vs

WARRANTY

EG&G PRINCETON APPLIED RESEARCH warrants

prepaid, to our factory
original purchaser, provided prior authorization for such return
has been given by our authorized representative.

This Warranty shall not apply to any instrument which our in-
Spection shall disciose to our satisfaction, has become defec-
tive or unworkable due to abuse, mishandling, misuse, acgi.
dent, alteration, negligence, improper installation or other
causes beyond our control. Instruments manufactured by
others, and included in or supplied with our equipment, are not
Covered by this Warranty but carry the original manufacturer's
warranty which is extended to our customers and may be more
restrictive. Certain Subassemblies, accessories or
ponents may be specifically excluded
which case such exclusions are listed in the Instruction
Manual supplied with each instrument.

We reserve the right to make changes in design at any time
without incurring any obligation to install same on units
previously purchased.

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE
DESCRIPTION HEREIN. THIS WARRANTY IS IN LIEU OF, AND
EXCLUDES ANY AND ALL OTHER WARRANTIES OR REPRE-
SENTATIONS, EXPRESSED, IMPLIED OR STATUTORY, IN.-
CLUDING MERCHANTABILITY AND FITNESS, AS WELL AS
ANY AND ALL OTHER OBLIGATIONS OR L'ABILITIES OF
INCLUDING, BUT

PROVIDED FOR
CUTED BY AN
RESEARCH.
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SAFETY NOTICE
(Read before operating instrument)

INTRODUCTION

The apparatus to which this instruction manual
applies has been supplied in a safe condition.
This manual contains some information and warn-
ings that have to be followed by the user to ensure
safe operation and to retain the apparatus in a
safe condition.

The described apparatus has been designed for
indoor use.

INSPECTION

Newly received apparatus should be inspected for
shipping damage. If any is noted, notify EG&G
PARC and file a claim with the carrier. Be sure to
save the shipping container for inspection by the
carrier.

WARNING!

THE PROTECTIVE GROUNDING COULD BE REN-
DERED INEFFECTIVE IN DAMAGED APPARA-
TUS. DAMAGED APPARATUS SHOULD NOT BE
OPERATED UNTIL ITS SAFETY HAS BEEN VERI-
FIED BY QUALIFIED SERVICE PERSONNEL.
DAMAGED APPARATUS WAITING FOR SAFETY
VERIFICATION SHOULD BE TAGGED TO INDI-
CATE TO A POTENTIAL USER THAT IT MAY BE
UNSAFE AND THAT IT SHOULD NOT BE OPER-
ATED.

SAFETY MECHANISM

As defined in IEF Publication 348 (Safety Require-
ments for Electronic Measuring Apparatus), this is
Class | apparatus, that is, this apparatus depends
on connection to a protective conductor to earth
ground for equipment and operator safety. Before
any other connection is made to the apparatus,
the protective earth terminal shall be connected
to a protective conductor. The protective connec-
tion is made via the earth ground prong of the
power cord plug. The power cord plug shall only
be inserted in a socket outlet provided with the re-
quired earth ground contact. The protective action
must not be negated by the use of an extension
cord without a protective conductor, by use of an
‘“adapter’’ that doesn’t maintain earth ground con-
tinuity, or by any other means.

WARNING!
ANY INTERRUPTION OF THE PROTECTIVE CON-
DUCTOR INSIDE OR OUTSIDE THE APPARATUS
OR DISCONNECTION OF THE PROTECTIVE
EARTH TERMINAL MAY MAKE THE APPARATUS
DANGEROUS. INTENTIONAL INTERRUPTION IS
PROHIBITED.

The power cord plug provided is of the type il-
lustrated in Figure I-1. If the provided plug is not
compatible with the available power sockets, the
plug or power cord should be replaced with an ap-
proved type of compatible design.

L= LINE OR ACTIVE CONDUCTOR (ALSO CALLED "UVE" OR "HOT")
N =NEUTRAL OR IDENTIFIED CONDUCTOR
£ = EARTH OR SAFETY GROUND

POWER CORD PLUG WITH POLARITY INDICATIONS

WARNING!

IF IT IS NECESSARY TO REPLACE THE POWER
CORD PLUG, THE REPLACEMENT CORD OR
PLUG MUST HAVE THE SAME POLARITY AS THE
ORIGINAL. OTHERWISE A SAFETY HAZARD
FROM ELECTRICAL SHOCK, WHICH COULD
RESULT IN PERSONAL INJURY OR DEATH,
MIGHT EXIST.

POWER VOLTAGE SELECTION

Before plugging in the power cord, make sure that
the equipment is set to the voltage of the ac power
supply. For safety, this check should only be
made with the instrument disconnected from any
source of power. The check is made as follows.
NOTE: FOR SAFETY, THIS PROCEDURE SHOULD
ONLY BE PERFORMED BY QUALIFIED SERVICE
PERSONNEL.

(1) Remove the screws securing the top cover
and slide it back to where it is free of the in-
strument.

(2) Looking down into the Model 173, note the
line voltage selector switch mounted on the
chassis directly in front of the power trans-
former. For operation from a voltage in the
range of 105-125 V ac, 50-60 Hz, 115" should
be visible through the switch window. For
operation from a voltage in the range of
210-250 V ac, 50-60 Hz, “230” should show.

(3) If the voltage selector is in the wrong position
for the prevailing line voltage, change the
switch setting as necessary, using a small
screwdriver as the actuating tool.



(4) When finished, return the top cover to the in-
strument and secure it.

CAUTION!
THE APPARATUS DESCRIBED IN THIS MANUAL
MAY BE DAMAGED IF THE LINE VOLTAGE
SELECTOR SWITCH IS INCORRECTLY SET.

FUSES

The ac power fuse is located at the rear panel. For
operation from a line voltage of nominally 115V,
use a slow-blow 5 A fuse with a voltage rating of
125 V or higher. For operation from a line voltage
of nominally 230 V, use a slow-blow 3 A fuse with a
voltage rating of 250 V or higher.

In addition, there are six internal fast-blow fuses
that protect the dc supplies. The current rating of
these fuses is indicated in Figure V-1 on page V-1.
In each case, use a fast-blow fuse with a voltage
rating equal to, or higher than, the voltage in-
dicated in Figure V-1.

Make sure that only fuses with the required rated
current and of the specified type are used for re-
placement. The use of makeshift fuses and the
short-circuiting of fuse holders are prohibited.

WARNING!
TO AVOID THE POSSIBILITY OF A SAFETY
HAZARD FROM ELECTRICAL SHOCK WHICH
COULD RESULT IN PERSONAL INJURY OR
DEATH, DISCONNECT THE POWER CORD BE-
FORE REMOVING OR INSTALLING A FUSE.
FUSES SHOULD ONLY BE CHANGED BY QUALI-
FIED SERVICE PERSONNEL.

CELL CONNECTIONS

When operating in the CONTROL E or CONTROL |
mode, voltages as high as 100 V with a current
capability of 1 A may be present at the external
cell cable alligator clips when the Selector switch

is in the EXT. CELL position. To minimize the
possibility of dangerous, possibly lethal electrical
shock, operators are warned not to touch these
exposed clips, either to connect to a cell, or to
disconnect from one, unless the Selector switch
is first placed in the OFF position.

VENTILATION

The Model 173 uses forced-air ventilation to main-
tain a safe internal operating temperature. For this
reason, it is essential that there be adequate air
circulation to the rear of the instrument. Practical-
ly speaking, this is readily accomplished by allow-
ing at least 15 cm between the rear of the instru-
ment and the nearest obstruction (back of bench,
wall, etc.). If the unit is operated in an enclosed
space, such as an equipment cabinet, it is impor-
tant that there be good circulation between the
cabinet and the rest of the lab. Some equipment
cabinets incorporate forced air cooling to assure
adequate ventilation.

DEFECTS AND ABNORMAL STRESSES
Whenever it is likely that the protection provided
by the connection to earth ground has been im-
paired, the apparatus shall be made inoperative
and secured against any unintended operation.
The protection is likely to be impaired if, for exam-
ple, the apparatus:

(1) Shows visible damage,
(2) Fails to perform the intended measurements,

(8) Has been subjected to prolonged storage
under unfavorable conditions,

(4) Has been subjected to severe transport
stresses.

Such apparatus should not be used until its safety
has been verified by qualified service personnel.



SECTION |

CHARACTE
1.1 INTRODUCTION

The Model 173 Potentiostat/Galvanostat is a dual-
function electrochemical measuring instrument.
Operated as a potentiostat, it holds the potential
between two electrodes of an electrochemical
cell constant, or it changes the voltage between
two electrodes in a very specific, carefully con-
trolled manner, despite large changes in the cur-
rent demanded by the system. Operated as a gal-
vanostat, it holds the current through a cell con-
stant, or it changes the current through a cell in a
controlled manner, despite large changes in the
applied potential required to maintain current con-
trol.

The Model 173 offers complete flexibility in poten-
tial or current control for electrochemical applica-
tions. The instrument features a current capability
of one ampere with compliance voltages as high
as 100 V in either polarity, and a slew rate of 10 V
per microsecond. It incorporates two independent
built-in potential/current sources, each adjustable
to any voltage in the range of +4.999 V, as well as
complete logic and switching circuitry for control-
ling the sources from the front panel or by exter-
nally derived triggers. Two additional external
potential/current programming signals may be ad-
ded to those provided by the instrument, and a
wide variety of triggering and switching wave-
forms may be employed to control the applied
potential/current programs.

a

APPLIED POTENTIAL/ CURRENT QPERAIING MODE

€A5. Ony
weed Oy

NuLL DIRECT

EXTERNAL FLECTROMETES
CE

PROBE

9 ¢ ¢

TRIG. INPUTS

RISTICS

A Model 178 Electrometer Probe is supplied with
every Model 173 so that the potential at a high-
impedance point (Reference Electrode) can be
monitored. By placing the probe at the end of a
cable, the probe can be positioned very near the
monitored point. As a result, stray capacitance
loading is minimized with a subsequent optimiza-
tion of loop-stability parameters.

Several different plug-in modules are available for
use with the Model 173, allowing the system per-
formance to be tailored to the specific require-
ments of each measurement application. Avail-
able modules include the Model 176 Current-to-
Voltage Converter, the Model 179 Digital Coulom-
eter, and the Model 376 Logarithmic Current Con-
verter.

With its wide compliance-voltage capability,
heavy current capacity, and flexible control
features, together with the adaptability provided
by the choice of different plug-in modules, the
Model 173 should see application in most labora-
tories where electrochemical measurements are
conducted.

1.2 MAIN-FRAME SPECIFICATIONS

- POTENTIAL/ICURRENT CONTROL

(1) INTERNAL: Two separate potential sources
are provided, each adjustable from 0 V to

>
L0G
QuTRuT ¥ outeut
- METER
. <\ woDE Ay s
N IED RESEARCH - EJ‘

POTENTIOSTAT/ CALVANOSTAT

Figure I-1. MODEL 173 POTENTIOSTAT/GALVANOSTAT
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+4.999 V. Setting resolution is =1 mV and
accuracy is 0.1% =1 mV. In galvanostatic
operation these controls operate in conjunc-
tion with the Range controls on the plug-in
module to set the level at which the current is
controlled.

The output of one potential source or the
other controls the potentiostat/galvanostat as
determined by front-panel pushbuttons.
There is provision for switchiing from one
potential source to the other by means of ex-
ternally derived triggers.

(2) EXTERNAL: Two connectors are provided to

allow externally derived control programs to
be added to the output of either internal
source. The control potential at any time is
the sum of three potentials. They are (i) the
output of one of the two internal sources, (ii)
the potential applied to the first EXT. SIG. IN-
PUT, and (iii) the potential applied to the sec-
ond EXT. SIG. INPUT. The input impedance at
these connectors is 10 kQ. Associated toggle
switches allow externally derived signals to
be disconnected from the control circuits, if
desired.

MODES
(1) CONTROL E: Instrument functions as a

potentiostat, allowing the Working Electrode
of an electrochemical cell to be maintained at
the programmed potential with respect to the
Reference Electrode. This is done by applying
a voltage to a third (Counter) electrode. The
potential applied to the Counter Electrode is
automatically servoed to whatever value is re-
quired (within the =100 V compliance capa-
bilities of the instrument) to maintain the pro-
grammed potential relationship between the
Reference and Working Electrodes. The main-
frame can function in the CONTROL E mode
by itself, although there is no way of measur-
ing the cell current. ;

(2) CONTROL [I: Instrument functions as a

galvanostat, maintaining the programmed
current flow through an electrochemical cell.
The voltage across the cell is automatically
servoed (within the =100 V compliance capa-
bilities) to the voltage required to maintain
the desired current. CONTROL | operation is
only possible if the unit is equipped with a
plug-in module (M176, M179, M376).

(3) MEASURE ONLY NULL: Voltage monitored

by Model 178 Electrometer is read out by ad-
justing the Applied Potential/Current controls
for “0” meter indication and reading the
voltage from the setting of these controls.
MEASURE ONLY NULL operation can be ac-
complished with the mainframe alone.

(4) MEASURE ONLY DIRECT: Voltage monitored

by Model 178 Electrometer is displayed
directly on the meter. MEASURE ONLY
DIRECT operation can be accomplished with
the mainframe alone.

MEASUREMENT CAPABILITIES
(1) FRONT-PANEL ANALOG METER: There are

two measurement modes, POTENTIAL and
CURRENT, as selected by the associated
Meter switch. In POTENTIAL, meter indicates
potential sensed by the Model 178 Electrom-
eter Probe. Full scaleis 1,2, or5V as selected
by the Meter Range switch. In CURRENT,
meter indicates programmed current relative
to Current Range selected at plug-in module.
Current measurements are only possible if
plug-in module is installed.

(2) FRONT-PANEL DIGITAL PANEL METER: In-

struments equipped with Digital Panel Meter
in place of analog meter are available. Meter
is 312 digits with BCD output of monitored
parameter provided at rear-panel connector.
Range data (BCD) is provided by plug-in mod-
ule (M176D, M179, M376). All BCD data con-
forms to the following specifications:

Logic “0”"=+0.2V =0.2 V; 5 mA maximum
sinking current

Logic “1”"=+3.5V £1.0V; 0.1 mA maximum
sourcing current

A table of pin assignments is provided in Sec-
tion IV.

FRONT-PANEL CONNECTORS
(1) EXTERNAL SIGNAL INPUTS: Two connectors

are provided, each with an associated ON-
OFF toggle switch. Externally derived signals
applied to these connectors directly add to
the output of whichever of the two internal
sources is active. Input impedance of both
connectors is 10 kQ.

(2) TRIGGER INPUTS: Two connectors are pro-

vided to allow externally derived trigger
signals to determine which of the two internal
sources is active. Associated toggle switch
gives choice of three control modes. Signal
requirements are:

Minimum Trigger Voltage: 3 V

Minimum Trigger Risetime: 0.1 us

Maximum Trigger Risetime: 100 us

Maximum Trigger Rate: 200 kHz with 5 V pk-
pk square wave trigger

(3) EXTERNAL CELL: Cable terminated in three

color-coded alligator clips connects here and
to the cell. In connecting to the cell, red con-
nects to the Counter Electrode, green to the

N




Working Electrode, and Black is ground (need
not be connected in most situations).

‘?. (4) ELECTROMETER PROBE: The Model 178

i Electrometer Probe cable must be connected
and the probe must monitor the Reference
Electrode for CONTROL E operation. The
probe cable need not be connected for CON-
TROL | operation, although it can be if
desired.

(5) ELECTROMETER MONITOR: The potential
monitored by the M178 Electrometer Probe is
provided at this connector. The source im-
pedance is 1000 ohms.

