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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year
from date of shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable
batteries, diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility. Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the original warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PRO-
VIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT,
INDIRECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS
INSTRUMENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE
OF THE POSSIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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MEIEMSY Safety Precautions

The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous voltages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precautions re-
quired to avoid possible injury. Read and follow all installation,
operation, and maintenance information carefully before using the
product. Refer to the manual for complete product specifications.

If the product is used in a manner not specified, the protection pro-
vided by the product may be impaired.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that operators are adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuits.

Maintenance personnel perform routine procedures on the product
to keep it operating properly, for example, setting the line voltage
or replacing consumable materials. Maintenance procedures are de-
scribed in the manual. The procedures explicitly state if the operator
may perform them. Otherwise, they should be performed only by
service personnel.

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
are rated Installation Category I and Installation Category II, as de-
scribed in the International Electrotechnical Commission (IEC)
Standard IEC 60664. Most measurement, control, and data I/O sig-
nals are Installation Category I and must not be directly connected
to mains voltage or to voltage sources with high transient over-volt-
ages. Installation Category II connections require protection for
high transient over-voltages often associated with local AC mains
connections. Assume all measurement, control, and data I/O con-
nections are for connection to Category I sources unless otherwise
marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 42.4V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring.

Operators of this product must be protected from electric shock at
all times. The responsible body must ensure that operators are pre-
vented access and/or insulated from every connection point. In
some cases, connections must be exposed to potential human con-
tact. Product operators in these circumstances must be trained to
protect themselves from the risk of electric shock. If the circuit is
capable of operating at or above 1000 volts, no conductive part of
the circuit may be exposed.

Do not connect switching cards directly to unlimited power circuits.
They are intended to be used with impedance limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage to the card.

Before operating an instrument, make sure the line cord is connect-
ed to a properly grounded power receptacle. Inspect the connecting
cables, test leads, and jumpers for possible wear, cracks, or breaks
before each use.

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry hands while standing on a dry, insulated
surface capable of withstanding the voltage being measured.

The instrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in a product, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as safety earth ground connections.

If you are using a test fixture, keep the lid closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid interlock.
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If @ or ,-,7 is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The A symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual explains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.



SPECIFICATIONS

CAPACITANCE (C) accuracy* MAXIMUM ALLOWABLE
{1 Year) O/t AT HALF RANGE C
38°-28°C DELAY TIME =0.07s

RANGE RESOLUTION  +(%edg+counts) STEP V = 0.10V_

200 pF 10 {F 1.0 + 10 ~ 50,00 pA
2nF 100 £F 08+ 2 0.900 nA
20 nF 1pF 06+ 2 9.000 RA”

*Exclusive of noise, for STEP V =0.05V and DELAY TIME =1 second. For other

parameters, derate by (SmV/STEP V)x(DELAY TIME/1 second) in pF at 23°C. Double

the derating for every 10°C rise in ambient temperature above 23°C.
MAXIMUM P-P NOISE {with supplied cabie):
+{0.025% rdg + 0.075pF} % (100mV/STEP V) +2 counts with filter off,
0.1Hz to 10Hz.
Q/t: Measures non-equilibrium current and leakage current in the device
under test during a capacitance measurement.
Display: 3 digits typical; resolution from 0.01£A to 0.0InA per count
depending on range, STEP V, and DELAY TIME.
Measurement Time: DELAY TIME/S or 0.044s, whichever is greater.
Sampled at the end of each capacitance measurement.
Accuracy (1 Year, 18°-28°C): £(1.0% rdg + 2 counts) exclusive of input
bias current and noise.
TEMPERATURE COEFFICIENT (0°-18°C & 28°-40°C):

+(0.02% rdg + 0.1 count)/°C. - e

TEMPERATURE

CURRENT (D ACCURACY~
(1 Yean) COEFFICIENT
18°-28°C °-18°C & 28°49°C
RANGE RESOLUTION i (%rdg-+counts) £ (%rdg + counts)°C
20 pA 1 fA 15 + 14 015 +3
200 pA 10 fA 13 + 2 ‘015 + 03
2nA 100 fA 025 + 6 0.015 + 3
20 nA 1pA 025+ 1 0.015 + 0.3
200 nA 10 pA 01 + 4 001 +3
2 A 100 pA 01 + 1 001 + 03
20 pA 1nA 01 + 4 001 +3
200 A 10 nA 01 + 1 001 + 03

*When properly zeroed.
NMER: 70dB on pA ranges, 60dB on nA and pA ranges,
at 50 or 60Hz +0.1%.

SQUAREWAVE: Repeatedly toggles between the programmed voltage
and the programmed voltage plus STEP V, dwelling at each level for
Step Time.

—_ STAIRCASE: Repeatedly increments the cutput by STEP V until the upper

or lower LIMIT is reached, dwelling at each level for Step Time.

ANALOG OUTPUTS

C, YOUTPUT LEVEL: 1V = 10,000 counts on x 1 gain; 1V = 1000 counts
on x10 gain.

V OUTPUT LEVEL: 1V = 10V on voltage source output.

MAXIMUM OUTPUT VOLTAGE: 2V,

OUTPUT RESISTANCE: k2.

ACCURACY: +(0.25% of displayed reading + 2ZmV).

RESPONSE TIME: Follows display.

ISOLATION: 30V peak from chassis or GUARD to ANALOG OUTPUT
LO, which is connected to FEEE COMMON.

IEEE~488 BUS IMPLEMENTATION

MUETILINE COMMANDS: DCL, LLOQ, SDC, GET, GTL, UNT, UNL,
SPE, SPD.

UNILINE COMMANDS: IFC, REN, ECI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, T5, TEO, L4, LEO, SR1, RLO, PO,

Dci, DT, C28, EL

PROGRAMMABLE PARAMETERS: Function, RANGE, ZERO CHECK,
CORRect, SUPPRESS, C/Co, STORE C,, Voltage Source Parameters,
WAVEFORM, Display Parameter, Filter, Trigger, Analog Output % 10,
PEN LIFT, Capacitance Correction, Calibration, Self Test, Output For-
mat, SRQ, Status, ASCII Terminator, EQOL

PLOTTER: Controls FIP7470A plotter or equivalent using HPGL via IEEE-
488 for real time plotting of C, Qft, or Ivs. V curves. Accessed by select-
ing Model 595 address 42 or 43. Talks to plotter on address 05. HPGL
commands used are IN, IP, IW, PA, PD, PU, SC, SI, SP.

VOLTAGE SOURCE (V)
OUTPUT: -20.00V to 20.00V in 0.01V increments.
ACCURACY (1 Year, 18°-28°C): £{0.2% + 10mV).
TEMPERATURE COEFFICIENT (0°-18°C & 28°-40°C):
+{0.005% + 200zV)H°C.
MAXIMUM OUTPUT CURRENT: +2mA; active current limit at <4mA
with annundiation.
SETTLING TIME: <3ms to rated accuracy.
NOISE: <{lppm of output voltage + 100:V) p-p {-rorn 0. 1 to 10Hz
STEP Voltage: Selectable as 0.01V, 0.02V, 0.05V, or 0.10V (+2%). Polarity
selectable + or —.
DELAY TIME: 0.07s to 199.99s in 0.01s increments (+0.05%).
STEP TIME: DELAY TIME plus 0.04s typical.
WAVEFORM: OFF: Qutputs 0.0V +0.01V.
DC: Outputs the programmed voltage.
STEP: Qutputs changes in increments of STEP V from pro-
grammed voltage in efther staircase or squarewave.

Prices and specifications subject to change without nobice.

GENERAL
DISPLAY: 4%-digit numeric LEDs with appropriate decimal point and
polarity indication. Signed 2-digit alphanumeric exponent.

_ UPDATE RATE: In I, one reading each Step Time.

In C, one reading each 2x Step Time.

OVERRANGE INDICATION: Display reads OL.

INPUT BIAS CURRENT {all functions): <5fA (5 x 107A) at 23°C.
Approximately doubles for every 10°C increase in ambient temperature
above 23°C.

INPUT VOLTAGE BURDEN: <1mV.

MEASUREMENT SETTLING TIME: Within one reading except 2.3
(to 1% of step change) on pA ranges.

PROGRAMS: Provide front panel access to Filter, Trigger, Analog Output
% 10, Corrected Capacitance, [EEE-488 address, Alpha or Numeric Ex-
ponent, plotter Y Hi Limit, Y Lo Limit, Grid, 50/60Hz selection, and
Digital Calibration. '

FILTER: Readings Typical White
Code Weighted Noise Reduction Typical Use
-0 1 None OFF
1 3 1.7 C or I vs. V measurements
2 9 25 - Corlvs, V measurements
3 24 5 Steady C, I measurements




MAXTMUM INPUT: 30V peak, dc to 60Hz sine wave.

MAXIMUM COMMON MODE VOLTAGE: 30V maximum, d¢ to 60Hz

sine wave.
NPUT CONNECTOR: Isolated BNC on rear panel.

JUTPUT CONNECTORS: Isolated BNCs on rear panel for VOLTAGE
SOURCE QUTPUT, EXTERNAL TRIGGER, and METER COMPLETE.
5-way binding posts on rear panel for ANALOG OUTPUTs, PEN LIFT,
GUARD., and Chassis.

XTERNAL TRIGGER: TTL compatible EXTERNAL TRIGGER andr

METER COMPLETE.
ANVIRONMENT: Operating: 0° to 40°C, relative huxmdaty 70% non-
condensing up to 35°C. Storage: —25° to +65°C. e
YARMUP: 2 howrs to rated accuracy (see manual for recommended

procedure).

POWER: 105125V or 210-250V (internal switch selected), 50Hz to 60Hz,
15VA max. 90-1106V and 180-220V version available upon request.

DIMENSIONS, WEIGHT: 127mm high x 216mm wide x 356mm deep
(G in. x 8% in. x 14% in.). Net weight 3.2kg (6 Ibs., 14 0z.).
ACCESSORY SUPPLIED: Two Mode] 4801 Low Noise BNC Input Cables,

ACCESSORIES AVAILABLE:
Model 1019A: Universal Fixed Rack Mounting Kit

Model 10195: Universal Slide Rack Mounting Kit

Model 4801: Low Noise Input Cable, 1.2m (4 ft.), BNC to BNC
Model 4803: Low Noise Cable Kit

Model 5955: Calibration Standards

Model 5104: Test Shield

Model 7007-1: Shielded TEEE-488 Digital Cable, 1m (3.3 ft.)
Model 7007-2: Shielded IEEE-488 Digital Cable, 2m (6.6 ft.)



595 SPECIFICATION CLARIFECATIONS
1) VOLTAGE SOURCE WAVEFORM: (Times shown are for 60z}

Atk Ataw [

] "It“”"}" "lt""”F STEP V [ tons
: —

=—— DELAY TIME
p—— STEP TIME 2 ———=

1 Lo

ton '
STEP TIME 1*—

i

*Use STEP TIME 1 for each step while measuring current.

torr = DELAY TIME, .05% stability

tor = forr + 3ms ; -0, +20ms

STEP TIME 1 = to, + 31Ims (60Hz), tp, + 33ms (50Hz)

Q/t Measurement Time (tgs) = torr + 8; 4dms minimum

STEP TIME 2 = ip;y + 34ms; =0, +20ms (60Hz), to,r + 36ms; =0, +20ms
(50tz)

teww = 16.67ms (60Hz), 20.00ms (50Hz)

2) MAXTMUM ALLOWAEBLE Q/t AT HALF RANGE C: The input dynamic
range available for the Q/t measurement is reduced by the amount re-
quired to make the capacitance measurement (see chart below).

3) WHEN PROPERLY ZEROED: The instrument is zero CORRected on
the 20pA range under the following conditions:
a, The instrument has warmed up for at least two hours.
b. Repeat as needed every 24 hours or if the ambient temperature
changes by more than 1°C.

4) NMRR: For on-range normal mode sine wave inputs only.
NMRR = 20 iog [{peak-to-peak current input)/(peak-to-peak current
display)] at 50 or 60Hz +0.1%.

ALLOWABLE Q/t IN % OF Q/t (max) vs. DELAY TIME

100 é FC = 0% of full range Pra- ; i E
7[.C = 25% of full range™ T t i .
< j ] i
5FC = 50% f full an,
stc of full range PN ! ‘
: \Q\\: i :
C = 75% of full !
\ o O range \\ \\ \\]\ 3 l
\ 11\ § | 1
NN !
M \ \\ 1 1
10 11 C = 90% of full range I = s S T ]
® 5 BN N ~ } |
£ . \\ \;\ \\ \\\ |
8 L N, L
5
% ° AN TIANAAN ;
2 \\\, ANIIRNANN i
z
= 2 } \ \\\ji\\ :
o |
= Q/t (max) in nA N \ \4\\::\\ |
2 STEP V N NN
= ' 1| RANGE | 0.10V  0.05V 0.02V 001V So f S
2 7| 200pF | 018 000 00% 0018 S SNOTPRTSS ;
< S| o2oF 18 050 036 018 Y N A NN t
5I™| 20mF | 8 90 36 18 CNEIER NN ST
4 — — e < t AL
. N, NN
3 T ~ A Y
I ~ R
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' R NN
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DELAY TIME (seconds)

— —— Indicates change of Q/t display resolution.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Keithley Model 595 Quasistatic CV Meter is a sensitive
instrument designed to measure capacitance and current.
The Model 595 uses a unique feedback charge method to
stimulate and measure charge steps in the device under
test, from which capacitance is determined. (A DC voltage
is also available to make basic current measurements). This
method of measuring capacitance is superior to the tradi-
tional “voltage ramp” method as it allows the user to
distinguish between error currents and the stimulated
signal charge. Correction of capacitance measurements for
the effect of error currents is selectable and can be used
to improve measurement accuracy. The Model 595 has a
built-in +20V source with four precision step voltage

sources. The measuring range of the Model 595 is 0.01pF

to 20nF for capacitance measurements and 1A to 200pzA
for current measurements. A 4%: digit display and standard
IEEE-488 interface give the user easy access to instrument
data.

1.2 FEATURES

Some important Model 595 features include:

* Built-in Voltage Source—120V @ 2mA voltage source with
10mV resolution.

* Bias Waveforms-DC, square wave, and staircase voltage
bias waveforms allow the user to make stepped current
or capacitance measurements, as well as DC current
measurements. _

* Voltage Steps—In +10mV, 20mV, 50mV, and 100mV grada-
tions at 0.07 to 199.99sec intervals in 0.0Isec increments.

* Q/t Measurement—Q/t monitors current during
capacitance measurement.

» Compensates for Error Currents—Selectable capacitance
correction for leakage current errors.

¢ 4% Digit Display—An easy-to-read front panel LED
display includes a 4%: digit mantissa with selectable
alphanumeric or scientific range annunciation.

» Zero Correct—A front panel zero correct control allows
the user to cancel offsets internal to the Model 595.

* Reading Modifiers—Baseline suppression and C/Cq nor-
malization of readings.

e Standard IEEE-488 Interface—The built-in interface allows
full bus operation of the Model 59.

¢ CV and IV Outputs—Built-in C, Q/t or [ vs. V analog out-
puts (with automatic pen lift) or IEEE-488 digital plotter
output.

e Digital Calibration—The instrument may be djgitéjly
calibrated from the front panel or over the IEEE-488 bus.

1.3 MANUAL ADDENDA

Information concerning improvements or changes to the

.instrument which occur after the printing of this manual

will be found on an addendum sheet included with this
manual. Please be sure that you read this information
before attempting to operate or service your instrument.

1.4 SAFETY TERMS

The following safety terms are used in this manual:

The WARNING heading as used in this manual explains
dangers that might result in personal injury or death.

- -Always read the associated information very carefully

before performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the instrument. Such damage

“may invalidate the warranty.

1.5 UNPACKING AND INSPECTION

‘The Model 595. Quasistatic CV Meter was carefully in-

spected before shipment. Upon receiving the instrument,
carefully unpack all items from the shipping carton and
check for any obvious signs of physical damage that might -
have occurred during shipment. Report any damage to the
shipping agent at once. Retain the original packing material
in case reshipment becomes necessary.




GENERAL INFORMATION

The following items are included with every Model 595
shipment:

Model 595 Quasistatic CV Meter

Model 595 Instruction Manual

Model 4801 Low Noise Coax Cables with BNC Connectors
(two)

Additional accessories as ordered.

If an additional instruction manual is required, order the
manual package (Keithley Part Number 595-901-00). The
manual package includes an instruction manual and all per-
tinent addenda.

1.6 REPACKING FOR SHIPMENT

Before shipping, the instrument should be carefully packed
in its original packing material.

If the instrument is to be returned to Keithley Instruments
for repair or calibration, include the foliowing:

Write ATTENTION REPAIR DEPARTMENT on the ship-
ping label.

Include the warranty status of the instrument.
Complete the service form at the back of this manual.

1.7 WARRANTY INFORMATION

Warranty information for your Model 595 may be found in-
side the front cover of this manmual. Should you need to
use the warranty, contact your Keithley representative or
the factory for information on obtaining warranty service.
Keithley Instruments, Inc. maintains service facilities in the
United States, West Germany, Great Britain, France, the
Netherlands, Switzeriand, and Austria. Information con-

cerning the operation, application, or service of your in-

strument may be obtained from the applications engineer
at any of these locations.

1.8 ACCESSORIES

The following accessories are available to enhance Model
595 capabilities.

Model 1019A and 10195 Rack Mounting Kits—The Model
1019A is a fixed or stationary rack mounting kit with two
front panels provided to enable either single or dual side-
by-side mounting of the Model 595 or other similar Keithley
instrument. The Model 10195 is a similar rack mounting
kit with a sliding mount configuration.

Model 4801 Coax Input Cables—The Model 4801, two of
which are included with every Model 595 shipment, are
low noise coaxial cables, 1.2m (48 in.} in length, with male
BNC connectors.

Model 4803 Low Noise Cable Kit—Kit includes 50 ft. of low
noise coaxial cable, 10 male BNC connectors, and five .
female BNC chassis-mount connectors. .

Model 6104 Test Shield—Model 6104 facilitates measure-
ments with 2- or 3-terminal guarded connections. Provides
electrostatic shielding, high isolation resistance, and easy

" connection to Model 595. Clips plug into banana jacks,

allowing modified connections. Shield has BNC connec-
tor on one side, binding posts on the other. Useful when
making current measurements with external voltage source.

Model 6105 Resistivity Chamber—Guarded test fixture for
measuring volume and surface resistivities. Assures good
electrostatic shielding and high insulation resistance.

Model 7007 Shielded IEEE-488 Cables—The Model 7007
cables are designed to connect the Model 595 to the
IEEE-488 bus and are available in two versions. The Model
7007-1 is I (3.3 ft.) in length, and Model 7007-2 is 2m (6.6
ft.) in length. Cables have shielded connectors on each end.

Model 7051 BNC-to-BNC Cables—Awailable in two lengths.
Model 7051-2 is 1.8m (2 ft.) in length, and Model 7051-5 is

15m (5 ft.) in length.




SECTION 2
GETTING STARTED

2.1 INTRODUCTION

The Model 595 can be controlled from the front panel or
over the IEEE~488 bus. This section will acquaint the user
with front panel operation. TEEE-488 bus operation is
described in Section 4. -

The following paragraphs will briefly describe the front
panel buttons and their operation to help the user get
started with the Model 595. Then rear panel descriptions
and power-up information will be presented. Lastly, basic
capacitance and current measurement examples will be
discussed.

2.2 PREPARATION FOR USE

Once the instrument is unpacked, it must be connected to
an appropriate power source as described below.

2.2.1 Line Power

The Model 595 is designed to operate from 105-125V or
210-250V power sources. A special power transformer may
be installed for 90-110V and 195-235V ranges. The factory
set range is marked on the rear panel of the instrument.

CAUTION
Do not attempt to operate the instrument on a
supply voltage outside the indicated range, or
instrument damage might occur.

2.2.2 Line Voltage Selection

The operating voltage of the instrument is internally select-
able. Refer to Section 8 for the procedure to change or verify
the line voltage setting.

2.2.3 Line Frequency

The Model 595 may be operated from either 50 or 60Hz
power sources. The line frequency of the instrument must
match the line frequency of the power source in order to

meet measurement noise specifications. See Section 8 for
details.

2.3 POWER UP PROCEDURE

2.3.1 Power Cord

Connect the female end of the power cord to the AC recep-.. .
tacle on the rear panel of the instrument. Connect the male
end of the cord to a grounded AC outlet.

WARNING

The Model 595 is equipped with a 3-wire power
cord that contains a separate ground wire and
is designed to be used with grounded outlets.
When proper connections are made, instrument
chassis is connected to power line ground.
Failure to use a grounded outlet may result in
personal injury or death because of electric
shock.

CAUTION
Be sure that the power line voltage agrees with
the indicated range on the rear panel of the in-
strument. Failure to observe this precaution may
result in instrument damage. If necessary, the
line voltage may be changed as described in
Section 8.
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2.3.2 Defaults

Set POWER switch to its ON position. After briefly display-
ing “r.r” and “r.o”, the instrument will power up in the
following configuration:

¢ 20nF CAPACTTANCE range

* ZERO CHECK on

* VOLIAGE SOURCE = 0.00V

* WAVEFORM = 0.05V square wave

* DELAY TIME = 0.07sec

* VOLTAGE SOURCE LIMITS = +2000V

2.3.3 RAM and ROM Test Messages

Both RAM and ROM are automatically tested as part of the
power up procedure. During normal power-up, “r.r” and

“ro” will briefly appear while memory is being tested. If

a memory error occurs, the “r.r” or “r.o” message will re-

main on the display.

If the instrument was not able to read the stored calibra-
tion constants and configuration, the decimal points in the
two exponent digits will flash.

If such errors occur, the instrument may be partiafly or com-
pletely inoperative. Refer to Section 8 for more complete
details.

NOTE
If the instrument is still under warranty (less than
. one year from the date of shipment), and problems
develop, it should be returned to Keithley In-
struments for repair. See paragraph 1.6 for details
on returning the instrument.

2.4 GENERAL DISPLAY MESSAGES

The Model 595 has a display made up of a 4%: digit signed
mantissa as well as a two digit alphanumeric exponent.
Messages are occasionally seen on the display to indicate
instrument status or errors in operation. These display
messages are listed in Table 2-1.

2.5 INSTRUMENT FAMILIARIZATION

The following figures, brief feature descriptions, and
measurement examples will acquaint the Model 595 user
with basic front and rear panel operation. For more in-
depth information, see Section 3.

WARNING
The maximum common-mode input voltage (the
voitage between input low and chassis ground)
is 30V peak. Exceeding this value may create a
shock hazard.

CAUTION
The maximum voltage between input high and
input low is 30V peak. Exceeding this value may
cause damage to the instrument. Current inputs
that exceed 3mA may be erroneously displayed
as an on-scale reading.
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Table 2-1. Display Messages

Message

Description

10U o0 O

Voltage source is OFF (0.00V +-0.01V) and Model 595 is set to measure capacitance.
Voltage source is set to DC waveform and Model 595 is set to measure capacitance.

Software revision level; displayed as part of diagnostics.

Troubleshooting diagnostics (see Section 8). Phases: signal, zero and reference.

Overload (overrange input applied); —OL for negative value.

Bus Error: Instrument programmed while not in remote; or illegal command or command
option sent*

Number Error: Calibration, voltage source, waveform parameter, or program value beyond
allowable range.*

Trigger Overrun Error: Instrument triggered during a measurement conversion *

RAM Test Failure: ON while RAM memory is being tested. If message remains, the test
failed.

ROM Test Failure: ON while ROM memory is being tested. If message remains, the test
failed.

Flashing Decimal Points in Exponents: Power-up calibration constants are not in use (due to
nonvolatile memory error on power-up ‘or calibration adjustment without storage).

Decimal Points Turned On in Exponent: Calibration program is in use.

The Model 595 is waiting for a trigger (bus, external, or SHIFT, then +/— button).

*See Section 4 for more information about IEEE-488 operation messages
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2.5.1 Model 595 Front Panel
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Figure 2-1. Model 595 Front Panel

All front panel controls except POWER are momentary contact switches.
Many control buttons include an annunciator light to indicate the selected
function. Some buttons have a secondary function that may be entered
by pressing first SHIFT then the desired button. All such secondary func-
tions are marked in yellow as is the SHIFT button. The controls are color-
coded into functional groups for ease of operation.

[1] Power—AC POWER switch turns unit on or oft.

C/Cqy—Divides all readings by a user-stored Cq, value. Applies only
to capacitance readings (not Q/t or |).

SHIFT—Enables access to secondary features (highlighted in
yellow).

(SHIFT) STORE Cq, — Saves next reading as the Cq, value for C/Cq.

METER BLOCK

. CURRENT—Configures the Model 535 to measure current from 1A
to 200uA.

CAPACITANCE~ Configures the Mode! 595 to measure capaci-
tance from .01pF to 20nF.

|_—§_l (SHIFT) Q/t—CAPACITANCE display modifier. Displays current,
which is measured at the end of each capacitance measurement.

SUPPRESS —Makes measurements relative to a stored baseline
reading. Next reading is saved and will be subtracted from all subse-
guent readings. Applies only to current or capacitance
measurements (not Q/t).

RANGE —Increments or decrements range (sensitivity}. Three
capacitance ranges and eight current ranges.

ZERO CHECK—Used as a standby condition. No readings can be
taken when enabled.
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(SHIFT} CORRect-—Cancels the effects of internal offset voltage
by storing a value which is scaled to cancel the offset on any range.
Best when applied on 20pA range.

VOLTAGE SOURCE BLOCK

A or ¥ LIMIT—Displays VOLTAGE SOURCE adjustment LIMITs.

[SH-iFT) PRESET— Quickly sets VOITAGE SQURCE to the upper or
fower LIMIT.

STEP V—Displays voltage step size (+.01, .02, .05, .10V)

@ (SHIFT) _.l_' ~_J "] —Toggles voltage step waveform between stair-

case and sguare wave.
DEI;AY TIME—Displays voltage step-to-measurement time.

ADJUST A or ¥ —Used to modify VOLTAGE SOURCE parameters
{LIMITs, STEP V, DELAY TIME, and SOURCE voltage) and PRO-
GRAM parameters. Press SHIFT, then FAST for a faster rate.

+/- —Toggles the sign of displayed STEP V or VOITAGE SOURCE

value. Press SHIFT, +/— to trigger a reading from front panel.

DISPLAY SOURCE —Shows VOLTAGE SOURCE value. Correspond-
ing LED flashes when current limit of 2mA has been exceeded.

PROGRAM BLOCK

MENU —Accesses front panel programs: FREQUENCY, CALIERA-

TION, FILTER, TRIGGER, ANALOG OUTPUT, CORRECTED CAPA-
CITANCE, IEEE-488 ADDRESS, DISPLAY. Accesses plotter
parameters: GRID, Y HI, Y 1O,

{SHIFT} EXIT—Leaves PROGRAM MENU.

WAVEFORM BLOCK

¥ 5]
W] |

5]
5]}

5] (8]
~f

OFF—VOLTAGE SOURCE is 0.00 + .OTV.
DC—Unit sourcing DC voltage.

STEP—VOLTAGE SOURCE outputs either a staircase or square
wave. ' '

SELECT A or ¥ —Used to select voltage source output waveform.

IEEE-488 BUS INDICATORS —REMOTE, TALK and LISTEN repre-
sent interface status of Model 595.

DISPLAY— 4 digit sioned mantissa with two-digit alphanumeric
exponent.
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2.5.2 Model 595 Rear Panel

JEEE-438 INTERFACE
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1784 90-125V '5“ _/
1118A  180-2507

Figure 2-2. Model 595 Rear Panel

The rear panel of the Model 595 is illustrated in Figure 2-2.
AC RECEPTACLE—Connects to three-wire line cord.
LINE FUSE—Provides protection on the AC power line input.

IEEE-488 — Connects the instrument to the IEEE-488 bus, IEEE-488
interface functions are marked above the connector.

GUARD —Provides binding post connection for shields or the LO
terminal of an external voltage supply.

E] C, | METER INPUT--Teflon-insulated BNC. Inner conducter is input
HI, outer conductor is GUARD,

E VOIETAGE SOURCE OUTPUT—Isolated BNC connector. Inner con-
ductor is output HI, outer conductor is GUARD. Voltage is sourced
from this output to bias devices when making current or
capacitance measurements. Referenced to GUARD.

C1 KNAL.O-G.OI-JTPUT— 5-way- E-Ji.n&iﬁg posts.thét corresp.ond to
meter display (C, Q/t or |}, Referenced to IEEE common.

V ANALOG OUTPUT—5-way binding posts that correspond to
voltage at which C, Q/t, or | measurement was taken. Referenced
ta |EEE common.

E PEN LIFT—Two 5-way binding posts; pen lift and |EEE common. Nor-
mally a TTL high output; TTL low during 2 staircase waveform,
Minimizes recorder pen blotting.

METEE COMPLETE OUTPUT-Isolated BNC connector provides
negative going TTL output pulse after a reading is completed.
Referenced to [EEE common.

EXTERNAL TRIGGER INPUT—Isolated BNC connector. Negative
edge triggered, TTL level. Referenced to IEEE common.




GETTING STARTED

2.5.3 Test Connections for Capacitance and
Current Measurements

The Model 595 is supplied with two Model 4801 Low Noise
BNC Cables. Use these cables or similar low noise cables
when making measurements with the Model 595.

Most capacitance measurements can be made through one
of the test setups illustrated in Figure 2-3. A semiconduc-
tor wafer in a “chuck and probe” apparatus is shown in
Figure 2-3A, a packaged capacitor in a test box is shown
in Figure 2-3B, and a setup with an external voltage source
is shown in Figure 2-3C.

A, MEASUREMENT SETUP FOR DEVICE ON A
SEMICONDUCTOR WAFER,

FROM

0 BNC
C.1 METER CONNECTORS VOLTAGE
INPUT SCURCE
QUTPUT
PROBE —
D.U.T.™
i Il F i
SEMICONDUCTOR—~ - = cHucK (OR PEDESTAL )
WAFER

B. MEASUREMENT SETUP FOR CAPACITOR
IN TEST BOX.

VOLTAGE C.l
SOURCE LOW-NCISE METER
OUTPUT COAX CABLE INPUT

BNC CONNECTORS
METAL TEST BOX

T
||
(I
| P —d
INSULATOR

( TEFLON, KEL-F)

C. MEASUREMENT SETUP FOR CAPACITOR AND
EXTERNAL VOLTABE SOURCE

c.,!

VOLTAGE EXTERNAL VOLTAGE
SQURCE SOURCE METER
QUTPUT - = — — = INPUT
o D.U.T.
' I
b o — — -

Refer to Figure 2-4A and 2-4B to see how to make current
measurement connections. If a voltage source is used (to
make resistarice measurements, for example}, see Figure
2-4 for connections. Use Figure 24A with an external
voltage source and Figure 2-4B for connections with the
Model 595's voltage source.

A, USING EXTERNAL VOLTAGE SOURCE

Tl o~ T T
| nEisR@ ]
| INPUT |
MODEL
S 1 &35
HI~h GUARD PRAEN*ERL

EXTERNAL YOLTAGE
SOURCE
OPTIONAL SHIELD

VOLTAGE AN I
| source CE) ($ JHETER
guUTPUT - INPUT
| —
e et — =TT — — —  REAR
H I~ PANEL
™ /—GUARD
a J L &
AW

METAL TEST BOX

Figure 2-3. Typical Capacitance Measurement
Connections

Figure 2-4. Typical Current Measurement
Connections

Use the above figures to make rough measurement con-
nections when following the examples described in
paragraphs 2.54 through 2.5.7. Refer to paragraph 3.2 for
more details on test connections.
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2.5.4 Capacitance Example

The following is an example capacitance measurement to
aquaint the user with typical measurement techniques. In
this particular example, the device under test (D.UT.) has
a value of about 500pF, '

The initial measurement configuration is power OFF, with
connections as described in paragraph 2.5.3. The circuit is

broken at the capacitor under test (i.e., the probe is lifted
from the wafer).