REAR-PANEL CONNECTORS
(1) DIGITAL INTERFACE: In units equipped with
digital panel meter, measured parameter is
provided at this connector in BCD format.
(See Section IV for pin assignments.)

(2) TRIG. OUT A & B: Outputs suitable for trigger-
ing external monitoring instruments are pro-
vided at these two connectors. A +1 V level
shift takes place at this connector when inter-
nal source A becomes active (either by push-
button or by external trigger). When internal

|((i source B becomes active (either by pushbut-
ton or by external trigger), the level at the A
TRIG. OUT connector returns to zero and that
at the B TRIG. OUT connector goes to +1 V.

(38) S/A OUT: The control amplifier output (volt-
age applied to Counter Electrode) is provided
at this connector. Impedance is 1000 ohms.

(4) TRIG. IN A & B: These connectors are in
parallel with the corresponding front-panel
connectors.

(5) ELECTROMETER OUT: In parallel with front-
panel ELECTROMETER MONITOR connector.

(6) EXT.IN A & B: In parallel with front-panel EXT.
SIG. INPUT connectors.

(7) I/E OUT: Parallels | OUT connector of Model
176 or 179 except that this connector discon-
nects when Mode switch is set to NULL or
DIRECT. When operating with M376, full-
scale out at this connector is five volts as op-
posed to one volt at the M376 | OUTPUT con-
nector.

. (8) ACCESS. POWER: Provides =24 V regulated

i\ power for accessory equipment. Up to 200 mA
may be safely drawn from these sources. Pin
A is ground. Pin B is +24 V, and pin C is
—24 V. The other pins are unused.

SUMMING AMPLIFIER PERFORMANCE
SPECIFICATIONS

OUTPUT VOLTAGE: At least =100 V.

OUTPUT CURRENT: At least =1 A.

RISETIME (10% to 90%): At x 1 gain, closed loop
and unloaded, 1 us. If loaded at 1 A, risetime in-
creases to 2 us.

SLEW RATE: 10 V/gs.

STABILITY: Better than 100 pV/day (after warmup)
and 20 uV/°C.

NOISE AND RIPPLE: Less than 50 xV rms.

LINE VOLTAGE SENSITIVITY: Less than 100 uV
change at amplifier output for =10% change in
line voltage.

ELECTROMETER (MODEL 178)

Each Model 173 is provided with a Model 178 Elec-
trometer Probe. The probe must be used in Con-
trolled Potential operation to monitor the Refer-
ence Electrode, and can be used at any time to
monitor some potential of interest. To allow the
electrometer circuitry to be positioned as close as
possible to the monitored point, and thereby
achieve minimum loading of high impedance elec-
trodes and optimum loop stability in closed loop
operation, the Electrometer Probe is located at
the end of a cable that connects at the front panel
of the M173. The electrometer performance speci-
fications are:

INPUT VOLTAGE: =10 V max.

INPUT CURRENT: 5 pA max.

INPUT CAPACITANCE: 5 pF (typical).
FREQUENCY RESPONSE: 10 MHz (1 kQ source
impedance).

STABILITY: Better than 100 xV/day (after warmup).
TEMPERATURE COEFFICIENT: Less than 20
uVI°C.

SIZE: 17" Wx 7" Hx 15" D (43 cm Wx 18 cm
Hx 38 cm D).

WEIGHT: 60 Ibs (27 kg), including plug-in.

ACCESSORIES (OPTIONAL)

(1) 178/41 NOISE FILTER: One source of noise in
an electrochemical system is power line
pickup at the cell. At high sensitivities, such
pickup can cause overload and loss of poten-
tiostatic control. A small capacitor connected
between the Counter and Reference Elec-
trodes will correct this problem. The 178/41
Noise Filter consists of a suitable capacitor
(100 nF) mounted in a plastic case with a
clamp that allows it to be attached directly to
the M178.

173/42 SLOW SWEEP ACCESSORY: This de-
vice is a low-cost voltage programmer used to
generate voltage ramps useful for program-
ming the potentiostat in corrosion studies.
The accessory incorporates a motor-driven
potentiometer with an output of 1V, 2 V, or

S



5 V. Scanning times are switch-selectable in
1-2-5 sequence from one minute to 100 min-
utes with a ramp linearity of 0.1%. Thus scan
rates are available over a range of
1 mV/minute to 5 V/minute. A front-panel
switch allows the choice of ascending-ramp,
descending-ramp, or ramp-arrest operation.

MODEL 175 UNIVERSAL PROGRAMMER: A
versatile precision programmer able to pro-
vide pulse or ramp outputs. Scan rate is ad-
justable from 1 mV/s to 10* V/s. Pulse widths
are adjustable from 100 us to 10° s. As many
as four different inflection points can be in-
dependently selected for a single output
waveform.

(3
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1.3 PLUG-IN MODULES

Although this manual is for the most part
restricted to a treatment of the mainframe alone,
the specifications for the modules are neverthe-
less included so that the operator can appreciate
the increased capabilities of the M173 when it is
equipped with one of the plug-in modules. In
many laboratories, the number of applications for
which the M173 can be used will be significantly
increased through the acquisition of one or more
of these modules.

1.3A MODEL 176 CURRENT-TO-VOLTAGE
CONVERTER

The Model 176 is the “basic” plug-in module. It
gives the M173 the capability of meeting the re-
quirements of most potentiometric and galvano-
metric applications at moderate cost. A Model 173
equipped with a Model 176 can do CONTROL |
operation at currents as high as 1 A. It also allows
the current to be continuously monitored in CON-
TROL E operation. Whether operating in the CON-
TROL | mode, or monitoring the cell current in
CONTROL E operation, the M176 provides a dc
output voltage proportional to the full-scale cur-
rent, where the full-scale current is given by the
setting of the M176 RANGE switch. Full-scale cur-
rent ranges from 1 xA to 1 A can be selected. The
cell current can be displayed on the panel meter at
any time, with full-scale meter deflection corre-
sponding to 1, 2, or 5 times the selected current
range. There is also provision for IR COMPENSA-
TION of the cell resistance between the Working
Electrode and the Reference Electrode. An OVER-
LOAD light indicates operation outside the nor-
mal range. Specifications follow.

(1) CURRENT RANGES: Front-panel Current
Range switch gives choice of seven full-scale
ranges from 1 pA to 1 A.

(2) CURRENT RANGE TOLERANCE: From 1 uA
to 10 mA, tolerance is 0.1% =100 ppm/°C
max. From 100 mA to 1 A, tolerance is 0.2%
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Figure I-2. MODEL 176 CURRENT-TO-VOLTAGE CONVERTER

+100 ppm/°C. Tolerance is adjustable to
0.1% on 100 mA and 1 A ranges for operation
with specific M173.

(38) OUTPUT: Voltage proportional to cell current
is provided at front-panel connector. Full-
scale current gives 1 V out. Unit functions
properly with outputs as high as 5 V (current
five times full scale) except on 1 A range
where limit is 1 A.

(4) CURRENT MONITOR: Current as a function of
selected full-scale Current Range can be

%




displayed on the M173 panel meter by setting
M173 Meter switch to CURRENT.

(5) DIGITAL LOGIC: Also available is a Model
176D, which differs from the Model 176 only
in that it provides digital Current Range data
out. This BCD data is available at the M173
rear-panel Digital Interface connector if the
M173 is equipped with the digital readout op-
tion.

(6) IR COMPENSATION: A high-resolution ten-
turn dial allows positive feedback to be ap-
plied to the input of the Potentiostat to com-
pensate for the resistance between the Work-
ing Electrode and the Reference Electrode.
An internal switch increases the available
compensation voltage by a factor of ten, suffi-
cient to fully compensate all but extremely
high resistance solutions.

(7) CHOPPER-STABILIZED AMPLIFIER SPECIFI-
CATIONS:
INPUT LEAKAGE CURRENT: 10 pA max.
OUTPUT VOLTAGE: 5 V max.
STABILITY: Better than 10 xV/day and 1 xV/°C.
NOISE AND RIPPLE: 0.05 xA max.
OUTPUT CURRENT: 1 A max.

1.3B MODEL 179 COULOMETER

INTRODUCTION

The Model 179 Digital Coulometer is a plug-in
module designed for use with the Model 173 Gal-
vanostat/Potentiostat. Together they form a state-
of-the-art system for making precision coulo-
metric measurements at either a controlled poten-
tial or current. Measurements of solutions con-
taining extremely small samples are possible.
Quantities from 10 picoequivalents to 10 equiva-
lents can be measured coulometrically with an ab-
solute accuracy better than 0.1% of full scale and
with a reproducibility better than +0.02% of full
scale. Although the Model 173/179 System is
highly versatile, it is easy to operate, and is thus
as well suited to routine measurements as it is to
complex analyses. The drift of the coulometer is
so low that experiments lasting hours or even
days can be easily accommodated. A four-digit
plus polarity and exponent digital display con-
tinuously indicates the accumulated coulombs.
Automatic subtraction of any background current
is provided by means of a Background Current ad-
justment.

DESCRIPTION

Functionally, the Model 179 can be divided into
three main parts. The first is a current-to-voltage
converter that monitors the cell current and pro-
vides a voltage proportional to it. The full-scale
sensitivity of this converter can be set from 1 4A to
1 A by means of a front-panel switch. The voltage
out of the converter is available at the front-panel

| OUT connector. This voltage is also applied to a
voltage-to-frequency converter and counter that
provide the coulombic accumulation data. Last is
the digital readout circuitry, which provides a four-
place display plus polarity and exponent. There is
provision for automatic ranging over seven orders
of magnitude. For a given range as indicated by
the exponent, the four-digit display can take
values from 0.000 to 9.999. The next higher count
resets the display to 1.000 and advances the expo-
nent by one digit. A built-in digital-to-analog con-
verter produces a voltage out proprotional to the
indicated coulomb accumulation. A digital output
connector is also provided to facilitate automatic
data recording or computer processing of the
signal, if desired.

GENERAL SPECIFICATIONS
(1) INPUT: Cell current. Front-panel switch
allows selection of full-scale current ranges
from 1 xA to 1 A in decade steps. Full-scale
current is defined as that current which will
fill the display (0.000 to 9.999) in one second
(after resetting but before autoranging).

(2) CURRENT OVERLOAD CAPABILITY: Cur-
rents as high as five times that selected by
the Current Sensitivity switch can be handled
without any performance degradation. This
five-times overload capability applies for all
but the 1 A range, where the maximum allow-
able current is 1 A.

(3) DISPLAY: The display is in two portions. The
upper, which consists of four digits preceded
by a polarity symbol, can take values from
0.000 to 9.999 (decimal point is always fixed).
Positive polarity indicates accumulation of
anodic current in coulombs; negative in-
dicates cathodic current accumulation. (In
bipolar notation with current reversals, polar-
ity indicates whether the net coulomb accu-
mulation has been anodic or cathodic.) The
lower part of the display consists of the letter
E (indicates exponent to base 10) followed by
a polarity sign and a digit that indicates the
exponent magnitude. The display is direct
reading in coulombs.

(4) AUTORANGING: Autoranging is accomplish-
ed by advancing the exponent one digit and
simultaneously down ranging the display
from 9.999 to 1.000. Each autorange step rep-
resents a ten-fold decrease in sensitivity.
That is, for a given input current, the rate at
which the display fills decreases by a factor
of ten each time the autorange action occurs.

(5) MANUAL RESET: Positive-action toggle
switch allows the display to be reset to 0.000
EX, where X is the exponent corresponding to
the selected full-scale sensitivity. Example:
Resetting with Current Sensitivity switch set
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Figure 1-3. MODEL 179 COULOMETER

to 100 mA will give display of 0.000 E-2. Note
that a full-scale current (100 mA) will fill the
display (advance it from 0.000 E-2 to 9.999 E-2;
next count to autorange to 1.000 E-1) in one
second.

INTEGRATION MODES: Positive-action tog-
gle switch gives choice of having integrator
respond to Anodic currents only, to Cathodic
currents only, or to both, in which mode the
display indicates the net coulomb accumula-
tion.

(7) BACKGROUND COMPENSATION: Front-
panel controls background currents as high
as +10% of the selected Current Sensitivity
to be nulled. These same controls can be
used for positive feedback IR Compensation
when desired.

(8) INPUT CURRENT DRIFT: Less than 10 pA/
day.

(9) ACCURACY: 0.1% of full-scale display range
for input currents from 10% to 500% of
selected full-scale current sensitivity.

(10) RESOLUTION: +0.01% of full-scale display
range.

(11) OUTPUTS:

| OUT: Front-panel BNC connector gives
analog voltage proportional to cell current.
Full-scale current gives one volt out. Polarity
is positive for anodic current, negative for
cathodic. Output resistance is 100 Q.

Q OUT: Front-panel BNC connector gives
analog voltage proportional to the three most
significant digits of the four-digit display in-
dication. Full-scale display indication gives
10 V out. Polarity is that preceding four-digit
display. Exponent has no bearing on this out-
put. Output current limit is 10 mA (1 kQ load).

DIGITAL OUTPUT: Complete display data in-
cluding polarity and exponent are provided at
front-panel connector. Positive logic with
BCD coding is employed. Logic 1is +3.5V
+1V.Logic0is0.2V £0.2V. Table I-1 shows
the connector pin assignments.

(12) POWER: Model 179 takes its power from the
Model 172 with which it is operated.

(13) SIZE: 3" Wx 6% Hx12” D (7.6 cm Wx 17.3
cm Hx 30.5 cm D).

(14) WEIGHT: 3 Ibs (1.4 kg).

CURRENT-TO-VOLTAGE CONVERTER
SPECIFICATIONS
(1) FULL-SCALE CURRENT RANGES: 7 ranges
from 1 A full scale to 1 A full scale.

(2) INPUT VOLTAGE DRIFT: Less than 10 nV/day.

(3) INPUT CURRENT DRIFT: Less than 10 pA/
day.

(4) TEMPERATURE DRIFT: Less than 0.005% of
full scale per degree Celsius.

(5) FULL-SCALE ACCURACY: 0.05%. NOTE: To
achieve this accuracy on the 100 mA and 1 A
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SIGNAL PIN
2 of most signiticant digit:.ccvs 65 s ssamsnmmnmvnsmsemmias 5
2' of most significant Aigit.ccsmss s s vs vevvsmsemmmaanssmne » 4
22 of most significant digit........... ...l 3
2% of most significant digit-=....cii5 00 ssesimemssmmmnmmns 2
2° of second most significant digit....................... ... 9
2' of second most significant digit..................oooit 8
2? of second most significantdigit...................coiaien 7
2% of second most significant digit. .........ceevacemeanen . 6
2° of third most significant digit. ccc..ceeeciisiisoinisasnes 13
2! of third most significant digit.c.convisssscssssssmssnamen 12
22 of third most significant digit........................... 1
22 of third most significant digit........................... 10
2° of least significant digit. . . .ccevesvnivsnssvsssssinsoss 17
2' of least significant digit................ooiiiiii 16
2! of least signiticant digit...::issmnssicnssscnisssisassins 15
22 of least signiticant digit. : . s ssmmsasvemisnns sosesssnis 14
Four-digit display polarity (logic 1is +;logic0is —)......... 1
Exponent polarity (logic 1is +;logic0is =)................ 18
20T BXPONONEL o i it sl b e S S B e R s A TGS 22
2'-of exponent.: s savin i s vanemanE ST ETsEsE s b eE se 21
igl(o] -3 d aTo 1] 11 RN SO 20
2 of exponent. . ... e e 19
External Reset (logic O; equivalent to activating

ResEE10g018 SWITEH). v wsvmvvin s svnsmpamsmsssmmmsms s 24
VIE Qutput or Inhibit:(logic 0): «.vssss ssssmmssssmnss sssnsass 25
Print Command Input. ... ..ot 23

Table I-1. DIGITAL OUTPUT CONNECTOR PIN ASSIGNMENTS

current ranges the unit must be factory cali-
brated with the Model 173 with which it is to
be used.

(6) CURRENT MONITOR: Front-panel BNC con-
nector. Full-scale current gives 1 V out.

VOLTAGE-TO-FREQUENCY CONVERTER
(1) FREQUENCY LINEARITY: Better than 0.1% of
reading for input currents in the range of 10%
of full scale to 500% of full scale. Better than
1% of reading for input currents in the range
of 1% of full scale to 10% of full scale.

(2) FREQUENCY DRIFT WITH TEMPERATURE:
Less than 0.0005%/°C.

(3) FREQUENCY ACCURACY, FULL SCALE:
0.05%.

(4) INTEGRATION ACCURACY, COULOMBS:
0.1% of full scale for input currents in the
range of 10% of full scale to 500% of full
scale (= 10 counts).

(5) INTEGRATION REPRODUCIBILITY, COU-
LOMBS: 0.02% of full scale (+2 counts).

(6) FREQUENCY: Frequency is proportional to
input current. Full-scale current frequency is
10 kHz.

1.3C MODEL 376 LOGARITHMIC CURRENT
CONVERTER

The Model 376 is ideally suited to use in those ap-
plications where the current varies over many
orders of magnitude in the course of the experi-
ment. Like the Model 176, the Model 376 provides
an output voltage proportional to the cell current.
However, it additionally provides an output volt-
age proportional to the /og of the cell current.
There is provision for displaying the current or the
log of the current on the M173 panel meter. In dis-
playing the current, full-scale meter deflection in-
dicates a current of 1, 2, or 5 times the selected
Current Range, the same as for the M176. In the
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log Meter mode, full-scale deflection indicates a
current 1, 2, or 5 decades below the selected cur-
rent range. For example, a full-scale current will
give a0 meter indication. A current of 0.1 full scale
will give a — 1V meter indication. A current of 0.01
full scale will give a — 2 V meter indication, and so
forth, to a maximum of —5 V (Meter Sensitivity to
5) for a current of 10°% full scale. The transfer func-
tion to the LOG | OUT connectoris 1V per decade.
A current equal to the selected range will give0 V
out. A current equal to the selected range will give
0 V out. A current of 0.1 full scale will give +1V
out, and so forth down to a current of 10" full
scale which will give +5 V out. Other features in-
clude an input filter controlled by a front-panel
switch, and full IR COMPENSATION capability
like that provided with the M176.

When operated in conjunction with a M376, the
M173 can easily perform such difficult studies as
corrosion measurements, battery or fuel-cell
testing, and electrode materials evaluators. All
factors considered, the M376 offers the most
overall system versatility obtainable with a single
plug-in module.

SPECIFICATIONS
(1) CURRENT RANGES: Front-panel Current
Range switch gives choice of seven full-scale
ranges from 1 pA to 1 A.

(2) ACCURACY: 0.2% over five decades.

(83 METER MODES: Positive-action toggle
switch gives choice of two meter modes. In
| MODE, meter gives linear indication of cell
current relative to selected CURRENT
RANGE. In LOG | MODE, meter indicates log
of cell current relative to selected CURRENT
RANGE.

(4) OUTPUTS:

| OUTPUT: Voltage output proportional to cur-
rent. Full-scale current gives 1 V out. Maxi-
mum output is 5 V (except on 1 A range,
where 1 A maximum current capability limits
output to 1 V).

LOG | OUTPUT: Voltage proportional to the
log of the cell current relative to the selected
range. Transfer function is +1 V/decade.
Maximum is +5 V.

DIGITAL RANGE: Current Range data in BCD
format is provided at M173 rear-panel Digital
Interface connector if M173 is equipped with
Digital Panel Meter.

(5) INPUT FILTER: Positive-action front-panel
switch gives choice of input filtering time
constants of 10 ms or 100 ms. An OFF posi-
tion is also provided.

(6) IR COMPENSATION: A high-resolution ten-
turn dial allows positive feedback to be ap-
plied to the input of the Potentiostat to com-
pensate for the resistance between the Work-
ing Electrode and the Reference Electrode.
An associated switch allows the available
compensation to be increased by a factor of
ten, sufficient to fully compensate all but ex-
tremely high resistance solutions.

1.4 MAINFRAME DESCRIPTION

As shown in Figure I-5, the basic Model 173 main-
frame consists of two potential sources, some
control circuits to switch the potential sources
and determine their output level, and a high-power
high-speed Summing Amplifier. Figure I-1 shows
how the Model 173 mainframe would be used in a
CONTROL E application (CONTROL | operation is
impossible with just the mainframe). A potential,
either internally derived or derived from an exter-
nal source connected to one of the two EXT SIG
IN connectors, is applied to the input of the Sum-
ming Amplifier. The Summing Amplifier output is
applied to the Counter Electrode of a cell. The
Working Electrode is grounded (the necessary
connections are made by the “dummy” plug
which must be installed to operate the mainframe
by itself). The Model 178 Electrometer Probe
monitors the potential at the Reference Electrode
and feeds it back to the input of the Summing
Amplifier. The panel meter indicates the
Reference Electrode Potential (meter polarity is
actually such as to directly indicate the Working
Electrode potential with respect to the Reference
Electrode). The system comes to equilibrium
when the feedback potential (the potential at the
Reference Electrode) is equal and opposite to the
selected potential, and the Summing Amplifier
output drives the Counter Electrode to whatever
potential is required (within the 100 V com-
pliance capabilities of the amplifier) to make this
happen.

For example, if the selected potential were + 1V,
the Counter Electrode would be driven as far
negative as is necessary to make the Reference
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Figure i-5. MODEL 173 MAINFRAME IN CONTROL E
OPERATION (no plug-in, “dummy” connector instailed)
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Electrode — 1V with respect to the Working Elec-
trode (ground). Otherwise expressed, the Counter
Electrode is driven to where the Working Elec-
trode is at the applied potential (+1 V) with
respect to the Reference Electrode, and the meter
will indicate + 1 V. Thus the Working Electrode is
at the programmed potential with respect to the
Reference Electrode, even though, in absolute
terms, the Working Electrode is always at ground,
and a voltage of the opposite polarity is applied to
the Counter Electrode.

1.5 CONTROL E AND CONTROL |

OPERATION WITH A MODEL 176
Figure I-6 illustrates how the Model 173 functions
in Control E and Control | operation with a Model
176 Plug-In Module. Referring to Figure 1-6a, note
that in Control E operation the selected potential
is applied through a 240 kQ resistor to the sum-
ming junction of the potentiostat. At the same
time, the potential between the Working Electrode
and the Reference Electrode is detected by the
Model 178 Electrometer Probe and also fed back
to the summing junction. Loop stability criteria
dictate that the potential at the summing junction
be 0V, and the potentiostat output will automatic-
ally drive the Counter Electrode to whatever
potential is required to establish and maintain
equilibrium. In other words, the potential across
the Working and Reference Electrodes will auto-
matically be maintained at the selected potential
(assuming the necessary Counter Electrode
potential is somewhere in the range of +100 V).
Usually the operator will be interested in the Cell
current (determined by electrolyte characteristics
and Counter Electrode potential). As shown, the

Model 176 operates as a current-to-voltage con-
verter to provide an output voltage proportional to
the cell current, allowing it to be measured on the
panel meter or by other means.
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FIG. I-6a CONTROL E OPERATION
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Figure 1-6. CONTROL E AND CONTROL | OPERATION
WITH A MODEL 176 PLUG-IN MODULE
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SECTION 1I
CONTROLS

2.1 INTRODUCTION

This section is included to help familiarize the
operator with the placement of the controls and to
provide a brief description of their functions.

2.2 FRONT-PANEL CONTROLS AND
INPUTS (see photo on page I-1)

2.2A APPLIED POTENTIAL/CURRENT
This section contains the controls which deter-
mine the internally-selected potential or current to
be applied to the cell, as well as the external con-
trol signal inputs and the inputs and switching for
selection of the applied control signal.

(1) Potential/Current Controls

The toggle-switch, rotary-switch, vernier com-
binations located in the A and B bracketed
areas are 4-digit direct-reading controls for
setting the potential or current to be applied.
The polarity of the signal is controlled by the
toggle switch, with the central position on
each switch corresponding to zero applied
signal. The rotary switch and vernier poten-
tiometer, when read directly across a line, in-
dicate the voltage to be applied (Figure lI-1).
Thus, if the toggle switch was in the minus
position, the rotary switch in the 1 position,
and the vernier at 239, the applied potential
selected would be — 1.239 volts. In CONTROL
| operation with a Model 176, 179, or 376 these
controls set the current supplied relative to
that selected by the Current Range switch.

(2) Pushbuttons and Associated Toggle Switch

Four lighted pushbutton switches and an
associated miniature toggle switch deter-
mine which of the internal sources drives the
Summing Amplifier, and control the switch-
ing back and forth between these two
sources. The left-most button, labeled ZERO
I, is used only in CONTROL | operation. Inthe
ZERO | state, the cell current is reduced to
less than .01% of the selected full scale
value.

When the A button is depressed, the potential
or current selected by the A set of controls is
applied. Similarly, when the B button is
depressed, the value selected by the B con-
trols is applied. It should be noted that the
ZERO |, A, and B pushbuttons are momentary-
contact switches and should not be held in.

When the external trigger pushbutton is de-
pressed, external signals fed into the two
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Figure 1I-1. CONTROL SETTINGS FOR “A”
POTENTIAL OF —1.239 V

TRIG. INPUT BNC connectors on the front
panel cause the unit to switch from source A
to source B and back in a variety of ways, as
described below. The instantaneous state of
the control signal may be ascertained by
noting which of the pushbuttons is glowing.
Each glows when the corresponding source
controls the Summing Amplifier.

Three modes of external triggering are avail-
able. When the control switch is in the
REPET. position, an incoming trigger signal
causes the unit to switch from one source to
the other. The polarity of the control signal
which causes the transfer to occur is deter-
mined by which of the two TRIG. INPUT
BNC'’s is used. The left BNC responds only to
a positive-going edge, and the right only to a
negative-going edge.

In the SINGLE position, only one transfer
takes place. Afterwards, additional trigger
signals into that input have no effect (unless
severe overdrive conditions occur). A-to-B
transfers can be effected at the left input
only. Similarly, B-to-A transfers can be ef-
fected at the right input only. The pushbut-
tons are always active.

In the TRACK position, the two inputs are tied
together so that transfer takes place on either
a positive-going or a negative-going edge ap-
plied to either input.

As an illustrative example of the operation of
the triggers, envision a system where a
square wave is applied to one trigger input or
the other. In the REPET. mode, the output
signal of the potentiostat would be a square
wave of exactly 1/2 the frequency of the in-
coming signal, since it would only respond to
positive-going edges or negative-going
edges, according to which Trigger Input the



signal was applied to. In the TRACK mode,
however, a square wave at the same frequen-
cy would be obtained, since both inputs
would be sensitive to both positive-going and
negative-going signals.

The two EXT. SIG. INPUT connectors and the
associated toggle switches accept inputs
which are added to the output of whatever
source is selected by the internal program-
ming circuitry. Either or both of these exter-
nal signal inputs may be used at any time, and
the control signal applied to each of these
BNC’s will be added to whatever signals are
determined by the internal programming.

2.2B OPERATING MODE
(1) Operating Mode Switch

The four position OPERATING MODE rotary
switch selects the specific technique to be
performed by the instrument. In the CONTR.
E mode, the instrument acts as a poten-
tiostat, causing the potential selected by the
applied Potential/Current controls to be main-
tained between the working and reference
electrodes by varying the voltage applied to
the counter electrode. CONTROL E operation
is possible with any of the plug-in modules, or
even with the mainframe alone.

In the two MEASURE ONLY modes, NULL and
DIRECT, the instrument monitors the voltage
at the Reference Electrode with respect to
ground, and displays the potential of the
Working Electrode with respect to the Refer-
ence Electrode. The circuit to the Counter
Electrode is open in both of these modes so
that there is no cell current in either case.

In the DIRECT mode, the potential of the
Working Electrode with respect to the Refer-
ence Electrode is read directly from the
meter, with full-scale meter indication being
1, 2, or 5 V, according to the setting of the
Sensitivity knob of the Meter switch. NOTE:
Selector switch must be set to EXT. CELL and
Meter Function switch to POTENTIAL.

In the NULL mode, the Applied Potential/Cur-
rent controls are adjusted for null indication
on the meter, after which the potential of the
Working Electrode with respect to the Refer-
ence Electrode is read from the setting of the
Applied Potential/Current controls. Highreso-
lution readings are thus possible. As with the
DIRECT mode, the Selector switch must be
set to EXT. CELL and the Meter Function
switch to POTENTIAL. Note that a NULL
measurement is not a null-balance bridge
measurement. The extremely high inputresis-
tance (10'* ohms) of the electrometer pre-
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cludes the necessity for bridge measurement
techniques.

In the CONTR. | mode, the instrument acts as
a galvanostat, maintaining a constant current
between the Working and Counter Elec-
trodes. The electrometer is not in the control
loop, but can still be used to measure the
potential at a selected point. CONTROL |
operation is only possible if the M173 is
operated with a plug-in module.

(2) Selector Lever Switch

The SELECTOR lever switch allows the in-
strument to be connected to the external cell,
or to an internal dummy cell, a precision 10 kQ
resistor, which allows testing of instrument
function without regard for problems which
may be introduced by the external cell. An
OFF position is also provided in which the
potentiostat output is disconnected. It should
be noted that, in CONTR. | operation, the cur-
rent level indication (panel or other) continues
even if the Selector is set to DUMMY CELL or
OFF. This “current” is internal to the M173
and does not flow through the cell. Cell cur-
rent is obtained only when the selector is set
to EXT. GELL.

(38) Connectors

Two connectors are provided in this section
of the front panel. Both are multi-pin quick
disconnect sockets, and the two are different
to prevent one from connecting the wrong
cable to either connector. The External Cell
connector interconnects the M173 and the
cell. This cable must be connected for proper
operation with a plug-in module (to reduce IR
drop errors, the input summing junction of
the module is brought out, via this cable, to
the cell). The Electrometer Probe connector
accepts the output of the Model 178 Elec-
trometer Probe and also provides the =24 V
and ground connections for its power.

2.2C READOUT SECTION
(1) Overload Lignt

The Overload light comes on when any one of
the instrument amplifiers is driven to its limit,
or when a malfunction in one of the power
supplies causes an amplifier to remain at a
limiting potential. Occasional flickers of the
Overload light, especially when the applied
potential is suddenly stepped, simply mean
that the full current is being drawn from the
instrument momentarily, and should not be a
matter for concern. If the light remains on,
however, something is probably wrong and
the instrument should be checked.




(2) Meter and Switches

The analog meter normally supplied with the
M173 is a precision device fitted with three
scales. A dual concentric switch directly
below this meter determines the sensitivity
and whether the quantity displayed is poten-
tial or current.

When the outer knob is set to POTENTIAL
(SELECTOR to EXT. CELL), the potential of
the Working Electrode with respect to the
Reference Electrode is displayed, with full
scale meter indication being 1V, 2V, or5V,
according to the position of the inner knob.
This is true whether the instrument is operat-
ing in the CONTR. E or CONTR. | mode. In
CONTROL | operation, if the Electrometer
Probe is not connected (and it need not be),
the display indication will have no signifi-
cance. NOTE: When Meter switch is set to
POTENTIAL, Cell Selector switch must be set
to EXT. CELL to obtain a meaningful meter in-
dication. This is true for all operating modes.