Follow the steps outlined below to make a capacitance
measurement. The first column indicates what button
should be pressed; the second column shows what will be
displayed on the Model 595, and the last column describes
the results of the action taken.

Butfon Press Display Remarks
1. POWER ' L Memory test (RAM)
r.o. Memory test (ROM)
0.000 nF 20nF capacitance range, ZERO CHECK on, square.
wave.,

2. ZERO CHECK 0.001* nF - ZERQ CHECK off, measuring stray capacitance of
fixture.

3. RANGE Y 0012 nF Go to range of desired resolution (D.UT. will be
about 500pF).

4. SUPPRESS 0000 nF SUPPRESS on, stray value will be subtracted from
all readings.

5. ZERO CHECK .0000 nF ZERO CHECK on while connecting device.
6. (Connect capacitance in fixture)  4562* . nF Display is value of D.UT. (minus fixture strays).
7. ZERO CHECK ZERO CHECK off to resume measurement.
8. SHIFT, then STORE Cg nF .
4562* nF This value is stored as Cy for normalization of
capacitance. _
9. CiCo 10000 .  The measured capacitance is normalized to Cg.

10. SHIFT, then Q/t 0000 = nA The magnitude of current through the D.UT. at the
time of each capacitance measurement (i.e., after
delay time). Note: suppress and Cg apply only to
the capacitance measurement, not to Qft.

1. CAPACITANCE* 1.0000* Return to normalized capacitance display.

2. CICq 4562% nF CICq off.

* This value depends on the capacitor under test, any strays present, etc.
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2.5.5 CV Example The power up. measurement configuration is identical to
that of the previous example. Note that the device is discon-

Now that the user is acquainted with making basic nected at the box on the voltage source side.

capacitance measurements, the following example will il-
lustrate the use of the voltage source to generate a stair-
case waveform while measuring capacitance.

Button Press Display Remarks
1. POWER L.T. Memory test (RAM)
‘ r.o. Memory test (ROM)

0.000 nF 20nF capacitance range, ZERO CHECK on, square wave.

CONFIGURE VOLTAGE SOURCE

2. SELECT A de nF Select DC (turns off STEP WAVEFORM). Capacitance not
measured when voltage source set to DC.

3. A LIMIT 20.00 A ~ Voltage source upper LIMIT (20V) displayed.

4. ADJUST ¥ (hold) 04.00 v Adjust voltage source upper LIMIT to 4V. (Press SHIFT, then AD-
JUST for coarse adjustment)

5. ¥ LIMIT -20.00 v Voltage source lower LIMIT (—20V) displayed.

6. ADJUST A (hold) -01.00 .V . Adjust voltage source lower LIMIT to —1V. (Press SHIFT, then
ADJUST for coarse adjustment)

7. STEP V 00.05 5Q Display present STEP magnitude and STEP type (square wave).

8. SHIFT, then STEPV 0005 = ST Change STEP type to staircase.

9. ADJUST A 00.10 ST Adjust STEP voltage to .IV, =~

10. DELAY TIME 00.07 S . ... Display present DELAY TIME (0.07 seconds).

11. ADJUST A (hold) 00.50 S . ._.Adjust DELAY TIME to 0.5 seconds.

12. DISPLAY SOURCE 00.00 v Display present voltage source setting (0.00V).

13. ADJUST ¥ (hold) —0L.00 A% Adjust voltage source to lower LIMIT. (note that —1V is the limit
of adjustment as set in step 6 above)

STAIRCASE OPERATION - -

14. SELECT ¥ XXX v _Select STEP waveform (set to staircase in step 8), observe that
source steps are 0.1V. Source stops at upper LIMIT (4V) and
waveform becomes DC.

15. STEP V 00.10 ST Display STEP voltage.

16 +/- -00.10 ST Change STEP direction.

17. DISPLAY SOURCE 04.00 Vv Display voltage source output.

18. SELECT ¥ XXX v Select and start staircase.

1. —-01.00 \Y Source stops at —1V and waveform becomes DC.

PAUSING STAIRCASE WAVEFORM

Use SELECT ¥ to start staircase, SELECT A to pause, Vand SELECT ¥ to continue.
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Button Press Display Remarks

MEAQTIRE Y
3 IV, W Y

20. Set WAVEFORM to DC, STEP V to +.10V. Described above.

(CONNECT CAPACITANCE IN FIXTURE)

21. SHIFT, then ¥ —01.00 V Display and PRESET voltage source to value of ¥ LIMIT.
LIMIT (PRESET) '
22. DISPLAY SOURCE .dc nF Return display to meter.
23. ZERO CHECK dc ol Turn off ZERO CHECK.
24. SELECT ¥ XXXXX  nF Capacitance readings during staircase; “dc” appears when staircase
dc nF reaches upper LIMIT.

NOTE: SUPPRESS, C/Cq, STORE Cp, and Q/t may be selected or cancelled, and voltage source parameters may be
monitored, without affecting the staircase waveform. A parameter change, however, will “pause” the staircase (i.e.,
the waveform will change to DC).
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2.5.6 Measuring Current: An Example The initial measurement configuration is POWER off, with
input cables attached to the Model 595. The input circuit
is temporarily disconnected at the test box, on the voltage

The following is an example of a typical cuirent measure- !
6 P P source output side.

ment. This example uses a 1M resistor in a test box. See
Figure 2-4 for measurement connections. The voltage source
is set to IV to cause 1pA input current to flow

(I = IV[IMQ).
Button Press Display Remarks
1. POWER LI Memory test (RAM)
LO. Memory test (ROM)
0.000 nF 20nF capacitance range, ZERO CHECK on, square wave.
2. CURRENT -.0002* nA Place unit in CURRENT function.
3. RANGE ¥ —-0.002% PA Set unit to 20pA range.
(press twice)
4. SHIFT, then CORR 0.060 - pA Corrects. for internal offsets.
5. RANGE A 0000 pA Go to RANGE of desired resolution (press five times for this
example).
(CONNECT RESISTOR) - ]
6. SELECT A 0000 - A Select DC WAVEFORM.
7. DISPLAY SOURCE 00.00 Vv Displays voltage sourced.
8. ADJUST A 01.00 Vv Adjust voltage source to 1V out.
9. DISPLAY SOURCE 0000 - A Return unit to meter display.
10. ZERO CHECK .9835* A Read value from display.

* This value depends on the resistor under test, stray currents, etc.

Variation: Also try using SUPPRESS on readings and adjust voltage source to 1.5V.
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2.5.7 IV Example

Setting up an IV measurement is, for the most part,

of CV example in paragraph 2.5.5. Then perform the steps
described below. (NOTE: This example is based on the

quite Same measurement configuration described in paragraph

similar to- setting upv a CV measurement. -IEt;lic;wrsﬁt;e'p 1—356 2.56.)
Button Press Display Remarks

MEASURE IV o

1. CURRENT —-0.002 nA Place unit in CURRENT function (then press RANGE A to
put-instrument to appropriate range; in this case, the 20pA
range).

(CONNECT RESISTOR)

2. SHIFT, then ¥ LIMIT ~(01.00 V _ Display and PRESET the voltage source.

3. DISPLAY SOURCE 0.002* --pA Return display to meter.

4. ZERO CHECK —1.0158* A Turn off ZERO CHECK.

5. SELECT ¥ XXXXX pA Current readings during staircase; constant DC readings

__when staircase reaches upper LIMIT.

*This value depends on resistor under test, stray currents, etc:—
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SECTION 3
OPERATION

3.1 INTRODUCTION

Detailed front panel operation of the Model 595 is described
in this section, including test connections and complete
front and rear panel descriptions in the first half (Part 1),
and how to make CV, IV and Q/tV plots is described in
the second half (Part 2). Many of these operations can also
be programmed over the [EEE488 bus, as described in Sec-
tion 4.

PART 1
Front and Rear Panel Descriptions

3.2 TEST CONNECTIONS

The following paragraphs will describe how to set up
typical capacitance and current measurements with the

Model 595. Connections can be made with the supplied -

Model 4801 cables; in addition, other low noise, coaxial
BNC cables may be used with the Model 595. In any con-
nection to this instrument, it is advisable to use the shortest
cables practical for the particular test setup. In situations
where vibration may be present (such as a vacuum pump),
tape the cables to a stable object to avoid excessive vibra-
tion and electrical noise. Note: see warnings in paragraph
2.5 before operating instrument.

3.2.1 Capacitance Connections

Many applications of the Model 595 will involve using the
instrument 0 determine capacitance of devices on semicon-
ductor wafers. A variety of probe station setups are
available; the precise configuration of such a station is up
to the user, depending on his needs and equipment
available to him. However, most of these setups will use
conmnections similar to those illustrated in Figure 3-1A with
the test fixture completely enclosed in a light-tight metal
box for electrical shielding, The metal box should be con-
nected to GUARD. Note that the Model 595 VOLTAGE
SQURCE OUTPUT is connected to the substrate (to
minimize the effects of stray capacitance and noise); and
the INPUT is attached to the probe.

Packaged capacitors should also be measured in a shielded
metal box and are connected as llustrated in Figure 3-1B.

A. MEASUREMENT SETUP FOR DEVICE ON A
SEMICONDUCTOR WAFER,

TO BNC FROM
C.1 METER CONNECTORS VOLTAGE
INPUT SGURCE
OUTPUT
PROBE —
D.U.T.
‘ | ,/
SEMICONDUCTOR - LCHUCK (DR PEDESTAL)
WAFER
B. MEASUREMENT SETUP FOR CAPACITOR
IN TEST BOX.
VOLTAGE c.1I
SOURCE LOW-NOISE METER
QUTPUT COAX CABLE INPUT

BNEC CONNECTORS
METAL TEST BOX

. D.U.T.
| |
I 1
| I— [ES— |
INSULATOR

{ TEFLON. KEL-F)

C. MEASUREMENT SETUP FOR CAPACITOR AND
EXTERNAL VOLTAGE SOURCE

VOLTAGE EXTERNAL VOLTAGE
SOURCE _SOURCE METER
OUTPUT 51 U T INPUT

l_........._____l

Figure 3-1. Capacitance Measurement Connections
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3.2.2. Connections for Current Measurements

The Model 595 is capable of making current measurements
in addition to capacitance measurements.

Although current measurements may not require the use
of a voltage source, the current function can be used with
the voltage source to determine a resistance value (by Ohm's
Law, V=IR) or to generate IV curves.

Figure 3-2A illustrates a typical current measurement setup
with an external voltage, and Fxgure 3-2B shows a standard
circuit using the instrument’s internal voltage source.

Again, low noise coaxial BNC cables and a metal test box
to shield the device should be used for best results.

A. USING EXTERNAL YOLTAGE SOURCE

CII
| HETER@ I
] INPUT I
—————MODEL
R T 595
REAR

EXTERNAL VOLTAGE

SOURCE
OPTIONAL SHIELD

B. USING MODEL 595°S VOLTAGE SOURCE

e
VOLTAGE C.1I
I SOURCE G @ METER ]
ouTPUT [N A INPUT :
| //—l—ngsggi_
— e —t H — —{H — — = gEag
HI PANEL
™ /—GUARD
> '3
AW

METAL TEST BOX

Figure 3-2. Connections for Current Measurements

3.3 DETAILED FRONT PANEL CONTROL
DESCRIPTIONS

This section gives complete descriptions of all Model 595
front panel controls. Note that the front panel buttons are
arranged and characterized by colorcoded “blocks™
METER-block, WAVEFORM block, VOLTAGE SOURCE
block, and PROGRAM block. The SHIFT button is used
to access second functions, which are labelled in yellow,

METER Block

- The following controls are found in the METER block of

the Model 595 front panel.

3.3.1 CURRENT

The CURRENT button places the Model 595 in the current
measurement function. The indicator light next to the but-
ton is on when this function is selected. Any one of eight
ranges (20pA to 200pA) may be used with this function.

3.3.2 CAPACITANCE

The CAPACITANCE button places the Model 595 in the
capacitance measurement function. The red indicator light
is ‘on when this function is selected. There are three
capacitance ranges: 20nE 2nF and 200pE

When making a capacitance measurement, the Model 595
makes three charge measurements around the voltage
source “step” (the STEP waveform must be selected). See
Figure 3-3. From these three charge measurements the
capacitance and the current through the device (at the end
of the delay time) are calculated. The voltage reported with
the reading is the source voltage (V,) plus half of the step
voltage.

Q/t displays the current flowing through the device at the
end of the delay time. This is selected by pressing SHIFT,
then the CAPACITANCE Q/t button. Note: the capacitance
function must be selected to select Q/t. The yellow indicator
light is on when the Q/t current is being displayed.
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Figure 3-3. Integrator Charge vs Time Curve for a
Capacitance Measurement

3.3.3 C/Co-STORE Cp

CICg allows the user to normalize capacitance to a stored
capacitance value (Cg). C/Cg applies only to the capacitance
reading (even while Q/t is being displayed). To store a
capacitance reading (Cgp), simply set up.the desired
capacitance measurement, then press SHIFT, then STORE
Co. The next reading will be stored as Co. To normalize
the capacitance readings to Cg, press C/Cg (the LED will
come on). This will divide all subsequent readings by the
stored reading, Co, and show the resulting quotient on the
display. Once a value of Cg is stored, it will be retained
in memory until a new value is stored or the instrument
is turned off.

CJCp allows comparison of the relative shapes of two or
more CV curves even when absolute capacitance values
may be different.

3.3.4 SUPPRESS

The SUPPRESS button allows the user to compensate for
external offsets present in the test setup by subtracting the
offset value from subsequent readings. (To compensate for

internal offsets, see ZERO CHECK and CORRect.) Sup--

press may be used with capacitance or current measuye-
ments, but not Qft.

When the SUPPRESS button is pressed, the instrument
will store the next measurement as a baseline. The SUF-
PRESS indicator light will illuminate. All subsequent
readings taken will be the difference between the measured
value and the stored baseline.

The baseline maintains its absolute value regardless of
range. For example, if a 0.1nF signal is suppressed on the
2nF range, it will remain at 0.InF on the 20nF and 200pF
ranges. Only one reading for the presently selected func-
tion can be suppressed; the value will be lost if the func-
tion is changed. The instrument can be toggled between
Q/t and capacitance without losing the stored value.

The suppressed readings can be as small as the resolution
of the instrument will allow, or as large as full range (see
Note 1). Some typical examples include:

Applied Suppressed Displayed

- .. Signal Reading Value
30 pF 05 pF 295 pF
- 15 nA -1 nA - 0.5 nA
11.3 nF 13 nF - 17 nF
0.10pA — 001pA 0.11pA

NOTES:

1. Using suppress reduces the dynamic range of the
measurement. For example, if the suppressed value is
100.00pA on the 200pA range, an input current of more
than 99.99pA would overrange the instrument even
though input currents up to 199.99pA are normally
within the capabilities of the 200pA range.

. Setting the range lower than the suppressed value will

overrange the display; the instrument will display the

“QL" message under these conditions.

To store a new baseline, suppress must first be disabled

and then enabled once again. The next reading taken

will be stored as the new baseline.

Enable suppress on the measurement range that yields

the highest resolution for the application.

If the instrument is displaying Q/t when suppress is

enabled, the capacitance value will be suppressed even

though the capacitance reading is not displayed. Sup-
pression has no effect on Q/t readings.

3.3.5_ ZERO CHECK and CORRect

— Zero check is used to protect the input amplifier of the
-‘Model 595 from overloads and switching transients when
changing instrument functions or connections to the device
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under test. Therefore, make sure the ZERQO CHECK in-
dicator light is on when changing functions or connections.
The ZERQ CHECK button toggles the instrument in and
out of zero check.

Zero check is also used with zero correct to cancel internal
offsets in the Model 595 input amplifier. Zero correction
is not applicable to capacitance or Q/t but should be per-
formed for the current function on the 20pA range.

Note that the specifications at the front of this manual
assume that the instrument has been properly zeroed. The
following procedure should be used after the instrument
has warmed up for fwo hours and repeated as needed every
24 hours or if the ambient temperature changes by more
than 1°C.

1. Select the current function and the 20pA range.

2. Press the ZERO CHECK button and be sure the ZERO
CHECK indicator light is on. The Model 595 input
amplifier is now configured to read its own internal
offset.

3. Press SHIFT, then CORRect to zero correct the instru-
ment. Note that if zero check was not enabled, the zero
correct operation will enable zero check first.

4. The proper range may now be selected and ZERQ
CHECK released to make a measurement.

NOTES:

1. Remember to leave zero check enabled when connec-
ting or disconnecting input signals, or when changing
ranges or functions.

2. The zero correct value is stored in permanent memory
and is maintained while the instrument is turned off.
A new zero correct value always replaces an older one.

336 RANGE A, V¥

The Model 595 has several ranges available for both
capacitance and current measurements. The capacitanice
ranges are 20pE 2nF and 20nE The current ranges are 20pA,
200pA, 2nA, 20nA, 200nA, 2xA, 20A and 200gA. The in-
strument powers up on the 20nF capacitance range.

When making a measurement, choose the lowest range
possible without overloading the Model 595. This will maxi-
mize measurement resolution.

The RANGE A, ¥ buttons in the METER block of the
Model 595 allow the user to increment or decrement the
range. The A range button selects the next h1gher range
and the ¥ button selects the next lower range

WAVEFORM Block

The following controls are found in the WAVEFORM block
of the Model 595 front panel. The SELECT A, ¥ buttons
are used to select the voltage waveform.

The Model 595 is capable of sourcing either DC or a stepped
voltage to the device under test. At power up, the Model
595 is set to measure capacitance, and the waveform is set
fo square wave,

OFF 0.0V

OFF sets the voltage source to 0.00V +0.01V. This can be
used to set the voltage source to zero without having to
use the ADJUST buttons. If capacitance is selected, an
“OFF” message will appear on the display since a step is

necessary to measure capacitance. _

DC

When DC is selected, the voltage source will output a con-
stant voltage, equal to the voltage source programmed
value. If the capacitance function is selected, the “DC”
message will appear on the display since a step is necessary
to measure capacitance.

STEP

The STEP waveform is the fundamental signal required for
capacitance measurements. Two STEP waveforms are
available: square wave and staircase. The characteristics of
this waveform are tailored using the controls within the
VOLTAGE SOURCE block.

The instrument powers up with square wave selected This
is the waveform used to measure capacitance at a specific
test voltage. Refer to Figure 3-4 for a diagram of the
waveform. The voltage staris at V1 (set by the user in the
range of —20 to +20 volts), After the programmed delay
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time (plus 0.04sec) the voltage changes by STEP V. The out-
put voltage remains at this level for another delay time (plus
0.04sec) and then returns to the original V1 level. The out-
put voltage continues to repeat the above process. For
capacitance measurements, the reading voltage is reported
as V) + % Ve . For current measurements the reading
is reported at the voltage where the measurement was
made. :

Staircase is selected in the same way as square wave. The
timing is also the same but at the end of the second delay
time the waveform does not return to V1. Instead, it in-
crements again by STEP V to V2. This results in an output
voltage waveform that resembles a staircase—continually
increasing (or decreasing) uniformly in steps. When the
output voltage reaches the upper or lower limit, the out-
put voltage will switch to DC. To re-start a staircase
waveform, set the voltage source output to the desired star-
ting voltage (the “preset” feature makes this easy) and re-
select the step waveform.

i
T STAIRCASE

¥ SQUARE WAVE

}STEPV
V,— - — — —V

1 1
STEP . STEP
-l TIME TIME

Figure 3-4. Voltage Output Waveform

VOLTAGE SOURCE Block

The Model 595 has a built-in voltage source that is used
to make capacitance measurements. It can also be used with
the current function for measuring IV characteristics of
devices. The output voltage may be set from -20V to +20V
in 10mV increments. Limits may be set to prevent the out-
put from exceeding a selected value. The maximum cur-
rent for which the output voltage is guaranteed is 2mA and
current limiting prevents the output current from exceeding
4mA even into a direct short.

The following controls are found in the VOLTAGE SOURCE
block of the Model 595 front panel. The indicator lights in-
dicate which parameters are displayed. Press to select a par-
ticular parameter, press again to return to the measurement
display.

3.3.7 A LIMIT, ¥ LIMIT, and PRESET

The A LIMIT and ¥ LIMIT buttons set the maxiznum and
minimmum voltage that the voltage source will output. These
limits may be set by the user to protect a device that could
be damaged by excess voltage. On power up the A LIMIT
is set to +20 volts and the ¥ LIMIT to —20 volts. These

- power up limits are the maximum and minimum voltages

that the limits can be set to.

When a LIMIT button is pressed, the display shows that
voltage limit. The ADJUST buttons are used to change that
limit in 10mV increments.

An auxiliary function of the voltage limit buttons is PRESET.

PRESET allows the user to quickly set the output voltage
value to the maximum or minimum limit without having
to use the ADJUST buttons. To use PRESET, press SHIFT,
then A LIMIT or ¥ LIMIT.

'3.3.8 STEP V

When a step waveform is selected, STEP V determines the
step size (the small incremental change in voltage) and
whether the waveform will be a square wave or a staircase.
The step size may be 0.01V, 0.02V, 0.05V, or 0.10V with a
positive or negative polarity. On power up, the step voltage
is set to +0.05V square wave. Detail description of the
voltage waveform may be found under WAVEFORM
BLOCK - STEP.

To select the step voltage, press STEP V. The indicator light

will be on while the step voltage is displayed. Use the
ADJUST buttons to select the step size. The + bution may
also be used to change the polarity of the step voltage.

Press SHIFT, then STEP V to toggle the waveform between
square wave and staircase. Square wave and staircase are
shown pictorially next to the STEP V button.

3.3.9 DELAY TIME

“The time from the voltage step to the final charge measure-

ment for a capacitance calculation, or from the step to the
measurement in current, is the delay time. Delay time is
used to allow the device under test to respond to the change
in voltage before measurement. The delay time is not usual-
ly critical when performing simple capacitance or IV
measurements. It is important when performing capaci-
tance and CV measurements on MOS capacitors.
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To change the delay time, press DELAY TIME, then the
ADJUST A , V¥ butions to increment or decrement the

time. The delay time can be set from 0.07sec to 199.99sec.

On power up, the delay time is set to 0.07sec.

Figure 3-3 shows in more detail where the delay time oc-
curs. The total time of the voltage step is delay time plus
T1. Tl is the period necessary for the Model 595 to finish
the measurement, and is typically 0.04sec {see specifica-
tion clarifications at the front of the manual). The total time
of the voltage step (delay time plus Tl time} is called the
step time.

Another time period important to the capacitance function’

is To . This is the time period from the middle of charge
measurement Q; to the middle of charge measurement Q.
The time period T, is 1/8th of the delay time, with a
minimum time of 44msec. These two charge measurements
are used to calculate the current flowing though the device

under test (Q/t). The expression for Q/t is found in Figure = .
3-3. = - : . ,

3.3.10 DISPLAY SOURCE

The DISPLAY SOURCE button causes the Model 595 to
display the programmed output voltage. On power up, the
Model 595 is programmed for 0.00 volis.

To view the programmed output voltage, press the
DISPLAY SOURCE button. To change the voltage, press
the ADJUST A or ADJUST V¥ button to increase or
decrease the programmed output voltage.

The +/— button may be used to change the polarity of the
voltage (while displayed). The programmed output voltage
may be quickly set to the voltage Limits by pressing SHIFT,
then the A LIMIT or ¥ LIMIT button for the maximum
limit or mirtimum limit, respectively. C

The indicator light adjacent to the DISPLAY SOURCE but-
ton is on when the programmed output voltage is being

displayed. This light will flash when the output voltage cur-

rent limit becomes active. The voltage source is capable of

outputting 2mA, after which the output voltage will begin

~.to change and not match the voltage source setting. The

current limit will prevent the output current from exceeding
4mA.

33.11 ADJUST A , ¥

The voltage source ADJUST buttons are used to increase
or decrease the values of A LIMIT, ¥ LIMIT, STEP V,
DELAY TIME and the programmed output voltage. To
quickly adjust these voltage source parameters, press
SHIFT, then the appropriate ADJUST button. Note that
while readings are being displayed, pressing either of the
ADJUST buttons will change the programmed output
voltage.

NOTE
The ADJUST buttons are also with front panel pro-

grams. See paragraph 34.

3.3.12 +/-, Front Panel Trigger

The +/~ button of the Model 595 allows the user to change
the polarity of the voltage source while the programmed
output voltage is being displayed. It can also be used to -
change the polarity of STEP V while STEP V is displayed.
A secondary feature of the +/— button is that it can be used
as a trigger source from the front panel when another trig-
ger source is not available (press SHIFT, then +/~). See .

- paragraph 344 for information on friggering.

3.4 FRONT PANEL PROGRAMS

The Model 595 has several capabilities that are accessed as
“front panel programs”. These programs operate through
the MENU button. To scan the available programs, simply
press MENU. Each additional press of the MENU button
will move the menu to the next program. To exit, press
SHIFT, then EXIT. Table 3-1 lists the available front panel
programs.
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Table 3-1. Front Panel Programs

Display -~ Message | Description
i F = |*1i Frequency Power Line frequency setting. Fr=50Hz, Fr=60Hz
f TR |*1| Calibration Allows calibration of instrument.
[ FILE | | Filter Selects filter 0-3, see section 34.3
i EFriL } | Trigger Trigger mode: 0=continuous, 1=one shot
{ Houbt 1] Analog Output ' C, I voltage at rear panel ANALOG OUTPUT binding posts.

1=X1 gain, 10=Xi0 gain

l [ AP | | Corrected Capacitance | Corrects capacitance readings for error currents. I=correction on,
O=correction off. See Section 5.34 before using.

{ IFEE | *} IEEE-488 Address IEEE-488 Address Selection Program.
d 5P * Display _ Sets numeric or alpha exponent.
Y HI 2]t YHIGH Plotter Y.axis high limit.
g [g-clhyLow | Plotter Y-axis low limit.
L LUred 1Y Grd | Sets and plots grid for [EEE-488 data graphing.

* Stored in permanent memory. | _
1 Appears in MENU only when address code 42, 43 is selected.
i Appears in MENU only when calibration is enabled.
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3.4.1 Power Line Frequency

The line frequency program is used to set the Model 595
to the available line frequency (either 5¢ or 60Hz). This pro-
gram is accessed as part of the calibration procedure and
is discussed in Section 7. During normal operation this front
panel program will not appear in the MENU.

3.4.2 Calibration

An advanced feature of the Model 595 is digital calibration.
The instrument can be calibrated from the front panel or
over the IEEE-488 bus. To use front panel or IEEE-488 bus
calibration, refer to the calibration procedures outlined in
Section 7. During normal operation this front panel pro-
gram will not appear in the MENU,

3.4.3 Filter

The Model 595 has three digital filters that can be used to
minimize the effects of noise on individual measurements
and plotted curves. To use the filter program, press the

MENU button until “FILt” appears on the display. Next to .

“FILt” is a number. If the number is zero, then the filter
is off, and the actual unmodified curve will be plotted. To
advance to a higher level filter, press the voltage source A
ADJUST button. To decrease a filter level, press the voltage

source ¥ ADJUST button. To exit from the program, press

SHIFT and then EXIT.

The suitability of each of these for “curve smoothing”
should be determined by considering the number of
measurements cr samples in the curve; specifically, the fun-
damental portion to be studied (region of interest).

Filter 1 is used when there are 20 or more samples in the
fundamental change area of the curve. This filter provides
minimal smoothing of the curve. Filter 2 should be used
when there are 50 or more samples in the fundamental por-
tion of the curve for maximum curve smoothing. Lastly,
filter 3 is available to smooth slowly changing DC signals
{or curves with more than 200 samples in the fundamen-
tal portion). This filter should normally only be used with
DC signals since it would distort most CV or IV curves.

Figure 3-5 shows an example of proper and improper use
of a filter on a curve with 60 readings in the region of in-
terest. Notice the distortion of the curve using Filter 3.

An important characteristic of each filter is ifs “window”,
Each filter takes the weighted average of a certain number
of readings. This average is symmetrical about the middle
reading. Filter 0 (when filter is “off”) has a one reading win-
dow, Filter 1 has a three reading window, Filter 2 has a nine
reading window, and Filter 3 has a 24 reading window.

The weightings (or coefficients) assigned to each reading
are as follows:

Level 1 /4, 12, 14

Level 2: —1/32, 1/32, 118, 15/64, 9/32, 15/64, 18, 1132, <1132
Level 3: 1(32, 11’32, 1!32, 1/32, 1/32, 1!32, 1/32, 132, 1716, 116,

116, 116, 116, 1716, 1/16, 1/16, 1/32, 1/32, 1/32, 1/32,
1/32, 1/32, 1/32, 1/32.

Figure 3-6 illustrates the coefficients of Filter 2.
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SIN X FUNCTION
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Figure 3-6. Coefficients in Filter 2

The coefficients are chosen to approximate the Fourier com- -

ponents of a brick wall filter [(sin X)/X]. The passband of
the filter is chosen to pass the signal curve while attenuating
noise outside the passband. Typical white noise reduction
is as follows: Level 1, 1.7; Level 2, 2.5; Level 3, 50.

Since the filter is symmetrical, there is a delay between
what is displayed (middle reading) and the measurement
being taken. Filter 0 has a one reading delay, filter 1 has

a two-reading delay, filter 2 has a five-reading delay, and

filter 3 has a 13-reading delay.

If a meter or voltage source parameter is changed, the filter
is “cleared” and starts over. Changes in step size, delay time,
filter type, trigger mode, voltage limits, voltage source, func-
tion and range will restart the filter. (The only parameters

that don't affect filter operation are C/Cg, STORE Cg, Q/t

and SUPPRESS). The filter is cleared during OL readings
and while zero check is on, for fast reading response.

When the filter is first enabled or starts over, there is an
initial reading delay. Each location in the filter is initially
filled with the first reading and subsequent readings pass

through the filter. This can be seen on plotted curves. -

~. Curves plotted with filter 0 will start plotting one reading

after it starts staircasing, filter 1 will begin plotting two
readings later, filter 2 will begin five readings later, and filter
3 will begin 13 readings later. Similarly, these filters will
finish early by the same number of readings, leaving an
unplotted region at the end.

3.4.4 Trigger

A “trigger” is a stimulus to the Model 595 to begin a
measurement. Triggering may be done in two basic ways:
continuous or one-shot. In continuous, the stimulus starts
a series of measurements. In one-shot trigger, a single
measurement will be processed each time a trigger stimulus
is received. On power up, the Model 595 is in continuous
trigger and the stimulus is internally generated to start the
measurements.

To access the trigger mode from the front panel, press the
MENU button until the message “iriG” appears on the
display. Next to “triG” a 0 or 1 appears. Zero signifies that

- the instrument s in continuous trigger and 1 signifies one-

shot trigger. To change trigger functions, press either one
of the voltage source ADJUST buttons to toggle the trigger
mode between 0 and 1. After the desired trigger type is
displayed, exit from the program by pressing SHIFT, then
EXIT.

To send the instrument a trigger fromn the front panel, press
SHIFT, then +/-.

The Model 595 can also respond to other trigger stimuli
besides the button sequence from the front panel. The rear
panel has an external trigger input connector (see
paragraph 3.5.1) and various commands over the IEEE-483
bus can be used as a trigger stimulus (see paragraph 4.9.18).