When the outer knob is set to CURRENT
(M173 must be equipped with a plug-in mod-
ule), the meter indicates the current level
relative to the current selected with the Cur-
rent Range switch (each module has a Cur-
rent Range switch). With a M176 or M179, full-
scale meter deflection will correspond to 1, 2,
or 5 times the Current Range switch setting,
according to the position of the inner knob of
the Meter switch. The M376 is a special case
as explained in the M376 specifications (Sub-
section 1.3C).

In the case of a unit equipped with the digital
readout option, the “1” and “2” full-scale
ranges are identical, with a maximum possi-
ble display indication of 1.999. Full-scale in-
dication on a “5"” range is 5.00.
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(3) Electrometer Monitor BNC Connector

The voltage monitored by the Model 178 Elec-
trometer Probe is provided at the front-panel
ELECTROMETER MONITOR connector and at
the rear-panel ELEC. OUT connector. The two
connectors are in parallel and the source
resistance at each is 1 k. The potential at
these connectors can be monitored with an
oscilloscope or some other external monitor-
ing instrument. Note that whenever the Meter
switch is set to POTENTIAL, the meter will in-
dicate the magnitude of the voltage at the
ELECTROMETER MONITOR connector, but
the opposite polarity (exception: NULL
mode). The potential at the ELECTROMETER
MONITOR connector will be that of the Refer-
ence Electrode with respect to ground. The
meter indicates the potential of the Working
Electrode with respect to the Reference Elec-
trode (the Working Electrode is always at
ground potential). If the Model 178 Electrom-
eter Probe is not being used to monitor some
potential point, such as could be the case in
CONTR. | operation, the potential at the
ELECTROMETER MONITOR connector will
have no significance.

2.3 REAR-PANEL CONNECTORS

All of the BNC connectors present on the front
panel are also brought out to the rear panel. In ad-
dition, other connectors, as described below, are
provided.

TRIG-OUT: These two connectors, labeled A and
B, provide outputs suitable for triggering external
monitoring instruments such as oscilloscopes. A
positive 1 volt level is available at the A connector
whenever the A button is depressed or the A
potential is selected by an external trigger. The 1
volt level is available at the B connector whenever
the B button is depressed or the B potential is trig-
gered. When the corresponding source is not ac-
tive, ground is available.

Figure 1I-2. REAR PANEL OF MODEL 173




S/IA OUT: This is the output of the. control
amplifier and shows the voltage applied to the
Counter Electrode. It is the actual control
amplifier output.

TRIG-IN A & B: These connectors are in parallel
with the corresponding front-panel connectors.

ELECT-OUT: In parallel with front-panel ELEC-
TROMETER MONITOR connector.

EXT. IN: In parallel with front-panel EXT. SIGNAL
INPUT connectors.

I/IOUT: Low impedance 1V f.s. output voltage cor-
responding to front-panel | OUTPUT signal in

M176 and M179. In M376, full-scale output is five
volts at this connector. This output is discon-
nected in DIRECT and NULL operating modes.

ACCESS. POWER: Provides =*=24 V regulated
power for accessory equipment. Up to about 200
mA may be safely drawn from these sources. Pin
A is ground. Pin Bis +24 V,and pin Cis —24 V.
The other pins are unused.

S/A ZERO: This screw adjustment is used to zero
the control amplifier as outlined in the Calibration
Procedure.

DIGITAL INTERFACE: See Table IV-2 on page IV-5.
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SECTION Il -
INSTALLATION PROCEDURE AND
INITIAL PERFORMANCE CHECKS

3.1 INSTALLATION

No special installation requirements need be met,
except that the rear panel should be reasonably
accessible. The monitoring connectors are
located at the rear panel. Access to it may be
necessary when conducting experiments where
external inputs are being supplied to the instru-
ment, or where outputs from the instrument are
being used for external triggering or display. Ac-
cess to the monitor panel is also necessary for
troubleshooting, and occasional access to the
power takeoff connectors may be required. In ad-
dition, the rear panel contains air intake and ex-
haust ports which should not be blocked.

3.2 POWER REQUIREMENTS

The Model 173 will accept either 105-125 or
210-250 V ac, 50-60 Hz, and requires about 175 volt-
amperes of power. The operating voltage range is
selected by an internal switch located just to the
front of the power transformer. Instructions for
setting this switch are provided in the Safety In-
structions at the beginning of the book. Units are
normally sent with the switch set to “115”, the
proper setting for operation from voltages in the
105-125 V range. In the case of a unit shipped with
the switch set to “230”, the setting for operation
from voltages in the 210-250 V range, a red tag
labeled *220 V" is normally attached to the line
cord. FOR OPERATOR SAFETY, THE SETTING OF
THE LINE VOLTAGE SELECTOR SWITCH
SHOULD ONLY BE CHECKED OR CHANGED
WITH THE UNIT DISCONNECTED FROM ALL
SOURCE OF POWER. AS DESCRIBED IN THE
SAFETY INSTRUCTIONS, THE CHECK (CHANGE)
PROCEDURE SHOULD ONLY BE PERFORMED
BY QUALIFIED SERVICE PERSONNEL.

3.3 FUSING

The ac power fuse is located at the rear panel. For
operation from a line voltage of nominally 115 V,
use a slow-blow 5 A fuse with a voltage rating of
125 V or higher. For operation from a line voltage
of nominally 230 V, use a slow-blow 3 A fuse with a
voltage rating of 250 V or higher.

In addition, there are six internal fast-blow fuses
that protect the dc supplies. The current rating of
these fuses is indicated in Figure V-1 on page V-1.
In each case, use a fast-blow fuse with a voltage
rating equal to, or higher than, the voltage in-
dicated in Figure V-1.

Make sure that only fuses with the required rated
current and of the specified type are used for
replacement. The use of makeshift fuses and the
short-circuiting of fuse holders are prohibited.
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WARNING!
TO AVOID THE POSSIBILITY OF A SAFETY
HAZARD FROM ELECTRICAL SHOCK, WHICH
COULD RESULT IN PERSONAL INJURY OR
DEATH, DISCONNECT THE POWER CORD
BEFORE REMOVING OR INSTALLING A FUSE.
FUSES SHOULD ONLY BE CHANGED BY QUALI-
FIED SERVICE PERSONNEL.

3.4 CABLING

The M173 is furnished with two special intercon-
necting cables to interface the instrument with
standard electrochemical cells. The two cables
are:

(1) A four-foot, 6-conductor multi-shield cable fit-
ted with one male 6-pin plug and terminated
in 3 color-coded crocodile clips. This cable
connects the Working and Counter Elec-
trodes to the instrument. The color code is:

Red—Counter Electrode
Green—Working Electrode
Black—Ground

NOTE: When a plug-in module is used, the
summing junction of the module Input
Amplifier is brought out into the cable to
minimize IR drop errors. It is therefore essen-
tial to have this cable plugged in before using
the instrument. Otherwise the plug-in module
will not function properly.

WARNING! When operating in the CONTROL
E or CONTROL | mode, voltages as high as
100 V with a current capability of 1 A may be
present at the external cell cable alligator
clips when the Selector switch is in the EXT.
CELL position. To minimize the possibility of
dangerous, possibly lethal electrical shock,
operators are warned not to touch these ex-
posed clips, either to connect to a cell, or to
disconnect from one, unless the Selector
switch is first placed in the OFF position.

In addition, the Model 178 Electrometer Probe
must be connected in CONTR. E operation.
The Electrometer Probe connector on the
front panel provides + 24 volts and ground to
the probe, and also carries the probe output
signal back to the Model 173. For proper
operation in the CONTR. E mode with the
Selector set to EXT. CELL, the probe must be
connected to the Reference Electrode at the
cell, although an external load resistor may
be substituted for the cell to perform certain
checks.

(2
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3.5 INITIAL PERFORMANCE CHECKS

3.5A INTRODUCTION

The following procedure is provided to facilitate
initial-performance checking of the Model 173
Potentiostat/Galvanostat. In general, this pro-
cedure should be carried out after inspecting the
instrument for shipping damage and reporting any
such damage to both the carrier and to EG&G
PRINCETON APPLIED RESEARCH, but before at-
tempting to use the instrument experimentally.
No special equipment is needed. NOTE: THESE
CHECKS APPLY TO A MAINFRAME OPERATED
ALONE. FOR CHECKS WITH A PLUG-IN
MODULE, SEE THE CORRESPONDING PLUG-IN
MODULE INSTRUCTION MANUAL. Should any
difficulty be encountered in carrying out these
checks, contact the factory or the factory-author-
ized representative in your area.

3.5B PREPARATION

(1) After examining the instrument for signs of
visible damage, and before plugging in the
line cord, loosen the two screws on the under-
side of the rear overhang of the top coverand
remove them. Then slide this cover backward
until the interior of the instrument is clearly
visible. Check to insure that all three circuit
boards are firmly seated in their sockets and
that the cable that extends from the heat-sink
assembly to the chassis connector just in
front of the assembly is plugged in. Then
slide the cover back in and replace the
SCrews.

(2) Plug in the “dummy” plug-in mating connec-
tor and install the blank panel. NOTE: These
items are supplied only when a Model 173 is
purchased without a plug-in module. The
plug-in connector and blank panel are sup-
plied uninstalled in a separate package. The
connector is installed by pushing it into the
plug-in module receptacle (it can only go in
one way) as far as possible. The blank panel
should then be fitted in place and tightened
by means of the locking screw.

3.5C PROCEDURE
(1) With the power off, set up the controls and
connections as follows.

Cell Selector switch: OFF
Operating Mode: CONTR. E
“A” & “B” Potentials: OFF and 0.000 V
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Ext. Sig. Inputs: OFF

Meter switch: POTENTIAL and “1”
External Cell Cable: plugged in
Electrometer Probe: plugged in

(2) Connect an external 1 kilohm load resistor as
shown in Figure IlI-1. Take care that the black
clip (unused) doesn’t short against another
circuit element.

(3) Turn the power on, and, if the Overload light
does not come on, proceed to the next step. If
the Overload light does come on, the instru-
ment has sustained some shipping damage
and either the factory or your local represen-
tative should be contacted.

(4) The “A” pushbutton should light when the
power is turned on and the meter should read
zero.

(5) Switch the Cell Selector to EXT. CELL and
again note that the meter reads zero.

(6) Set the “A” potential to +1.000 V and note
that the meter deflects full scale.

(7) Depress the “B” pushbutton and note that the
meter returns to zero (the “B” light should
come on).

This completes the Initial Checks. If the indicated
results were obtained, one may be reasonably
sure that the instrument has arrived in good work-
ing order. Bear in mind that in the case of a unit
operating without a plug-in module, CONTROL |
operation is impossible. Also, there is no way of
measuring the cell current in CONTROL E opera-
tion.

WHITE TIP JACK

RED CLIP

EXTERNAL CELL CABLE
(BLACK QLIP UNCONNECTED)

GREEN CUP

Figure lll-1. EXTERNAL RESISTOR CONNECTIONS
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SECTION IV
OPERATING INSTRUCTIONS

4.1 INTRODUCTION

This section of the manual discusses the details
of operating the mainframe by itself. Operation
with any one of the plug-in modules is treated in
the corresponding plug-in module manual. For a
treatment of electrochemistry per se, the reader is
referred to the bibliography at the end of this sec-
tion.

Two key points must be considered in setting up
the Model 173 and its associated instruments for
an electrochemical experiment. First of all, the
Working Electrode is maintained at either virtual
or hard ground (zero volts) by the instrument. That
is to say, although reference is frequently made to
a potential applied to the Working Electrode, in
actual fact the Working Electrode is maintained at
zero volts, and an opposing potential is applied to
the Counter Electrode and detected by the Refer-
ence Electrode. For example, if one desires to ap-
ply —1 V to the Working Electrode, and in fact
sets the controls to do so, a measurement would
show zero volts at the Working Electrode and
+ 1V at the Reference Electrode (Reference Elec-
trode potential is available at ELECTROMETER
MONITOR connector in CONTROL E operation).
This should be remembered to avoid confusion.

Second, one must understand the distinction be-
tween the EXT. SIG. INPUT connectors and the
TRIG. INPUT connectors. Signals applied to the
EXT. SIG INPUT connectors add directly to the ap-
plied potential selected with the APPLIED
POTENTIAL/CURRENT controls. If the APPLIED
POTENTIAL/CURRENT toggle is set to OFF, then
the externally derived signals alone determine the
applied potential. The inputs are non-inverting,
i.e., plus one volt applied to either of the EXT. SIG.
INPUTS (assuming APPLIED POTENTIAL/CUR-
RENT is OFF) will put the Working Electrode at
+ 1V with respect to the Reference Electrode.

Signals applied to the TRIG. INPUT connectors
cause the instrument to internally switch back
and forth between the A and B control sources.
The basic requirements on these trigger signals
are that they have an amplitude of at least 3 V and
that their rise time be faster than 100 us (see
Subsection 4.3D).

4.2 CELL CONNECTIONS

Connections to the electrochemical cell are made
through the external cell cable, which is fitted
with a 6-pin male connector at one end and termi-
nated in three colored crocodile clips at the other
end, and through the Model 178 Electrometer
Probe. Connections are as follows.

V1

(1) External Cell Cable

Clip Color Electrode Conn.
Red.....coviivnvnnenanann Counter Electrode
Green.......ccivvienninnn Working Electrode
BIAGK: 5. o5 50 ohs 505t 508 .55 5k 525 1 £ 0B 5 5 5 Ground

(2) Model 178 Electrometer Probe

Connect to the Reference Electrode, using as
short a piece of wire as possible.

The active amplifier in the Model 178 Elec-
trometer Probe is the black probe itself. In
order to minimize the cable capacitance that
the Reference Electrode must drive, the wire
connecting the white input jack on the green
face of the electrometer probe should be kept
as short as possible. |deally, the probe should
be clamped next to the electrochemical cell
and an extremely short length of wire should
extend from the white input connector to the
Reference Electrode.

The red crocodile clip is connected to the Counter
Electrode of the electrochemical cell. Since large
currents may flow in the Counter Electrode, it is
particularly important that the Counter Electrode
contact be a good one.

The green crocodile clip is connected to the Work-
ing Electrode. No matter what type of Working
Electrode is used, the wire between the Working
Electrode and the green clip should be kept as
short as possible to minimize error from voltage
drop in the wire. Like the Counter Electrode, the
Working Electrode can carry heavy currents and
any connections to it should be “solid”.

The black clip (ground) is not connected to the
cell. Generally, it is not used, although it may be
effectively used to make contact to a shield sur-
rounding the cell. When the black clip is not used,
care must be taken to prevent it from shorting
against any of the other circuit elements.

4.3 CONTR. E (Potentiostatic Operation)

4.3A INTRODUCTION

As mentioned previously, when the mainframe is
operated by itself, it is limited to CONTROL E
operation. Moreover, there is no way of monitoring
the cell current when the instrument is operated
in this manner. The following paragraphs treat this
limited mode of operation. Detailed discussions
of operation with the various plug-in modules are
provided in the separate module instruction
manuals.



To operate the mainframe by itself, it is necessary
that a “dummy”’ plug be installed in the connector
which otherwise mates with the plug-in module,
and that the blank panel be mounted over the
module opening. These items are ordinarily sup-
plied only if the Model 173 has been ordered
without any plug-in modules. They are shipped
uninstalled. The dummy plug is installed by
pushing it into the plug-in module receptacle (it
can only go in one way) as far as possible. The
blank panel should then be fitted in place and
tightened by means of the locking screw.

4.3B INITIAL STEPS

Because of the high compliance capabilities of
the Model 173 (£ 100 V), for safety’s sake, it is im-
portant that the SELECTOR switch be set to OFF
before any further steps are taken. In this way, the
possibility of accidental shock is greatly reduced.
ONLY WHEN ALL PREPARATIONS ARE COM-
PLETED, INCLUDING CONNECTING ALL OF THE
CABLES, SHOULD THE SELECTOR BE PLACED
IN THE EXT. CELL POSITION. Also, since the
basic premise underlying this discussion is that
the mainframe is to be operated by itself, the
Model switch should be set to CONTROL E.

Assuming the cell has been prepared and the
Model switch and Selector set as indicated, the
operator can make the cable connections to the
cell. The red clip connects to the Counter Elec-
trode and the green one to the Working Electrode.
The black clip is ordinarily not used, although care
should be taken to see that it doesn’t short
against any of the other circuit elements. The
Model 178 Electrometer Probe should be con-
nected by the shortest possible lead to the
Reference Electrode. If a Model 178/41 Noise
Filter is used, connect it between the Reference
and Counter Electrodes, using the shortest possi-
ble leads. NOTE: In most instances, use of the
filter will not be necessary.

4.3C POTENTIAL SELECTION

The two internal potential sources in the APPLIED
POTENTIAL/CURRENT section of the front panel
allow the selection of two different potentials.
Which of the two is applied depends on which of
the two pushbuttons, “A” or “B”, is illuminated.
The selected potential corresponding to the il-
luminated pushbutton will be applied to the cell
when the SELECTOR switch is placed in the EXT.
CELL position. If two sequential potentials are
desired, each may be set on a different set of con-
trols. They may then be switched back and forth,
either by depressing the pushbuttons or by apply-
ing external triggers.

When selecting a potential, the toggle switch
determines the polarity of the applied potential.
The voltage, in 1 V increments, is selected by the
large round dial, with the number that is aligned
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with the three numbers of the vernier correspond-
ing to the voltage to be applied. The vernier then
provides a three-digit continuously variable selec-
tion of the voltage over a 1 V range. Thus, if the
toggle switch is up, the round dial is at 1 V, and
the vernier reads 345, then + 1.345 V will be ap-
plied. An OFF position is provided for both toggle
switches to facilitate setting the internal sources
to zero, if desired. (Alternatively, the controls
could be set to 0.000 V.) If neither pushbutton is il-
luminated, the instrument is malfunctioning or
the light is inoperative. Again, it must be em-
phasized that the A & B potentials are alternative,
not additive. Potentials to be added must be ap-
plied to the EXT. SIG. INPUTS (see Subsection
4.3Q).

As a final note, the ZERO | pushbutton is not func-
tional in CONTROL E operation.

4.3D EXTERNAL TRIGGERING

In addition to switching from the A potential to the
B potential by the use of the front-panel pushbut-
tons, the instrument will switch from one poten-
tial to the other on receipt of an external triggering
signal when the EXT. TRIG. pushbutton is
depressed. The exact way in which the triggering
signal affects the applied potential depends both
on which of the two inputs is used and on the
position of the associated toggle switch. These
effects are outlined in the table below. The mini-
mum triggering voltage required is =3 V, and the
rise time must be faster than 100 microseconds.
The maximum rate at which the system may be
triggered is 200 kHz, from a 5 volt square wave.

TRIGGER MODE CONTROL

Switches from Channel A to Channel B when positive
edge is applied to left connector.

Single

Switches from Channel B to Channel A when
negative edge is applied to right connector.

Channel switches on each positive edge applied to
left connector and/or on each negative edge applied
to right connector.

Repet.

Channel switches on both positive and negative
edges applied to either connector.

Track

Table IV-1. EXTERNAL TRIGGERING REQUIREMENTS

Note that in the SINGLE and REPET. positions,
the left side connector responds only to positive-
going signals and the right side connector only to
negative-goiong signals. This permits the use of
two different triggering signals, from two different
sources, one connected to the right connector
and the second to the left connector.
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4.3E TRIGGERING BY EXTERNAL CONTACT
CLOSURE

It is also possible to trigger the Model 173 by
means of an external contact closure to ground.
One would normally operate with a single-pole
double-pole device connected so that the rotor is
returned directly to ground. One stator terminal
should be connected to one of the two TRIGGER
INPUT BNC connectors, and the other stator ter-
minal should be connected to the other of the two
TRIGGER INPUT connectors. As the switch (or
relay) is actuated back and forth between the two
positions, ground will be applied first to one TRIG-
GER INPUT connector and then to the other. Each
actuation will trigger the Model 173 the same as if
one were using the Model 173 Trigger pushbut-
tons or an external signal applied to the TRIGGER
INPUT connectors. The only restriction is that the
Model 173 MUST be operated in the SINGLE Trig-
ger mode. The TRACK mode and REPETITIVE
mode won’t work.

4.3F TRIGGERING FROM THE MODEL 175

In some applications it may be desirable to trigger
the Model 173 from the Model 175 FRAME SYNC.
or CYCLE SYNC. output. This can be done, but
only if these outputs are converted from ac cou-
pling to dc coupling. Then either output can be
used as a trigger without need for any special
operating considerations. However, take care not
to short the FRAME SYNC. or CYCLE SYNC. out-
put to ground or to a low-impedance potential.
Such a short could damage the Model 175 output
circuits.

To convert the ac coupled Model 175 outputs to dc
coupled outputs, proceed as follows.

(1) Open up the Model 175 and remove the center
circuit board. Then locate the quick-
disconnect terminals J30 and J42 on the
Mother board, and transfer the wire on J30 to
J42,

(2) Similarly, locate quick-disconnect terminal
J29 and transfer the wire on J29 to J41.

EXT. SIG.
(SUPERIMPOSED PULSE)

+09 vV

EXT. SIG.
(SUPERIMPOSED

sl TRIANGLE)
e— ————
-0.1V (A)

Figure IV-1. COMPOSITE WAVEFORM FROM APPLYING
DIFFERENT SIGNAL TO EACH EXT. SIG. INPUT

This completes the procedure. Return the middle
board to its proper operating position and close
up the instrument. The signals from the Trigger
outputs will now be pulses on a level and will not
be differentiated as they were before.

4.3G EXTERNAL INPUTS

In addition to the fixed potential provided by the A
and B potential controls on the front panel, exter-
nal fixed or varying potentials may be applied to
the EXT. SIG. INPUT connectors. These are
voltage-control points, and have an input im-
pedance of 10 kQ each. The voltage applied to
these connectors is added to that selected by
either the A or B front-panel potential controls. If
signals are connected to both EXT. SIG. INPUT
BNC's, these two signals will both be added
simultaneously to the potential selected on either
the A or B potential controls.

Thus, for example, one could set a potential of
—0.1 V on the A controls, add a triangle voltage
from 0 to 1V to the first external input, so that the
result would be a 1V amplitude triangle beginning
at — 0.1V and going to + 0.9 V, and superimpose
on this a high speed short duration pulse at the
apex of the triangle through the second input. The
resultant waveform will be as shown in Figure
IV-1. It is essential to remember that the inputs
add so that signals applied to the External Input
connectors need not be offset from ground. The
applied waveform is added to the initial potential
selected by the front-panel potential control. Note
also that there is a toggle switch associated with
each external input so that the external signal
source need not be disconnected when its use is
no longer required.

4.3H RUNNING THE EXPERIMENT

After insuring that the proper potentials have been
selected at the front panel and that any desired
additional external inputs are properly connected
and switched on, the Selector switch may be set
to the EXT. CELL position to begin the actual ex-
periment. As soon as this is done, the Working
Electrode will be driven to the programmed poten-
tial with respect to the Reference Electrode. (As
discussed earlier, the Working Electrode is at
ground potential. The desired relationship is
established by driving the Counter Electrode with
an opposite polarity voltage to offset the Refer-
ence Electrode by the required amount.) If the
EXT. SIGNAL INPUTS are used to apply a compliex
control program, that program will be applied in
the same manner.

The actual voltage applied to the Counter Elec-
trode can be monitored by measuring the voltage
at the rear-panel S/A OUT connector. This point is
at the Control Electrode voltage whenever the
SELECTOR is set to EXT. CELL. The voltage
observed should be of opposite polarity to that
programmed, and its magnitude will be a function




of the cell characteristics. The control voltage or
program can be checked at this connector directly
by setting the Cell Selector to OFF. With the
switch in this position, the connection to the
Counter Electrode is broken and the internal cir-
cuitry is arranged such as to allow the control
voltage to be measured directly (though of op-
posite polarity).

The front-panel meter can be used to monitor the
voltage at the Working Electrode with respect to
the Reference Electrode. As long as the associ-
ated meter switch is set to POTENTIAL, the volt-
age at the Working Electrode with respect to the
Reference Electrode is displayed on the meter.
Full scaleis 1,2, or5V, according to the setting of
the Sensitivity knob of the Meter switch. This Ref-
erence Electrode voltage with respect to ground is
available at the ELECTROMETER MONITOR con-
nector. As long as the potential is being properly
controlled, the voltage at the ELECTROMETER
MONITOR connector will be a faithful 1:1 repro-
duction of the applied control program, though of
opposite polarity. The voltage at the Electrometer
Monitor connector is the voltage monitored by the
Model 178 Electrometer Probe. In the OFF and
DUMMY CELL positions, the meter is discon-
nected from the electrometer output and no meter
indication is obtained. The ELECTROMETER
MONITOR connector, however, still connects to
the Model 178 output, and still indicates the Ref-
erence Electrode potential. The stability of the
voltage at this connector gives some indication of
the quality of the electrode.

As a final note, a word about cell current may be in
order. A Model 173 mainframe operated without a
plug-in module cannot be operated in the CON-
TROL | mode. Moreover, there is no way even of
monitoring the cell current. The cell current will
vary with the applied potential according to the
cell characteristics, up to a maximum of 1 A. If the
cell characteristics are such as to require more
current than can be supplied to establish the
desired potential relationship between the Work-
ing and Reference Electrodes, the OVERLOAD
light will glow.

4.31 CURRENT MEASUREMENTS

As mentioned previously, there is no way to mea-
sure the cell current (or to control the cell current)
when the Model 173 mainframe is operated by
itself. The unit must be fitted with one of the plug-
in modules to achieve this function. Once a plug-
in module is installed, the cell current relative to
the Current Range selected at the plug-in module
can be read directly from the panel meter by
operating with the Meter switch in the CURRENT
position.

4.3J POTENTIAL MEASUREMENTS
Measuring potential with the Model 173 involves
simply selecting the method of measurement with
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the Operating Mode switch, and then taking a
reading. Two modes of measurement, DIRECT and
NULL, are possible.

(1) Direct Potential Measurement

Placing the Operating Mode switch in the
DIRECT MEAS. ONLY mode sets the instru-
ment up for a direct potential measurement.
In this mode the meter directly indicates the
potential of the Working Electrode with
respect to the Reference Electrode (Working
Electrode is at ground; the Reference Elec-
trode is off ground as determined by the cell
and electrode characteristics). The potential
at the ELECTROMETER MONITOR connector
will be that of the Reference Electrode with
respect to ground. As in CONTROL E opera-
tion, the Selector must be in the EXT. CELL
position to obtain a meter indication. The
Meter Function switch should be set to
POTENTIAL. The Counter Electrode circuit is
open in this mode and there is no cell current.

(2) Null Potential Measurement

The NULL mode allows high resolution mea-
surements of electrode potentials to be
made. In this mode, the electrodes are con-
nected as before (except for the Counter Elec-
trode, which is open), but the meter indicates
the difference between the electrode poten-
tial and the set Applied Potential. Specific-
ally, when the output of the “‘active” set of
controls is adjusted as required to achieve
meter null, the control setting will directly in-
dicate the potential of the Working Electrode
with respect to the Reference Electrode. (As
in the other modes, the Working Electrode is
actually at ground potential and the Refer-
ence Electrode is off ground as determined
by the cell and electrode characteristics.) Us-
ing this method allows potentials to be read
to within one millivolt.

4.4 MODEL 173 WITH DIGITAL READOUT
If requested at the time of purchase, a 3%z digit
Nixie* display will be supplied. This display pro-
vides direct numerical readout of the Model 173’s
output and the corresponding digital data is avail-
able at a rear-panel connector. This data is suited
to computer processing.

In reading the display, the numerals and polarity
correspond directly to the monitored voltage or
current. On any “1" range, 1 nA, 10 gA, 100 nA, etc.,
the display indicates 1.000 full scale. On any “2"
range, the maximum possible display is 1.999.
With a higher output, the display becomes 1
BLANK, that is, the “1” remains lighted, but the

*Nixie is a trademark of Burroughs Corporation.
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decimal point and all following digits go dark. On
any “5” range, full-scale output gives a display in-
dication of 5.00, that is, the decimal point is
shifted one place to the right.

The information displayed on the digital panel
meter, along with the exponent data, is provided
in BCD form at rear-panel connector J23. The
tables following give the signal/pin assignments
for this data. Positive logic is employed. A “1” is
+35V +1Vanda“0’is02V £0.2V. All digital
output signals are capable of sinking 5 mA at the
lower level and of sourcing 0.1 mA at the upper
logic level.

Occasion may arise where it is advantageous to
trigger externally, such as when it is necessary to
operate in conjunction with certain peripheral
digital processing equipment. NOTE: For opera-
tion with the Model 131 system, internal triggering
is employed. Considerations that govern external
triggering are that the internal trigger circuits
must be inhibited and that the proper external trig-
ger be applied. Internal triggering is inhibited by
applying ground to pin 23 of the digital output con-
nector. The external trigger should be applied to
pin 20. The required signal is a logic one that goes
to logic zero for at least one and a half microsec-
onds (but for less than two milliseconds). The unit
resets on the negative-going transition; conver-
sion commences on the positive-going transition.
The maximum allowable external trigger rate is 60
Hz.

NOTE: Early Model 173's equipped for digital
readout were furnished with an Analogic Model
2510 Digital Voltmeter. Current production units
are supplied with an Analogic Model 2532 Digital
Voltmeter. Although similar, these meter do differ
in some respects.

From an operating point of view, the primary dif-
ference is that the current voltmeter does not have
a '+ sign. If no polarity is indicated, the reading
is presumed to be positive. A ““— " sign is provid-
ed to indicate negative readings.

The other changes involve pin éssignments and
signal levels. The old and current meters are com-
pared in the following table.

Model 2510 Model 2532
(Old Meter) (New Meter)

Pin Function Pin Function
DJ-1 (L) +45V DJ-2 (M) +45V
DJ-2 (N)  +Overload Gate DJ-1(L) + Overload Gate
DJ-2 (M) +45V DJ-2 (N) - Overload Gate
DJ-2(S) —Transition Trig DJ-2(S) + Transition Trig

The “Transition Trigger” signal is actually the Ex-
ternal Trigger Input at pin 20 of the Digital Inter-
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face connector. In units equipped with the Model
2510 Digital Panel meter, conversion commences
on the trailing edge (- transition) of a logic 1 ap-
plied to this input. In current units, those equip-
ped with the Model 2532 panel meter, conversion
commences on the leading edge (+ transition) of
the applied logic one (unit resets on preceding
negative transition; logic 0 to be longer than 1.5 us
but less than 2 ms).

Polarity (logic 1= +).

+4 V dc (not used in M131 System).

3, 4, 28, 29.. Overrange Output (all four pins tied together in-
side M173). M131 system prints question mark in
most significant place* if the digital panel meter
is driven into overrange.

Seviviecan 2° of most significant digit.

<[ [ 2' of most significant digit. This line is always
grounded inside the M173.

6.t 22 of most significant digit. This line is always
grounded inside the M173.