NOTE: The button sequence, SHIFT, +/—, will always
generate a trigger unless the front panel operation is locked
out from the IEEE-488 bus.
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3.4.5 Analog Output X1/X10

The analog output program allows the user to set the C,
I analog output gain to X1 or X10. X1 is used for readings
over 10% full range. With a maximum input of +19999
counts, output is +2V. (This is equivalent to 1V on cutput
for 10,000 counts on the display). X10 is used for readings
less than 10% of full range. With a maximum input of +2000
‘counts, output is +2V. (This is equivalent to 1V output for
1000 counts on the display).

To access the analog output program, press MENU until
“Aout” is displayed. A message of “Aout 1" means gain is
X1; “Aout 10” means gain is X10. Press either of the voltage
source ADJUST buttons to toggle the gain between X1 and
X10. .

The analog output signal is available on the rear panel
ANALOG OUTPUT connector, and follows the C, L or Q/t
display.

Note that the selected analog output gain is not saved when
the instrument is turned off. When the Model 595 is
powered on again, the gain will defauit to X1.

3.4.6 Corrected Capacitance

This program allows the capacitance reading to be corrected
for the effects of leakage currents. It must be determined
that the device under test has completely responded to the
change in voltage used in the measurement and that the
Qft current is only related to DC errors such as leakage cur-
rent or low oxide resistance. In these cases, CORRECTED
CAPACITANCE uses the Q/t measurement to cancel the
effects of these DC error currents on the capacitance
reading. The capacitance is then calculated by:

Cx (corrected) =
Step V

(Refer to Figures 3-3 and 3-4 for diagrams of the variables
used.)

NOTE: Using corrected capacitance can cause erroneous
results if the device under test is not in equilibrium. See
paragraphs 5.3.3 and 5.34 for information to determine con-

(Q/t)(delay time + t,)

ditions for equilibrium and proper use of the capacitance
correction program.

To use this program, press the MENU button until “cCAP”
is displayed. A O signifies that correction is off, and 1 means
that corrected capacitance has been enabled. To toggle cor-
rected capacitance on or off, simply press either of the
voltage source ADJUST buttons. Note that the Model 595
always powers up. with corrected capacitance off.

3.4.7 IEEE-488 Address

Selection of the [EEE-488 address function is indicated by' o

the following menu message: -

IEEE 28

Along with the message, the presently programmed
IEEE-488 address (28 in this example) will be displayed. To
change the value, use the voltage source ADJUST A , ¥
buttons. When the desired value is shown on the d15play,.
press SHIFT, then EXIT to return to normal operation. Ad-
dresses 0 to 30 are the normal IEEE-488 addresses. Codes
40 and 41 allow the Model 595 to control an IEEE-488
printer. Codes 42 and 43 allow the Model 595 to control
an IEEE-488 plotter. For complete information on control-
ling the Model 595 over the IEEE-488 bus, refer to Section
4. Yor plotter and prmter information, see paragraph 3.9
and 3.1L. .

NOTE
When actively outputting data while set to codes
40-43, the Model 595 acts as a controlier, and by
IEEE-488 conventions should be the only controller
on the bus at that time (although multiple Model
595s, or 590s are permitted provided only one in-
strument-at a time is talking).

3.4.8 Disb!ay (Alpha or Numeric)

The front panel exponent of the Model 595 can be set to
display in either alpha or numeric characters. When in
alpha, the exponent is given in actual units such as nE
When in the numeric display function, the exponent is
given in scientific notation. Table 3—2 gives typical examples,
mcludmg units.
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Table 3-2. Display Exponent Values

Engineering | Scientific
Display Units Notation | Value

n F S 13 10°F | Nanofarads

.P F PE 1072F | Picofarads

’.L H zA 10°A | Microamperes

n H nA 10°A | Nanoamperes

P H PA 10-2A | Picoamperes

5 ‘ [ \' Square wave voltage
waveform

Staircase voltage waveform

Seconds

To select the exponent program, scroll through the program
menu until the following message is displayed:

dISP
Use either of the voltage source ADJUST buttons to set the
exponent to the desired display. In the numeric function,
the display will show:
dISP -6

The alpha display appears as:
dISP p

Once the desired type of exponent is selected, press SHIFT,
then EXIT to return to normal operation.

Plotter Parameters

The following front panel programs can only be accessed
(from the menu) when the Model 595's IEEE-488 address
has been set to code 42 or 43.

NOTE
When the IEEE-488 address is set to 42, the X axis
is plotted from ¥ limit to A limit (left to right).
When the IEEE-488 address is set to 43, the curve
is “flipped” over on the X axis and is plotted from
the A limit to the ¥ limit.

3-12
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3.4.9 Grid

The grid program allows the user to plot a grid on an HPGL
compatible plotter (HP7470A or equivalent) with the Model
595 acting as a controller. The plotter should be set to ad-
dress 5. The grid will be plotted according to the function,
range and limits the Model 595 is currently set to at the
time the grid is initiated.

After code 42 or 43 has been selected, press the MENU but-
ton until the message “Grid” appears on the display
(“Grid” is the third program on the menu). (NOTE: if no
plotter is actually attached at this time, the front panel con-
trols will be inoperable for five seconds while the Model
595 tries to access the plotter). Finally, press either of the
voltage source ADJUST buttons, and the plotter will begin
to draw the grid. The front panel buttons are inoperable
while the grid is being drawn.

3410 YHI — Y Lo

The Y HI — Y Lo programs are used to set the upper and
lower limits of the Y axis when plotting. The limits run from
+0.1 o +2.0 in 0.1 increments, with 2.0 corresponding to
a full 20,000 count display and 0.1 corresponding to 1000
counts. The user can thus adjust Y HE and Y Lo to “crop”
the plot as desired.

After code 42 or 43 has been selected, press the MENU but-
ton until “Y HI 2" appears (or press MENU once more to~ .
display “Y Lo —2"). To change the program values, press
the voltage source ADJUST buttons. Onice the desired limit
is displayed, press SHIFT, then EXIT to leave the menu.

NOTES:

1. The Y axis limit values are not stored in perma-

nent memory and will return to their defaults if power
is cycled to the Model 595.

A change of function, range or voltage limits will affect 7
the correlation of data to the axis labels.

3.5 REAR PANEL FEATURES

3.5.1 External Trigger

The Model 595 on power up is set to recognize the rear

panel EXTERNAL TRIGGER INPUT. Continuous trigger
or one-shot trigger may be selected by the front panel pro-
gram (see paragraph 344), or over the IEEE-488 bus. The
commands for external trigger are T6 (continuous) and T7
(one-shot).

The EXTERNAL TRIGGER INPUT requires the falling edge
of a TTL logic level pulse as shown in Figure 37. The low
logic level should be between 0 and 0.8V, and the high level
should be 2.0 to 5.0V. The minimum pulse width for reliable
triggering is 10gsec. Connections to the rear panel EXTER-
NAL TRIGGER INPUT jack should be made with a stan-

dard BNC connector.

To use external triggering, proceed as follows:

. 1. Connect the external trigger source to the rear panel BNC

EXTERNAL TRIGGER INPUT connector. The shield
(outer) part of the connector is connected to IEEE com-
mon. There is an internal pull-up resistor so a mechanical
switch may be used. Note, however, that debouncing cir-
cuitry will probably be required to avoid improper
triggering.

. CAUTION
Do not exceed 30V hetween IEEE common and
chassis ground, or a shock hazard may be
present.

2.Place the instrument in one-shot trigger by pressing
MENU to get into triG, then use either voltage source
ADJUST button to set the display to “triG 17

3. To trigger the instrument, apply a pulse to the EXTER-
NAL TRIGGER INPUT. The instrument will process a
single reading each time the pulse is applied. Alternative-
ly, the instrument may be triggered from the front panel
by pressing SHIFT, then the +/— button.

4. To get out of one-shiot, set triG program display back to
0, then press SHIFT, then EXIT. A trigger stimulus will

- be required to resume continuous measurements.

NOTES:

1. The Model 395 must be set to the appropriate irigger
mode, T6 or T7, to respond to external triggering. Note
that the instrument is set to T6, Continuous on External
Trigger, on power up. ’

2. ¥ a trigger overrun occurs {the instrument is triggered
while processing a reading from a previous trigger), it
will ignore the trigger and display: “tErr”.
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TRIGGERS ON
FALLING EDGE

TTL HIGH
(2v-5V)
~
120,59
10us ——we
MINIMUM

Figure 3-7. External Trigger Pulse Specifications

3.5.2 Meter Complete

The Model 595 can be programmed to output a pulse that
can be used to trigger other instrumentation. A single TTL-
compatible negative-going pulse with a minimum duration
of Imsec (see Figure 3-8) will appear at the METER COM-
PLETE OUTPUT jack each time the instrument completes
a reading. To use the meter complete output, proceed as
follows:

1. Connect the Model 595 to the instrument to be triggered
with a suitable shielded cable. Use a standard BNC con-
nector to make the connection to the Model 595.

CAUTION
Do not exceed 30V between the METER COM-
PLETE common {outer ring) and chassis ground
or a shock hazard may be present.

2. Select the desired function, range, trigger, and other
operating parameters as desired.

3. In continuous trigger, the instrument will output pulses
at the reading rate; each pulse will occur after the Model
595 has completed a reading.

4. In one-shot trigger, the Model 595 will output a pulse
once each fime it completes the reading conversion.

3.5.3 Analog Outputs

The rear panel outputs available to plot data from the Model
595 are: C, I ANALOG QUTPUT and V ANALOG OUF
PUT. These outputs work with either an analog X recorder

READING
DONE

{

TiL HIGH
(3.4V TYPICAL)

TTL LOW
(0.25v TYPICAL)

-—Ima—-—

MINIMUM

Figure 3-8. Meter Complete Pulse Specifications

or a chart recorder. {(Alternate data outputs include sending
data over the IEEE-488 bus to a listening device such as a

- listen-only or addressable printer, or the instrument could
-output: voltage and capacitance data to an IEEE-488 plot= -

ter, such as an HP-7470A or equivalent, to plot CV, Qft 'V,
or IV curves. See paragraphs 4.11 and 4.12 for more
information).

The analog outpuis are reconstructed from the IV, CV, or
Q/tV data (using digital to analog converters). Thel, C, or
Q/t data corresponds to the displayed reading. The V data

- corresponds to the voltage at which the reading was taken,

not the voltage being sourced.

On the C,I output, 1V is equivalent to 10,000 display counts
on X1 gain and 1000 counts on X10 gain. On the V output
level, IV = 10V on the voltage source output. The max-
imum output voltage is +2V and output resistance is k.
Response time (reading updates) mirrors the display within
5msec. Isolation is 30V peak from chassis or GUARD to
ANALOG OUTPUT LO, which is connected to IEEE

common.

The PEN LIFT binding post on the rear panel provides plot-
ter pen lift control. PEN LIFT puts the pen down at the
start of a staircase plot and picks it up at the end. (PEN
LIFT is only active during staircase measurements.

CAUTION
Do not exceed 30V between the ANALOG OUT-
PUT COMMON (IEEE COMMON) and chassis
ground or a shock hazard may be present.
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PART 2
Making CV, IV or Q/t-V Plots

Part 2 of Section 3 will show how to use the features and
functions described in Part 1 of Section 3 to take data or
plot curves with analog or digital plotters. Part 2 will also
discuss listing data points with a printer, the effect of us-
ing a filter on curves, and measurement considerations. The
procedures that follow are applicable for CV, IV or Q/tV
plots. _

3.6 SETTING UP THE TEST FIXTURE

If the voltage source is on, select the OFF waveform to pre-
vent any excessive voltages during the set up. Enable ZERO
CHECK to protect the meter’s input amplifier, then make
all input connections (but leave the device under test
disconnected at the device for now).

Now set the voltage source limits below the device damage
levels. For example, if 2 MOS device with a breakdown
voltage of 8V is to be measured, set the maximum voltage
limit at 6 or 7V to prevent possible damage to the device.
Be sure to set both maximum and minimum limits for pro-
per protection.

If current is to be measured, perform zero correction if
necessary at this time (see paragraph 3.3.5). This will cor-
rect for any internal offsets that may be present in the Model
595.

To cancel any external offsets present in the test fixture for
either capacitance or current measurement, suppress the
offsets by removing ZERQO CHECK (with the device still
disconnected as close to the device being measured as
possible to cancel offsets) and enabling SUPPRESS.

3.7 SETTING UP MEASUREMENT
PARAMETERS

At this point, connect the device under test to the Model
595. In order to determine the appropriate set up to make
the plot, it is a good idea to “spot check” the device under
test at various voltages. o

As an example, consider setting up an IV measurement for
a 6.3V zener diode. First, set the waveform to DC. Next,
using the voltage source block, apply different voltages to
the device to determine its “active” range. For a zener diode,
the current will rapidly increase at its reverse zener voltage.

Try to find the voltage just before the current rapidly in-
creases and the voltage where the current reaches a plateau.
(Note: the Model 595 voltage source current limit will pre-
vent more than 4mA from flowing through the device.} For
this example, the region of interest (or area on the curve
where the most activity occurs) falls between —6.5V and
—4.0V. These voltage levels become the lower and upper
limits that should be set for the plot.

Now that the voltage limits are chosen, assume an exam-
ple with 100 samples (measurements) are desired in the
curve. The voltage step size now needs to be determined
for the plot. Simply divide the voltage span (difference be-
tween the voltage limits) by the number of samples to get
the approximate step size. Using the example above gives

- the following:
25V o
——— = 025V/sample
100 samples
NOTE
For capacitance measurements, there are two steps
per sample.

In this case, the 02V (20mV) step should be used. If

capacitance was being measured, the 01V (10mV) step-

should be used. Generally speaking, if the step voltage does
not exactly match the aliowable STEP V setting of the Model
595, then the next closest value should be used (in this case,
02V). Remember--a smaller voltage step (STEP V) will in-
crease the resolution of the curve over the voltage range.

The number of samples in the measurement can also be
determined if the voltage span and the step size are known.
Divide the voltage span by the voltage step as illustrated
by the following example:

25V
——— = 125 samples
02V/sample

The direction of the measurement should also be deter-
mined at this time. For a positive-going staircase, make the
STEP V positive, and for a negative-going staircase, make
STEP V negative.

The appropriate capacitance or current measurement range
must also be set to achieve maximum resolution. Usually
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this would be the lowest range that doesn’t “overrange” the
instrument. For example, to measure a capacitor with an
approximate value of 1.5nFE, the 2nF range would give a
higher degree of resolution than the 20nF range (as long
as the change in capacitance vs. voltage does not cause the
value to exceed 2nF and overrange the instrument during
the test).

Now that the voltage limits, step size and measurement
range have been determined, it is time to begin the set of
measurements that will form the curve.

3.8 BEGINNING THE MEASUREMENT

Select the DC waveform to keep the instrument from begin-
ning the staircase measurement until the appropriate
parameters have been selected. Now, enter the upper and
lower voltage source limits as determined from the spot
check previously performed (in this example, —6.5V is the
lower limit and —4.0V is the upper limit). Also, select the
step size, direction, measurement range and delay time.

NOTE

When setting up measurements such as the IV for
a zener diode illustrated in this example, delay time
is not a critical parameter due to the nature of the
device. However, applications involving MOS de-
vices may require that the measurement be suffi-
ciently slow so that the device achieves equilibrium,
in which case delay time becomes critical. This
delay time, which occurs in the inversion region,
is also ‘measurement-direction dependent. If a
measurement is changed to DC, the output voltage
is moved to the next level where the effective step
is off in order to preserve the direction of the
measurement. See Applications, paragraph 5.3.3,
for information on how to select the appropriate
delay time for MOS devices.

Connect the device and turn off ZERO CHECK. To begin
the measurement, set STEP V to the staircase waveform,
and set the voltage source to the starting voltage level with
either the voltage source ADJUST buttons or PRESET. Final-
ly, select the step waveform and the measurement staircase
will begin.

To pause the staircase, change the waveform to DC. If
desired, the step. direction or voltage source can be adjusted
at this time, then the staircase can be resumed by return-
ing the waveform to STEP. -

Reading rate is a function of delay time. For capacitance
measurements, there are two step times for every reading,
For current measurements, a reading is ready every step
time (delay time +0.04sec).

3.9 DIGITAL PLOTTING

The previous paragraphs described how to initiate a stair-
case CV, IV or QftV measurement with the Model 595. This

-.section will illustrate how to plot a curve with a digital plot-

ter over the IEEE-488 bus with the Model 595 acting as a
controller.

The following HPGL-compatible (Hewlett Packard
Graphics Language) plotters are some of the types that may
be used with the Model 595 to plot curves: 7470A, 74754,
7550A, 75804, 75854, 75858, 7586B. The Model 595 uses
these HPGL commands to communicate with the digital
plotter: IN, I, SC, PU, PD, PA, IW, LB, SF, and SI. All
numeric values are integers except those used with SL.

Use the following procedure to set up the Model 595 and
the plotter:

1. Set the waveform to- DC and select measurement
parameters as determined by the previous paragraphs.

- 2. Connect the plotter to the bus connector of the Model

595 and set the plotter’s IEEE-488 address to 5. Then
power up the plotter (NOTE: some plotters only read
the address switch on power up). Make sure that Pen
#1 is in the holder. ' '
3. Now set the Model 595's IEEE-488 code to 42 or 43 from
the front panel IEEE address program. This enables the
Model 595 to control the plotter. Select code 42 for a
. standaxd plot (voltage on the X axis running from the
LO limit (left) to the HI limit) or select code 43 to “flip”
the X axds (so that voltage runs from the Hi limit to the
LO Iimit). Since the voltage source output is usually ap-
plied to the substrate of a MOS capacitor, the gate -
voltage is effectively the negative of the volta~e source
output. Code 43 allows the shape of the plot to resem-
ble the usual Capacitance vs. Gate Voltage Curve. (See
Appendix for a description of data and control strings
sent to the plotter).

4. Choose Y HI and Y LO values if desired from the front

panel programs as described in paragraph 34.10 to maxi-
mize plot resolution on the Y axis.
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Having confirmed that all desired measurement parameters
have been selected, it is time to plot the grid. After the
Model 595's IEEE-488 code is set to 42 or 43, the front panel
“Grid” program can be accessed. This program ériables the
plotter to draw a grid with the X axis Iabels corresponding
to the programmed high and low voltage limits and the Y
axs labels corresponding to the Y HI and Y LO capacitance,
current or Qft levels. To plot the grid, press the front panel
MENU button until “Grid” appears on the display. Then
press one of the voltage source ADJUST buttons and the
plotter will begin the grid. _ _

After the grid has been drawn, press SHIFT, then EXIT.
To begin plotting the CV, IV or Q/tV curve, select the STEP
waveform. The instrument will initiate a staircase
measurement.

EXAMPLE:

Again, consider the example of the 6.3V zener diode IV
megsurement.

The voltage limits were determined by spot checking to be
—6.5V to —4.0V. The voltage step is .02V to give approx-
imately 100 samples over the course of the curve. The delay
time is not critical and is left at the factory default of 0.07sec.
The Model 595 is set to IEEE-488 code 42 for a standard plot.

After all appropriate parameters are entered, the grid is
plotted and the IV curve is run. Analysis of the curve shows

that the knee of the curve (or region of interest) actually
falls in the region between —6.5V and —5.5V. To increase
resolution of the region of interest, the grid and curve are
run again with the upper limit now set at —5.5V instead
of —4.0V and the step V set at .0IV. The resulting curve,
flustrated in Figure 3-9, is smoother and gives more infor-
mation about the region of interest since there are more
samples taken in the area.

7 NOTES

1. When beginning a data plot, the Model 595 will
assume that the displayed quantity (C, Q/t, or [) is the
function to be plotted. Once a plot has started in C or
Q/t the user can change the front panel display from
C to Q/t or vice versa but the plotter will continue plot-
ting the original quantity.

2. If suppress or C/Cg is altered once the plot has started,

- the plot will be affected.

3. When the Model 595 is sending data to a plotter there
should be no other controller besides the Model 595 on
the bus (although multiple Model 5555 or 590s are per-
mitted provided only one instrument is talking at a
time).

4. When the Model 595 is sending data to a printer or
digital plotter, two such listening devices may be con-
nected to the bus providing they are in an addressable
mode and are set to the correct address (printer, 3; plot-
ter, 5).

5. When the Model 595 is set to IEEE-488 code 40-43, the
device-dependent commands K, G and Y will be af-
fected. See Appendix H for more information.

3-17



OPERATION

+2, 0E-04

~2.0E-D4

-003, 50

KEITHLEY 595

-008. 50

Figure 3-9. IV Curves of a 6.3 Zener Diode
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3.10 ANALOG PLOTTING

In addition to sending data over the IEEE-488 bus to plot
curves with a digital plotter, the Model 595 can also out-
put data via two rear panel analog outputs to an analog
plotter, such as an XY recorder.

The staircase measurement described in paragraphs 3.6
through 3.8 is also applicable for measurements to be plot-
ted with an analog plotter. However, the user must draw
his own grid and labels. Keep in mind that the maximum
output voltage through the rear panel analog outputs is
+2V, so scale the boundaries of the amalog plotter
accordingly.

The rear panel analog outputs present the displayed
reading (C, T or Q/t) and the voltage at which the reading
was taken. The user can select X10 gain, if desired, from
the front panel analog output program to magnify the CI
output for greater resolution (see paragraph 3.5.3 for more
information). '

To plot a curve with an analog plotter, set up a staircase
measurement with the waveform set to DC as explained

in paragraph 3.8. Make sure ZERO CHECK is enabled.

Then, make connections between the plotter and the Model
595. Next, set the programmed voltage sensitivity (X axis}
and the C, I, or Qft sensitivity (Y axis) on the plotter. Finally,
set the waveform to STEP and the analog plotter will begin
to plot the CV, IV or Q/tV cuzve. o

NOTES:
1. Unlike the digital plotter, the analog output follows the

displayed measurement (i.e., C and Q/t).

2. ¥f suppress or C/Cy, is altered once the plot has started,
the plot will also be affected.

3.11 PRINTING RESULTS

The Model 595 can output data to a listen-only or ad-

dressable IEEE-488 printer. The printer’s address must be
set to 3.

In order to send data to a printer, the Model 595's IEEE-488
code must be set to either 40 or 41. Code 40 will output
data with a prefix on the data string (ie., NCVI +
1.23456E-12, —01.820 + 1.23400E-12). Code 41 will out-
put data without a prefix on the data string (ie.,
+1.23456E-12, —01.820 + 1.23400E—12). Note that data sent
to the printer from the Model 595 follows the C, I, or Q/t
display.

To output data from the Model 595 to a printer, perform
the following:

1. Make connections to the device under test and set up
measurement parameters.

2. Select the front panel IEEE-488 address program and set
the Model 595's address to either 40 or 41

3. Exit the front panel IEEE program. The Model 595 will
output each reading to the printer.

To stop the sequerce, change the instrument’s IEEE-488 ad-
dress or selectone-shot trigger using the trigger program.

NOTES:

1. When the Model 595 is sending data to a printer there
should be no other controller besides the Model 595 on
the bus (although muitiple Model 595s or 590s are per-
mitted provided only one instrument is talking at a time).

2. When the Model 595 is sending data to a printer or digital
plotter, two such listening devices may be connected to
the bus providing they are in an addressable mode and
are set to the correct address (printer, 3; plotter, 5).

3. When the Model 595 is set at code 40-43, the device-
dependent commands K, G and Y will be affected. See
Appendix H for more information.

4. At fast reading rates, the printer may not be able to keep
up, so some readings will not be printed.
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3.12 USE OF FILTER ON CURVES

The Model 595 has three filters to smooth out noisy curves.
Filter 1 should be used for curves with more than 20
samples in the region of interest, Filter 2 for curves with
more than 50 samples in the region of interest, and Filter
3 for slowly changing DC signals or curves with more than
200 samples in the region of interest.

Figure 3-10 shows three CV curves for a MOS device. There
are approximately 60 readings in the region of interest.

Figure 3-10 is deliberately noisy to show the proper use of
filters. When Filter 2 is applied, the basic shape of the curve
is maintained while the peaks (due to noise) are smoothed

out: This is an appropriate application for Filter 2 (Filter
1 was not used since there are more than 50 readings in
the region of interest and therefore would not have smooth-
ed the curve sufficiently).

When Filter 3 is used for this application notice that the
resulting curve is over-compensated for the effects of noise.
Virtually ail characteristic peaks have been eliminated, and
the lowest point is substantially higher than the lowest
point for Filter 2. This figure illustrates the importance of
choosing the right Filter to remove noise while maintain-
ing the information in the curve.

See paragraph 343 for more information on the operation
of the Filter.
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3.13 MEASUREMENT CONSIDERATIONS

The Model 595 is a highly sensitive instrument that can

measure extremely low signal levels. At these low signal
levels, a number of factors can affect a measurement. These
factors are discussed in the following paragraphs.

3.13.1 Ground Loops

Ground loops that occur in multiple-instrument test set-—

ups can create error signals that cause erratic or erroneous
measurements. The configuration shown in Figure 3-11 in-
troduces errors in two ways. Large ground currents flow-
ing in one of the wires will encounter small resistances,
either in the wires, or at the connecting points. These
resistances result in voltage drops that can affect the
measurement. Even if the ground currents are small,
magnetic flux cutting across the large loops formed by the
ground leads can induce sufficient voltages to disturb sen-
sitive measurements.

To prevent ground loops, instruments should be connected
to ground at only a single point, as shown in Figure 3-12.
Note that only a single instrument is connected directly to
power line ground. Experimentation is sometimes the best
way to determine an acceptable arrangement. For this pur-
pose, measuring instruments should be placed on their
lowest ranges. The configuration that results in the lowest
noise signal is the one that should be used.

SIGNAL
LEADS

INSTRUMENT

CAUSES CURRENT FLOW
IN A SIGNAL LEAD

~——— — — ¢
POWER LINE GROUND

'}'\
(%YPICAL BROUND LDOT)

Figure 3-11. Multiple Ground Points Creating a
Ground Loop

INSTRUMENT INSTRUMENT; INSTRUMENT

A o 0 B o o c

POWER LINE GROUND

-'Fi'gure 3-12. Eliminating Ground Loops

3.13.2 Electrostatic Interference

Electrostatic interference occurs when an electrically
charged object is brought near an uncharged object, thus
inducing a charge on the previously uncharged object.
Usually, effects of such electrostatic action are not noticeable
because low impedance levels allow the induced charge to
dissipate quickly. However, the high impedance levels
characteristics of many quasistatic CV measurements-do not
allow these charges to decay rapidly, and erroneous or

-unstable readings may result. These erroneous or unstable

readings may be caused in the following ways:

1. DC electrostatic fields can cause undetected errors or
noise in the reading

2. AC electrostatic fields can cause errors by driving the in-
put amplifier into saturation, or through rectification can
produce DC errors.

Electrostatic interference is first recognizable when hand
or body movements near the experiment cause fluctuations
in the reading.
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Methods of minimizing electrostatic interference include:

1. Shielding. Possibilities include: a shielded room, a
shielded booth, shielding the sensitive circuit, and using
shielded cables. The shield should always be connected
to a solid connector that is connected to signal low
(GUARD). If signal low is floated above ground, observe
safety precautions when touching the shield. Meshed
screen or loosely braided cable could be inadequate for
high impedances, or in strong fields. The Keithiey Model
6104 Test Shield can provide shielding under many cir-
cumstances. Note, however, that shielding can increase

capacitance in the measuring circuit. The effects of

capacitance are discussed in paragraph 3.13.5.

2. Reduction of electrostatic fields. Moving power line or
other sources away from the experiment reduces the
amount of electrostatic interference seen in the
measurement.

3.13.3 Thermal EMFs

Thermal EMFs are small electrical potentials generated by
differences in temperature at the junction of two dissimilar
metals. Low thermal connections should be used whenever
thermal EMFs are known to be a problem. Crimped cop-
per connections can be used to minimize these effects.

3.13.4 RFI

Radio Frequency Interference (RFI) is a general term fre-
quentily used to describe electromagnetic interference over
a wide range of frequencies across the spectrum. RFI can
be especially troublesome at low signal levels, but it may
also affect higher level measurements in extreme cases.

RFI can be caused by steady-state sources such as TV or
radio broadcast signals, or it can result from impulse
sources as in the case of arcing in high voltage en-
vironments. In either case, the effect on instrument per-
formance can be considerable, if enough of the unwanted
signal is present. The effects of RFI can often be seen as
an unusally large offset, or in the case of impulse sources,
sudden erratic variations in the displayed reading. In ex-
treme situations it may cause resetting or latch-up of
microprocessor-based systems.

RFI can be minimized by taking one or more of several
precautions when operating the Model 595 in such en-
vironmenits. The most obvious method is to keep the in-
strument and experiment as far away from the RFI source
as possible. Shielding the instrument, experiment, and test
leads will often reduce RFI to an acceptable level. In ex-
treme cases, a specially constructed screen room may be
necessary to sufficiently attenuate the troublesome signal.

3.13.5 Source Capacitance

The Model 595 specifications assume that the instrument
is used with the supplied Model 4801 Low Noise BNC
cables. In practice, it is advisable in both capacitance and
current measurements to keep cable lengths as short as
possible without applying undue stress to cables or con-
nectors. It is also suggested that fixtures be designed to
minimize the stray capacitance between the Model 595
INPUT HI and GUARD terminals.

QOccasionally, an application will require that longer cables
or test fixtures with significant capacitance from INPUT HI
to GUARD be used. The device under test may also have
a large capacitance associated with it which is connected
from INPUT HI to either GUARD or the VOITAGE
SOURCE QUTPUT. This capacitance is referred to as source
capacitance. Source capacitance degrades the instrument
performance from the level specified using the supplied
cables.

In the current function, the Model 595 is designed to-ac-
comodate up to 20,000pF of source capacitance without
oscillating or becoming unstable. Increasing source
capacitance beyond this level may cause instrument in-
stability. Even within the limit of 20,000pF source
capacitance increases measurement noise. The amount of
noise on the current measurement depends on the value
of the source impedance (resistance and capacitance com-
bined), the impedance in the feedback loop of the Model
595, and the magnitude of the voltage noise source.

The feedback impedance of the Model 595 in the current
function is a resistance (Ry) in parallel with a capacitance
(C5). This combination results in a feedback impedance at
the frequency, {, of:

Z1=Re/IV@ X n x f X Rp x Cp) + 1

A generalized source impedance can be considered a
parallel resistance and capacitance (R» and C;) in series with
a resistance (R;). The impedance of this combination at the
frequency f will be:

Z2 =R + R I V2 x o xfxRox Co) + 1

The Model 595 can be thought of as having a noise source
in series with its input of Ey = 104V peak to peak in 2 0.1
to 10Hz bandwidth. In addition to this voltage noise source,
the noise of any other source in the circuit, including the
Model 595 voitage source must be appropriately added to
Ex. The total noise of all sources is referred to as Er.
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The noise (Iy) on the measured current can then be
calculated as follows:

In‘—"

(Er i Re) x (1 + Z1/Z2)

Values of the source impedance (Z2) must be calculated for
the specific measurement circuit. External noise sources
must be taken into account when determining Er. Values
of Rr and Z1 are determined by the range of the Model 595
and are presented below at the approximate noise band-

width (f). Use £, for { in the calculation of 72, since 1t has

been used for the value of Z1 shown.

Ranges R C-  7Zi(efy £y

PA 0GR 57pF  280MQ (.28Hz
2nA, 20nA 100MQ  100pF 84MQ 10H=
200nA, 2pA IMQ 1010pF IMQ 10Hz
20uA, 200pA 10 k@ 10pF 0k | 10Hz

Note that when Z2 is small, as in the case of a high source
capacitance with low series resistance, the quantity Z1/Z2
is large so that the current noise (In) is high. In such a situa-
tion, the user may add his own series resistance (Ry) to in-
crease Z2, thereby lowering the noise. A side effect of ad-
ding R; is that the response time of the source impedance
will increase, because it is proportional to (Rs x Cg). De-
pending on the noise level desired and the measurement
time constraints, an acceptable value of R; can be chosen.