<) PR 2* of most significant digit. This line is always
grounded inside the M173.

T 2° of second digit.

32:wsseains 2' of second digit.

- (— 2? of second digit.

33......... 2® of second digit.

Qs ornmumas 2° of third digit.

34......... 2' of third digit.

10......... 22 of third digit.

88 s 22 of third digit.

) I, 2° of fourth digit.

< [ 2' of fourth digit.

V2 smessssaens 27 of fourth digit.

170000 22 of fourth digit.

D ground.

23, srsrsirsiosizs Internal Trigger Inhibit. Logic 0 at this point in-
hibits internal triggering. M131 BUSY applied to
this pin.

20 45555 e External Trigger Input.

[ C— CONVERSION COMPLETE. Logic zero at end of
conversion. Used to trigger the Model 262 when
applied to the EXECUTE input.

19 :s50s5m0 CONVERSION COMPLETE (complement of
signal at pin 18).

28 . ;:i553us 2° of exponent digit**.

s P 2' of exponent digit**.

25......... 22 of exponent digit**.

Table IV-2. DIGITAL OUTPUT PINS AND SIGNALS

NOTE: A cable suitable for interfacing the Model
173 digital output with the Model 262 Teleprinter
Interface module of the Model 131 system is
available. The cable part number is 6020-0023-06.
The drawing number for this cable is 5401-C-ESA.

*Most significant digit of M173 digital display is printed in second most significant
digit place of M131 system printout. The most significant place in the printout is
reserved for a digital panel meter overrange indication. When overrange of the panel
meter occurs, a question mark is printed in the most significant place. Otherwise a
zero.

**Exponent only provided if unit is equipped with a Model 176/D, a Model 179, or a
Model 376.



Teletype Digit No. 1 2 3 4 5 6

Always 0, except ? mark '
when meter overloads———l '
v X

Fixed in place

T

Teletype Format * X X X X X
(via 262-131) L
Exponent; 0 to 7 as
Front Panel Display * XIX X X per Truth Table for
, I I l Sensitivity switch
Significant Digit No. 1 2 3 4
Display Range 0 or 1 0 thru 9 each Digital Output for Current Range & Meter Switch Settings:
BCD Digital Output
Digital Output for Each Display Figure: Exp. Switch
Setting 4 (C) 2(B) 1(A)
Binary Coded Decimal
Digital Output 7 5A 1 1 1
Display
Shows 8 (D) 4 (C) 2 (B) 1 (A) 2A 1 1 0
0 0 0 0 0 6 1A 1 1 0
1 0 0 0 1 500 mA 1 1 0
2 0 0 1 0 200 mA 1 0 1
3 0 0 1 1 5 100 mA 1 0 1
4 0 1 0 0 50 mA 1 0 1
5 0 1 0 1 20 mA 1 0 0
6 0 1 1 0 4 10 mA 1 0 0
7 0 1 1 1 5 mA 1 0 0
8 1 0 0 0 2mA 0 1 1
9 1 0 0 1 3 1 mA 0 1 1
500 uA 0 1 1
200 uA 0 1 0
2 100 LA 0 1 0
50 uA 0 1 0
NOTE: FOR CONVENIENCE IN DATA PROCESSING, 20 LA 0 0 1
EXPONENT PROVIDED INDICATES CURRENT IN #
MICROAMPERES. ALSO NOTE THAT NO EXPONENT 1 10 LA 0 0 1
DATA IS PROVIDED WITH METER SWITCH SET TO 2
POTENTIAL, AND WHEN UNIT 1S OPERATED WITH- 5 A 0 0 1
OUT A PLUG-IN MODULE. #
2 A 0 0 0
0
1 uA 0 0 0

Table IV-3. DIGITAL READOUT TRUTH TABLES
IV-6
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SECTION V
TROUBLESHOOTING

WARNING!

THESE SERVICE INSTRUCTIONS ARE FOR USE
BY QUALIFIED PERSONNEL ONLY. TO AVOID
ELECTRIC SHOCK, DO NOT PERFORM ANY SER-
VICING OTHER THAN THAT CONTAINED IN THE
INSTRUCTIONS UNLESS YOU ARE QUALIFIED
TO DO SO. POTENTIALLY LETHAL VOLTAGES
ARE PRESENT INSIDE THIS APPARATUS.

ANY ADJUSTMENT, MAINTENANCE OR REPAIR
OF THE OPENED APPARATUS UNDER VOLTAGE
SHALL BE AVOIDED AS FAR AS POSSIBLE AND,
IF INEVITABLE, SHALL BE CARRIED OUT ONLY
BY A SKILLED PERSON WHO IS AWARE OF THE
HAZARD INVOLVED.

5.1 INTRODUCTION

When a problem is first noticed, the first task is to
determine whether it has its origin in the M173
mainframe itself or outside the M173. Many prob-
lems result from cabling or cell failings of one
kind or another. Section Ill contains some initial
checks that can be used to check out the basic
functioning of the mainframe. If the indicated
behavior is observed, one can be reasonably sure
that the instrument is functioning correctly, and
that the problem has its origin in the other system
components. The following paragraphs discuss
some possible external problems, and then go on
to discuss specific mainframe troubleshooting
procedures.

5.2 EXTERNAL PROBLEMS

(1) OSCILLATION: One of the most commonly
encountered problems is that of high frequen-
cy oscillations. Such oscillations can be
observed by monitoring the rear-panel S/A
OUT connector with an oscilloscope, or by
monitoring the ELECTROMETER MONITOR
connector. This oscillation is usually the
result of phase shifts introduced by stray
capacitance and the high impedance of the
Reference Electrode. Some possible
remedies include:

(a) Check the Reference Electrode itself. Be
sure that it is properly filled, that it is im-
mersed, and that the filling hole is expos-
ed. Also check that the Reference Elec-
trode isn't clogged. If clogging is sus-
pected, disassemble the electrode, clean
it, and fill it with fresh saturated KCI.
NOTE: One way of checking for clogging
is to immerse the electrode in a beaker of
water. If an electrode is “‘leaking” at a suf-
ficiently high rate, a “thread” of KCI will
soon become visible. Unfortunately, the
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leakage rate of electrodes that are work-

ing perfectly well can be too low to allow

a visible thread to be observed.
(b) Check the cable connections. In par-
ticular, be sure that the lead length from
the Reference Electrode to the Electrom-
eter is no longer than necessary. The lead
coming off the Reference Electrodes pro-
vided by EG&G Princeton Applied Re-
search Corporation will plug directly into
the white-tipped jack on the face of the
Electrometer Probe. Take care not to un-
duly lengthen this lead by means of an un-
necessary clip lead. Also, do not allow
this lead to come near any clamps of
other associated metalware that is at
ground potential. The Reference Elec-
trode, and the lead from the Reference
Electrode to the Electrometer Probe must
be kept as far from any grounded objects
as possible. If a 178/41 Filter is used, keep
its leads short as well, and away from
grounded objects.

(2) OVERLOAD LIGHT ON: The most common
cause of the Overload light glowing is incor-
rect cabling. Check to be sure the red clip is
connected to the Counter Electrode, and that
the electrode is immersed. Similarly check
the Working Electrode connection (green
clip), and be sure that the electrode is im-
mersed. If the Working Electrode is an HMDE,
be sure that the drop hasn’t been accidentally
dislodged. Check that the black alligator clip
(ground) isn’t accidentally shorting to another
circuit element, in particular the Working
Electrode or Counter Electrode. If the prob-
lem is excessive 60 Hz pickup, it may help to
shield the entire assembly, grounding the
shield (screen) with the black clip.

5.3 INTERNAL CHECKS

If it has been determined that there is an internal
malfunction, the following procedure should be
followed to localize the problem to a particular cir-
cuit in the instrument. This will require removal of
the top cover which is held in place by two screws
under the “overhang” at the rear of the instru-
ment.

(1) Unregulated Voltage Checks

Measure the unregulated voltages at the rec-
tifier board fuses as shown in Figure V-1. Any
voltage measuring device with sufficient
range can be used for this measurement. If
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Figure V-1. RECTIFIER BOARD (TOP VIEW)

any of the above voltages are zero, the
associated fuse is probably blown and should
be replaced.

(2) Regulated Voltage Checks

NOTE: The +24 V supply is the key supply
from which all the other supplies are
regulated. If the + 24 V supply is not working,
none of the supplies will be working.

If it has been determined that the unregulated
voltages are as specified, the regulated volt-
age should be checked, using the test points
located along the top edge of the power sup-
ply board. The voltages should be measured
with respect to chassis ground.

Red Test Point: +244V =1V

Yellow Test Point: —24.4V =1V

Violet Test Point: + 105V (+ 102 V to + 108V)
White Test Point: — 105V (- 102 V to — 108 V)

If any of these voltages are not as specified,
proceed to Subsection 5.6 to determine the
exact malfunction. If the voltages are as
specified, proceed to the particular section
which describes the malfunction.

5.4 A OR B POTENTIAL CONTROL
MALFUNCTION

A malfunction in this section will show one of the
following symptoms:

(1) Either the A or B pushbutton will not light.

(2) One or both polarities of either the A or B
Potential Control will be inoperative.

(38) One of the External Triggering functions will
be inoperative.

(4) The ZERO | pushbutton will not light when
pushed with the Operating Mode switch set
to CONTROL I.

Any of the above symptoms indicates a failure on
the Control Logic Board which is located nearest
the front panel. Detailed troubleshooting of this
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board is beyond the scope of this manual. Defec-
tive boards should be returned to the factory for
replacement.

5.5 SUMMING AMPLIFIER MAL.-
FUNCTION

A malfunction in this section will show one of the
following symptoms:

(1) Overload light always on.
(2) Thermal overload cutting in.

(8) Fuses on Rectifier Board blow when power is
turned on.

(4) Summing Amplifier output shows large dc
offset.

To troubleshoot a Summing Amplifier, the power
stage heat sink should be disconnected and a
heat-sink jumper installed in its place. With the
cover off and observing the instrument from the
front, the operator will observe a cable extending
from the heat-sink assembly at the right rear of the
instrument to a chassis connector just in front of
the heat-sink assembly. The power stage heat sink
is disconnected (Power OFF) by unplugging this
cable from the chassis connector. A so-called
“heat-sink jumper” is then plugged into the
chassis connector in place of the connector at the
end of the cable. A heat-sink jumper is construct-
ed by taking the same type connector as that at
the end of the cable (AMPHENOL 57-30240) and
adding a jumper and two resistors to it. A jumper
is connected from pin 21 to pin 22. One 100 ohm
half-watt resistor is connected between pins 17
and 18. Another is connected between pins 13 and
14. The completed heat-sink jumper can then be
plugged into the chassis connector and the power
turned back on. The procedure follows.

(1) Connect a scope or voltmeter to the rear-
panel connector marked S/A OUT.

(2) Set the front-panel switches as follows.

A and B Potentials: OFF
Operating Mode: CONTR. E
Cell Selector: OFF
External Signal Inputs: OFF

(8) Turn the power on and observe the overload
light and the scope or r.eter.

(4) If the overload light is out and the scope or
meter reads zero, then switch either the A or
B Potential Control to +1 V and determine
that the voltage at the S/A OUT connector is
-1V.




(5) If step (4) above gives a normal output, the
problem probably is a bad transistor on the
power stage heat sink. In this case each tran-
sistor on the heat sink should be checked.

(6) If step (4) above does not give a normal output
and the power supply voltages are normal
(see Subsection 5.3), then the trouble is most
likely on the Summing Amplifier Board itself.
Return the board to the factory for service.

5.6 POWER SUPPLY MALFUNCTION
A malfunction in this section will show one of the
following symptoms:

(1) Overload light always on.
(2) One or both panel meter lights out.
(3) One or all pushbutton lights out.

(4) Large dc offset on the Summing Amplifier
output.

(5) Low or high voltage readings on the unregu-
lated power supplies.

POWER SUPPLY TROUBLESHOOTING PROCE-
DURE

If the regulated voltage is very low, there may be
heavier than normal loading on the supply caused
by a malfunction elsewhere in the unit. To deter-
mine if this is the case, the steps below should be
followed:

(1) Turn the power off and unplug the unit.

(2) Remove the Control Logic Board and the
Summing Amplifier Board. Then unplug the
Power Stage heat sink, the Model 176, and the
Model 178, and install a heat sink jumper in
place of the Power Stage heat sink.

NOTE: With the top cover of the instrument
removed, and facing the instrument from the
front, the operator will observe that the heat
sink and fan assembly is located at the right-
rear corner of the instrument. Normally an
aluminum cover bearing a HIGH VOLTAGE
warning prevents direct access to this
assembly. A cable extends from the assembly
to a connector located on the chassis. This
connector is just in front of the heat-sink
assembly and just behind the rear-most cir-
cuit board. The specific requirements of this
step are that the cable connector be unplug-
ged from the chassis connector and a “heat-
sink jumper’ be plugged into the chassiscon-
nector in place of the cable connector. See
Subsection 5.5 for instructions on how to
construct a heat-sink jumper.

(3) Turn the power on and measure the voltage at
the RED test point near the top edge of the
Power Supply Board. This test point should
measure +24.4 V =.1 V. If this voltage is
wrong, refer to the Power Supply Schematic
(page VII-7) and troubleshoot the +24 V sup-
ply first.

(4) If the correct voltage is measured at the red
test point, then proceed to the — 24 V supply.
This is the YELLOW test point on the Power
Supply Board. If this voltage is wrong, refer to
the Power Supply Schematic (page VII-7) and
troubleshoot the —24 V regulator.

Once both low voltage power supplies are working
properly, the high voltage can be checked. Note
that the two high voltage pass transistors are
located on the Power Stage heat sink, and are not
in use when the heat-sink jumper is used. These
transistors should be checked separately, espe-
cially if either of the 1.25 A fuses on the Rectifier
Board were blown.

A possibility not discussed above is that of a ther-
mal overload switch (S13 and S14 located on the
heat-sink assembly) failing. To check these swit-
ches, simply disconnect the heat-sink cable from
the chassis connector as described previously.
Then measure continuity between pins 21 and 22
of the cable connector with an ohmmeter. An
open indicates that either S13 or S14 is defective.
A schematic of the heat-sink wiring is located on
page VII-12.

POWER SUPPLY LOADING
If the power supply voltages returned to normal
when the boards were removed, the following pro-
cedure can be used to determine which board is
loading the power supplies.

(1) Turn the power off and install the Control
Logic Board.

(2) Turn the power on and note that the A poten-
tial pushbutton light comes on and the power
supply voltages remain normal.

(3) Turn the power off and install the Summing
Amplifier Board with the heat sink jumper still
in place.

(4) Turn the power on and observe the overload
light and check the S/A OUT connector for ap-
proximately zero volts. Also check that the
power supply voltages remain normal.

(5) Continue with the Power Stage heat sink,
then the plug-in module (if one is used), and
last the Model 178.

With this procedure one should be able to deter-
mine which board or plug-in is causing the prob-
lem.



SECTION VI
CALIBRATION PROCEDURE

WARNING!

THESE SERVICE INSTRUCTIONS ARE FOR USE
BY QUALIFIED PERSONNEL ONLY. TO AVOID
ELECTRIC SHOCK, DO NOT PERFORM ANY SER-
VICING OTHER THAN THAT CONTAINED IN THE
INSTRUCTIONS UNLESS YOU ARE QUALIFIED
TO DO SO. POTENTIALLY LETHAL VOLTAGES
ARE PRESENT INSIDE THIS APPARATUS.

ANY ADJUSTMENT, MAINTENANCE OR REPAIR
OF THE OPENED APPARATUS UNDER VOLTAGE
SHALL BE AVOIDED AS FAR AS POSSIBLE AND,
IF INEVITABLE, SHALL BE CARRIED OUT ONLY
BY A SKILLED PERSON WHO IS AWARE OF THE
HAZARD INVOLVED.

6.1 EQUIPMENT REQUIRED
(1) Oscilloscope, Tektronix Model 561B or
equivalent.

(2) DC Null Voltmeter, H.P. Model 419A or
equivalent.

(3) Digital Voltmeter, Fairchild Model 7000 or
equivalent.

(4) Model 178 Electrometer Probe.
(5) External Cell Cable (Model 173).

(6) Differential Voltmeter, H.P. 3420 or
equivalent.

6.2 POWER SUPPLY ADJUSTMENT
NOTE: Instrument must be turned on with all
covers installed for a minimum of one hour.

(1) Slide the top cover back. Then monitor TP201
(red test point) with the digital voltmeter and
set R202 (+ 24 V ADJ.) for a DVM indication of
+24.40 V*,

(2) Transfer the DVM to TP203 (yellow) and set
R221 (-24 V ADJ.) for a DVM indication of
—24.40 V*,

(3) Check the voltage at TP202 (violet test point).
The voltage should be in the range of + 106 V
to + 112 V.

(4) Check the voltage at TP204 (white test point).

The voltage should be in the range of — 106 V
to —112 V.

“This is not a printing error. The correct voltage is 24.40 V and not 24.00 V.
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6.3 SUMMING AMPLIFIER ZERO
ADJUSTMENT

(1) Set the “A” and “B” potentials to OFF and
center the rear panel S/A Zero trim-adjust-
ment (R3).

(2) Connect the dc nullmeter to the S/A OUT rear
panel connector.

(3) Adjust R307 (SUMMING AMP. ZERO ADJ.) for
zero =50 uV.

(4) Adjust S/IA Zero (R1, rear panel) and check its
effect on the voltage at the S/A OQUT connec-
tor. The range should be about +250 uV.
Leave R1 set for zero =10 V.

6.4 A AND B POTENTIAL RANGE
CALIBRATION
(1) Connect the Differential Voltmeter (HP3420)
to the S/IA OUT connector (rear panel), set the
A potential to +4.000 V, and adjust R11 (+ A
POTENTIAL ADJ.) for areading of —4.000 V at
the HP3420.

(2) Change the A potential setting to —4.000 V
and adjust R12 (- A POTENTIAL ADJ.) for a
reading of +4.000 V.

(38) Change the A potential setting to —0.900 V
and set the A ADJ. potentiometer (located on
the resistor summing board) for a reading of
+0.900 V.

(4) Transfer to B potential control. Then set the B
potential to +4.000 V and adjust R10 (+ B
POTENTIAL ADJ.) for a reading of —4.000 V.

(5) Change the B potential setting to —4.000 V
and adjust R13 (- B POTENTIAL ADJ.) for a
reading of + 4.000 V.

(6) Change the B potential setting to —0.900 V
and set the B ADJ. potentiometer (located on
the resistor summing board) for a reading of
+0.900 V.

6.5 SUMMING AMPLIFIER CURRENT

LIMIT
(1) Adjust R348 and R343 fully clockwise.

(2) Set up an A potential of —1.000 V and set the
current range to 1 A. The Electrometer Probe
should be connected to an external resistor
as shown in Figure lll-1 (page Il1-2), except
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Figure VI-1. LOCATION OF MODEL 173 ADJUSTMENTS
AND TEST POINTS

that in this case a 1 @ + 1% resistor rated at MING AMP. — CURRENT LIMIT ADJ.) until the
two watts is used instead of the 1 kQ resistor overload light just comes on.

shown in the figure.

(3) Set the Cell Selector to EXT. CELL and adjust
R348 (SUMMING AMP.+ CURRENT LIMIT
6.6 MODEL 178 ELECTROMETER

ADJ.) until the overload light just comes on.

Monitor both the S/A output and the Model PROBE ZERO ADJUSTMENT

176 output to assure stable operation. NOTE: The Electrometer Zero adjustment is
located behind the white nylon screw on the front

(4) Switch to +1.000 V and adjust R343 (SUM- of the probe.

Vi-2

2 30

K



(1) With the Cell Selector switch to OFF, connect Electrometer Monitor connector.
the Electrometer input (white tip jack) to

ground (black lead of the external cell cable). (3) Set the Electrometer Zero adjustment for a
reading of zero =10 uV.

(2) Connect a dc voltmeter to the front panel (4) Replace the nylon screw.

Vi-3
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APPENDIX A

MODEL 380 CONSTANT POTENTIAL COULOMETRY SYSTEM

INTRODUCTION

The Model 380 Controlled Potential Coulometry System
provides an instrument package and cell system suitable for
performing rapid, accurate CPC (controlled potential cou-
lometry) analyses. Included in the system are a Model 173
Potentiostat/Galvanostat, a Model 179 Digital Coulometer,
and a complete 377A Cell System.

The Model 173 gives the system a compliance voltage range
of £100 V at currents as high as 1 A. There is provision for
transient-free switching between two independent poten-
tial/current control channels. This feature gives the system
the capability of performing multiple coulometric analyses
at different potentials, or even for examining both reduc-
tion and oxidation processes at different potentials. Trans-
fer from one control channel to the other can be
accomplished by means of front-panel controls or by
remotely derived control signals. The Model 178 Electrom-
eter Probe furnished with the Model 173 allows extreme
high-impedance monitoring of the Reference Electrode.
The probe is located at the end of a long cable so that it can
be readily positioned close to the Reference Electrode,
thereby minimizing electrical pickup and the possibility of
oscillation due to stray cable capacitance.

The Model 179 Digital Coulometer plugs into the Model
173 to form a state-of-the-art instrument package for
making precision coulometric measurements at either a
controlled potential or controlled current. Quantities from
ten picoequivalents to ten equivalents can be measured
coulometrically with an absolute accuracy of better than
£0.1% of full scale. Although a typical analysis can
generally be completed in a few minutes, the drift of the
coulometer is so low that experiments lasting hours or even
days can be accommodated, if necessary. A four-digit plus
polarity and exponent digital display continuously indicates
the accumulated charge. There is provision for automatic
subtraction of any background current. Furthermore, the
displayed charge accumulation is provided in BCD format
at a front-panel Digital Output connector to facilitate
automatic data recording or computer processing of the
signal, if desired.

The Model 377A satisfies the CPC requirement for a special
cell arrangement, one capable of bringing all of the sample
into contact with the working electrode in the minimum
possible time. The Model 377A is designed with this goal in
mind with the result that complete electrolyses are typical-
ly completed in 6-8 minutes. In addition to providing all of
the glassware and hardware items required for controlled
potential coulometry at a mercury working electrode, the
system includes a stand kit, a synchronous stirring motor,
and a noise filter. For electrolyses requiring a platinum
working electrode, an optional Model K0027 Platinum
Electrode can be easily installed. The Model 377A is also
designed with a mind to operator convenience. All the
electrodes and glassware items are affixed to the cell top.
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The cell bottom can be either secured to the cell top or
removed from it in seconds, allowing samples to be readily
changed without having to disassemble the entire cell
system.

Thus, the Model 380 Controlled Potential Coulometry
System brings together all the components necessary to
easily perform rapid, precision coulometric analyses. The
operator has only to assemble the system, provide the
working electrode (mercury or KOO27 platinum electrode),
and add the sample to use this highly accurate and precision
analytical technique. No standard solutions, calibration
curves, end-point detectors, or other peripheral apparatus is
required. The current-time integral of the completed
electrolysis gives the number of equivalents in the sample
directly, with a typical analysis taking but a few minutes to
complete.

SYSTEM COMPONENTS
(1) Model 173 Potentiostat/Galvanostat with Model 178
Electrometer Probe and a cell cable terminated in
three alligator clips.

(2) Model 179 Digital Coulometer (plugs into Model 173).

(3) Model 377A Cell System containing:

1 Model K0028 Coulometry Stand Kit

1 Model 377 Synchronous Stirring Motor

1 Accessory 178/41 Noise Filter

1 Model K0026 Coulometry Cell Kit, containing:
3 Model G0062 Cell Bottoms
1 Model MP0447 Cell Bottom Retaining Ring
2 Model G0063 Mercury Stirring Rods
1 Model G0065 Outgassing Tube
1 Model G0066 Counter Electrode Bridge Tube
1 Model GO067 Reference Electrode Bridge Tube
1 Model K0029 Cell Top Kit
1 Model K0030 Platinum Counter Electrode Kit
2 Cell Support Rods
1 Model S0026 Sample Port Stopper
1 Model K77 Saturated Calomel Ref. Electrode
5 Model G0070 replacement Vycor frits

(4) Three instructions manuals, one for the Model 173,
one for the Model 179, and one for the 377A Cell
System.

(5) Note that Working Electrodes are not supplied. A
mercury pool is most often used as a working
electrode for electrolyses involving a reduction pro-
cess. Oxidations are normally carried out with a
platinum working electrode. A suitable platinum
electrode (Model K0027) is available as an option.

®Vycor is a registered trademark of Corning Giass Corporation.
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Figure 1. MODEL 377-1 MERCURY-ELECTRODE
COULOMETRIC CELL

SYSTEM ASSEMBLY (Figure 1)

(1) Refer to the Model 377A Instruction Manual and
assemble the Model 377A Cell System as described
therein.

(2) Plug the Model 179 Digital Coulometer into the Model
173.

(3) Connect the Cell Cable (terminates in three alligator
clips) and the Electrometer cable (terminates in
Electrometer probe) to the proper Model 173 front-
panel connectors.

(4) At the cell Assembly, the Electrometer Probe should
be mounted in the clamp at the side of the Stirrer
Motor. Then the Model 178/41 Noise Filter should be
attached to the Electrometer Probe (see Figure I-1 of
the 377A manual).

ol

After checking to be sure that the Model 173 Cell
Selector is set to OFF, connect the red clip at the end
of the cell cable to the Counter Electrode. Then
connect the green clip to the Working Electrode
(feedthrough at the bottom of the cell if mercury
electrode; proper cell top connection if platinum

A-2

electrode). The black clip (ground) is unused. How-
ever, it may be advisable to connect it to a cell-support
rod just to get out of the way so it won’t short against
one of the active circuit elements.

(6

Plug the Reference Electrode lead directly into the
white jack on the Model 178 Electrometer Probe.
Then extend a short lead from the connection just
made to one of the pin jacks on the Model 178/41
Noise Filter. Run a second short lead from the other
Model 178/41 Noise Fiiter pin jack to the counter
electrode. In other words, there will be two connec-
tions at the counter electrode (red clip of cell cable
and lead from one pin jack of noise filter) and two
connections at the Model 178 Electrometer Probe
(Reference Electrode lead and lead from other pin
jack of noise filter).

(7) Connect a source of dry nitrogen from which trace
oxygen has been removed to the outgassing tube. This
gas will purge the sample of dissolved oxygen and so
prevent interfering oxygen reactions.

This completes the system assembly. Before attempting to
operate the system, the customer is well advised to read
Section |1l of both the Model 377A Instruction Manual and
the Model 179 Instruction Manual. It is also advisable to
read the following discussion of the Vycor-tipped Bridge
Tubes.

HANDLING INSTRUCTIONS FOR GLASS-
WARE INCORPORATING VYCOR TIPS

Both bridge tubes incorporate an unfired Vycor tip
designed specifically to provide ultra low leakage rates with
minimum [R drop through the tip. This arrangement
eliminates complications arising from poisoning of test
solutions by electrode filling solutions or by unwanted
species produced at the counter electrode.

The Vycor tip is deliberately installed in the dry state.
ONCE THE TIP IS WET, IT MUST BE KEPT WET. This
means that when not in use, the tube must be stored in a
solution—ideally a solution that closely approximates the
solutions employed in the electrochemical experiment. |f
the tip is allowed to remain dry for more than a few
minutes once it has been wet, it will crack and have to be
replaced. Also, the tip might crack if it is exposed to
drastically different environments. For example, one should
not take a bridge tube filled with an organic solvent and
immerse it in an aqueous solution, or vice versa. If it should
be necessary to use the bridge tube in different environ-
ments, e.g., organic solvents and aqueous solutions, it may
be possible to prevent the tip from cracking by equilibrat-
ing the tip (inside and out) with a mixture (or mixtures) of
the two environments. Alternatively, two sets of bridge
tubes should be used—one for each environment.

If a Vycor tip should be damaged, it can be replaced as
follows. First slice off the old Teflon® sleeve with a razor

® Teflon is a registered trademark of E. |. DuPont Co.



blade and discard the sleeve and damaged disc. Wash and
dry the bridge tube. Then slip a new length of heat-shrink
Teflon tubing onto the bridge tube. Stand the bridge tube
on the new Vycor disc (DO NOT WET THE TIP AND
AVOID FINGER CONTACT WITH IT). Heat the Teflon
tubing on all sides with a hot-air stream from a heat gun. A

direct flame should not be used because it will char the
Teflon. Allow the tubing to shrink over the disc. Be sure to
let the tubing cool to room temperature before lifting the
assembly. Extra tips and Teflon sleeves are provided with
the system. More can be purchased from Princeton Applied
Research Corporation if necessary.

APPENDIX B
MODELS 331-1, 331-2, AND 331-3
CORROSION MEASUREMENT SYSTEMS

INTRODUCTION

These systems have been designed to greatly simplify
corrosion investigations. At the heart of all three systems is
the PARC Model 173 Potentiostat/Galvanostat equipped
with a Model 376 Logarithmic Converter. This combination
gives the corrosion investigator a powerful tool that is easy
to operate. The potentiostat features an output voltage
range of £100 V at 1 A, with corrosion potential measure-
ments accurate to £1 mV. The bipolar logarithmic con-
verter provides current measurements over five decades
with an accuracy of £0.2%, with provision for displaying
the current either linearly or logarithmically on the Model
173 panel meter. These systems incorporate a voltage
programmer to control the potentiostat/galvanostat. There
is no need for continuous operator attention or tedious
point-by-point measurements, even for log current-potential
plots. Once started, the entire experiment is conducted
automatically.

Measurements that can be performed with these systems
include automatic potentiodynamic anodic polarization
plots, Tafel plots, linear polarization, corrosion potentials,
and galvanic corrosion. Other techniques such as galvano-
static, chronoamperometric, and cyclic voltammetric mea-
surements are easily performed to assist in characterizing
electrode materials.

The Model 331-3 System includes a Model 175 Universal
Programmer and a Model K0047 Corrosion Cell Kit for
maximum utility and flexibility.The Model KO047Corrosion
Cell Kit contains the necessary cell, glassware, and hardware
for assembling a corrosion investigation system ideally
suited to operation with a Model 173 controlled by a Model
175. The Model 175 Programmer features bipolar operation
with as many as four inflection points on a single output
waveform and both single cycle or continuous operation.
Either pulse or ramp operation can be selected. In sweep
operation, the amplitude and slope are independently
adjustable. In pulse operation, the amplitude and segment
widths are independently adjustable.

The Model 331-1 System enables the researcher to achieve
the same measurement standards at substantially reduced
cost in situations where a suitable corrosion cell system is
already available. Except that it lacks the Model K0047
Corrosion Cell Kit, the Model 331-1 is the same as the
Model 331-3 System described above.

The Model 331-2 System differs from the 331-1 System in
that it incorporates a simple linear ramp generator, the
Model 173/42, in lieu of the Model 175 Universal Program-
mer. Although less versatile than the Model 175 Program-
mer, the Model 173/42 is nevertheless suitable for many
applications. The Model 173/42 provides scan rates over a
range of 1 mV/minute to 5 V/minute.