If source capacitances over 20,000pF cannot be avoided,
series resistance (R;) can be added to prevent oscillation.
Values below 10k} are not suggested, and a good rule is
to choose a value of R; close to Z1. Keep in mind that the
device response time increases proportionally to (Rs x Cp).
The resistor type is not critical in terms of tolerance or
temperature coefficient. Carbon composition or similar
resistor construction should prove adequate.

In the capacitance function, source capacitance will degrade
noise performance as it does for the current function. In
this case, however, the Model 595 performance specifica-
tions take into account the noise due to the value of the
capacitance under test and the supplied input cables. Thus
only the shunt capacitance between INPUT HI and GUARD

in addition to the supplied cables needs to be considered

to determine measurement noise.

If the capacitance from INPUT HI to GUARD in addition
to the supplied Model 4801 cables is C;, then the capaci-
tance noise (Cy) for the measurement is:

Cu = (1 + Cs/ (Cr + I50pF)) x Cy (specified)

with the Model 4801 cables

The value of Cs depends on the measurement circuit, but
the values of Cr presented below represent the capacitance

_.range selected.

Range Cr
20nF InF
2nF 100pF

200pF 10pF

The capacitance of the Model 4801 cables is approximately
130pF. If these cables are not used, then 130pF should be

. subtracted from the value of C; when calculating

capac1tance noise,

Values of Cs above 20,000pF are not recommended in the
capacitance function because they may compromise stabili-
tyof the measurement. If high shunt capacitance is
unavoidable, its effect can be reduced by adding resistance
(Rs) in series with a Cs value of approximately IM2. The
tolerance and composition of this resistor are not critical.

3.13.6 Engineering Units Conversion

The user may find it helpful in interpreting operation,
specifications, and discussion of the Model 595 to under-

- stand engineering unit notation. Table 3-3 lists engineer-

ing units and their equivalent scientific notation values.

~ Table 3-3. Engineering Units Conversion

Symbol Prefix Exponent
f femto- 107
p pico-- 10-2
n nano- 10-°
I3 mMicTo- 107¢
m milli- 10
k. kilo- 10°
M mega- 0e ..
G giga- 10°
T tera- 0™
P peta- s

3-24
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IEEE-488 PROGRAMMING

4.1 INTRODUCTION

The IEEE-488 bus is an instrumentation data bus with hard-
ware and programming standards originally adopted by the
IEEE (Institute of Electrical and Electronic Engineers) in 1975
and given the TEEE-488 designation. In 1978 standards were
upgraded into the IEEE-488-1978 standards. The Model 595
conforms to these standards.

4.2 SHORTCUT TO IEEE-488 OPERATION

The information in this paragraph is intended to provide
immediate hands-on experience in bus onerahon usmg the
HP-85 computer with some of the most often used
commands.

instrument to the bus, setting the IEEE-488 address,
and then programming the instrument to listen and/or talk.
Perform the following procedure to get started usmg the
Model 595 over the IEEE-488 bus:

g eral, IEEE-488 bus operation consists of connecting

5"“‘

1 Bus Connections
A. Install the HP §2937A GPIB interface and an I/O ROM
in the HP-85.
B. Connect the GPIB interface of the computer to the
TEEE-488 connector on the rear p-anei of the Model

595.

Note: Complete mformatlon on bus connections is

contained in paragraph 4.3.

2. Primary Address Selection—The primary address of the
Model 595 is factory set to 28. If the instrument is cur-
rently set to a different address, change it back to 28. The
current address can be checked and changed with the
front panel IEEE-488 address program.

Note: The detailed procedure for address selection is
contained in paragaph 44.

3. Programming the Model 595 to Listen—Enter the follow-

ing statements into the computer to place the instrument

in the capacitance function. Make sure to press the END
LINE key after each line is typed.

REMOTE V28
DUTPUT P28 sFaxt*?

When END LINE is pressed the first time, the instru-
ment will be placed in the remote, listen state by the
REMOTE command. The instrument is identified by the
number 728; where 7 is the controller’s interface select

- code and 28 is the address of the Modeal 595. When END

et SERNA L Lo LT SRLLTSS ATl o

LINE is pressed the second time, the OUTPUT com-
~mand will instruct the instrument to go to the
capacitance function (FOX command).

4. Programmmg the Model 595 to Talk—Enter the follow-

Ly s ooy Kty S A

) SR SR S
l.ll.E Dlall:.l.llclllb l.U l.ll.Dl.l. uu. e MsSgumeit l.U ULlI.PuI. a

reading over the bus to the computer:

DIMA$ISE]
EHTER F2&.: A%
DISE A%

When END LINE is pressed the first time, the computer
will dimension (DIM) an array (A$) that will allow all
37 characters of the reading to be recognized. Normally,
the computer will only recognize 18 characters at a time.
When END LINE is pressed the second time, the ENTER
- command will instruct-the instrument to send a reading
to the computer. When END LINE is pressed the third
time the reading will be displayed on the computer CRT.

4.3 BUS CONNECTIONS

Ths fnllawnne naracranhe nratnda dha AMQ!]QI“ 1n-‘-‘nm5hr\
LANL AUV L, paadsiapiilo pLUVIMG i UG ALREVSLLARCILAIVALL

needed to connect instrumentation to the IEEE-488 bus.

4.3.1 Typical Controlled Systems

System conﬁguratlons are as varied as their applications.
To obtain as much versatility as possible, the TEEE-488 bus
was designed so that additional instrumentation could be
easily added. Because of this versatility, system complexity
can range from very simple to extremely complex.

Figure 41 shows two possible system configurations. Figure
4-1(A) shows the simplest possible controlled system. The
controller is used to send commands to the instrument,
which sends data back to the conirolier.
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Figure 4-1. System Types

The system in Figure 4-1(B) is somewhat more complex
since additional instruments are used. Depending on pro-
gramming, all data may be routed through the controller
or sent directly from one instrument to another.

4.3.2 Cable Connections

The Model 595 is to be connected to the IEEE-488 bus
through a cable equipped with standard IEEE-488 connec-
tors (shown in Figure 4-2). The connector is designed to
be stacked to allow a number of parallel connections. Two
screws are located on each connector to ensure that con-
nections remain secure. Current standards call for metric
threads, as identified by dark colored screws. Earlier ver-
sions had different screws, which are silver colored. Do not

attemnpt to use these types of connectors with the Model

595 which is designed for metric threads.

A typical connecting scheme for the bus is shown in Figure
4-3. g - :

ole====)o

]

Figure 4-2. IEEE-488 Connector

4-2
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CONTROLLER
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SA1

T
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Figure 4-3. IEEE-488 Connections

NOTE
To avoid possible damage, do not stack more than
three connectors on any one instrument.

Connect the Model 595 to the cable as follows:

. Line up the connector on the cable with the connector
on the rear panel of the instrument. Figure 44 shows
the IEEE-488 connector.

. Tighten the screws securely, but do not overtighten them.
. Add additional connectors from other instruments as
required.

4. Make sure the other end of the cable is properly con-
nected to the controller. Some controllers have an
TEEE-488 type connector while others do not. Consult

the instruction manual of your controller for the proper

connecting method.

Figure 4-4. Model 595 Rear Panel IEEE-488
- Connector

NOTE
The IEEE-488 bus is limited to a maximum of 15
devices, including the controller. Also, the max-
mum cable length is limited to 20 meters, or two
meters times the number of devices, whichever is
less. Failure to observe these limits may result in
erratic bus operation.

Custom cables may be constructed by using the informa-

tion in Table 4-1 and Figure 4-5. Table 4-1 lists the contact

assignments for the various bus lines, while Figure 4-5
- shows contact assignments.
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Table 4-1. IEEE-488 Contact Designation

. Contact IEEE-488
Number | Designation Type
1 DIO1 . . Data
2 DIO2 Data
3 DIO3 Data
4 DIO4 Data
5 .| EOI (24)* Management
6 DAV Handshake
7 NRFD Handshake
8 NDAC Handshake
9 IFC Management
10 .| SRQ Management
11 ATN Management
12 SHIELD Ground
13 DIO5 Data
14 DIO6 Data
15 | DIO?7 Data
6 .| DIO8 Data
17 REN (24)* Management
18 | Gnd, (6)* Ground
19 Gnd, (70 Ground
20 Gnd, (8)* Ground
21 Gnd, (9* Ground
22. _ | Gnd, (10)* Ground
23 Gnd, (11)* Ground
24 | Gnd, LOGIC Ground

*Number in parenthesis refer to signal ground return of
reference contact number. EOI and REN signal lines return
on contact 24.

CAUTION
The voltage between IEEE-488 common and
chassis ground must not exceed 30V or instru-
ment damage may occur.

CDNTACT}Z —\ /— CO‘NTACT 1

CONTACT 24—/ \-——CONTACT 13

Figure 4-5. Contact Assighments

4.4 PRIMARY ADDRESS PROGRAMMING

The Model 595 must receive a listen comumand before it will

respond to addressed commands. Similarly, the unit must

receive a talk comunand before it will transmit its-data. The

Model 595 is shipped from the factory with a programmed

primary address of 28. Until you become more familiar with

your instrument, it is recommended that you leave the ad-
dress at this value because the programming examples in-

cluded in this manual assume that address. .

The primary address may be set to any value between 0
and 30 as long as address conflicts-with other instruments
and the controller are avoided. Note that controllers are also
given a primary address, so you must be careful not to use
that address either. Whatever primary address you choose,
make certain that it corresponds with the value specified
as part of the controller’s programming language.

To check the present primary address or to change toa new
one, perform the following procedure:

1. Press the PROGRAM MENU button until the current
IEEE-488 address is displayed. For example, if the cur-
rent address is 28, the following message will be
displayed:

IEEE 28
2. To change the address, use the voltage source ADJUST
buttons. The A button increases the address value, while
the ¥ button decreases the address value. See note 2
below.

3. To leave the program, press SHIFT, then the EXTT button.

NOTES:

1. Each device on the bus must have a unique primary ad-
dress. Failure to observe this precaution will probably
result in erratic bus operation.

2. The Model 595 may be placed in talk only (select address
40, 41, 42, 43) and may be used with a device such as
a printer. When in talk only, the instrument takes con-
trol of the bus. No bus controller should be on the bus
at this time. Paragraph 4-11 provides the complete pro-
cedure for using the instrument in the talk only mode.

4.5 INTERFACE FUNCTION CODES

The interface function codes, which are part of the
IEEE-488-1978 standards, define an instrument’s ability o

4-4
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support various interface functions and should not be con-
fused with programming commands found elsewhere in
this manual. The interface function codes for the Model
595 are listed in Table 4-2. These codes are also listed for
convenience on the rear panel adjacent to the IEEE-488 con-
nector. The codes define Model 595 capabilities as follows:

SH (Source Handshake Function)—SH1 defines the ability
of the instrument to initiate the transfer of message/data
over the data bus.

AH (Acceptor Handshake Function)—AHI1 defines the
ability of the instrument to guarantee proper reception of
message/data transmitted over the data bus.

T (Talker Function)—The ability of the instrument to send
dataover the bus fo other devices is provided by the T func-
tion (T5). Instrument talker capabilities exist only after the
instrument has been addressed to talk, or when it has been
placed in talk only.

L (Listener Function)—The ability for the instrument to
receive device-dependent data over the bus from other
devices is provided by the L function (L4). Listener
capabilities of the instrument exist only after it has been
addressed to listen.

SR (Service Request Function)—SR1 defines the ability of
the instrument to request service from the controller.

RL (Remote-Local Function)—The RL functon defines the
ability of the instrument to be placed in remote or local.
While the instrument is in remote, the front panel controls
are functional unless LLO (local lockout) has been asserted.

PP (Parallel Poll Function)—The instrument does not have
parallel polling capabilities (PP0).

DC (Device Clear Function)—DC1 defines the ability of the
instrument to be cleared (initialized).

DT (Device Trigger Funiction)—The ability for the instritment
to have its readings triggered is provided by DTIL.

C (Controller Function)—The instrument has some con-

troller capabilities (C28).

TE (Extended Talker Function)—The instrument does not
have extended talker capabilities (TEQ).

LE (Extended Listener Function)—The instrument does not
have extended listener capabilities (LED).

E (Bus Driver Type)—The instrument has open-collector bus
drivers (E1).

Table 4-2. Model 595 Interface Function Codes

Code | Interface Function

SH1 | Source Handshake capability

AHI | Acceptor Handshake capability

TS | Talker (basic talker, serial poll, unaddressed
to talk on LAG)

14 | Listener (basm listener, unaddressed to listen
on TAG) -

SR1 | Service Request capability

RIO | Some Remote/Local capability

PP0 | No Parallel Poll capability

DC1 | Device Clear capability

DTl | Device Trigger capability

C28 | Some Controller capability

El Open Collector Bus Drivers

TEC | No Extended Talker capabilities

LEQ | No Extended Listener capabilities

There are a number of IEEE-488 conitrollers available, each
with its own programming language. Also, different in-
struments have differing capabilities. In this section, we will
discuss programming languages for HP-85. In addition, in-
terface function codes that define Model 595 capabilities
will be discussed.

NOTE
Controller programming information for using the -
IBM-PC interfaced through a Keithley Model 8573A
TEEE-488 interface is located in Appendix D. See
Appendix E for other controller programs.

4.6.1 Controller Handler Software

Before a SPECI.EEC controller can be used over the [EEE488

bus, it must have IEEE-488 handler software installed. With
some controllers, the software is located in ROM, and no

" software initialization is required on the part of the user.

‘With other controllers, software must be loaded from disk

e s ] Lo vamimammnley fanitialimad AT tho TTP.OR £
or tal.!c arida pe PIOPELLY initialized. With the HF -6J, 101 &X-

ample, an additional I/O ROM that handles interface func-
tions must be installed.

g T NP, i
QOther small computers that can be used as TEEE-488 con-

trollers may have limited capabilities. With some, interface
programming functions may depend on the interface be-
ing used. Often little software “tricks” are required to ob-
tain the desired results.

4-5
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From the preceding discussion, the message is dear: make 4.7 FRONT PANEL ASPECTS OF IEEE-488
sure the proper software is being used with the interface. _OPERATION
Often, the user may incorrectly suspect that the hardware :

15 causing @ problem when it was the software all along. The Model 595 has a number of front panel messages,
associated with IEEE-488 programming. These messages,
which are intended to inform you of certain conditions that
occur when sending device-dependent commands to the
instrument, are listed in Table 4-4 and are described in the
The programming instructions covered in this section use following paragraphs.

examples written with Hewlett Packard Model 85 BASIC. ' '

This computer was chosen for these examples because of

its versatility in controlling the IEEE-488 bus. This section Table 4-4. IEEE-488 Front Panel Messages
covers those HP-85 statements that are essential to Model
595 operation.

4.6.2 Interface BASIC Programming Statements

Message Description

A partia list of HP-85 statements is shown in Table 4-3.

HP-85 statements have a one or three digit argurment that ::?EE;;:’ gg;;ng:;rﬁ;emOte, IDDC, IDDCO

must be specified as part of the statement. The firstdigit | , , :

is the controller interface select code, which is set to 7 at | , DXL, Number (A, H, L, V) or Conflict (Q, C)
triG Waiting for trigger

the factory. The last two digits of those statements, requir-

ing a 3-digit argument, specify the primary address. Blank Digits | Triggered; reading will be displayed

after the measurement conversion.

Table 4-3. BASIC Statements Necessary to Send Another front panel aspect of bus operation is that the front

Bus Commands panel controls are functional unless the LLO (local lockout)
command was asserted. See paragraph 4.8.3 for more in-
formation on LLO. '

Action HP-85 Statement

Transmit string to device 28. QUTFUT 7F28:4¢ | 4.7.1 Bus Errors

Obtain string from device 28. EHTER F28:m%

gencdl S:DC io céev*cz %g ]EEE:; _r.;g A bus error will occur if the instrument receives a device
522 a DCL to ajlevéc;w cos FLESR '?“ dependent command when it is not in remote, or if an il-
Send R emot?e Enable. REMOTE 7 legal device-dependent command (IDDC) or illegal device-
Cag 1 Remote %‘; ble L OCEL ?' dependent command option (IDDCO) is sent to the instru-
S _;:f ourcéo g ;‘8 - SRTILL £ToE ment. Under these conditions, the complete command
S:ﬁd I_I.Jocal Ie;l ciiut ‘ LOCaL lii]:lEk’rj T string will be rejected and the following bus error message
Send GET to device. ) TRIGEGER 728 will be displayed:

Send IFC . 7 ABORTIOY ‘ bErr

Those statements with a 3-digit argument listed in the table The Ul error status word must be read to determine the
show a primary address of 28 (the factory default primary v of the bus error (see paragraph 4.9.23). Also, the in-

address of the Model 595). For a different address, you
would, of course, change the last two digits to the required ﬂ?‘zﬁ;&?&}bﬂi I():gegrpma:a g?:gpt}‘t) f;?;g;te an SRQ under

value. For example, to send a GTL command to a device
using a ptimary address of 22, the following statement

would be used: LOCAL 722. A no remote error can occur when a command is sent to

the instrument when the REN line is false. Note that the
. . state of REN is only tested when the X character is received.
Some of the statements have two forms; the exact configura- An IDDC error can occur when an Illegal Device-

tion depends on the command to be sent over the bus. For— : .
EAR I : Dependent Command such as EIX is received by the Model
thPI% CL hil 75’{;391‘2&7?8 c?isnmthlang.[;cg al demcecsi 595 (this command is invalid because the instrument has
on the bus, whtle sen < comman- no command associated with that letter). Similarly, an

fo 2 device with a primary address of 28. IDDCO error occurs when an Hlegal Device-Dependent

4-6
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mand option is received. For example, the command T9X
has an invalid option because the instrument has no such

oo ane we oo
dIECY oQe.,

HP-85 Programming Example—Io demonstrate a bus error,
send an IDDC with the following statements:

REMOTE F=2
OUTFUT Fld: s sELx?

When the second statement is executed, the bus error
message appears on the display for about one second.

4.7.2 Trigger Overrun Error

A trigger overrun error occurs when the instrument receives

a trigger while it is making a measurement conversion. Note
that only the overrun triggers are ignored and will have no
effect on the instrument except to generate the message

below. When a trigger overrun occurs, the following front

panel message will be displayed for approximately one
second:

tErr

The instrument can be programmed to generate an SRQ
when a trigger overrun occurs (see paragraph 4.9.20). Also,
the TRIGGER OVERRUN bit in the Ul status word will be
set when the error occurs (see paragraph 4.9.23).

HP-85 Programming Example—To demonstrate a trigger
overrun error, enter the following staternents into the HP-85
keyboard:

EEMOTE 728
OUTFUT 72888 TSH B
TRIGGER V28 ® TRIGGER 7232

Note that the trigger overrun message is displayed when
the third statement is executed.

4.7.3 Number and Conflict Errors

A front panel error message is used to flag a number error
or conflict error. A number error occurs when an out of
range calibration value (A) or voltage source value (V, H,
L} is sent over the bus. A conflict error occurs when the
Q or C command is sent while the instrument is in the cur-
rent function (F1}. A number or conflict-error will cause the
command to be ignored (but not the entire string if all else

is legal} and the following message will be displayed briefly:

Frre

”
Leniix

The instrument can be programmed to generate an SRQ
when a number or conflict error occurs (see paragraph
4.9.70). Also, the NUMBER and CONFLICT bits in the U1
error status word will be set when the appropriate error
occurs (see paragraph 4.9.23).

HP-85 Programming Example—To demonstrate a number
error, enter the following statements into the computer:

REMOTE 723
QUTFUT F2&: § s U214

When END LINE is pressed the second time, a number
error will occur because the voltage source cannot be set
to 21IV.

4.7.4 Waiting for Trigger

When a trigger command (TnX) is sent over the bus, the
instrument will stop making measurements and display the
“waiting for trigger” message. The decimal point, and
range/function mnemonics or exponerit are also displayed
to define the present operating state. For example, with the
instrument on the 20nF range, sending T3 over the bus will
result with one of the following messages being displayed:

t.1iG nF
or
G -8

When the voltage source is set for off, DC or square-wave
output, measurements will continue when the required
trigger occurs. If a trigger command is sent while a stair-
case is in process, the voltage source will set to'a DC out-
put. To continue the staircase output, first set the voltage
source for a staircase output (W3) and then apply the re-
quired trigger. See paragraph 4.9.19 for detailed informa-
tion on triggers.

HP-85 Programming Example—Enter the following
statements into the computer to demonstrate the “waiting
for trigger” message when the instrument is placed in one-
shot, triggered by GET.

REHOTE 728
CUTPUT 728; ¢ 5 T3

4-7
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When END LINE is pressed the second time the instru-
ment will display the “waiting for trigger” message. Send
the following GET command to trigger a reading and cancel
the message: '

TRIGGER V&8

The display will be blank for the period of the measure-
ment conversion.

4.8. GENERAL BUS COMMANDS

General bus commands are those commands such as DCL
that have the same general meaning regardless of the in-
strument type. Commands supported by the Model 595 are
listed in Table 4-5, which also lists HP-85 statements
necessary to send each command. Note that commands
requiring that a primary address be specified assume that
the Model 595 primary address is set to 28 (its default
address). .

4.8.1 REN (Remote Enable)

The remote enable command is sent to the Model 595 by
the controller to set up the instrument for remote opera-
tion. Generally, the instrument should be placed in remote
before programming it over the bus. Simply setting REN
true will not actually place the instrument in remote. The
instrument must be addressed after setting REN true before
it will go into remote.

To place the Model 595 in remote, the controller must per-
form the following sequence:

1. Set the REN line t;ué.
2. Address the instrument to listen.

HP-85 Programming Example—This sequence is automat-

ically performed by the HP-85 when the following is typed
in at the keyboard.

REMOTE 725

After the END LINE key is pressed, the instrument will
be in remote, as indicated by the REMOTE and LISTEN
lights. If not, check to see that the instrument is set to the
proper primary address (28), and that the bus connections
are properly made. :

4.8.2 IFC (Interface Clear)

The [FC command is sent by the controller to-place the
Model 595 in the local, talker and listener idle states. The
unit will respond to the IFC command by cancelling front
panel TALK or LISTEN -lights if the instrument was
previously placed in one of those states.

To send the IFC command, the controller need only set the
IFC line true for a minimum of 100xsec.

Table 4-5. General Bus Commands and Associated BASIC Statements

HP-85
Command | Statement

Affect On Model 595

REN EEMOTE 7

IFC BREORTIOT

LIO LoCal LOCKOUT 7
GTL Local 7ze

DCL CLEART

SDC CLEAR F2&

GET TRIGEER 722

LocaL v

Goes into remote when next addressed
Goes into talker and listener idle states
Front panel controls locked out

Cancel remote

Returns to default conditions

| Returns to default conditions

-{ Triggers reading in T2 and T3

Cancel LLO
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HP-85 Programming Example—Before demonstrating the
IFC command, turn on the TALK indicator with the follow-
ing statements:

REMOTE ¥23
ENTER V28: A%

At this point, the REMOTE and TALK lights should be on.
The IFC command can be sent by typing the following state-
ment on the HP-85: _

HBORTIOV

After the END LINE key is pressed, the REMOTE and
TALK lights will turn off, indicating that the instrument has
gone into the talker idle state.

4.8.3 LLO (Local Lockout)

The LLO command is used to remove the instrument from
local operation. After the unit receives LLO, all its front
panel controls except POWER will be inoperative. REN
must be true for the instrument to respond to LLO. REN
must be set false to cancel LLO.

To send the LLO command, the controller must perform
the following steps:

1. Set ATN true.
2. Place the LLO command on the data bus.

HP-85 Programming Example—The LLO command is sent
by using the following HP-85 statement:

REMOTE 7
LOCAL LOCEAUT 7

After the second statement is entered, the instrument’s
front panel controls will be locked out. :

4.8.4 GTL (Go To Local) and Local

The GTL command is used to take the instrument out of
remote. With some instruments, GTL. may also cancel LLO.
With the Model 595, however, REN must first be set false
before LLO will be cancelled.

To send GTL, the controller must perform the following
sequence: i . .

1. Set ATN true.
2. Address the instrument to listen.
3. Place the GTL command on the bus.

HP-85 Programuning Example—Place the instrument in the
remote mode with the following statement:

REMOTE P25

Now send GTL with the following statement:

LacaL v&8

When the END LINE key is pressed, the front panel
REMOTE indicator goes off, and the instrument goes into
the local mode. To cancel LLO, send the following:

LocaL 7

4.8.5 DCL (Device Clear)

The DCL command may be used to clear the Model 595
and return it to its power-up default conditions. Note that
the DCL command is not an addressed command, so all
instruments equipped to implement DCL will do so
simultaneously. When the Model 595 receives a DCL com-
mand, it will return to the power-up default conditions.

To send the DCL command, the controller must-perform
the following steps:

1. Set ATN true.

2. Place the DCL command byte on the data bus.

HP-85 Programming Example—Place the unit in an
operating state that is not a power-up default condition.
Now enter the following statement into the HP-85 keyboard:

CLEAR ¥

When the END LINE key is pressed, the instrument returns
to the power-up default conditions.

4-9
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4.8.6 SDC (Selected Device Clear)

The SDC command is an addressed command that per-
forms essentially the same function as the DCL command.
However, since each device must be individually ad-
dressed, the SDC command provides a method to clear
only a single, selected instrument instead of clearing all in-
struments simultaneously, as is the case with DCL. When
the Model 595 receives the SDC command, it will return
to the power-up default conditions.

To transmit the SDC command, the controller must per-
form the following steps:

1. Set ATN true.
2. Address the Model 595 to listen.
3. Place the SDC command on the data bus.

HP-85 Programming Example—Place the unit in an
operating state that is not a power-up default condition.
Now enter the following statement into the HP-85 keyboard:

CLEAR V22

After END LINE is pressed, the instrument returns to the
power-up default conditions.

4.8.7 GET (Group Execute Trigger)

GET may be used to trigger the Model 595 to take readings
if the instrument is placed in the appropriate trigger (more
information on triggers may be found in paragraph 4.9.19).

To send GET, the controller must perform the following
steps:

1. Set ATN true.
2. Address the Model 595 to listen.
3. Place the GET command byte on the data bus.

HP-85 Programming Example—Type the following state-
ments into the HP-85 keyboard to place the instrument in
remote and enable the correct trigger for this
demonstration:

FEMOTE 728
DUTFUT 7255 ¢ s TEH?

Now send the GET command with the following statement:

TRIGGER 723

When the END LINE key is pressed, the instrument will
process a single reading.

4.8.8 SPE, SPD (Serial Polling)

The serial polling sequence is used to obtain the Model 595
serial poll byte. The serial poll byte contains important in-
formation about internal functions, as described in
paragraph 4.9.20. Generally, the serial polling sequence is
used by the confroller to determine which of several in-
struments has requested service with the SRQ line.
Howeves, the serial polling sequence may be performed at
any time to obtain the serial poll byte from the Model 595.

The serial polling sequence is conducted as follows:

1. The controller sets ATN true.

2. The controller then places the SPE (Serial Poll Enable)
coinmand byte on the data bus. At this point, all active
devices are in serial poll and are waiting to be addressed.

3. The Model 595 is then addressed to talk.

. The controller sets ATN false.

. The instrument then places its serial poll byte on the data

bus, at which point it is read by the controller.

6. The controller then sets ATN true and places the SPD
{Serial Poll Disable) command byte on the data bus to
end the serial polling sequence.

[S10 5

Once instruments are in serial p.dll, steps 3 through 5 above
can be repeated by sending the correct talk address for each
instrument. ATN must-be true when the address is

transmitted and false when the status byte is read.

HP-85 Programming Example--The HP-85 SPOLL state-
ment automatically performs the sequence just described.
To demonstrate serial polling, type in the following
statements into the HP-85:

REMOTE ¥2=
S=SFOLL Cv¥z82
LIZF S

When the END LINE key is pressed the second time, the
computer conducts the serial polling sequence. The decimal
value of the serial poll byte is then displayed on the com-
puter CRT when the END LINE key is pressed the third
time. More information on serial polling can be found in
paragraph 4.9.20.
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4.9 DEVICE-DEPENDENT COMMANDS

This section contains the information needed to control the Model 595 over the IEEE-488 bus using
the device-dependent commands. A programming example using the HP-85 computer is included for
each device-dependent command.

It is assumed that the user is already familiar with front panel operation.

4.9.1 Programming Overview

IEEE-488 device-dependent commands (summarized in Table 4-6) are used with the Model 595 to con-
trol various operations including function, range and trigger. Each command is made up of a single
ASCH letter followed by a number representing an option of that command. The number may be in
either an integer, decimal or exponential format. For example, a command to control the measuring
function is programmed by sending an ASCI “F” followed by a number representing the function op-
tion. The IEEE-488 bus treats these commands as data in that ATN is false when the commands are
transmitted.

A number of commands may be grouped together in one string. A command string is usually terminated
with an ASCII “X” character, which tells the instrument to execute the command string. Commands
sent without the execute character will not be executed at that time, but they will be retained within
an internal command buffer for execution at the time the X character is received. If any errors occur,
the instrument will display appropriate front panel error messages and generate an SRQ if programmed
to do so when “X” is received.

Bus commands affect the Model 595 much like the front panel controls. Note that commands are not
necessarily executed in the order received. Thus, to force a particular command sequence, you would
follow each command with the execute character (X), as in the example string, Z1XFIX, which will first

enable ZERO CHECK and then select the CURRENT function. If a particular command occurs n times
in a command string, then the “nth” occurrence is the only one used, i.e., RSR4R3X goes to R3X only.

Device-dependent commands can be sent either one at a time, or in groups of several commands within
a single string. Some examples of valid command strings include:

FOX—Single command string.
FOR4DOX—Multiple command string.
T6 X—Spaces are ignored.

Typical invalid command strings include:

BIX—Invalid command, as B is not one of the instrument commands. (IDDC)
F2X—Invalid command option because 2 is not an option of the F command. (IDDCQO)

If an illegal device-dependent command (IDDC) or an illegal device-dependent command option
(IDDCO) is received, or if a command string is sent with REN false, the string will be ignored and
“bErr” (bus error) will be displayed.
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NOTE
Programming examples assume that the Model 595 is at its factory default value of 28.

In order to send a device-dependent comumand, the controller must perform the following steps:

1. Set ATN true.

2. Address the Model 595 to listen.

3. Set ATN false.

4. Send the command string over the bus one byte at a time.

NOTE
REN must be true when sending device-dependent commands to the instrument, or it will
ignore the command and display a bus error message.

General HP-85 Programming Example—Device-dependent commands may be sent from the HP-85 with
the following statement:
A¥ =i iFIR4ZOR?
OUTPUT V225 8%

A$ in this case contains the ASCII characters representing the command string.
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Table 4-6. Device-Dependent Command Summary

Mode | Command Description Paragraph
Execute X Execute device-dependent cormmands
_ received since last “X" 492
METER BLOCK COMMANDS ‘
Display Do* Meter 493
D1 Voltage source
D2 High limit of voltage source
D3 Low limit of voltage source
D4 Step voltage
D5 Delay time
Functiont FO* Capacitance 494
FL__| Cument |
Ranget Capacitance (F0) Current (F1) 495
R1 200pF 20pA
R2 2nF 200pA
R3* 20nF 2nA
R4 20nA
R5 200nA
R6 2pA
R7 202A.
RS 7 200pA
Zero Checkt Sl 20 Zero check off 4.96
Zrr Zero check on )
z2 Zero check on and zero corrected
Suppress - NO* Suppress off 497
N1 Suppress on using new value
Fltert po* Filter off 498
P1 Filter 1
P2 Filter 2
P3 Filter 3 (DC measurements)
VOLTAGE SOURCE COMMANDS _ ' , _
High Limitt Hnn.nn | Set high limit of voltage source; 4.9.9
_ H20* where nn.nn = —20.00V to 20.00V
Low Limitt Lnn.nn Set low limit of voltage source; 4.9.10
L—20* | where nn.nn = —20.00V to 20.00V
Voltage Sourcet Von.nn Set voltage source bias level; 4.9.11
VO*__ | where nn.nn = LO value to HI value
Step Voltaget S0 0V step 4912
51 20mV step
52* 50mV step
s3 100mV step
54 —10mV step
S5 —20mV step
S6 ~50mV step
s7 —~100mV step
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Table 4-6. Device-Dependent Command Summary (Cont.)