All three systems include a Houston Model 2200-3-3 X-Y
plotter for optimum display of the experimental results.
Figure 2 illustrates how a system could be connected in a
typical application.

SYSTEM COMPONENTS
(1) MODEL 331-1

1 Model 173 Potentiostat/Galvanostat with Model 178
Electrometer Probe

1 Model 376 Logarithmic Current Converter

1 Model 175 Universal Programmer with 175/99 Slow
Sweep Option

1 Houston Model 2200-3-3 X-Y Recorder

All necessary cabling

(2) MODEL 331-2

1 Model 173 Potentiostat/Galvanostat with Model 178
Electrometer Probe

1 Model 376 Logarithmic Current Converter

1 Model 173/42 Voltage Programmer

1 Houston Model 2200-3-3 X-Y Recorder

All necessary cabling

(3) MODEL 331-3

-~

1 Model 173 Potentiostat/Galvanostat with a Model
178 Electrometer Probe

1 Model 376 Logarithmic Current Converter

1 Model 175 Universal Programmer with 175/99 Slow
Sweep Option

1 Model KO047 Corrosion Cell System

1 Houston Model 2200-3-3 X-Y Recorder

All necessary cabling
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Figure 2. SYSTEM CONNECTIONS FOR TYPICAL
CORROSION STUDY

CORROSION CELLS

Note that the system components provided with the Model
331-1 and with the Model 331-2 are flexible enough to be
used with virtually any available corrosion cell system. Bear
in mind, however, that the K0047 Corrosion Cell System
provided with the Model 331-3 is ideally suited to corrosion
investigations. Electrochemical measurements of corrosion
phenomena require a cell system that is versatile, conve-
to use, and that can provide reproducible conditions from
one experiment to another so that rational comparisons
between specimens and/or environments can be drawn. The
PARC Model KO047 Corrosion Cell System fulfills these
requirements by incorporating the necessary cell, glassware,
and hardware for performing rapid, accurate, and repro-
ducible corrosion measurements. Unique features of this
system are:

(1) A1 L flask with flat bottom to prevent tipping.

(2) A leak-proof assembly for mounting specimens to be
tested.

(3) Twin high-density, non-permeable graphite counter
electrodes.

(4) A reference electrode bridge tube incorporating an
ultra low leakage Vycor frit.

Figure 3 is a photograph of the Model KO047 showing the
cell components and the cell connections for operation in
conjunction with a Model 331 system.

CONNECTING THE SYSTEM

(1) Connect the output of the Function Generator to the

EXT. SIG. IN connector of the Model 173 (there are
two; either can be used). Be sure to set the toggle
switch associated with the selected EXT. SIG. INPUT
to the ON position.

(2) The function generator output should also be applied
to the recorder. In most applications, the function
generator output is applied to the Y AXIS INPUT.

Connect the output of the Model 376 (should be
plugged into the Model 173) to the recorder (X axis
input in most cases). In applications where the current
will vary over a wide range, use the Model 376 LOG |
input. In applications that don’t involve current
varying over a wide range, the linear | OUTPUT can be
used.

(3

(4) Connect the Model 178 Electrometer Probe cable and
the Cell cable to the appropriate connectors at the
front panel of the Model 173. NOTE: The power
should be off and the Model 173 Cell Selector switch
should be set to OFF when handling the cables and
making the cell connections.

Assemble the cell. In the case of the PARC Model
9700, an instruction manual supplied with the cell
describes its assembly in detail.

a

Make the cell connections. The red clip at the end of
the cell cable should be affixed to the counter
electrode (in the Model KOO47 there are two counter
electrodes that are connected together by a short
lead). The green clip should be connected to the
Working Electrode (sample). The black clip (ground) is
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AND CONNECTIONS THERETO

normally not used. If desired, it could be used to
establish ground potential on a piece of apparatus. If it
is not used, take care that it doesn’t short against one
of the active circuit elements.

(7

Connect the Reference Electrode lead to the white pin
jack on the face of the Model 178 Electrometer Probe.

@

If the Electrometer Probe is equipped with the Model
178/41 Noise Filter, connect a lead from one of the
noise-filter pin jacks to the Counter Electrode. Con-
nect the other noise-filter pin jack to the Reference
Electrode. This connection is usually made at the
white pin jack on the face of the Electrometer Probe.

This completes the assembly. Before operating, it is
advisable to review the operating instructions in the Model
173 manual, in the Model 376 manual, in the Programmer
manual, and, if appropriate, in the Model KOO47 manual.
Two points that should be kept in mind are: (1) the two
Model 173 toggle switches associated with the Applied
Potential/Current controls have no effect on the signal
applied to the EXT. SIG. INPUT connectors; and (2) if
using the Model KO047 Corrosion Cell System, bear in mind
that the Vycor frit, once wetted, cannot be allowed to dry
out. If it is allowed to dry more than a few minutes, it may
crack and need to be replaced as described in the Model
K0047 Instruction Manual.
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NOTE: Users can obtain additional information on corro-
sion measurements by ordering the following application
notes.

(1) AN150: LOG CURRENT DENSITY MEASURE-
MENTS WITH THE MODEL 331 CORROSION MEA-
SUREMENT SYSTEMS

(2) AN149: CALVANIC CORROSION MEASURE-
MENTS WITH THE MODEL 173 POTENTIOSTAT

(3) AN148: TAFEL PLOTS
(4) AN140: LINEAR POLARIZATION

(5) AN133: POTENTIODYNAMIC POLARIZATION

MEASUREMENTS



APPENDIX C
CALIBRATION AND USE OF X-Y RECORDERS FROM EG&G PARC

INTRODUCTION

Users of the Model 173 may have one of three variable-
range X-Y Recorders, the Model 9002 Houston, the
Model RE0074 Houston, of the Model 9012 Hewlett
Packard. These instruments are virtually identical in
their operating characteristics. The Houston s
calibrated in inches and centimeters while the Hewlett
Packard is calibrated only in inches. To short the input
terminals, i.e., apply a potential of zero, the Houston
calibration knob is switched to the position marked
“ZERO". The same action is performed with the
Hewlett Packard by pressing the button marked
“CHECK".

Both recorders are pre-calibrated for several potential
ranges. The ranges are labeled as MV/IN or V/IN. Both
recorders have a 15 inch X-axis and a 10 inch Y-axis.
Multiplication of the labeled potential ranges by these
factors will give the full-scale potential range.

RECORDER RESPONSE TO APPLIED

POTENTIAL

The M173 output is provided at a BNC connector. The
center conductor of the connector carries the signal.
The outer shell is usually grounded. The signal input to
the recorder is made with a banana plug. One of the
banana plug terminals is clearly labeled “GROUND"
and is electrically attached to the outer shell of the
BNC connector.

A ‘‘normal’ instrument-recorder connection is made by
inserting the “GROUND" banana clip terminal into the
recorder terminal marked =" (Houston) or LO (H/P).
The other banana clip terminal is inserted into the
recorder terminal marked “+ " (Houston or HI (H/P).
The recorder terminal labeled “GROUND" on the
Houston is rarely, if ever, used in operation with the
M173.

With a “normal” instrument-recorder connection, a
positive potential applied by the instrument to the
recorder will cause the X-axis to move to the right and
Y-axis to move in an upward direction. A negative
potential will prompt the opposite action.

If the recorder terminal is reversed, i.e., “GROUND" to
“+ " or HI, a positive potential will cause the X-axis to
move to the left and the Y-axis to move a downward
direction.

RECORDER CALIBRATION WITH
EG&G PARC INSTRUMENTATION

A recorder potential range other than those pre-
calibrated may be desired for certain experiments, e.g.,
corrosion studies, cyclic voltammetry, coulometry, etc.
The factors to be considered to calibrate and connect
to the recorder correctly include the direction that the
recorder will move for a given potential, the signal
source for calibration, and the instrument that is used
to drive the recorder during the experiment.
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SIGNAL SOURCE

The Model 175 Programmer or the Model 173 Poten-
tiostat can be used as a signal source for calibration.
The recorder is attached to either the Model 175
“Signal Output” or the Model 173 summing amplifier
output (“S/A OUT" on the rear panel). The desired
signal can be obtained from the M175 by setting the
“A" potentiometer and depressing “INITIAL".

The 173 operates somewhat differently, in that the
potential at ““S/A OUT" is of opposite polarity to that
set on the front panel. It is not necessary to connect
the electrode leads or switch to ““EXT. CELL” to
generate the signal. For example, put the M173 in
“CONTR. E”, set —1.00 V on Channel A, and +1.00 V
will be output at “S/A OUT".

INSTRUMENT/RECORDER
CONSIDERATIONS

The above comments also apply during the actual ex-
periment. The potential axis of the recorder can be
driven by the M173 Electrometer Monitor Output or the
M175 Signal Output. The M175 Signal Output is that
which is set on the M175. The M173 Electrometer
Monitor Output provides a potential that is opposite in
polarity to the potential that is being applied to the cell.
Thus, one would calibrate the recorder differently for a
M173 and a M175.

To take a simple example, assume one desired to scan
from 0.00 to + 1.00 volts and display this on the
recorder by starting at the far left and moving to the
right along the X-axis as the scan progressed. A “nor-
mal’’ connection between the X-axis terminals and the
M175 Signal Output would provide this type of scan. If
the recorder was driven by the M173 Electrometer
Monitor Output, the terminals would have to be revers-
ed at the recorder, since the potential range of 0.00 to
—1.00 would be presented to the recorder.

It is essential, then, to be aware of the output
characteristics of the signal to the recorder. This ap-
plies as well to the piug-in modules for the M173, where
the signal for cell current is normally obtained.

RECORDER CALIBRATION

To calibrate the recorder at a range that is not preset,
the first step is to set the recorder sensitivity at the
next lowest setting. For example, to calibrate at 50
mV/in, set the sensitivity at 10 mV/in. The recorder will
then be adjustable up to 100 mV/in. Then set zero at
some point. When the proper signal is applied, adjust
the recorder pen at the appropriate distance for the
desired calibration with the potential adjust control.
This is the inner knob on the ““Cal/Var” switch on the
Houston, and the inner knob on the sensitivity switch
on the H/P. Forexample, by applying 0.500 volts and ad-
justing the pen to move 10 inches from the zero point,
one can calibrate the recorder for 50 mV/in. The same
calibration would be obtained by applying 0.250 volts
and adjusting for a 5 inch pen deflection.




Once the recorder has been calibrated in the above
manner, the calibration knob should not be touched.
The pen can be moved to any point with the “ZERO"
control without affecting the calibration.

INSTRUMENT-RECORDER INTERFACE
FOR CURRENT MEASUREMENT

Generally, an electrochemical experiment involves the
measurement of current as a function of potential. As
mentioned previously, the potential axis of the recorder
is driven by the M173 or the M175. The current axis is
driven by the module that is plugged into the M173.
These modules are the Model 176 I/E Converter, the
Model 179 Digital Coulometer, and the Model 376 Log
Current Converter. A voltage proportional to the
measured cell current is available at a BNC connector
on the front panel of each instrument. The Model 376
also provides a potential that is proportional to the
logarithm of the cell current via a separate BNC con-
nector.

The “1 OUT" characteristics are the same for the M176,
M179, and M376, with one exception. Each module has
a 7-position switch for current ranges from 1 xA to 1 A.
Currents as high as 5 times that selected can be han-
dled with no loss of accuracy by the M176 and M179.
The overload capacity capability applies for all ranges
except 1 A, when the maximum allowable current is 1
A. In the Model 376, the maximum allowable current is
that set on the Current Sensitivity switch.

Experimentally, the current sensitivity should be one
setting greater than the maximum expected cell cur-
rent. For example, if the maximum cell current is 400
mA, the current range should be set at 1 A.

.vor all modules, a current corresponding to full-scale
(the setting on the Current Sensitivity switch) provides
avoltage of 1V at I OUT". The polarity of the voltage at
“] OUT” is negative for a reduction process (cathodic
current) and positive for an oxidation process (anodic

A-7

current). The polarity of the meter on the M173, con-
versely, is negative for an anodic current and positive
for a cathodic current.

For example, assume one wishes to measure the cur-
rent during the reduction of Cu?* to the metal. The Cur-
rent Sensitivity setting depends on the amount of cop-
per present. The Y-axis recorder sensitivity should be
set at 0.1 V/in or 1V full scale. The potential at “| QOUT"
will be negative since a cathodic current is being
measured. Therefore, a ‘‘reversed’ instrument recorder
connection will provide a positive pen deflection for
reduction currents. If we further assume that the Cur-
rent Sensitivity on the module is set at 100 mA, then a
one inch pen deflection will correspond to 10 mA.

The Model 376 Log Current Converter is capable of ac-
curately measuring cell current over 5 orders of
magnitude. A full-scale cell current corresponding to
the Current Sensitivity setting will give 0 V at “LOG |
OUT" on the front panel of the M376. The transfer func-
tion is + 1 V/decade of current. A current of 10" full
scale wil provide a voltage of +1V at “LOG | OUT". A
current of 10" full scale will give a voltage of +5 V at
“LOG | OUT”. The “LOG | OUT"” potential is always
positive, regardless of whether an anodic or cathodic
current is being measured.

The “LOG | OUT” is primarily used in corrosion studies.
The normal format is to present the current as increas-
ing from left to right on the X-axis. To calibrate the
recorder correctly, a ‘‘reversed” instrument-recorder
connection is required. The pen is zeroed on the right
side of the paper. The recorder sensitivity is set at 0.1
Vlin. A potential of +5 V is applied and the pen is ad-
justed to the left-most vertical line with the potential
adjust control. Alternatively, the recorder could be
calibrated in exactly the same way with a “normal”
connection and an applied potential of —5 V. When the
recorder is attached to the M376 to begin the experi-
ment, the recorder terminals must be changed to the
“reversed” position. It should be noted that there is no
difference between +0V and -0 V.




APPENDIX D
TRANSIENT SENSITIVITY

Generally szcaking, the design and construction
techniques used in equipment manufactured by
EG&G PARC are conducive to assuring normal
operation in the presence of moderate transient
levels. Although these provisions are sufficient
for operation in most places where this equipmen:
is used, it is certainly possible for the transient
levels in particular environments to be so severe
as to make reliable operation uncertain. High-level
transients are of three general types.

(1) Static discharge. Transients from this source
generally affect input or output circuits. Input
circuits that include MOS field-effect tran-
sistors to achieve a high input impedance are
particularly susceptible to damage from this
source. Damage typically occurs when the
charge built up on a user’s body discharges
into an input or output connector as a con-
nection is being made. Among the factors
determining the tendency for charges to build
are the kind of clothing fabrics worn, shoe
materials, and the materials in the floor or
floor covering.

(2) High level transients generated internal to the
place of use. Such transients almost always
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enter the instrument via the line cord. Possi-
ble sources include heavy-duty electric
motors, rf equipment, lasers, diathermy
machines, arc welders, spark chambers, etc.

(3) Lightning. Unless the equipment is con-
nected to remote sensors, or other devices so
located as to be vulnerable to lightning
strikes, transients caused by lightning almost
always enter the instrument via the line cord.

If a user is having problems due to transient inter-
ference, or if operation in a high-transient environ-
ment is anticipated, steps should be taken to
minimize the transient problem. Static discharge
problems can sometimes be avoided by judicious-
ly selecting one’s clothing and shoes, or by alter-
ing the floor covering in the work area. The
simplest approach to the problem is to discharge
one’s body by touching a grounded metal object
immediately prior to touching the instrument, par-
ticularly when making connections to it. Tran-
sients that enter the instrument via the line cord
can generally be suppressed by means of external
line-transient filters. Suitable devices are com-
mercially available.