One-shot, triggered by External Trigger

Mode Command | Description o Paragraph
Delay Timet Innm.nn | Set delay time for staircase and square 4913
L.o7* wave; where non.nn = 000.07sec to
199.99sec ' ' '
WAVEFORM COMMANDS . ,
Waveform W Voltage source off (0.0 volts) £9714
w1 DC output (voltage source level)
w2 Square-wave output (voltage source -+
Vstep)
W3 | Staircase output (voltage source + Vstep)
READING/OUTPUT COMMANDS o
CiCq ' Co* Capacitance normalization off - 49.15
Ci - Capacitance normalization on
C2 Take new Cg value
Capacitance Modifierst Qo* Capacitance displayed, not corrected 4.9.16
Q1 Q/t-displayed, capacitance not corrected
Q2 Capacitance displayed, capacitance
corrected
Q3 Qft displayed, capacitance corrected
Prefixes TERMINATE ON EACH READING
GO 0 = Reading; prefix 4917
Gl 1 = Reading; no prefix
G2 2 = Plotter; prefix
G3 3 = Plotter; no prefix
TERMINATE ON EACH NON-STAIRCASE
READING o '
G4 4 = Reading; prefix
G5 5 = Reading; no prefix
GbH 6 = Plotter; prefix
G7 7 = Plotter; no prefix
Analog Qutput oo* Autopen, X1 gain 4918
01 Pen up, X1 gain
02 Pen down, X1 gain
03 Same as O1
04 Autopen, X10 gain
05 Pen up, X10 gain
06 Pen down, X10 gain
Q7 Same as 04 '
BUS CONTROL COMMANDS 7
Triggerst T0 Continuous, triggered by Talk 4.9.19
Tl One-shot, triggered by Talk
T2 Continuous, triggered by GET
T3 One-shot, triggered by GET
™ Continuous, triggered by X
T5 One-shot, triggered by X
Te* Continuous, triggered by External Trigger
T7
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Table 4-6. Device-Dependent Command Summary (Cont.)

Mode Command | Description Paragraph
SRQ Mask MO* Clear SRQ mask 4.9.20
M1 Reading overflow

M2 Not used

M4 Staircase done

M8 Reading done

Mi6 Ready

M32 Error
EOQI and Bus Hold-off Ko Send EQI, hold off on X 4.5.21

K1 Do not send EQI, hold off on X

K2 Send EQI, do not hold off on X

K3 Do not send EQI, do not hold off on X
Terminator YO* CR LF 4922

Y1 LF CR

Y2 R

Y3 LF

_ Y4 _No terminator _

STATUS COMMANDS B ) .__,,, '
Digital Calibration Annn.nnE-nn| Calibration value using exponerit 4924
SelfTest and JO Perform self-test 49.25
NVRAM Storage J1-J18 No operation

J19 Store calibration constants in permanent

___ | memory

Status uo Send machine status word 49.23

Ul Send error status word

U2 Send data status word

U3 Send delay time

U4 Send high and low limits of voltage source;

Send voltage source level

* DEFAULT VALUE (on power up or after receiving DCL or SDC command).
+ If in staircase, waveform will change to DC (pause)
t Only changing capacitance correction will cause waveform to change to DC.

Note: If a measurement is changed to DC, the output voltage is moved to the next level where the
effective step is off in order to preserve the direction of the measurement.
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4.9.2 Execute (X)

The execute command is implemented by sending an ASCIE “X” gver the bus, Usually,

A 235 TARLLALT LV AR o AL AR VY SRR sl AG L LA LA SoonAsLY

the execute character is the last byte in the command string (a number of commands
may be grouped together into one string); however, there may be certain cir-
cumstances where it is desirable to send a command string at one time, and then

send the execute character later on. Comunand strings sent without the execute
character will be stored within an internal command buffer for later execution. When

R R WV e A R T MV AL Al A A G A il AT AL Al SARL AL E R4

the X character is finally transmitted, the stored commands will be executed, assuming
that all commands in the previous string were valid. If multiple Xs are in one string,
the sequence will be forced in that order (i.e., C2XCIX to store and normalize).

DUTPUT TE’E‘, ik
COUTFUT Poo; FeF@xer s
OQUTPUT ¥25; s6x2*

When the END LINE key is pressed the second time, the instrument is put in the
current function. The next statement puts the instrument in the capacitance func- .
tion. Note that the instrument remains in the listener active state after the commands
are transmitted.
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4.9.3 Display (D)

Purpose
Format

Parameters

Description

Default

Reference

Example

Determines the Model 595 data displayed on the front panel.
Dn

n = 0 Meter

n = 1 Voltage Source

n = 2 High Limit of Voltage Source
n = 3 Low Limit of Voltage Source
n
n

= 4 Step Voltage
= 5 Delay Time

The instrumerit ¢an be programmed to display capacitance/current measurements,
the voltage source value, the high or low limit settings of the voltage source, the
selected step voltage, or the delay time setting.

Upon power up or after receiving a DCL or SDC command, the instrument will be
in DO.

In general, the equivalent front panel controls for the D command are the LIMITs,
STEP V, DELAY TIME and DISPLAY SOURCE buttons. See paragraphs 3.37 through
3.3.10 for front panel confrol of the display.

From the front panel, press the CURRENT or CAPACTTANCE button. To display the
high limit of the voltage source, enter the following program statements into the
computer: :

REMOTE 722
OUTPUT #2858 £D2x"?*
QUTPUT 725 £ § DK

When END LINE is pressed the second time, the high limit of the voltage source
will be displayed. The last statement returns the instrument to the meter display.
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4.9.4 Function (F)

Purpose
Format

Parameters

Description

Default

Reference

Example

Selects the measurement function of the instrument.
Fn

n = 0 Capacitance
n = 1 Current

Allows the user to select the type of measurement (capacitance or current) made
by the Model 595. When the instrument responds to a function command, it will
be ready to take a reading. When in FO (capacitance function), both the capacitance™
and Q/t readings are sent over the bus when the instrument is addressed to talk.

Upon power up or after receiving a DCL.or SDC command, the instrument will be
in FO ,

The equivalent front panel controls for the F command are the CURRENT and
CAPACITANCE, Q/t buttons. See paragraphs 3.3.1 and 3.3.2 for complete informa-
tion on front panel function control. s T '

From the front panel, select the capacitance function. Enter the following statements
into the computer to place the instrument in the current function:
REMOTE 722
OUTFUT 7285 ¢ FF1K*
QUTPUT 728 FeFaxt?

After END LINE is pressed the second time, the instrument will go to current func-
tion. The third statement will put the instrument in the capacitance function.

NOTE: The Model 595 automatically limits the capacitance range number to 3.

4-18




IEEE-488 PROGRAMMING

495 Range (R)

Purpose
Format

Parameters

Description

Default
Reference

Example

To control the sensitivity (ranges) of the measurement functions.

Rn

Capacitance (F0) Current (F1)
200pF 20pA
2nF 200pA
20n¥ 2nA
20nA
200nA.
2uA
20pA
200zA,

p= I = = = i = = I
[ | e | T
COS1 OOl W N -

This command and its options perform essentially the same functions as the front
panel RANGE buttons. The instrument will be ready to take a reading after the in-
strument makes a range change. The Model 595 automatically limits the capacitance
range number to 3.

Upon power up or after receiving a DCL or SDC command, the instrument will be
in R3.

The equivalent front panel controls for the R comunand are the RANGE buttons.
See paragraph 3.3.6 for information on front panel range control.

From the front panel, select the capacitance function and the 20nF range. Enter the
following statements into the computer to place the instrument in the 200pF range:

REMGOTE ¥22
DUTPUT P28 S SFIRTHE?
QUTPUT P22 feFBRZE Y

After END LINE is pressed the second time, the instrument will be in the 200pF
range. The last statement puts the instrument in the 2nF range.

NOTE: When n=4-8 on F0 (capacitance), the instrument will go to the R3 range
(20nF). o o
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2.9.6 Zero Check, Zero Correct (Z)

Purpose

Format

Parameters

Description

Default
Reference

Example

Use Zero Check as a standby mode whenever making changes to the measurement
setup. Use Zero Correct when in the current function to cancel any internal offsets
that might affect instrument accuracy. Zero Correct is most effective when taken on

the 20pA range. ' ' '

Zn
n = 0 Zero Check off.
n = 1 Zero Check on.

n = 2 Zero Check on and Zero Corrected.

Zero Check (Z1) should be used whenever making changes to the measurement setup.
This command places the instrument in a standby condition in which measurements
cannot be made.

Zero Check and Correct (Z2) are used to cancel internal offsets when the instrument
is in the current function. When Z2 is sent, the reading will zero (the Model 595
will subtract the offset from all subsequent readings). The correction value will be
stored in permanent memory and reapplied upon power up. The Z2 command can
be sent with the Zero Check on or off. Use the following procedure to zero the cur-
rent function:

1. Select the current function and the 20pA range.

2. Turn on Zero Check (Z1) and observe the offset: Correct the offset by sending
the Z2 command over the bus. e

3. Disable Zero Check by sending Z0. Readjhgs can then be taken in the usual manner.

Upon power up or after a DCL or SDC command is received, Zero Check (Z1) will
be on.

The equivalent front panel control for the Z command is the ZERO CHECK (COR-
RECT) button. See paragraph 3.3.5 for complete information on Zero Check.

From the front panel, select the 20pA current range and turn off Zero Check. Enter
the following statements to zero the instrument:

REMOTE 7z
OUTPUT 725 #2287
OUTFUT 723 828K Y

After END LINE is pressed the second time, Zero Check will turn on and zero the
instrument. The third statement returns the instrument to normal operation.

NOTE: Only the current function should be zeroed.
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4.9.7 Suppress (N)

Purpose

Format

Parameters

Description

Default

Reference

Example

Serves as a means of baseline suppression by subtracting a stored offset value from
subsequent readings.

Nn

0 Suppress off.
1 Suppress on using new value.

n
n

When Suppress is enabled (N1), the instrument will store the next reading as the
baseline value. All subsequent readings will be the difference between this stored
baseline value and the actual capacitance or current measurement (applicable only
to capacitance and current, even if Q/t is “on”).

Suppress reduces the dynamic range of the measurement. For example, assume that
10nA is applied to the input of the instrument. If the stored baseline value is 10nA
on the 20nA range, the display will read zero. In addition, input capacitance of —10nA
would overrange the instrument, even though current measurements to —19.999nA
are normally within the capabilities of the 20nA range.

To use Suppress, perform the following steps:

-t

. Cancel Suppress, if on, by sending NO over the bus.

. Select a range and function consistent with the expected measurement.

3. Connect the signal to be used as a baseline to the instrument input (perhaps the
strays of an “opened” fixture).

4. Turn é:m Suppress by sending N1X over the bus and wait for the baseline to be
stored. - :

5. Add the signal to be measured. Subsequent readings will be the difference be-

tween the baseline and the applied signal.

[

NOTE: If the instrument is waiting for a trigger (“triG” message displayed), sending
N1 will turn on the SUPPRESS indicator light, but a baseline value cannot be stored
until the proper trigger occurs. See paragraph 4.9.19 for trigger information.

Upon power up or after receiving a DCL or SDC command, Suppress will be off (N0).

The equivalent front panel control for the N command is the the SUPPRESS button.
See paragraph 3.34 for complete information on using Suppress.

From the front-panel, turn off Suppress if it is on. Enter the following statements -
to turn Suppress on:

REMOTE 7283
QUTPUT F2ds é s H1x?
QUTRUT 728 f<HaX**

NOTE: After END LINE is pressed the second time, Suppress will turn on and blank ..
the display. The last statement turns Suppress off. Setting the range lower than the
stored baseline value may overrange the instrument since, for example, 10nA is over-
range on the 2nA range. Function changes cancel baseline suppress.
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4.9.8 Filter (P)

Purpose
Format

Parameters

Description

Default

Reference

Example

Use to control the internal filter of the Model 595.

Pn

n = 0 Filter off
n = 1Filter 1
n = 2 Filter 2

n = 3 Filter 3 (DC measurements)

Filtering is used to separate the reading from a noisy input signal. The P1 and P2
filters are used for changing inputs, i.e., inputs associated with CV or IV curves.
The P2 filter provides more filtering, but may hinder reading response time. The
P3 filter is used to filter non-changing input signals.

Upon power up or after a DCL or SDC command is received, the filter will be off (P0).

From the front panel, filter is controlled by the FILt program. See paragraph 34.3
for details.

With the Model 595 in the capacitance function, enter the following statements into .
the computer to place the instrument in the P3 filter:

REMOTE 728
OUTPUT P28 tF1IFSHLI R ®
QUTPUT F2&; fdp@Ext?

After END LINE is pressed the second time, the instrument will be in the current
function with the third leve! filter enabled and the waveform set to DC. The last state-
ment will turn off the filter when END LINE is pressed.
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4.9.9 High Limit (H)

Purpose
Format

Parameters

Description
Default
Reference

Example

Use to set the high limit of the voltage source.
Hnn.nn
nn.nn = —2000V to 2000V

NOTE: Only as many significant digits as necessary need be sent (i.e. send H5 in-
stead of H05.00 to program high limit to 5V).

The high limit value defines the highest voltage level to which the voltage source
can be set. A positive-going staircase will stop at the high limit.

Upon power up or after a DCL or SDC command is received, the high limit will
be set to 20.00V. : -

The equivalent front panel control for the H command is the A LIMIT button. See
paragraph 3.3.7 for complete information on high limit.

Enter the following statements into the computer to set the high limit of the voltage
source to +10V:

REMOTE 728
QUTPUT F28; ¥ DK’ * . _
e CDUTRUT PEECSHIERSS o - e

When END LINE is pressed the second time, the presently programmed high limit
will be displayed. After END LINE is pressed the third time, the high limit will be
reprogrammed to 10V and displayed.
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4.9.10 Low Limit (L)

Purpose
Format

Parameters

Description
Default
Reference

Example

Use to set the low lmit of the voltage source.
Lnn.nn
nn.nn = —2000V to 20.00V

NOTE: Only as many significant digits-asniecessary need be sent (i.e. send L5 in-
stead of 105.00 to program low limit to 5V).

The low limit value defines the lowest voltage level to which the voltage source can
be set. A negative-going staircase will stop at the low limit.

Upon power up or after a DCL or SDC command is received, the low limit will be
set to —20.00V,

The equivalent front panel control for the L command is the ¥ LIMIT button. See
paragraph 3.3.7 for complete information on low limit.

Enter the following statements into the computer to set a low limit of —10V:

REMOTE 728
QUTPUT F2&: 4§ OFR" "
AUTPUT Yems s sl -1gHt?

When END LINE is pressed the second time, the presently programmed low limit
will be displayed. After END LINE is pressed the third time, the low limit will be
reprogrammed to —10V. - : :
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4.9.11 Voltage Source (V)

Purpose
Format
Parameters

Description

Default

Reference

Example

Used to set the DC voltage level of the voltage source.
vnn.nn

nn.nn=Low Level (L) to High Level (H)

NOTE: Only as many significant digits as necessary need be sent (i.e. send V4 in
place of V04.00).

The range of the voltage source is from —20.00V to 20.00V. When making capacitance
measurements, the square wave or staircase originates from the programmed DC
voltage level. Note that the V command does not apply the programmed voltage
level to the voltage source output connector. The output is controlled by the W
(waveform) command (see paragraph 4.9.14).

Upon power up or after a DCL. or SDC command is received, the voltage source
will be programmed to 00.00V.

The equivalent front panel controls for the V command are the DISPLAY SOURCE,
ADJUST and +/— buttons. See paragraphs 3.3.10, 3.3.11 and 3.3.12, respectively for
complete information on the voltage source. '

Cycle power on the Model 595 and enter the following statements into the computer
to-set the voltage source to 1BV:

REEMOTE F22
OUTPUT Fza: s D1x??
QUTFUT 728 s U158

After END LINE is pressed the second time, the present voltage source setting will
be displayed. After END LINE is pressed the third time, the voltage source value
will be programmed to 15V.
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2.9.12 Step Voltage (S)

Parameters

Description

Default

et

Tze to set the &
e settne §

{

/1]
3

=}
I

= 0 10mV step

1 20mV step

2 50niV step

= 3 100mV step
4 ~10mV step
= 5 -20mV step
6 —50mV step
= 7 —100mV step

be B S R = |

e
i

The S command defines the magnitude and direction of each voltage step. This com-
mand applies to square wave and staircase waveforms.

Upon power up or after a DCL or SDC command is received, the step voltage will
be 50mV (S2). o

The equivalent front panel controis for the 5 command are the STEP V, ADjUST
and +/~ buttons. See paragraph 3.3.8 for complete information on step voltage.

Enter the following statements into the computer to set the step voltage to 100mV:

FEEMUIE g
QUTPUT 7255 ¢ 5 D *
QUTPUT 7285 ¢ £ 5337 °

When END LINE is pressed the second time the presently programmed step voltage
will be displayed. When END LINE is pressed the third time, the step voltage will
set to 100mV.
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4.9.13 Delay Time (1)

Purpose

Format
Parameters

Description

Default
Reference

Example

Used to program the step-to-measurement delay time for a square wave or staircase
waveform; or reading delay time for DC and OFF waveforms.

Innn.nn

nnn.nn = 000.07sec to 199.99sec

NOTE: Only as many significant digits as necessary need be sent (i.e. send 12 in
place of 1002.00).

The Model 595 displays readings which are calculated from input measurements.
The measurements are taken after the delay time. The step time (regardless of out-
put waveform) is the delay time +.04sec (see specification clarification at beginning
of manual}. Capacitance readings are displayed for every other step; current readings
are displayed for each step. See Figure 3-3 for an illustration of delay time.

Upon power up or after a DCL or SDC command is received, the delay time will
be set to 0.07 seconds (1.07).

The equivalent front panel controls for the I command are the DELAY TIME and
ADJUST buttons. See paragraph 3.3.10 for complete information on delay time.

Enter the following program statements into the computer to set a delay time of three
seconds:

REMOTE ¥2&
QUTPUT 728 % 054 *
QUTRUT 728 I3 °

After END LINE is pressed the second time, the presently programmed delay time
will be displayed. After END LINE is pressed the third time, the delay time will be
three seconds.
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4.9.14 Waveform (W)

Purpose
Format
Parameters

Description

Default

Reference

_ Example

Use to select the voltage source output waveform.

Wn

It

n = 0 Off (0V)

n = 1 DC output

n = 2 Square-wave output
n = 3 Staircase output

When W0 is sent over the bus, 0V is present at the output-of the voltage source. -

When W1 is sent, a DC voltage, determined by the V command (see paragraph 4.9.11),
is available at the output of the voltage source.

When W2 is sent, a voltage square wave is available at the output of the voltage source.
The voltage level is determined by the V command (paragraph 4.9.11), the amplitude
and step direction of the square wave are determined by the S command (paragraph
4.9.12) and the time duration of the step is determined by the I command plus .04sec
(paragraph 4.9.13).

When W3 is sent, a voltage staircase is available at the output of the voltage source.
The starting voltage level is determined by the V command, the amplitude and direc-
tion of each step of the staircase is determined by the S command and the time dura-
tion at each step is determined by the I command. When W3 is sent, the voltage
level staircases to the limit of the voltage source (as determined by the H or L com-
mand) and stops. At this point the output of the voltage source becomes DC (W1).

Upon power up or after a DCL or SDC command is received, the voltage source
will be sending a square wave (W2).

The equivalent front panel] controls for the W command are the WAVEFORM SELECT
buttons. See paragraph 3.3.7 for information on controlling the output waveform of
the voltage source from the front panel.

Cycle power on the Model 595 and press the DISPLAY SOURCE button to display
the voltage source. Enter the following statements into the computer to staircase the
voltage source: o

EEMOTEFEE
OUTPUT P28 & L2k
QUTPUT P& 1,
OUTPUT P28 843 *

After END LINE is pressed the second time, the voltage source will staircase up to
20V and then stop. After END LINE is pressed the third time (before the staircase
ends), the waveform will change to DC output. After END LINE is pressed the fourth
time, the staircase cutput will continue.
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4.9.15 C/Co (C)

Purpose
Format

Parameters

Description

Default
Reference

Example

Use to compare capacitance measurements by normalizing the applied capacitance
readings to a stored capacitance reading (C0).

Cn
n = 0 TUCo off
n =1C/Cyon

n = 2 Store new value of Co

When C1 is sent, capacitance measurements will be divided by the stored capacitance
reading (Cp). If there is no capacitance reading stored, the display will overrange
(i.e., 2.360nF divided by 0 = undefined). When C2 is sent, the next capacitance
reading will be stored as the Cg value.

Upon power up or after a DCL or SDC command is received, C/Co will be off with
no reading stored (CO0).

The equivalent front panel control for the C command is the C/Cq (STORE Co} but-
ton. See paragraph 3.3.3 for complete information on C/Co.

Place the instrument in the capacitance function and enter the following statements
into the computer to store a value for Cp and then calculate C/Co.

PROGRAM . COMMENTS

18 TIMA$TSE]
28 REMOTE 722

ES  OUTPUT 728 *SC2H*T Store next reading as C0
48 EMNTER 728; A% Obtain next reading

SH  DISF Ak B - Display reading (C0)

&8 QUTPUT w23, f3C1H®? Enable normalizing feature
a8 EMI

After the program is run, the next capacitance reading will be stored as C0 and
displayed. The notializing feature will then turn on.

NOTE: C/Cq applies only to capacitance, even if Q/t is selected. Also, sending a €
command during current will give a “conflict error”.
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Format

Parameters

Description

Default

Reference

Example

4.9.16 Capacitance Modifiers (Q)
p

Use with the instrument in the capacitance function (F0} fo dmn]av the ranamfanr‘e

WA VN ALAL LAl akaoud Rlia0EiL C=CaLEE R e L3I0

reading or the Q/t current reading. Also use to tomahcally correct the capaatance
readings for leakage current.

Qn

0 Capacitance displayed, capacitance not corrected
1 Qft displayed, capacitance not corrected

2 Capacitance displayed, capacitance corrected

3 Q/t displayed, capacitance corrected

= = = R
o

Display—With the instrument in the capacitance function (F0), capacitance readings
will be displayed when Q0 or Q2 is sent over the bus When Ql or Q3 is sent, Qft
current readings will be displayed.

Correction—When the voltage step occurs, the device under test will change to its
new equilibrium state. Once equilibrium has been reached, only DC leakage cur-
rents will flow. Q/t represents the current measured during the last '/; of the delay
time (or 44msec, whichever is greater). The Q2 and O3 commands are used to cor-
rect the capacitance reading for DC leakage current errors.

Upon power up or after a DCL or SDC command is received, the instrument will
be in Q0.

Equivalent front panel control of the display (capacitance or Q/t) is accomplished
with SHIFT then CAPACITANCE (Q/T) (see paragraph 3.3.2}. Correction is ac-
complished through a front panel program (see paragraph 3.4.6).

Place the instrument in the capacitance function and enter the following statements
into the computer to display the uncorrected Q/t value (Q1):

REMOTE v22
OUTEUT Fags e L
QUTPUT P20 e6 Qs

When END LINE is pressed the second time, the Q/t value will be displayed. After
END LINE is pressed the third time, the unit-will return to uncorrected capacitance
display.

NOTES: S I

1. Using capacitance correction with a non-equilibrium measurement will yield
incorrect results. See paragraph 34.6 for details.

2. Sending the Q command while the instrument is in the current function (F1) will
result in a conflict error (see paragraph 4.7.3).

3. The Cand N commands apply only to the capamtance readmg, even while display- -
ing Q/t.
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4.9.17 Prefixes (G)

Purpose
Format

Parameters

Description

Default

Example

Controls the format of the data string sent by the instrument.

Gn

TERMINATE ON EACH READING
GO0 n = 0 Reading; prefix

GI n = 1 Reading; no prefix

G2 n = 2 Plotter; prefix

G3 n = 3 Plotter; no prefix

TERMINATE ON EACH NON-STAIRCASE READING B
G4 n = 4 Reading; prefix

G5 n = 5 Reading; no prefix

G6 n = 6 Plotter; prefix

G7 n = 7 Plotter; no prefix

Normal format—The prefix identifies the reading that is sent over the bus, Figures
4-6A and B show the format of these readings. The various prefixes shown are only
sent when the instrument is in G0, G2, G4 or G6. When G1, G3, G5 or G7 are sent,
the prefix is not included with the reading (i.e., +1.23456E-12, —001.50).

Plotter format—This format lists the data plot points (voltage vs. reading) that can
be sent to an IEEE plotter when using IEEE-Plot. The data for the reading corresponds
to the A/D output (counts) and does not reflect the range that the instruinent is on.
For example, 236pF applied to the input will show a plotter format reading of 2360
on the 2nF range and 236 on the 20nF range. The plotter format is shown in Figure
4-6C. . o ' ‘ '

Commands G4-G7 provide a way to send a continuous string during fast staircase
measurement in a slow controller situation. The readings are separated by commas.
A terminator (see Y and K commands) will be sent with the first and all subsequent
readings after the staircase.

Upon power up or after a DCL or SDC comunand is received, the instrument will
be in GO. ' i o ‘ '

Enter the following statements into the computer to send a reading without the prefix
over the bus: : _

OUTPUT F28: ¢ 8 Gix
EHTER 728 A
RIS A%

After END LINE is pressed the second time, the instrument will be in G1. After END
LINE is pressed the third time, the instrument will be.addressed to talk and will
send a reading over the bus. After END LINE is pressed the fourth time, the reading,
without the prefix, will be displayed on the computer CRT.
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Figure 4-6. General Data Format

4-32




IEEE-488 PROGRAMMING

4.9.18 Analog Output (O)

Purpose

Format
Parameters

Description

Default
Reference

Example

Use to control the sensitivity of the analog output and the pen of an analog XY
recorder.

On

0 Autopen, X1 Gain

1 Pen Up, X1 Gain

= 2 Pen Down, X1 Gain
= 3 Same as 1

= 4 Autopen, X10 Gain
= 5 Pen Up, X10 Gain

= 6 Pen Down, X10 Gain
= 7 Same as 4

B B8 B33 B0

Pen Control—The purpose of pén control is to keep the pen off the paper when not
plotting. In Autopen (O0, O4), the pen automatically comes down at the beginning
of a staircase sweep and automatically goes up at the end of the staircase and re-
mains up for all non-staircase waveforms. The O2 and O6 commands can be used
to force the pen down, while O1 and O5 will force the pen up.

Gain Control—The O command aiso controls the gain of the CI, (Q/t) ANALOG
OUTPUT. At X1 gain, 10,000 display counts will output 1V. At Xi0 gain, 1000 display
counts will output 1IV. Regardless of the gain, maximum analog cutput is +2V.

Upon power up or after a DCL or SDC command is received, the instrument will
be in OQ.

From the front panel, the analog output is controlled by a front panel program. See
paragraph 34.5 for complete information on the analog output program.

Enter the following program statements into the computer to place the analog out-
put in Pen Up, X1 (O1):

REHOTE 722
QUTPUT V23 c 014
OUTPUT 728, 302K ?

When END LINE is pressed the second time the analog output will be set to O1.
When END LINE is pressed the third time, the analog output will be set to O2, Pent
Down.
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4.9.19 Trigger Mode (T)

Purpose
Format

Parameters

Description

Default

Example

The trigger mode defines the conditions which will trigger a reading.
Tn

= {0 Continuous on Talk

= 1 One-shot on Talk

= 2 Continuous on GET . e
= 3 One-shot on GET

= 4 Continuous on X

= 5 One-shot on X

= 6 Continuous on External Trigger
= 7 One-shot on External Trigger

b=~ = N = B~ S = I~ I

When set to continuous trigger, a single trigger command is used to start a continuous
series of readings. In a one-shot trigger, a separate irigger stimulus is required to
start each conversion (reading).

Triggers are paired according to the type of stimulus that is used to trigger the in-
strument. Talk is when the Model 595 is addressed to talk. GET is the IEEE-488 Group
Execute Trigger. “X” is the Keithley execute command. External trigger is the rear
panel BNC connection (a falling edge TTL level is required).

Note that when a trigger command (Tn)} is sent, the instrument will stop making
measurements and display the “triG” message. Measurements will continue when
the required trigger occurs. When set for a staircase output, the voltage source out-
put will switch to DC and display the “triG” message when a trigger command is
sent. To continue the staircase, first set the voltage source to cutput the staircase
(W3) and then apply the required trigger.

Upon power up or after the instrument receives a DCL or SDC command, the Model
595 will return to T6 and supply its own trigger to start.

From the front panel, set up the parameters for a staircase capacitance measurement,
leaving the Model 595’s waveform at DC. Enter the following statements into the
computer to demonstrate a one-shot trigger:

REMOTE Y22
QUTPUT V22 ¢ s DaLER *
OUTPUT ¥28: s £ T2 *
QUTPUT @28; = W3R
TRIGGER Fai

When the END LINE key is pressed the second time, the staircase will start and
capacitance readings will be displayed. When END LINE is pressed the third time,
the instrument will be placed in the one-shot on GET trigger mode, the voltage source
switches to a DC output (staircase stops) and the “&riG” message is displayed. When
END LINE is pressed the fourth time, the voltage source is set to output a staircase.
When END LINE is pressed the last time one reading will be triggered and displayed.
For another example, substitute D1 for D0 and later T2 for T3.
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4.9.20 SRQ Mask (M) and Serial Poll Byte Format

Purpose

Format

Parameters

Description

The M command selects which condition{s) will cause the the instrument to-assert-
the SRQ (Service Request) line to the bus controller.

Mn

0 Clear SRQ) mask

1 Reading overflow
2 Not used '
= 4 Staircase done

8 Reading done

16 Ready

= 32 Error

f= I R = = = < B~
I

SRQ Mask—The Model 595 uses an internal mask to determine which conditions
will cause an SRQ) to be generated. Figure 47 shows the general format of this mask,
which is made up of eight bits. The SRQ mask has the same general format as the
serial poll byte (described below) except for the fact that bits 6 and 7 are not used
in the SRQ mask.

The Model 595 can be programmed to generate an SRQ under one or more of the
following conditions:

1. If a reading overflow occurs (M1).

2. When a staircase sweep is complete (M4).

3. When a reading is done {M8).

4. When the instrument is ready to accept bus commands (M16).
5. When an error condition occurs (M32)

Note that the instrument may be programmed for more than one set of conditions
simultaneously. To do this, simply add up the decimal bit values for the required
SRQ conditions. For example, to enable SRQ under reading overflow and staircase
done conditions, send M5X. To disable SRQ, send MOX.

Once an SRQ is generated, the serjal poll byte can be checked to determine if the
Model 595 was the instrument that asserted SRQ.

Serial Poll Byte Format—The serial poll byte contains information relating to data
and error conditions within the instrument. The general format of this status byte
(which is obtained by using the serial polling sequence, as described in paragraph
4 8.8) is shown in Figure 47. Note that the various bits correspond to the bits in the
SRQ mask as described above.
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Default

The status bits in the serial poll byte have the following meanings:

Bit 0 (Reading Overflow)—Set when an overranged input is measured. Cleared when
an on-range input is measured. -

Bit 1—Not used; always set to zero.

Bit 2 (Non-staircase Reading)—Set whenever a non-staircase reading is taken. Cleared
when a staircase is in process. Used to indicate the end of a staircase.

Bit 3 (Reading Done)—Set when the instrument has a reading available. Cleared by
sending the reading to the controller.

Bit 4 (Ready)—Set when the instrument has processed all previously received com- .
mands and is ready to accept additional commands over the bus. Cleared upon receipt
of “X”. Use when hold off on “X” is disabled (K2, K3).

Bit 5 (Error)—Set when one of the following errors have occurred:

1. An illegal device dependent command (IDDC) or an illegal device

dependent command option (IDDCO) was fransmitted.

The instrument was programmed when not in remote.

3. A conflict error has occurred (sending a Q or C command while in the current
function).

4. A trigger overrun has occured (the instrument was triggered while processing
a reading from a previous trigger).”

5. A number error has occured (invalid calibration value or voltage source value
sent over the bus).

N

Bit 5 remains set until the U1 status is read to determine the type of error (see 4.9.23).

Bit 6 (RQS= Request for Service)—Set if the Mode] 595 asserted SRQ. Cleared when
the instrument is serial polled.

Bit 7—Not used; always set to zero.

Note that the status byte should read to clear the SRQ line once the instrument has

generated an SRQ. The SRQ line is asserted on the false-to-true transition of a status

bit if the corresponding mask bit is set. All bits in the status byte will be latched
when the SRQ is generated.

Upon power up or after a DCL or SDC command is received, SRQ is disabled (M0).
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Example

Enter the following program to generate an SRQ on an IDDC bus error:
PROGRAM COMMENTS
1@ REMOTE 728 Send remote enable.
Z8 CLEMR 723 Clear 595 (SDC).
@ QUTPUT 728§ FH3EK? Program for SRQ on error.
48 OUTPUT P28 ¢E2R ! Attempt to program illegal

S0 S=SPOLLYYER

&8 ISP ¢ BV B4 ES B4 BE B2 BL Bgt

V8 FOR I=7 TO@STEF -1
28 ISP BIT (S T0; ’
S HEXT I
188 DISP
118 EHD

command.
Serjal poll the instrument.
Identify the bits.

Loop eight times.
“Display each bit position.

Once the program is entered and checked for errors, press the HP-85 RUN key. Line
20 sets the instrument to the power-up default conditions. Line 30 programs the SR
mode. Line 40 then attempts to program an illegal command, at which point the
instrument generates an SRQ and sets the bus error bit in its serial poll byte. The
computer then serial polls the instrument (line 50), and then displays the status byte
bits in proper order on the CRT. In this example, the SRQ (B6) and error (B5) bits
are set because of the attempt to program an illegal command (E2). Other bits may
also be set depending on instrument status.

BIiT
PDSITION B7 B6 BS B4 B3 B2 g1 BO
YALUE G 1/0 1/0 1/0 1/0 1/0 0 1/0
DECIMAL
wEicHTING | 128 64 < ) i6 8 4 2 !
1*SRO BY S'EJ
(SERIAL POLL BYTE ONLY)
I*ERROR I=STAIRCASE DONE
1 =READY — \— | "READING DONE

l— ["READING OVERFLOW

Figure 4-7. SRQ Mask and Serial Poll Byte Format
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4.9.21 EOl and Bus Hold-off Modes (K)

Purpose

Format

Parameters

Description

Provides control over whether or not the instrument sends the EOI status at the end
of its data string, and whether or not bus activity is held off (through the NRFD
line) until all commands sent to the instrument are internally processed once the .
instrument receives the X character.

Kn

n = 0 Send EQI with last byte of reading; hold off bus until com-
mands processed on X.

n =1 Do not send EQI with last byte of reading; hold off bus until commands
processed on X.

n =2 Send EOI with last byte of reading; do not hold off on X.
n =3 Do not send EOI with last byte of reading; do not hold off on X.

The EOI line on the IEEE-488 bus provides a method to positively identify the last
byte in a multi-byte transfer sequence. Keep in mind that some controllers rely on
EOI to terminate their input sequences. In this case, suppressing EOI with the K
command may cause the controller input sequence to hang unless other terminator
sequences are used.

Bus hold off allows the instrument to temporarily hold up bus operation when it
receives the X character until it processes all commands sent in the command string.
The purpose of the hold off is to eristire that the front end FETs and relays are pro-
perly configured before taking a reading. Keep in mind that all bus operation will
cease for the hold off duration—nuot just activity associated with the Model 595. The
advantage of this is that no bus commands will be missed while the instrument is
processing commands previously received. Use the ready bit of the serfal poll byte
(see paragraph 4.9.20) when not-holding off on X.

The hold off period depends on the commands being processed. Table 47 lists hold-
off times for a number of different commands.

Table 4-7. Bus Hold-Off Times

Command | X Hold Off/Busy Until

j19 Permanent storage completed (13msec)
ER Z Model 595 front panel is set up (20msec)
A Calculate calibration constant (Smsec)
ELSE As soon as “X” is recognized (2msec)

NOTE: RFD will be held off until each byte in is recognized (2-60msec in continuous,
2msec is single shot); only exceeds 2msec for one character while reading is calculated.
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Defauit

Example

Upon power up, or after the instrument receives a DCL or SDC command, the in-
strument will return to K0.

To program the instrument for K2, enter the following statements into the HP-85:

REMOTE 72
AUTPUT wag: ¢

&
KEwe s

When the second statement is executed, the instrument will be placed in K2. EOI
will be transmitted at the end of the reading data string, without bus hold off on X.
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4.9.22 Terminator (Y)

Purpose

Format

Parameters

Description

DPefault

Example

Use to select the ASCII terminator sequence that marks the end of the instrument’s
data string or status word.

Yn

n=0CRLF

n=1LFCR

n=2CR ) :
n=3LF

n = 4 No terminator

A terminator sequence can be programmed by sending the Y command followed
by an appropriate parameter. One of the most commonly used terminators is the
carriage return, line feed (CR LF) sequence (¥0). Selecting the wrong terminator for
the controller could cause the bus to hang up.

Upon power up or after a DCL or SDC command is received, the YO temunator w111
be selected.

To select the line feed, carriage return (LF CR) terminator sequerice, type the follow-
ing lines into the computer:

REMOTE 728
OUTPUT FoB: i85 1

When the second statement is executed, the LF CR terminator sequence will be used;
the instrument will terminate each data string or status word with an LF CR sequence.
This may cause problems in controllers which terminate on LF and don't discard CR.
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4.9.23 Status (U)

Purpose
Format

Parameters

Description

Use to access information concerning various operating conditions of the Model 595.

Un

n = 0 Send Machine Status Word
n = 1 Send Error Status Word

n = 2 Send Data Status Word

n = 3 Send Delay Time
n
n

= 4 Send High and Low Limits of Voltage Source
= 5 Send Voltage Source Setting

When the command sequence UnX is transmitted, the instrument will transmit the
appropriate status word instead of its normal data string when it is addressed to
talk. The status word will be transmitted only once for each Un command.

U0: The format of UQ status is shown in Figure 4-8. Note that the letters correspond
to modes programmed by the respective device-dependent commands. The default
values in the status word are also shown in Figure 4-8.

Note that all returned values correspond to the programmed numeric values.

U1: The Ul command allows access to Model 595.error conditions. The error status
word (Figure 4-9} is actually a string of ASCII characters representing binary bit posi-
tions. Reading the Ul status clears the error bits. An error condition is also flagged
in the serial poll byte, and the instrument can be programmed to generate an SRQ
when an error condition occurs (see paragraph 4.9.20).

The various bits in the Ul Error Status words are described as follows:
IDDC—Set when an illegal device-dependent command (IDDC) such as EIX is

received (“E” is illegal). (bErr, bus error)

IDDCO—Set when an illegal device-dependent command option {IDDCQ) such as
T9X is received (“9” is illegal). (bEm)

No Remote—Set when a programming command is received when REN is false. (bErr)

Conflict—Set when trying to send a Q or C command while the instrument is in
the current function. (nEzr)

Trigger Overrun—Set when the instrument receives a trigger while it is still process-
ing a reading from a previous trigger (or continuous). (tErr)

Number—Set when an out of range calibration value {A) or voltage source value (V,
H, L, I) is sent over the bus. (nErr, number error)

Self Test—Set when the self-test (J0) has failed.
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E95FO0R3ZINOCOW2S2QCPOT6GODOOOMODKEYO

MODEL NUMBER PREFIX (595)

FUNCTION (F)
O = CAPACITANCE
1 = CURRENT
RANGE (R)

FO F1
1 = 200pF 20pA
2= 2nF 200pA
3 = 20nF 2nA
4 = 20nA
5= 200nA
6 = 2 pA
7= 20 pA
8 = 200 pA

SUPRESS (N)

0 = OFF

1 = ON

CiCyo (C)

0 = C/C, OFF

1 = C/C4 ON
WAVEEORM (W)

0 = QOFF

1 =0DC

2 = SOUARE WAVE
3 = STAIRCASE
STEP VOLTAGE (5}
0 = 10mv

1 = 20mvVv

2 = 50mvV

3 = 100mv

4 = —10mv

5§ = -20mV

6 = —50mv

7 = —100mV

CAPACITANCE MODIFIERS (Q)

= CAP, DISPLAYED, CAPACITANCE NOT CORRECTED
Q/t DISPLAYED, CAPACITANCE NOT CORRECTED
CAP, DISPLAYED, CAPACITANCE CORRECTED
Q/t, DISPLAYED, CAPACITANCE CORRECTED

o

o]
mn
l

FILTER 1
FILTER 2
FILTER 3 (DC}

WN=0OTM WN-O
wrewnouly

m

n

—

=

Wh=0«W

0nniun I‘-_:rtl"!I i

YOUBRBNSOD OHRWN-OO NOOH

mxeesns m
CONTINUOUS ON TALK
ONE-SHOT ON TALK
CONTINUOUS ON GET
ONE-SHOT ON GET
CONTINUOUS ON X
ONE-SHOT ON X
CONTINUOUS ON EXTERNAL TRIGGER
ONE-SHOT ON EXTERNAL TRIGGER

I O T+ A T |

NOAON=O

REFIX (G)
3

5
£
z
5
m
o
z
&
o)
T
z
=
=
&

READING; PREFIX
READING; NQ PREFIX
PLOTTER; PREFIX
PLOTTER: NO PREFIX
MINATE ON £EACH NON-STAIRCASE READING
READING; PREFIX
READING; NO PREFIX
PLOTTER; PREFIX
PLOTTER; NO PREFIX

[41]

PLAY (D}

METER
VOLTAGE SOURCE
HIGH LIMIT
LOW LIMIT
STEP VOLTAGE
DELAY TIME

LI | B 1 1

NALOG OUTPUT (O)
AUTOPEN, Xt GAIN
PEN UP X1 GAIN

PEN DOWRN, X1 GAIN
SAME AS 1
AUTOPEN, X10 GAIN
PEN UP, X10 GAIN
PEN DOWN, X10 GAIN
SAME AS 4

LI N | A |

SRQ MASK (M)

00 = MASK CLEARED

01 = READING OVERFLOWED
02 = NOT USED

04 = STAIRCASE DONE

08 = READING DONE

16 = READY

32 = ERROR

[

EOI (K)
0 = EOI and HOLD OFF ON X
1 = NO EC! AND HOLD OFF

2 = EOI AND NO HOLD QFF
3 = NO EQl AND NO HOLD OFF
TEHMINATOFI Y}
= CRLF
1 = LFCR
2=CR
3 =LF
4 = NONE

Figure 4-8. U0 Machine Status Word (Default Conditions Shown)
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MODEL NO. 1500 (DDCO . NO REMOTE  CONFLICT JUAZSED NUMBER  SELF-TEST
5% 1/0 1/0 170 1/0 1/0 £/0 170 0 0 <TERMD
Figure 4-9. U1 Error Status Word
NOTES:
1. The complete command string will be ignored if an IDDC, IDDCO or no remote
(bErr) error occurs.
2. Within a command string, only the command(s) causing an “nErr” will be ignored.
3. Reading the U1 Error Status Word will reset the error bits.
4. Front panel messages identifying bus errors are explained in paragraph 4.7.1.
U2: The U2X sequence allows access to instrument data conditions. The U2 word
is made up of ASCII characters representing binary values (0 or 1). The bits in the
U2 data status word are described as follows:
VOLTAGE SODURCE STORAGE  SOHz
MODEL. NO. TEMPORARY CAL I-LIMIT ENABLED
£95 1/0 1/0 1/0 1/0 00000 <TERM>

Figure 4-10. U2 Data Status Word

Temporary Cal—Set when a calibration constant is altered and not stored in perma-
nent memory, or if there was a permanent memory data error.

Voltage Source Overload—Set when the current limit (2-4mA) of the voltage source
has been reached.

Cal Storage Enabled—Set when storage of calibration constants is enabled.

50Hz—Set to indicate instrument line frequency setting.
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U3: The U3 command allows access to the delay time setting. The time units are
in seconds.

Eﬁma <TERM> _

PREF I X — TIME (SEC)

-Figure 4-11. U3 Delay Time

U4: The U4 command allows access to the high and low limif settings of the voltage
source. _ )

HILO* nan.ne, * anoan KTERM>
L 171 { I )

PREFIX-—| |—L0w LIMIT (V)
HIGH LIMIT (V)

Figure 4-12. U4 Voltage Source Limits

U5: The U5 command allows access to the voltage source programmed value.

ySRCr * pnn.nn <TERM>

PREFIX VOLTS

Figure 4-13. U5 Voltage Source Bias Settings
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Default Upon power up or after a DCL or SDC command is received, the machine status
(U0} will default to the values shown in Figure 4-8, the bits in the error status word
(U1) will clear (0), the time delay (U3) will reset to 0.07 seconds, the limits (U4} will
reset to +20V, and the voltage source (U5) will reset to OV.

Example Enter the following statements into the computer to obtain and display the U0
machine status word of the Model 595: :
PROGRAM COMMENTS
i@ REMOTE 72 Send remote enable.
28 DTHM AFLSE] ) )
20 QUTRUT 7285 ¢ ¢ U« e Send UQ command.
48 EMTER F&&:;a¢ ~ Obtain UD status from instrument.
5@ DISF A% Display UO status word.
=3 EMI

After entering the program, run it by pressing the FHP-85 RUN key. Line 30 will send
the U0 command, and then the UOQ status word will be obtained and displayed on
the CRT of the computer (lines 40 and 50). Also try Ul through US.
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1.9.24 Digital Calibration (A)

Purpose
Format
Parameters

Description

Reference

Example

Use to send calibration values over the bus.
Annn.nnE-nn

nnn.nnE-nn = On-range calibration value using exponent.
NOTE: Only as many significant digits as necessary need be sent (i.e., send 1.9E-9
instead of 001.90E-09). ' '

In general, calibration of the Model 595 over the IEEE-488 bus consists of applying

a precise calibration signal to the Model 595 input and sending the corresponding
calibration value over the bus using the A command.

CAUTION
Precision calibration signals must be connected to the instrument before
attempting calibration, otherwise instrument accuracy will be affected.

Section 7, Maintenance, provides complete details on calibrating the instrument from
either the front panel or over the bus.

A sample program to calibrate the instrument over the bus can be found in Section
7 of this manual.
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4.9.25 Self-Test and Permanent Memory Storage (J)

Purpose

Format

Parameters

Description

Reference

The ] command is used by the Model 595 to perform tests on its memory elements
and to permanently store calibration constants.

Jn
n = 0 Perform self-test
n = 19 Store calibration constants in permanent memory

Self-test—When the J0 command is sent over the bus, the instrument performs the
following tests on its memory elements:

1. ROM test
2. RAM test

If the self-test is successful, the self-test error bit in the Ul status word will be set
to 0. Otherwise this bit will be set to 1. The test does not affect any data within the
Memory.

Permanent Storage—When the J19 command is sent, calibration constants are stored
in permanent memory if the calibration jumper is configured to “store”.
The instrument performs a number of self-tests on power-up. Calibration and subse-
quent storage of calibration constants are explained in Section 7.
Enter the following statements into the computer to perform the self-test:
REMOTE v22
OUTRUT 72, ¢ ¢ 13-

When the END LINE key is pressed the second time, the instrument performs the
self-test. If successful, the self-test error bit in the Ul status word will be set to 0.

4-47



|EEE-488 PROGRAMMING

4.10 PROGRAMMING EXAMPLES PROGRAM COMMENTS
The following programs demonstrate how to make 18 RERUTE 723 Place 595 in remote.
capacitance and current measurements over the bus using ZH DIM AFL4E] _
the HP-85 computer as a controller. o I8 CLEAR 728 Set 595 to default
conditions.
48 OLTRPUT 728, f < Haxs? Turn voltage source
4,10.1 Square Wave Capacitance o GUTRLT 735 Ofok .
SR OUTPUT 728 efine measuremen
Measurements EEL-2HEETI1IHER " parameters.
. . 8 QUTPUT 723 fLix? Set voltage source for
Enter the following statements into the computer to make , 7 DC output.
square wave capacitance measurements: TE WATT B8 Let device under test

settle at -2V for 2sec.
2@ QUTRUT 728;: 7« ZEXNSE® * Disable zero check

PROGRAM COMMENTS _and set voltage source
for staircase output.
16 REMOTE 722 Send remote 38 S=SFOLLC72ER Serial poll 595 until
enable. ) staircase starts.
2B DIMAaFL40] 188 IF BIT{S2=1 THEN &
38 CLEAR 722 ©oor s 2=EPOLLOVESRD Serial poll 595 for end
48 QUTFUT 728 ¢ § ax* Set voltage source’ ,  of staircase.
off. ' 128 TFRITCS.22=1 THEW e )
TE OUTPUT 729: 4 US531 .3 Defines measure- 128 ENTER F28: A% Send reading to
HzH? ! ment parameters. computer.
68 QUTPLIT 722, F 9 2857 * Release zero check. 148 DISF A¥ Display reading on
70 EHTER 728: a8 Receive reading ... ... . ..  CRKT of computer.
over bus. 156 GOTO 118 . Loop back to line T10.
58 DISF A% Display reading on 156 EHD :
computer. ) :
58 GOTO 7 - Repeats cycle of *To measure current, add F1 to the command string in line
readings. 50.
168 EMD ' S

Press the RUN key to run the program. Line 40 will turn
Press the RUN key to run the program. Line 30 will place the voltage source off. Line 50 will set the bias voltage to
the instrument in the capacitance function with zero check 0V, step voltage to 100mV, delay time to one second and
enabled (default conditions). Line 40 will turn the voltage  the high limit to 2V. Line 60 will set voltage source for a
source off. Line 50 will set the voltage source for 5V in DC output. Line 70 allows a couple of seconds for the
square wave, step voltage for 100mV and delay time for 0.5 ~ device under test to settle. Line 80 will disable zero check
seconds. Line 60 releases zero check. Lines 70 and 80 and set the output for a staircase output. Lines 90 and 100
receive and display a capacitance reading on the computer.  will serial poll the instrument until the staircase starts. Lines
Line 90 repeats the cycle. 130 through 150 will send and display each capacitance

measurement-and stop at the end of the staircase.

4.10.2 Staircase Measurements

NQTES:
Enter the following statements into the computer to make 1 Make sure unit is not set to staircase when sending the
staircase measurements: : === -V command, since the voltage source will go to “DC”

at a step above the voltage values.

2. When terminating a staircase measurement, the voltage
out will go to the next voltage source step.
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4.10.3 Current Measurements

Enter the following statements into the computer to make
current measurements:

NOTE: The following example program does not use the
internal voltage supply; thus the current to be measured
would be applied to the C, T METER INPUT connector. If
no current source is available, connect a resistor between
V.. and meter INPUT. Then set V... for the desired cur-
rent. (Use W1 instead of WO in line 40).

PROGRAM COMMENTS

18 REMOTE 722 Place 595 in remote.
20 DIM akldal

3@ CLERR 720

483 OUTPUT F25; s S UEF 1R2E" T Define measurement
parameters.

Release zero check.
Send current reading
over bus.

Display reading on
CRT. '

D@ OUTPUT 7a28;csZaxs?
&8 EMTER 728 0%

TE OISF A¥

g GoTO o8
26 END

Press the RUN key to start the program. Line 40 will turn

off the voltage, select the current function and the 200zA
range. Line 50 will release the zero check, and lines 60 and
70 will send and display the current reading on the com-
puter CRT.

4.11 TALK ONLY

In Talk Only, the instrument will control the bus and out-
put data fo listening device. No controller may be on bus.
The listening device may be a listen-only printer or an ad-
dressable printer whose address is set to 3. When the in-
strument is in Talk Only, the front panel TALK indicator
light will turn on.

To place the instrument in Talk Only, perform the follow-
ing steps:

1. Using the front panel PROGRAM MENU button, display
the present IEEE-488 address value.
2. Using the voltage source ADJUST buttons, select one of
the following Talk Only parameters: S
A. 40 Talk Only with prefix on data string (ie.
NCVI+1.23456E-12,-01.820, +1.23400E-12).

B. 41 Talk Only without- prefix on data string (ie.
+1.23456E-12,-01.820, +1.23400E-12).

3. Press the SHIFT button and then the program EXIT but-
ton. The instrument will start talking when the measure-
ment sequence is started.

4. Change the IEEE-488 address or go to one-shot to stop . .
talking.

NOTES:

1. When using Talk Only, there should not be a controller
other than the Model 595 connected to the bus. Multi-
ple Model 590s and 595s are permitted on the bus as
long as only one instrument is talking at a time.

2. When in Talk Only or IEEE-Plot (see paragraph 4.12),

. two listening devices (printer and plotter) may be con-
nected to the bus at the same time as long as they are
in the addressable mode and set to the correct address
{address 3 for the printer, address 5 for the plotter).

3. Using the printer will set the K, Y, and G modes (see
Appendix H).

4.12 IEEE-PLOT

+ In IEEE-Plot, the instrument will output voltage and capaci-

tance, Q/t or current data to an IEEE-488 plotter for the pur-
pose of plotting the CV, IV, or Q/tV curves of staircase
measurements.

A grid can also be drawn with the labels corresponding
to the selected function, range, voltage source limit, and
Y HI, Y Lo values of the Model 595.

To use IEEE-Plot, connect-an IEEE plotter to the bus con-
nector of the Model 595 (set plotter address to 5 before
power up)} and perform the following steps:

1. From the front panel, set up the Model 595 to make staix-
case measurements {capacitance or current). First com-
plete the configuration of the voltage source and meter
block for the measurement. Do not- start the staircase
at this time.

2. Use the program MENU button to display the present
IEEE address of the instrument.

3. Using the voltage source ADJUST buttons, set the ad-
dress to 42 or to 43 (to reverse the direction of X axis).

_ Install plotter pen #1. o

4. Press the SHIFT button and then the program EXIT
button.

5. Plot a grid for the subsequent measurement plot as
follows:
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A. Press the program MENU button until the follow-
ing message is displayed:

Grid
B. To start the grid plot, press one of the voltage source
ADJUST buttons. A grid will be plotted and labels
will be placed on the X and Y axes. The labels on the
X axis correspond to the programmed high and low
voltage limits. The labels on the Y axis corresponid
to the Y Hl and Y Lo program settings. “Y HI=2" cor-
responds to a full 20,000 count display, while “Y
Hi=.1" corresponds to a 100 count display. Adjust Y
HI and Y Lo to “crop” the plot).
6. Press the SHIFT button, then program EXIT. The
measurement plot will begin when the staircase is
started. '

NOTES:

1. The display can be toggled between capacitance and Q/t
while plotting, without affecting the plot.-

2. Changing functions, ranges, zero check or voltage source
settings will cause the staircase and plot to stop. When

the staircase is restarted, keep in mind that the labels
on the plot correspond to the original function/range and
voltage limits but the new plot parameters correspond
to the new Model 595 settings.

-3. When using IEEE-Plot, there should not be a controller

other than the Model 595 connected to the bus. When
multiple Model 595s or 590s are on the bus, only one
can talk at a fime.

4. When in IEEE-Plot or Talk Only (see paragraph 4.13), two
listening devices (plotter and printer) may be connected
to the bus at the same time as long as they are in the
addressable mode and set to the correct address (address
5 for the plotter, address 3 for the printer).

5. Using the plotter sets the K, Y, and G modes. See Ap-
pendix H. :

4,13 BUS DATA TRANSMISSION TIMES

A primary consideration is the length of time it takes to
obtain a reading once the instrument is triggered to make
a conversion. The length of time will vary somewhat depen-
ding on the selected function, trigger mode, and delay time.

Table 4-8 gives typical times.

Table 4-8. Trigger to Reading Ready Times (in ms‘ec)

Ranges

Function/Filter Level Rl | R2

R3: R4| R5| R6| R7 | RS

Capacitance/Filter 0 267 | 270
Capacitance/Filter 1 265 | 265
Capacitance/Filter 2 265 | 264
Capacitance/Filter 3 265 | 265

138 | 144| 139] 143; 155 | 145
144 | 146| 148| 146{ 150 | 150
138| 139| 138| 140 138 145

Current/Filter 0 139 | 138
Current/Filter 1 o1 144 1 146
Current/Filter 2 144 | 145
Current/Filter 3 142 | 142

136} 140] 140] 139) 140 ;141

NOTE: This table corresponds to a configuration of a “trigger to first byte
time” based on one-shot trigger by Talk and a delay time of 0.07sec.
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SECTION 5
APPLICATIONS

5.1 INTRODUCTION

The Modet 595 Quasistatic CV Meter facilitates the measure-
ment of semiconductor device parameters, specifically,
quasistatic capacitance and current. Using the built-in

voltage source and an analog or digital plotter, plots of C

or I versus V can be easily generated. : ,

This section describes in detail some typical applications
of the Model 595. Current and capacitance applications will
be discussed separately. The current section will give in-
formation about measurement of high resistances and IV
characteristics of various devices. The capacitance section
will present guidelines for proper use of the function and
valid interpretation of data for MOS device characteriza-
tion. It will also compare the feedback charge method used
by the Model 595 with two other techniques: the ramp
method and the static or QV method. Lastly, a bibliography
is provided on CV and related topics.

5.2 APPLICATIONS OF THE CURRENT
FUNCTION

5.2.1 High Resistance Measurements

High impedance levels are frequently encountered in
semiconductor devices and in fixtures used for device
characterization. Someé examples are MOS gate oxide,
device. to device isolation, probe-to-pedestal insulation
material, and coaxial cable insulation. High resistances such
as these can be measured using the Model 595 voltage
source and the current function.

The measurement circuit used by the Model 595 is shown
in Figure 5-1. The resistor is connected from the input of
the Model 595 in the current function to the voltage source.
Because the input of the Model 595 is a virtual ground, the
voltage, V, applied to the resistor is equal to the voltage
source output to within one millivolt. The current, I, flow-
ing through the resistor is measured by the Model 595. The
unknown resistance, R, is calculated from the sourced
voltage and measured current using Ohm'slaw: R = V /1.

For example, the highest resistance which can be measured

in this manner is 10"*Q2. This would be done by setting the

voltage source to 20V and measuring 0.020pA.

Since very high resistance measurements are subject to
leakage current errors, circuit connections must be carefully
made. To avoid unsuitably low leakage resistance, the
device under test should be placed in a properly designed
test fixture, such as the Keithley Model 6104 Test Box. The
test box, when connected to the GUARD terminal of the
Model 595, acts as an electrostatic shield, and to some ex-
tent an RFI shield, intercepting signals which would other-
wise interfere with the input. It has the additional benefit
of shielding the device from light, as many devices are
photosensitive. The meter input of the Model 595 should
be connected to the test fixture with low noise coaxial cable,
such as the supplied Model 4801. The voltage source may

- be connected to the test box with ordinary banana plug test

leads, using a BNC to banana plug adapter such as a
Pomona Model 1296.

USING MODEL 5%°S VOLTAGE SOURCE

voLTAGE o~ C.1
| source ((¢) (9) METER
QUTPUT [N INPUT
| /—l-nqgl.
bt — T — — 7 e
PANEL

/— GUARD

METAL TEST BOX

Figure 5-1. Current Measurement Corrections Using
the Model 595 Voltage Source

5.2.2 Voltage Coefficients of High Resistances

High value resistances (above 10°Q) often exhibit substan-
tial variation in resistance with applied voltage. This
resistance variation is known as the voltage coefficient. The
Model 595 is an ideal instrument for obtaining data to deter-
mine voltage coefficients because of its built-in variable
voltage source and its highly sensitive current preamplifier.
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Two résistance measurements at different voltages are re-
quired to calculate the voltage coefficient. The resistances
are measured as described in Section 5.2.1. The voltage
coefficient, VC, in %/V can then be calculated as follows:

VC (%/V) = 100 (R2 - R1) / R1 (AV)

where: R1 is the resistance with the first applied voltage

R2 is the resistance with the second applied voltage

AV is the difference between the two apphed
voltages

As an example, assume that the following values are
obtained: ~

Rl = 101 x 10"

R2 = 1.00 x 100

AV = 5V
The resulting voltage coefficient is :

VC (%/V) = 100 (1 x 10% / 10 (5) = 0.2 %/V

Using the staircase waveform, a series of V,I data points
may be generated to calculate the resistance value and

‘voltage coefficient over a specific voltage range.

'5.2.3 IV Characteristics of Diodes

The Model 595 can be used to measure IV characteristics
of devices within the following ranges: current with 0.001pA
resolution to 200pA maximum, and voltage with 0.01V

-resolution up to +20V. Within these constraints, the Model

595 can be used to characterize diodes, including zener
diode references. An example curve of a 5.1V zener diode
(]N'?SI) is shown in Flgure 5-2.

The same precautions should be taken to ensure that pro-
per connections, cables and shields are used as described
in Section 5.2.1. See Section 3.6 for information regarding
setup, measurement and plotting of the IV data.
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+2, OE-04

-2, DE~04

+007. 00

KEITHLEY 595

-003.00

Figure 5-2. IV Characteristics of a Zener Diode (5.1V) IN751
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5.2.4 IV Characteristics of Transistors

Although the Model 595 is not a general purpose transistor

tester, it can be useful in measurements requiring only low

currents. Typical transistor IV measurements are those
necessary to plot the common emitter characteristics of a
bipolar transistor or the common source characteristics of
a FET. Setups for each of these measurements are described
in this section. The same principles apply to other semicon-
ductor IV characteristic measurements.

Common Emitter Characteristics: Data for common emit-
ter characteristics are generally obtained by setting the base
current (Iz) to a known value and measuring the collector
current (Ic) as the collector emitter voltage (Veg) is varied.
The circuit for this measurement is shown in Figure 5-3.
This process is then repeated for a number of base current
settings. Data may be plotted showing characteristics such
as those in Figure 5-4.

o e - MODEL 5%
[ SHIELD i
: : O INPUT
, ' BNC
| ; O GUARD METER
| lI { CURRENT)
c I
{ ]
1 '
a1 Rrep_ 8 ! ' O GUARD
1
MODEL . o..+___< — BNC ver § VOLTASE
220 L0 BLK [ , O BUTPUT SOURCE
CURRENT
souRce GNP ; (WHITE BINDING POST)
I
I
!
1
I

Figure 5-3. Connections for Bipolar Common-Emitter IV Characteristics

Ig=30nA

Ig=20nA

Ig=10nA

O T T T

4
Vee (VOLTS

l i
S 6
)

-] ]
o0 —
O —

10

Figure 5-4. Typical Bipolar Common-Emitter Characteristics

5-4



APPLICATIONS

In this example, a Keithley Model 220 Programmable Cur-
rent Source is used to supply the base current and the

e Al 1l n AAAdal BAOE jg r1ead & AT
vuua.sc source of the Model 59 is usea 1o ou.rv_t.u_y the col-

lector emitter voltage. Measurement of collector current is
made with the current function of the Model 595.

Note that the Model 220 OUTPUT COMMON and Model
595 GUARD terminals are connected to a low impedance
point in the circuit, so that only the (very low) Model 595
input bias current disturbs the reading. If either of these
terminals were tied to a high impedance point (such as the
meter input), common-mode currents could also be injected
into the drcuit. The voltage source supplies minus Ve to
the emitter of the transitor.

Common Source Characteristics: The procedure for
measuring the common source characteristics of a FET is

ailar da o b Aigricead A cakiiy 0 rfe
\rc;)‘ simuar o wne one Jual. Qiscussed. A STy o rlcxxullal

these measurements is shown in Figure 5-5.

Since a FET is voltage-controlled instead of current-
controlled, the input signal to the gate (Vgs) is supplied by
a Model 230 Programmable Voltage Source: The Model 595
supplies minus the drain-source voltage (Vps) with its
voltage source, and measures the drain current (Ip) in the
current function. The procedure is to set Vgs to specific
values and measure I, as Vps is varied. A graph of the data
will be similar to the one shown in Figure 5-6.

{SHIELD

QUTPUT SENSE
MODEL 230 = C

VOLTABE SOURCE o
COMMON SENSE

|
J

I

I

i

f

i

1
fie
85,
1

1

!

!

!

L

i

—-—=- . MODEL S9%5
! -0 INPUT
!
0 O GUARD METER
l] I { CURRENT)
D

I
! —————————————————
!
| O GUARD

, Vos t VOLTAGE
| O QUTPUT SOURCE
. O GUARD
| (WHITE BINDING POST)
H
1
|
[
1

Figure 5-5. Connections for Common-Source FET IV Characteristics

100

90 —
80 —

V65=0.75Y

70 —
60 —

(3 50

Vo5=0.5Y

40 —
30

Vg5 =0.25V

20 —
10 —

| [
4

N —

vps { YOLTS

|
5 6 10
)

Figure 5-6. Typica! Commb-n-Sod-r‘c.:; FET IV Characteristics
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Note that the same grounding and shielding rules should
be followed as in the previously described measurements.
Also, by using the staircase waveform of the Model 595 and
the digital plotter, curves can be easily generated. Note that
to plot current versus Vg or Vp, IEEE-488 code 45 shnuld
be used to invert-the voltage axis.

5.2.5 Low Level Leakage Current
Measurements

Many devices exhibit low level leakage currents that may
need to be characterized. Typically, such leakage currents
lie in the nA (107}, pA (107%), or even fA (107*%) range. The
Model 595 is an ideal instrument for such current
measurements because it can detect currents as low as 1fA.

An example of a low current measurement is a FET gate
leakage determination, shown in Figure 57. Although the
device manufacturer may specify the current value, it is
often desirable to verify the specification for a particular
sample of the device. In addition, the leakage current may
be specified at a different voltage bias than required. For
example, the specified leakage current might be InA with
an applied voltage of 25V, while the application may only
require 10V.

Advantages of the Model 595 in this measurement include
its digital plotter drive and built-in voltage source, which
can be used in the staircase waveform to automatically
generate plots of leakage current versus gate voltage. Note
that the delay time should be set long enough to allow the
device and the Model 595 to settle at each new voltage. The
Model 595 will settle within one reading in both capacitance
and current except on the 2pA and 20pA ranges, which re-
quire 2.5sec to settle to 1%.

A second example of low current measurement is that of
capacitor leakage. Once the leakage current is known, the

_ Insulation resistance can be calculated. Ideally, a capacitor

should have no leakage current, and thus infinite leakage
resistance. However, capacitors, like all practical devices,
are not ideal, so these parameters can become important.
The amount of leakage current in a given capacitor depends
on its dielectric as well as the applied voltage. Ceramic
dielectric capacitors typically have leakage currents in the
nA to pA range while MOS or polystyrene dielectric devices
exhibit much lower leakage currents—generally in the
femtoamp range. (These values are for test voltages around

1V

The basic configuration for the capacitor leakage test is
shown in Figure 5-8. The Model 595 voltage source is used
to impress a voltage across the capacitor, C. The resulting
leakage current is then measured by the Model 595 in the
current-function.

The resistor, R, is necessary to maintain stability and reduce
noise when large capacitances are measured. Typically a
value of about IM$ should be used. Refer to paragraph 3.13,
Measurement Considerations, for more information.

At the start of the test, the Model 595 should be placed in
the current function and on the 200pA range. The voltage
source is then programmed to the desired voltage, and the
waveform set to DC. Once a sufficient time has passed for
the capacitor to fully charge, the instrumentcan be placed
on the proper current range to make the measurement. The
charging time is commonly referred to as‘the soak time.
Typically, a soak time of 10(RC) i is sufficient. Once the test
is completed, the voltage source should be turned off to
allow the capacitor to discharge.
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Figure 5-7. Leakage Current Measurement
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~ — — —1SHIELD
. ] R Jct ’ If —»
' QUTPUT —VW—1 H 1 INPUT
R _

595 —— 595
VOLTABE —. o IN
SOURCE — CURRENT

GUARD GUARD

RECOMMEMDED R VALUES: <100pF-10oF M0

10nF-1F 100k

Figure 5-8. Capacitor Leakage Tests

5.3 APPLICATIONS OF THE CAPACITANCE
FUNCTION

The Model 595 has been optimized for the measurement -

of quasistatic capacitance. This measurement is mostcom-
monly made on silicon MOS capacitors. The following

discussion will thus focus primarily on MOS devices, |

however, much of the information presented can also be
applied to measurements of other types of capacitors.

5.3.1 Considerations for Capacitance
Measurements

The method used by the Model 595 to measure quasistatic
capacitance is described in Section 7, Principles of Opera-
tion. Basically, the method consists of applying a voltage
step across the capacitor under test and measuring the

charge step induced on the capacitor. From the voltage step-

applied and the charge step measured, the capacitance
value is determined according to the relation: AQ = C(AV).

To make a valid measurement of differential capacitance on

a MOS device, the voltage steps applied should be in the
small signal range of the device under test. The small signal
range is defined as the increment of voltage which is small
enough such that the capacitance of the device does not
vary significantly across the voltage increment.

Step.voltages selectable on the Model 595 are 0.01, 0.02, 0.05,
and 0.10V. Since full range capacitances from 200pF to 20nF
may be measured, the full range charge steps induced are
between 2pC and 2nC. From these charge measurements,

4% digit readings are calculated. Therefore, very small
charges, even as low as 0.1fC, can affect the capacitance
reading. Furthermore, since measurement delay time can
be varied from 0.07 to 199.99sec, leakage currents of
femtoamps or less can cause appreciable errors in the
capacitance measurement. To keep interference from stray
currents low, insulation resistance in the device under test
and the fixture must be kept-very high. Paragraph 5.2.1
describes the procedure for verifying insulation resistance.

When current flows in addition to the displacement charge
through the capacitor into the meter input of the Model
595, this current will cause an error in the capacitance
reading. If the current is constant during the measurement,

- and the current is measured using Q/t, then the error in

capacitance is given by:
Clerror} = (Q/t)(Step time) / (Step V).

The range of capacitance which may be measured is con-
sequently reduced by C(error).

Note that the capacitance reading can be corrected for the
effect of constant current error sources by the use of the
corrected capacitance feature. See paragraph 534 for
guidelines on the proper use of this feature.

5.3.2 Characterizing the MOS Capacitor in
Depletion and Accumulation

MOS capacitors come in many varieties, according to the

application for which they are intended. For simplicity, the

MOS construction assumed for this discussion will be a
silicon substrate, on which is grown a thin insulating film
such as Si0, , which in furn has a conducting gate material
deposited upon it. The capacitance of the device is
measured from an ohmic contact on the silicon substrate
to the conducting gate material. It is good measurement
practice to connect the gate to the meter input, since there
are typically fewer stray low impedance paths to other
signal sources at this terminal.

The capacitance of the MOS device is voltage-dependent
as illustrated in Figure 5-9. Three distinct regions of the CV

__curve are discernable: accumulation, depletion, and inver-

sion. In addition to the material presented here regarding
CV curves, many of the sources presented in the
bibliography, paragraph 54 describe regions of the CV curve
in detail.
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€ vs. V
' c
' ACCUMULATION |} INVERSION
B DEPLET 10N —

Figure 5-9. C vs. V Curve

In accumulation, majority carriers are attracted to the
Si-Si0; interface. Since the majority carrier density is much

higher than minority carrier density, the majority carriérs

determine the response of the device to a step in voltage.
The charge exchange which satisfies the AQ = C AV rela-
tion occurs at the interface, so the capacitance measured
is C,. , the oxide capacitance. C.. is determined by the area

of the gate, the thickness of the oxide, and the dleiect_nc___

constant of the insulating film.

In depletion, the majority carriers are repelled from the in-
terface creating a region depleted of majority carriers. This
is referred to as the depletion or space charge region. The
width of this region is determined by the number of im-
purity atoms which must give up majority carriers to satisfy
the charge exchange. The charge exchange occurs at the
edge of the depletion region. Effectively, then, there is a
depletion layer capacitance, Cp, in series with C,. , so that
the total capacitance is lower in depletion. Since the charge
exchange is dominated by this exchange of majority
carriers, device response in depletion is fast (even
microseconds or less).

The remaining MOS CV curve region, inversion, will be
discussed separately in paragraph 5.3.3.

To Measure C,.: Lift the probe or disconnect the device as
close to the device as possible. The capacitance measured
under this condition is the fixtitre offset. Press SUPPRESS
to make measurements relative to this value. The Q/t value
obtained will now be the fixture leakage. If significant fix-
ture leakage is suspected, it may be useful to measure Q/t
versus V in order to determine whether the leakage is
resistive or constant. Now connect the probe and bias the
device into accumulation. The value of the capacitance
measured at this bias is C,. . Often, a curve normalized t¢
C,. is desired, so thé C,, value would be stored as Cg. Then
when a curve is measured, using C/Cq will yield C/C,. .

Remember that the voltage source output is applied to the
substrate and the gate is at virtual ground. This means that -
the voltage source output is equal to minus the gate bias
voltage. Plotting with the Model 595 set to code 43 allows
the voltage axds of a digital plot to be inverted so that the
curve has the usual capacitance versus gate bias shape.

In accumulation or depletion, the capacitive displacement
charge will transfer long before Q/t is measured. Q/t will
therefore represent DC error currents from the fixture and

_ the device, such as oxide leakage. As with fixture leakage

alone, plotting Q/t versus V can be helpful in diagnosing
Dc error current sources. It is important to note the level
of DC error currents in depletion and accumulation for later
use in determining conditions for equilibrium measurement
in the inversion region.

5.3.3 Characteﬁzing the MOS Capacitor
_in Inversion

In inversion, majority carriers are depleted from the 5i-5iO,

-interface as in depletion. However, once the Ferrm level at
. . the interface reaches the intrinsic Fermi level, a layer of

minority carriers will begin to form at the interface. For-
mation of the layer is usually dependent upon charge
transfer through traps in the depletion layer at room
temperature.

This process can be modeled as a generation conductance
(G,.) in series with an inversion layer capacitance C,. The
series combination is then in parallel with the depletion
capacitance, as shown in Figure 5-10. C, is much larger than
Cp, so that, given sufficient time to respond, C, will
dominate the response and C, will be unaffected. The in-
version layer time constant will be on the order of
milliseconds to tens of seconds, depending on the device.

Cox
ACCUMULATION: o—i —o
Cox Co
DEPLETION: o—
Cox Cbp
INVERSION: 0—{ l—tlm
C: Ge&R

Flgure 5-10. Equivalent C:rcu:ts of the MOS
; Capacltor
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A direct observation of the charging of C,can be made using 439

the inversion decay programn below:

12 1
20

38

48 |

50 .
=14
70

89 |

98

108
110
120
130
148
T$

158
160
170
180
159
2008
219
220
2328
249
250
268
278
280
232
380
319
320
330
340
350
360

1
I
!
!
[
1
i
{
|

THIS PROGRAM IS USED 70
OBSERVE THE RESPONSE CF
& CAPACITOR TO A STEP

IN VOLTAGE. Q/t MONITORS
THE CHARGING CURRENT

FOR 10® SECONDS AND PLOTS
Dofrpirpd e eetd

DIM CC198),D(120),7(102)

DIM AB[3E]

CLEAR

DISP “INPUT OPTIONAL TITLE";@ INPUT

DISFE “INPUT NEW UOLTAGE":
INPUT U1

! ONE @/t READING

I 15 TAKEN EACH SECOND.

¢ DELAY TIME-OF ©.43 SEC

| ALLGWS FOR HP-85 TIME

i AND 2 STEPS PER RDG.

| 585 IEEE ADDRESS IS 28
DISP “SECONDS" ,"{/t"

QUTPUT 728 ;"F@Z@I.43W!Q1G1T4X"
ENTER 728 ; C,V.D

D(@)=D @ T{B:)=0

| NEW UOLTABE IS SENT HERE
QUTPUT 728 ;"V"BVALS(V1)&"X"
FOR X=1 TGO 100

ENTER 728 ; C,V.,D

D(Xi=D @ T{X)=X

BISP T(X),D{(X)

NEXT X

I PLOT ROUTINE-

GCLEAR @ CLEAR

DISP "PLOTTER ADDRESS(1 FOR CRT)";@

INPUT P
370 DISP "INPUT LOW Q/% ,HIGH Q/t FOR GRA
PH":@ INPUT R@.,.R1

3806
350
400
416
428@
430
446
450
46@
Xs5@
470

PLOTTER IS P @ PEN 1

SCALE 2,100 ,R0,RI

IF P>t THEN 45@

PRINT T$

PRINT "“HIGH="3;R1+1200000000; ‘nA"
PRINT "LOW=";R3+100080000003; " nA"
PRINT "Q/t VS. t FOR 1@@ SECONDS®
PRINT “NEW VOLTABGE IS ";Vi;"VOLTS®
DISP "INPUT Y TO PLOT GRID";@ INPUT
IF Xg<>"Y" THEN 538

FOR Y=R® TO R} STEP (R1-R@:/10@

" BZ@

XAXIS Y

NEXT Y

FOR X=0 TO 1@@ STEP 1@
YAXIS X

NEXT X

I PLOT @/t VS t FOR 1 STEP
MOVE @,D(3)

FOR X=1 TO 100

DRAW T(X),DOX)

NEXT X
PEN @
IF P
6RAPH
cory
PRINT @ PRINT. @ PRINT @ PRINT
CLEAR
DIspP

430
500
510
520

530
540
550
560
570
580
590
500
510

THEN 630

638

548 “TYPE 'D’ IF DONE WITH TESTING®

38 INPUT X8
- B5@ IF X$<>'D" THEN 150

EB@ DISP "DONE"
§70 END

~ The program applies a new voltage to the device in the DC
waveform and monitors the charging response using Qft
for 100sec. As C; charges, current flows through G, and-

" is mieasured by Q/t. When Q/t has settled to the DC leakage

level of the system, C; has fu]ly cha.rged and equﬂ:bnum

has been achieved.

The decay observation can be used with a small voltage step
to find the delay time needed for an equilibrium square
wave capacitance measurement. It can also be used when
first biasing the device into inversion to determine when

__the device has equilibrated to the new bias voltage before

beginning measurement. The device response to a large
change in bias voltage in inversion can be accelerated by
exposing the capacitor momentarily to light. The light
generates a large number of carriers at the edges of the gate

" which contribute to the inversion layer charge, circumvent-
- ing G, and the long time constant.

5.3.4 Determining Delay Time for Equilibrium
Measurement

__ The delay time necessary to obtain an equﬂfonum measure-
. ment is a key parameter of the MOS characterization. This

value can be determined for either the square wave or the
staircase waveform. The criteria used to identify equilibriumn
are:
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1. The quasistatic capacitance value in the inversion region
rises from the depletion value to approach C,.

2. The value of Q/tis at the DC leakage level of the system,
indicating that at the end of the capacitance measure-
ment the device has compileted its charging response to
the voltage step.

Using the square-wave waveform with the voltage source
set to bias the device into inversion, the delay time can be
varied for a specific size and polarity of step V to find the
minimum value which will meet the above criteria. A pro-
gram automating the search for equilibrium is presented
below. The program will plot both C and Q/t versus delay
time as the delay time is varied. Figure 5-11 shows an ex-
ample plot. Corrected capacitance may be used to cancel
the effects of leakage, but the results must be carefully in-
terpreted. Any corrected capacitance readings taken when
non-equilibrium Q/t flows will be invalid quantitatively.
Paragraph 5.3.5 will describe use of corrected capacitance
further.

In order to make an equilibrium staircase capacitance
measurement, the delay time must also be long enough
s0 that the accumulated residual decay of past steps is
negligible. Otherwise, the level of equilibrium will actually
decrease as the staircase proceeds. See paragraph 5.3.5 for
a discussion of non-equilibrium in the staircase waveform.

19 b pppsbvbbabLni i Erily

20 ! CRQ/t US. DELAY TIME PROG

= RN R R RN S NS NN RN

40 ! THIS PROGRAM IS USED TO

S@ !t MEASURE C & Q/t WITH A

B2 | SQUARE WAVE-WHILE VARYING

70 ! DELAY TIME AND PLOT DATH.

8 b 1riiv iR AL .
9@ IMAGE DDD.DD,2X ,D.DOODE,2X,0.0DDE

162 DIM C(182),Q(100),7(108)

119 DIM AS[35]

120 CLEAR

130 DISF “INPUT OPTIONAL TITLE":

140 INPUT 73

15@ QISP “INPUT Tmax";

160 INPUT 70

178 QUTPUT 728 ;"FBIOPOWZGIT4X"

180 PRINT T$ @ PRINT '

18@ PRINT * DELAY CAPALCITANCE Q71"
208 FOR X=% TO 20 o ' T
219 T=TO» 119" ({X-10)/18"

220 IF T7<.@7 THEN T=.07

230 IF T>19%8.89 THEN T=189.8%

249 QUTPUT 728 ;" "I"RVALS(TI&"X"

250 WALT 10@@+T+iG00

269 ENTER 728 ; C,V.,Q

278 PRINT USING 9@ ; T,C,Q

28@ C(X)=C & Q{X)=Q @ T{X)=T7
290 NEXT X

@@ | PLOT C V5

310 GCLEAR @ CLEAR

320 DISP “PLOTTER ADBRESS(1!1 FOR CRT)“;

330 INPUT P

1400 IF P<31

34@ DISP "INPUT LOW C HIGH C FOR GRAPH";

350 INPUT C@,Ct

360 DISP "INPUT LOW Q/t ,HIGH @/t FOR GRA
BH"

370 INPUT Q0 ,Qt

388 PLOTTER IS P 8 PEN |

790 SCALE 0,70 ,C0,Ct

THEN 4EQ

419 PRINT B PRINT “LOW C=";CO*1.E12;"pF"

4Z@ PRINT "HIGH C=";Ci*1.E125"pF"
430 PRINT "LOW Q/t=";02+1000000200; "nA"
440 PRINT "HIGH Q/t=";Q1+i100008600G; "nA"

450 PRINT @ PRINT "MAX DELAY TIME ON PLO
T="5T0;"s" N ”

460 GISP "INPUT Y TO PLOT GRID™;

47@ INPUT X$@ IF X$<>"Y" THEN 5B0

480 1 PLOT 6RID

490 FOR Y=C@ TO Ct STEP (C1-C@)/1@
500 XAXIS Y

S1@ NEXT Y

520 FOR X=0 70 T@ STEP T0/10@

530 YAXIS X

540 NEXT X o

S5@ | PLOT C VS DELAY TIME— -

578 IF P>

SE@® MOVE T(13,C01}

" E7( FOR X=2 TO 20
~ 580 ORAW T(X),C(X)

589 NEXT X

ge@ | PLOT Q/t VS DELAY TIME——
618 SCALE 2,70 ,30,Q! '
B2@ MOVE T(1),Q¢1

638 FOR X=2 TO 20

B4@ DRAW T(X),Q(X)

6568 NEXT X

650 PEN @

THEN 720
E80 GRAPH

_ 68¢ COPY

720 PRINT @ PRINT ® PRINT & PRINT

710 CLEAR e . _
720 DISP “TYPE *D' IF DONE WITH TESTING"

38 INPUT X8

730 IF X$<>°D" THEN 130
740 DISP “DONE”
75@ END
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Figure 5-11. Recognizing Equilibrium Using C and Q/t vs. Delay Time:
Inversion: Substrate Voltage = +8V, Squarewave Test Signal = +0.02V
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5.3.5 MOS Non-equilibrium and Proper Use of
the Corrected Capacitance Program

The corrected capacitance feature corrects for errors in
capacitance measurements due to stray currents which are
constant during the measurement. It combines capacitance
and Q/t readings based on the assumption that Q/t is due
to DC currents only, and generates a corrected capacitance
reading. If Q/t is not solely due to DC currents, as when
the device is in non-equilibrium, then the assumption is
false and erroneous corrected capacitance readings will
result.

Figure 3-3 shows the charge waveform of the device under
test and the three charge measurements which are made
on that waveform. From the three determinations of charge,
the quantities of capacitance, Q/t, and corrected capacitance
are calculated according the the equations presented in the

figure.

A dramatic example of the magnitude of capacitance error

which can be corrected for is shown in Figure 5-12. Tt shows

the corrected and uncorrected curves of a 98.8p¥ polysty-
rene capacitor connected in parallel with a 100G resistor.
The curve was generated by taking one 0.10V step every
0.10sec. The slant of the uncorrected curve would affect any
quasistatic CV. curve, including those generated by the
ramp or QV methods. Without correction, the error

dominates the measured curve. The corrected curve,

however, shows no observable effect of the resistor on the
measured capacitance.

Another example of the proper use of the capacitance cor-
rection program is presented in Figure 5-13 (Equilibrium
curve). This curve was generated from a MOS capacitor
having n-type silicon and long lifetime (10-15usec). To il-
lustrate the very slow staircase practical with the Model 595,
the curve was measured over a 5%z hour period, taking one
0.05V step every 100sec. The capacitance has been corrected
for leakage, normalized to 195.16pF using C/Cg, and filtered
using Filter 2.

An example of nonequilibrium is shown in Figures 5-13. The
curves were taken on the same device as used for
equilibrium, but with a much faster staircase. Step V was
0.05V and delay time was 0.5sec. .

The bottom graph illustrates that when staircasing towards
inversion, the device is not in equilibritm. When a voltage
step is applied across the device, C, initially supplies the
charge necessary to satisfy the AQ = C AV relation. Then
C,, which is larger, gradually charges through G,,, allow-
ing C, to return fo its previous state. If C; néver has time

tocharge, then repeated steps drive the capacitor into deep
depletion. Deep depletion is simply the effect of changing
the gate bias so quickly from the depletion region to the
inversion region that the inversion layer cannot appreciably
build up and C, satisfies the majority of charge exchange.

With each step, the space charge region grows wider, C,
grows smaller, and the measured capacitance decreases.

The curve in the bottom graph of Figure 5-13 for a staircase
from inversion back toward depletion shows a response
resembling equilibrium. From the Qft curves of the top
graph, however, it is apparent that this is not an equilibrium
curve, since current is still flowing. The current flowing is
attempting to charge C,. Since that process is still ongoing
with each voltage step, it is apparent that C, must be pro-
viding the initial charge exchange. During each step toward
depletion in which C, must supply charge that C, cannot,
the depletion width is reduced. This is observable on the
right-side of graph A as a gradual rise in capacitance to C,..
When the capacitance has returned to C,., the depletion

width has been reduced to so little that Cp in series with
C.. is approximately C... As the voltage bias nears deple-
tion, the conditions that allow inversion to occur {and allow
C, to remain charged) cease toexist. G, will increase,
discharging C,, and the curve will merge with the normal
depletion curve.

Notice that the value of Q/ft is lower for the staircase toward
inversion than for the staircase from inversion toward
depletion. This illustrates that G,. is direction dependent:-
The reason is that different processes are responsible for
the charge exchange depending on the staircase direction.
The process involved when changing bias from inversion
toward depletion is faster, so the effective value of G,, in
that- direction is lower.

The top graph of Figure 5-13 shows the Q/t vs. V curves
for the same staircase. It is clear from these curves that
neither direction of the curve is a true equilibrium measure-
ment-because the level of Qft rises from the DC leakage
level of the system in inversion. The higher level of Q/t in
the direction from inversion toward depletion agrees with
the hypothesis that G,, is lower in this direction.

Figure 5-14 shows what happens when the corrected
capacitance program is inappropriately used on this curve.

- It is improper to use correction in this case because non-

equilibrium currents are being measured by Q/t in inver-
sion. When the Q/t value is used to generate the corrected
capacitance value, not only the error capacitance due to DC
leakage currents, but also the effective capacitance due to
the current flowing through G,, is subtracted from the
capacitance reading. The result is an erroneous and mean-
ingless corrected capacitance curve.
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Figure 5-12. Corrected and Uncorrected CV Curves of a Simulated Leaky Capacitor
C(corrected) = C—(Q/t)}(Step Time)/(V Step)
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Figure 5-13. Recognizing Equilibrium Using C vs. V and Q/t vs. V
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Figure 5-14. Misuse of Corrected Capacitance Program on Non-Equilibrium Curves
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5.3.6 Comparison of the Feedback Charge
Method with the Traditional Ramp Method

The traditional ramp method of measuring quasistatic
capacitance originally proposed by Kuhn, Castagne, and
Kerr (see Bibliography, paragraph 54) has been used ex-
tensively for MOS characterization. In the ramp method,
shown in Figure 5-15, the device under test (DUT) is con-

nected between a linear ramp generator, dV/dt, and afeed-

back current amplifier. The current flowing through the
DUT is thus measured by observing V... . If the DUT were
an ideal capacitor, this current would be the capacitor
displacement current: I = C/(dV/dt).

For a capacitance of 100pF and a ramp rate of 0.1V/sec, a
current of 10pA would be measured. Of course, for an ac-
tual MOS capacitor, any additional current due to leakage
or non-equilibriurn behavior would also be measured. The

inability to distinguish between displacement current and -

other currents is a major limitation of the ramp method
when the DUT or the system has significant leakage or
when the ramp rate is very low.

The ramp method has several other limitations. The circuit
is that of a differentiator. This means that any noise appear-
ing across the DUT will be amplified by a gain of (27fC.R;).
The frequency dependence of this gain makes the measure-
ment particularly susceptible to interference that has high

shown in Figure 5-16. Typical signal frequencies with this
circuit are very low (below 1Hz). At these low frequencies
the gain of the ramp method circuit decreases, further
reducing the signal to noise ratio of the measurement. Also,

feedback resistors needed to amplify low currents must be
extremely large, perhaps 100G or more. Resistors this large
have poor temperature stability, high Johnson voltage noise,
and long time constants when combined with the capaci-
tance necessary to stabilize the circuit. Accuracy of the ramp
method is limited by these and other effects to approxi-
mately 1 to 5% at low ramp rates.

The measurement method used by the Model 595 avoids
many of the limitations of the ramp method and thereby
achieves a more accurate measurement of quasistatic
capacitance. Figure 5-16 shows some of the feedback charge
method properties. With this method, a signal charge is
measured, instead of a signal current as in the ramp
method. Currents flowing into the integrator in addition
to the signal charge can be measured independently us-
ing Q/t. The capacitance measurement can be corrected for
the effect of error currents when it has been determined
that the current is not due to non-equilibrium in the DUT.
To correct for leakage with the ramp method, multiple
curves would have to be taken using different ramp rates.

-If the conditions under which sequential curves are taken

are sufficiently repeatable, then the DC currentcould be
separated from the true signal current by solving
simultaneous equations.

In the frequency range‘of interest, the circuit of the feed-
back charge method is not frequency-dependent. This is

frequency components. A graph of gain vs. frequency is iltustrated in Figure 5-16. The ratio of signal gain to noise

gain for the drcuitdoes not decrease when long delay times
are used. Long delay times in the feedback charge method
are roughly analogous to low ramp rates in the ramp
method. '
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Figure 5-15. Comparison of Quasistatic CV Methods
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Figure 5-16. Frequency Response

5.3.7 Comparison of the Feedback Charge
Method with the Static or Q-V Method

A method of measuring capacitance has been suggested
by Ziegler and Klausmann, and expanded upon by
Nicollian and Brews (see Bibliography, paragraph 54}. This
is known as the static method or the QV method. A
diagram of the circuitry for this method is shown in Figure
517. As in the feedback charge method, one terminal of the
DUT is connected to a DC voltage source capable of being
incremented by AV. In this case, the other terminal is con-
nected to a known capacitance C,, whose value is indepen-
dent of applied voltage. The DUT (C.) and C, form a
capacitive divider. The midpoint of the divider is monitored
by a high input impedance buffer. The voltage at the out-
put of the buffer is therefore an indication of the charge
on C,, because AV,.. = AQ / C,. A delay time must be
allowed between application of the voltage step and
measurement of V... to allow the DUT to come to equili-

brium. Just as in the feedback charge method, the value
of C, is determined knowing AQ and the step AV: simply,
C. = AQ / (AV ~ AV,..).

The feedback charge method and the QV method both
determine capacitance by measuring the transfer of charge
in the DUT in response to an increment in bias voltage.
1t is the way in which charge is measured that distinguishes
the two methods. The voltage buffer used in QV must have
high input impedance and low input bias current. ¥or in-

- stance, if a 0.1V step is applied across a series combination

of C, and C, totaling 100pF, a 10pC charge is transferred.
If 100sec is required for C, to come to equilibrium, then a
leakage current of 1fA would cause a 1% error in the result.
In addition, if the resistance in paraliel with C. (such as
the buffer input resistance) were 100,000G2, the bleeding
of charge off C, would cause a 1% error for a 100sec delay.
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Figure 5-17. Comparison of Quasistatic CV Methods

Not only resistance, but also capacitance in parallel with
C,, such as the buffer input, cables, or fixturing will cause
errors. The capacitance of a typical buffer input and one
meter of coaxial or triaxial cable would be over 100pF. It can
be difficult to reliably correct for this capacitance, although
partial correction can be accomplished through guarding
the input with V... .

The use of the capacitive divider has other disadvantages.
Because the increment in bias voltage is shared between
C. and C,, the step measured in the buffer V... is smaller
than the bias step. This imposes a tradeoff in choosing C,.
If C,<<C,, then the increment across C, is small, so the
charge transferred is small. Most of AV appears across C,
s0 V... is easier to measure, but this means that errors
caused by the buffer input impedance are greater. If C,>>C;
then nearly all of AV appears aczoss C., so more charge
is transferred. The voltage change across C, is small, which
reduces buffer requirements, but the change in V... may
consequently be only microvolts, making measurement dif-
ficult. Usually, C, is chosen to be nearly equal to C..

The feedback charge method, as the name implies, uses
a feedback charge amplifier. The amplifier must still have
low inputturrent, but the requirement for high input
resistance and low input capacitance is greatly reduced. The
voltage at the input of the charge amplifier is now only V...
divided by the open loop gain of the amplifier Ao, (typically
100,000 or more). The voltage across the resistance and
capacitance on the input is thereby reduced from volts to
microvolts. This allows a significant simplification of fix-
ture requirements in areas such as probes, connectors, and
cables.

The DUT is referenced to the virtual ground input of the
charge amplifier, so all of the bias voltage step appears
across the device. This gives tighter control of the voltage
applied to C.. It also allows the value of C; (analogous to
C. in Q) to be chosen to optimize gain, without affecting
the voltage increment across C.. C; can then be chosen, for

.Instance, to give a gain  of 10 or more, instead of the typ:cal 7

0.5 in QV. Higher gain relaxes requirements on the circuitry
monitoring V... , yielding more stable and less noisy results.
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VERIFICATION

6.1 INTRODUCTION

The procedures outlined in this section may be used to
verify that the instrument is operating within the limits
stated in the specifications at the front of this manual. Per-
formance verification may be performed when the instru-
ment is first received to ensure that no damage or misad-
justment has occurred during shipment. Verification may
also be performed whenever there is a question of instiu-
ment accuracy, or following calibration, if desired.

NOTE
If the instrument is still under warranty (less than
one year from the date of shipment), and its per-
formance falls outside the specified range, contact
your Keithley representative or the factory to deter-
mine the correct course of action.

6.2 ENVIRONMENTAL CONDITIONS

Accuracy checks should be made at 18° to 28°C and at less
than 70% relative humidity. However, if the input current
is to be checked, do so at 23°C, +1°C.

6.3 INITIAL CONDITIONS

The Model 595 must be turned on and allowed to warm
up for at least two hours before beginning the verification
procedures. (NOTE: Wait at least eight hours before attemp-
ting input current verification procedures.) If the instru-
ment has been subject to extremes of temperature (outside
the ranges specified in paragraph 6.2), additional fime
should be allowed for internal temperatures to reach nor-
mal operating temperature. Typically, it takes one additional
hour to stabilize a unit thatis 10°C (18°F) outside the
specified temperature range.

NOTE

While rated accuracy is achieved after the two hour
warm up period, input bias current may require ad-
ditional time to come to its optimum level. Allow
two hours for input bias current to settle to less
than 1A and eight hours to less than 5fA. |t is
preferable in sensitive applications to leave the unit
on continuously.

6.4 RECOMMENDED TEST EQUIPMENT

Table 6-1 lists all test equipment required for verification.
Alternate equipment may be used as long as the substitute
equipment has specifications at least as good as those listed
in the table.

RESISTOR

®

TO AVOID CONTAMINATION, DO ROT
TOUCH BODY OF RESISTOR. AFTER
ASSEMBLY, CLEAN ENTIRE FIXTURE
WITH METHANOCL.

®

—

NOTE:

+>
T0 DC

CALIBRATOR

AN
Vs

o—\W—o——7—
T0

595 INPUT

v
~

PARTS LIST

SHIELDED BOX. POMONA P/N2909.

BNC COMNECTOR, KEITHLEY P/N (544,
TWD BANANA JACKS., KEITHLEY P/N BRIL.
BNC CABLE (NOT SHOWN), KEITHLEY

MODEL 480!. NECESSARY TO CONNECT
FIXTURE T0O 595.

N
. v s e

Figure 6-1. Test Fixture Construction,

6-1



PERFORMANCE VERIFICATION

Table 6-1. Recommended Test Equipment for Performance Verification

Description Specifications Manufacturer and Model
DC Calibrator 0.19V, 1.9V, $0.002% | Fluke; 343A
5%z Digit DMM +0.015% DC Accuracy | Keithley; 197
Terachmmeter 100MQ, +0.035% Guildline; 9520
1GQ, +0.05%
10GQ, +0.07%
100G2, +0.08%
Resistor 100MQ, +1% Keithley; R-289-100M
Resistor 1G2, +2% Keithley; R-285-1G
Resistor 10G2, +0,-2% Keithley; R-319-10G
Decade Resistor 1002-10MQ, +0.03% ESL; DB-62
Characterized Capacitors 18nF, 1.8nF 180pF Keithley; 5955
Shielded Test Box See Figure 6-1. . :
BNC Cable Keithley; 4801 (supplied with 595)
BNC to Banana Plug Adapter Pomona; 1269

NOTE
The vetification limits in this secton do not include
test equipment tolerance.

A shielded test fixture will be necessary for the current
verification procedure. Construction of this shield is il-
lustrated in Figure 6-1.

6.5 VERIFICATION PROCEDURES

The following paragraphs contain procedures for verifying
instrument accuracy of the current and capacitance func-
tions including Q/t. Procedures to verify the input current
and internal voltage source accuracy are also included..
These procedures are intended for use only by qualified
personnel using accurate and reliable test equipment. If the

instrument is out of specification, refer to Section 8 for -

calibration procedures, unless the unit is still under
warranty.

WARNING

The maximum common mode volitage (voltage
between GUARD [input low] and chassis ground)
is 30V. Exceeding this value may create a shock
hazard. Some of the procedures in this section
may expose you to dangerous voltages. Use
standard safety precautions when such
dangerous voltages are encountered.

CAUTION
The maximum voltage between the INPUT and
_GUARD terminals is 30V. Instrument damage
may occur if this value is exceeded.

6.5.1 input Current Verification
Perform input current verification as follows:

NOTE
The following procedure must be performed at an
ambient temperature of 23°C, +1°C.

. Disconnect-all cables from the Model 595 input.

2. Place the input cap supplied with the instrument on the
METER INPUT BNC connector.

3. Select the CURRENT function and the 20pA range. Then
enable ZERO CHECK and perform zero CORRect.

4. Using Program FILTER, select Filter 3.

5. Disable ZERO CHECK and allow the reading to stabilize .
(typically one minute).

6. Verify that the display reads 0.000 +6 counts.

—
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6.5.2 Current Verification

Perform current verification as follows:

1. Enable ZERO CHECK and select the CURRENT func-
tion.

2. Select the 200pA range and Filter 3. _

3. Connect the DC calibrator and decade resistance box
to the instrument as shown in Figure 6-2. '

4. With ZERO CHECK still enabled, verify that the display
reads 00.00zA +1 count. If not, perform CORRect.

5. Apply the correct input by setting the DC calibrator and
decade box to the values listed in Table 6-2.

6. Disable ZERO CHECK. Check to see that the reading

“is within the limits listed in Table 6-2.

7. Repeat the procedure for the 200nA -20pA ranges, as
listed in Table 6-2. Be sure to set both the decade box
and DC calibrator to the values listed.

8. Using the terachmmeter, measure the actual value of
the 100MQ resistor and record its value in the ap-
propriate space in the table.

Table 6-2. Limits for Current Verification

Verification| DC Calibrator* Resistance Allowable Reading
Range | Current Voltage Value* (18°C to 28°C
200A. 1901A 19.000V 100k2 18980 to 190.20
20uA 19uA 10,000V MO 18977 to 19.023
2pi 1.9:A 19.000V 0MQ 18980 to  1.9020
200nA 190nA 1.900V 10MQ 189.77 to 190.23
20nA 9nA | (L9V) | (100MD) 18.952 to 19.048
nA 19nA [(L9Vy (G 1.8947 to  1.9053
200pA 190pA. | (L9V) — (1I0G2)____ | 18713 to 192.87
20pA 19pA (L9V)y ____ |(100GQ)____ | 18701 to 19.299

*Values in parenthesis are nominal values. See text for methods to determine

these values.
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Figure 6-2. Setup for Current Verification (200nA to 200,A Ranges)
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NOTE 11. Place the instrument on the 20nA range and enable
Do not touch the body of the resistor to avoid con- . . ZERO CHECK. Verify that the display shows 0.000nA
tamination which could give erroneous results. +1 count. If not, perform CORRect.

12. Mount the 100MQ resistor in the shielded fixture (con-
o struction is covered in Figure 6-1) and connect the fix-
9. Calculate the actual calibrator voltage by muitiplying the ture to the instrument, as shown in Figure 6-3.

measured resistor value by the calibration current for 13 Dpicable ZERO CHECK and verify that the reading is

that range. For example, if the actual resistance is 99M, ithin the limits oi in Table 6-2. Enabl
the required calibrator voltage is V=(99 x 10°) gII_IECK.he limits given in Table 6-2. Enable ZERO

gi x ) = 1881V. Write the calculated value in Table 14. Repeat steps 8 through 13 for the 20pA - 2nA ranges.

For each range, measure the actual resistor value and
calculate the calibration voltage using that value along
with the required calibration current.

10. Set the calibrator voltage to the exact value obtained in
step 9.

]
e —)

ﬁ_.-"_ -
RESISTOR e

SHIELDED FIXTURE
(SEE FIGURE &-1)

Sere OIoI0I0I0I0I6 "

0 0 0

L/ DC CALIBRATOR

—— SHORTING LINKS
CONNECTED

SHORTING LINK—/ MODEL 595
DISCONNECTED

Figure 6-3. Setup for Current Verification (20pA to 20nA Ranges)
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6.5.3 Q/t Verification

Perform the following steps to verify Q/t:
1. Place the Model 595 in the capacitance function, 2nF

range, setdelay time to one second, step voltage to 0,1V

squarewave, and then select the Q/t display.

2. With a capped input, verify that the display reads .0000
nA 42 counts.

3. Using the techniques used to verify the 200pA current

range (see previous paragraph), apply 190pA to METER
INPUT.

[

. Verify that the display reads .1900 nA +21 counts.

5. Reverse the polarity of the current source and verify that
the display reads —.1900 nA 121 counts.

6.5.4 Capacitance Verification

Capacitance verification consists of connecting capacitors
with known measured values to the input and checking
that the readings are within allowable limits. The Model
5955 is a set of characterized (measured) capacitors that can
be used for verification . Before using the capacitors, make
sure that the data for re-characterization has not passed.

The characterization procedure for the Model 5955 can be

found in its instruction manual.

The capacitance limits used for verification are derived from
the accuracy specifictions applied to the actual (not nomi-
nal) values of the capacitors. Thus, the capacitance limits
must be calculated by the technician. Table 6-3 is provided
to simplify these calculations. Perform the following pro-

cedure todetermine the capacitance limits for the character-
ized capacitors: :

1. Using a pencil, record the reported 1kHz values of the
Model 5955 characterized capacitors in Table 6-3 in the
column labeled “Reported Capacitance Value”. The

— mominal values of the capacitors are in parenthesis.

2. To determine the allowable readings, complete the table
be performing the indicated mathematical operations.

3. Transfer the calculated allowable readings to Table 6-4.

After determing the capacitance limits, the capacitance
verification procedure can be performed. Using Table 6-4
as a guide, perform the following procedure to verify
capacitance:

1. Place the Model 595 in the following state: Capacitance
function, 20nF range, filter 2, 00.10V squarewave step
voltage, and 00.20 second delay.

2. Place the supplied cap on the METER INPUT connector.

3. Disable ZERO CHECK (if on) and enable SUPPRESS if
thedisplay is not zeroed.

4. Remove the cap and connect the 18nF (nominal) capa-

-citor directly (no cables) to the METER INPUT and
VOLTAGE SOURCE OUTPUT connectors of the
instrument. . : ..

5. Verify that the reading is within the range of readings
recorded in the table.

6. Repeat the above basic procedure for the rest of the range
entries in Table 6-4. Each table entry defines the instru-
ment setup (RANGE, FILTER, STEP V, delay), input and
allowable reading.

Table 6-3. Determining Capacitance Limits

"Allowable Readings
Range Reported Capacitance Valie Minimum | Maximum
200F | (18nF) ______ x 0994 _.— 0.002nF
20nF | (80F) . x 1006 +  0.002nF
2nF | (18nF) ____ x 0992 = - 0.0002nF
2nF [ (18nF) ____ x 1008 = + 0.0002nF
200pF* | (180pF) ____ x.. 099 =. ___ = O001pF =
200pF* | (180pF) ________ x 101 = +  0010pF =
200pF* |(180pF) _______ . x 099 = _ . — 0020pF =
200pF** | (180pF) . x 101 = + 0020pF =

*For Step V of 00.10V.
**For Step V of 00.10V.
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Table 6-4. Capacitance Verification

Nominal
Capacitance Delay | Allowable Readings*
Range Value Filter{ StepV Time (18° to 28°C)
20nF 18nF 2 00.10 SQ | 00.20 S to
2nF 18nF 2 00.10 SQ | 00.20 5. to
2nF 18nF 2 0005 5Q | 00205 to
2nF 1.8nF 2 0002 5Q | 00.20S to
2nF 1.8nF 2 00.015Q | 00205 to
200pF 180pF 3 00.10 SQ | 00.20 5 to
200pF 180pF 3 0001 SQ | 00.20S to
*Obtained from Table 6-3.- - - --
6.5.5 Voltage Source Verification Table 6-5. Limits for Voltage Source Verification
Use the following procedure to verify that the Model 595 -
Voltage source is within tolerance. Programmed AHOW&blE DMM Reading
Voltage {18°C -28°C)
1. Connect the DMM (see Table 6-1) to the VOLIAGE
SOURCE QUTPUT connector, as shown in Figure 6-4. 00.00V - 0010 to 0010
2. Select an appropriate DCV range on the DMM. Alter- 00.50V . 0489 to 0.511
nately, place the DMM in autorange, if desired. 01.00V 09838 to 1.012
3. Press the DISPLAY SOURCE button to view the voltage 05.00v : 4.980 to 5.020
source value and turn on its output by selecting the DC 10.00v 9.970 t0.10.030
waveform. ' 15.00V 14.960 to 15.040

4. Using the voltage source ADJUST buttons, set the 2000V —— 19.950 to_20.050

voltage source output to 00.00V.

5. Verify that the voltage source value is within the limits
stated in Table 6-5.

6. Repeat steps 4 and 5 above with the remaining voltages
listed in Table 6-5.

7. Repeat the procedure for negative voltages of the same
amplitude listed in the table.

6-7



PERFORMANCE VERIFICATION

BNC T8
BANAKA PLUG ADAPTER
(POMONA 1296)

oo |

co

C 0 €0000000G00

MODEL 197

VOLTAGE )
SOURCE
gutpPUT © O ©
® © 00 © o
' ®|
4/

MODEL 595

Figure 6-4. Setup for Voltage Source Verification

6-8




SECTION 7
THEORY OF OPERATION

7.1 INTRODUCTION

This section contains an overall functional description of

the Model 595 in block diagram form as well as details of
the various sections of the instrument. Information con-
cerning the voltage source, preamplifier, X10 amplifier,
mulitiplexer, —2V reference, A/D converter, digital, analog
output and main power supply circuitry is included.

Information is arranged to provide a description of each
of the functional blocks within the instrument. Many of
these descriptions include simplified schematics and block
diagrams. Detailed schematic diagrams and component
layout drawings for the various circuit boards are located
at the end of Section 9.

7.2 CV MEASUREMENT METHOD

The Model 595 uses the feedback charge method for mak-
ing CV measurements. As shown in Figure 7], one terminal

of the capacitance to be measured (C,) is connected to the

voltage source and the other end is connected to the input
of the feedback charge amplifier (integrator). Initially, the
feedback capacitor (C)) of the integrator is discharged by
closing swiich S in parallel with it. When the measurement
is ready to begin, S is opened. Any charge transferred to
the input of the integrator will now cause a change in the
integrator output as follows:

MV = -AQIC,

The voltage source is then changed by a small amount (dV)
causing a charge to to be transferred to Cx. The charge on
Cx is proportional to the voltage change (dQ = CxdV). The
charge is then applied to the integrator and causes a voltage
change at its output. The charge on the feedback capacitor
is determined by measuring the integrator output before
and after the voltage source step and making the follow-
ing caleulation: : :

AdQ = -CAV,.,

I
|

Figure 7-1. Feedback Charge Method

The unknown capacitance {C.} is then calculated as follows:

C, = AQIAV = -CAV,JAV.

Figure 7-2 describes the way in which the charge waveform
is measured. The symbols Q1, Q2 and Q3 represent three

.measurements of charge made at three specific times. Q1

is the baseline charge imunediately preceding the voltage
step. Q3 is measured after a specified DELAY TIME (fprzay)
and is an indication of the final charge transferred through
C.. Q2 is measured before Q3 (preceding it by t)} and is
used to determine the slope of the charge waveform. This
slope indicates the amount of current (Q/t) flowing in C,
during the final portion of the DELAY TIMEt. Qft
represents the leakage in C, or the system. Significant
leakage currents can be compensated for with the cCAP
(corrected capacitance) feature. With cCAP enabled, the in-
strument performs the corrected capacitance calculation
shown in Figure 72,
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7.3 OVERALL FUNCTIONAL DESCRIPTION

A simplified circuit diagram of the Model 595 is shown in
Figure 7-3. DC voltages and voltage steps are produced by
the D/A converter, X2 output stage and precision step
source. Current or charge is converted to voltage and then
to a digital signal by the preamplifier, X10 amplifier and A/D
converter. Both the A/D and DA converters communicate
with the microprocessor via optocouplers in order to pro-
vide isolation of analog signals from digital interference.
The analog section and digjtal section may by independent-
ly floated with respect to chassis ground by +30V.

The digital section is based upon the 146805E2 CMOS
microprocessor. It performs the tasks of controlling the con-
figuration of the preamplifier and A/D converter, program-
ming the D/A converter and step source, recejving and in-
terpreting mmeasurements from the A/D converter, display-
ing data, communicating over the IEEE-488 bus, and pro-
gramming the analog outputs.

7.4 VOLTAGE SOURCE

In order to provide device bias and precision steps for the
feedback charge method, the Model 595 has a +20V ZmA
voltage source. The source is based upon an AD7543 12-bit
serial input-monolithic D/A converter (U139). A multiplex-
er (U130) is used to select one of four precision steps or
zero which is then summed with the D/A converter out-
put (scaled X2} in the output stage.

7.4.1 D/A Converter

The D/A converter and associated circuitry are shown in
Figure 7-4. UI39 is a multiplying current output converter.
A 12-bit digital value is programmed serially through the
SRI, STB1, and LD2 inputs. This digital value determines
what proportion of the output current is switched to Ioutl
and what is switched to Iont2. The sum of loutl and Iout2
is always Vref/Rf. The reference is generated with 1134 by
amplifying the 6.3V zener voltage of VRIO1 to 10.24V, ac-
cording to the ratio of R118 and R166 to R120. Q108 buffers
the output of U234 for higher output current. VR101 bias
current is set at 1.9mA (nominal) by R127 (0.2mA is drawn
by other circuitry).

Op-amp U140B is used to convert loufl to a voltage, with
the internal Rf of U139 as its feedback resistor. The specified
value of Rf is 5k to 25kQ and it is TC (temperature com-~
pensated} matched to the D/A's R-2R ladder. With UI40B
alone, the D/A output would be unipolar, from 0V to
-10.2375V. However, Ul40A, R143 and R140 are used
to invert Iout2 which is then summed with lout 1 at the
summing node of U140B. This causes the output swing to
be bipolar from —30.235 to +10.24V. One LSB would cor-
respond to SmV (X2 gain will make this 10mV at the out-
put of the instrument). R129, R132 and R148 are used to
reduce the offset voltage by % LSB to compensate for an
offset which results from the bipolar configuration.
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7.4.2 Precision Step Source

In making a capacitance measurement, the Model 595 will
measure charge and divide it by the value of a step in
voltage across the capacitor being tested. The step source
circuit is shown in Figure 7-5. The resistor divider formed
by R34, R119, R124, R128, R131 and R134 divides the 6.3V
reference down to 5V, 0.1V, 0.05V, 0.02V and 0.0IV. The 5V
level is used by U133 and associated components fo pro-
duce +5A and +5S supplies from +15V. The remaining four
levels are multiplexed by U130 to the input of U123 accor-
ding to the inputs STEP A, B and C. U123 is just a low noise
and drift bufter so itsoutput represents any one of the four
precision low level voltages or ground.

7.4.3 Output Stage

The outputs of the precision step source and the D/A con-
verter are combined, buffered, and current limited by the
output stage of the voltage source. A simplified diagram
of the output stage (minus the current limiting circuitry)
is shown in Figure 7-6. The output stage is basically an in-
verting amplifier. The compound op-amp is composed of
U141, Q113, Q114, and various resistors and capacitors for
biasing and frequency compensation. Feedback is provided

by R167 and C140. Inputs to the inverting amplifier are made
by R138 and R152 from the step source and D/A converter
respectively. Gain is —X1 for the step source and -X2 for
the D/A converter.

RFI emissions and susceptibility of the source are reduced
with common mode choke T103 and bypass capacitors C143
and Cl46.

The current output of the voltage source is limited to 4mA
maximum. Figure 77 shows the additional circuitry of the
output stage that provides current limiting. Current limiting
occurs at 3mA +1mA. In the positive half of the com- -
plementary output-stage, Q103 turns on when a positive
current limit occurs. The base current to Q113 is shunted
away preventing the output capability of the stage from ris-
ing any higher. CR114 is kept reverse biased during nor-
mal operation keeping the open-collector output of Ul42B
off. During current limit, CR114 is forward biased when
Q103 turns on. This is sensed by U142B whose ocutput pulls
down, switching Q107 on and turning on UI22. The
microprocessor can then detect a current limit condition
in the voltage source via optocoupler U122. For the negative
“half of the complemenary stage, Q104, CR115, Ul42A and
R141 perform similar functions.
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7.4.4 Reset Circuit

Since sensitive devices are likely to be connected to the out-
put of the voltage source and may not be removed before
power is turned off, it is desirable to have the source reset
(disconnect) when power is removed. This is advisable
because the output of the source is determined by digital
signals which may be erroneous during power down before

the analog supplies decay to zero. The reset circuitry is

shown in Figure 7-8. A half-wave rectifier is formed by
CR117, R163, R165 and C138. C138 is charged through R163
and then partially discharged through R163 and R165 as the
AC voltage cycles. The result is an average of around 12V
across C138. This level is compared to the +6.3V of the D/A
reference circuit by Ul42C. When power is turned on, this
will by sensed within two line cycles, releasing the open
collector output of Ul42C. The gate of Q115 will then be
raised by R139, R162 and C142 to its threshold in 1.5s, tur-
ning on K101 and connecting the output of the source to
the BNC corninector (see Figure 7.6}. On power down, C138
is discharged in 10ms to 26ms to below 6.3V. Thus, the out-

(current or charge} to a 0.2V or 2V full range voltage.
Because of the very low levels of current and charge to
which the instrument is sensitive, the preamplifier is re-
quired to have an input bias current of <5fA. Figure 7-9
shows a block diagram of the preamplifier. The input stage

(Q302) and op-amp (U305) form a compound amplifier
" satisfying the input requirements. Feedback is applied

around this compound op-amp to set the proper transfer
function of the preamplifier. '

7.5.1 Preamplifier Configurations

Specific configurations of the preamplifier for current and
capacitance measurements are shown in Figure 7-10. The
Model 595 measures full range current levels from 20pA
to 200pA using 10k, 998k, 100M and 10GQ feedback
resistors. For capacitance, full range meausurements are
from 200pF to 20nF using feedback capacitors of 10pE 100pF
and InF.

put of U142C pulls down, turning off Q115 abruptly. This

opens K101, disconnecting the output of the source from
the BNC connector.

7.5 PREAMPLIFIER

The preamplifier of the Model 595 converts the input signal

Before each capacitance measurement, the feedback charge
amplifier is discharged by a low-leakage bridge switch
(signified by S) which is described in more detail in
paragraph 7.5.

CRI7

R16S

10 U134 PIN 2
(+6.3V)

0115

K101

- 15V

Figure 7-8. Voltage Source Reset Circuitry
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7.5.2 Input and Gain Stages

The preamplifier input stage and gain stage (U305) is shown
in Figure 7I1. The input-stage consists of a propriatary JFET
amplifier circuit, offset voltage circuit and input bias cur-
rent compensation. The gain stage simply consists of a
single IC operational ampilifier (U305).

The JFET amplifier circuit is comprised of Q302, R323, R324,
" R312, R313 and R314. This biasing configuration results in
lower input bias current (gate current).

Tb compensate for the offset voltage of this stage, the non-
inverting gate of Q302 is connected to the divider formed
by R320, R319, R315, R318 and W301. Depending on the posi-

tion of jumper W301 and potentiometer R315, the voltage
at the gate of Q302 will be from —20nV to +200V, directly
offsetting the voltage error which would otherwise appear
at the input-side gate of Q302.

Input bias compenation is provided to optimize the input
bias current of the instrument. The components involved
are R317, RT301, R322, RT302, R321 and R316. The wiper of
R3Y7 is adjustable to +5V. This voltage is divided with RT301
and R322 by 20 and again by 50 with RT302 and R321. RT301
and RT302 are thermistors whose combined temperature
dependence tracks the JFET leakage. The voltage applied
to R316 is then nominally +5mV, but changing with
temperature. Since R316 is 250GR and it is connected to the
virtual ground input of the amplifier at its other terminal,
+20fA compensation at 23°C is possible.

R312 R313
AW\~ +—W\—0 +55
K$7 R34
c,1 R310 R3N //__
INPUT D>— + AMWM——W Q302
HI ] R315
-5V
R36 Z
raz; | R1302 RT301 w30l R318
EEEEB R3r?§§ (2 WA~
L +
- I PREAMP
u3os QUTPUT
+55
L__...r_.__l
GAIN
STAGE
R323§§ §§R32+

Figure 7-11. input Stage and Gain Stage
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7.5.3 Feedback Elements

Various resistors and capacitors are switched in as feedback
around the compound op-amp to configure the preampli-
fier for specific ranges of the current and capacitance func-
tions. The configuration of the feedback elements and relay
switches are shown in Figure 712. Table 71 shows the state
of the relay switches for each range. C322 and C302 are
unswitched feedback capacitors which combine to be the
10pF feedback element. K305 and K303 switch the 91pF
(C303) and 1000pF (C304) capacitors respectively for the
other capacitance ranges. '

Range switching for the current function is accomplished
with relays K302, K304, K306 and K307. Capacitors are con-
nected in parallel with the feedback resistors to avoid stabili-
ty problems when shunt capacitance is high and to set the
response time constant and bandwidth.

The ZERO CHECK relay (K301) is also configured as a feed-
back element, isolating the preamplifier from the input by

_1oMQ.

Table 7-1. Relay Switch Configuration

Relay

Function K301

K302

K303| K304/ K305 K306

Capacitance

Current

4

LW

® | X K
* 3¢ K

X = Relay Switch Closed

* = These relay switches may also be closed depending on range and

function.
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Figure 7-12. Feedback Element

7.5.4 Fast Discharge Bridge

During capacitance measurements, the preamplifier of the
Model 595 acts as a charge amplifier, integrating all charge
which flows into the instrument input. Because the pre-
amplifier output will eventually saturate at the supply rail,
it is necessary to periodically discharge the preamplifier and
begin integrating again from a known, low value of charge.
In order to maximize dynamic range of the measurement
(resolution compared to maximum reading), the preampli-
fier is discharged before every capacitance reading. To
minimize the effects of charge injection (charge hop), the
baseline charge is measured following discharge and subse-
quent charge measurements are referrenced to this baseline.

The discharge switch is a low leakage diode bridge (Q304
and Q305) as shown in Figure 713. The switch is biased
on by passing a current of 20uA through it. This turns all
four diodes on. Bias current to the top of the bridge is pro-
vided through R351 when the discharge line (U302 pin 11)
goes to 5V. This 5V signal is inverted to —5V by R353, U314
and R352. The bias current from the bottom of the bridge
thus flows through R350 when discharge causes the out-
put of U314 to go to —5V.

The level of charge injection during switching is high
enough with this switch to require compensation. This is
provided by R347, R303, R346 and C320. The resistors form
and adjustable divider with a +250mV output step that
coincides with the switch transition. Through C320, this
corresponds to a +5pC charge injection compensation
range.
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7.6 X10 AMPLIFIER

Ranging is accomplished through not only the feedback
elements of the preamplifier, but the X10 amplifier shown
in Figure 714 as well. This circuit is used to amplify the
+0.2V output of some ranges to the +2.0V signal level re-
quired by the A/D converter. The X10 amplifier is compris-
ed of U304, R307, R308 and C3(7. C305 and C306 are offset
null storage capacitors for U304. The configuration is simply
a non-inverting X10 gain with the time constant set by C307
to be 218psec. o ' S

O Xl SIGNAL
FROM | €305 €306 1g MULTIPLEXER
PREAMP " (ul2s)
QUTPUT U304S>—e——0 X10 SIGNAL
R307
"' \\—s
€307
——
R308

v

Figure 7-14. X10 Amplifier Circuitry

7.7 MULTIPLEXER and BUFFER AMPLIFIER

The multiplexer selects among the three signals that are part
of the Model 595 measurement cycle. During the common
phase, the multiplexer selects the signal common. During
the reference phase, the —2V reference voltage is selected,
while the signal from the-preamplifier (X1) or the X10
amplifier is selected during the signal phase.

Figure 7-15 shows a simplified schematic of the multiplexer
and buffer amplifier. U129 is the multiplex IC, which con-
tains CMOS devices that act as analog switches to select
among the three input signals.

Figure 7-16 shows the general signal switching phases for
the three signals. During each phase, an integration is per-
formed by the A/D converter, and the resulting data is then
used by the microprocessor to calculate the final reading.

14



THEORY OF OPERATION

MULTIPLEXER
CONTROL

719

X10 SIGNAL
o

Sy
”

FROM

®

PRE“‘PCM SIGNAL

-

=2V

¥

rd

<
REFERENCE

®

5

?
-

g

COMMON

ul29

T0 &/D

CONVERTER

Figure 7-15. Multiplexer and Buffer

7-15



THEORY OF OPERATION

REFERENCE
PHASE

SIGNAL
PHASE

CALCULATE
A READING

COMMON
PHASE

SIGNAL
PHASE

CALCULATE
A READING
AND
DISPLAY

Figure 7-16. Multiplexer Phases

1.8 —2V REFERENCE SOURCE

Measurements are based on comparing the unknown signal
with an internal -2V reference voltage source. During each
measurement cycle, the unknown signal is sampled and
then compared with the signal common and the -2V
reference values. Figure 717 shows a simplified diagram of
the —2V reference source. VR102 provides a highly stable
—6.3V reference, while U138, (0106, R145, R147 and R151 pro-—
vide a constant current to minimize zener voltage variation.
R156A and B divide the down the -6.3V value to the final
-2V reference voltage.

-2y RI45
REFERENCE  ~6.3V AN
Q o]
+
U138
RIS6A 2 2106 »
%RH?

RiSed g
s; VRIOZ2 RIS1

Figure 7-17. —2V Reference Source

7.9 A/D CONVERTER

The Model 595 uses an A/D_converter that utilizes both
constant-frequency charge balance and single-slope techni-
ques. This combination gives the instrument both high ac-
curacy and relatively fast conversion times.

A simplified schematic of the A/D coverter is shown in
Figure 718, along with an associated integrator waveform.

The charge balance phase begins when the input ENABLE/
DISABLE line is set high. This action occurs at the end of a
software generated delay period that allows the signal to
settle following signal selection. Once the input is enabled,
the signal from the buffer amplifier is added to the level
shift current applied through R161 and coupled tothe inte-
grator. In this manner, the +2V bipolar signal from the buf-
fer amplifier is converted to a unipolar signal that can be
integrated.
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The integrator is made up of U132 and C132. When the in-
put to the integrator is applied, the integrator output ramps
up until its voltage is slighfly higher than the voltage to the
inverting input of the charge balance comparator (U137B).
When the Q3 output of the clock generator (Uf125) goes
high, the output of UI36A is low, and the Q1 output of
U124A will go high. This action injects the charge balance
current into the integrator input. Since the charge balance
current is much larger than the sum of the input and level
shift currents, the integrator output now ramps in the
negative direction. The integrator output will continue to
ramp in the negative direction until the output of U136B
goes low. Note that the Q2, Q3 and Q4 outputs of Ul25
must all be high for the output of U136B to go low.

The output of U135A is gated with the Q1 output of the
clock generator (U125) by U136C. Each time Q1 goes high
while the Ul135A output is high, a pulse is fed to the
microprocessor. The MPU then counts the total number of
pulses that-occur during the charge balance phase.

The charge balance phase lasts for one line cycle (16.67 or
20.0msec). At the end of this period, the output of the in-
tegrator is resting at some positive voltage. Since the in-
tegrator output is connected to the non-inverting input of
the single-slope comparator (U1374), the single-slope com-
parator output remains high until the integrator output
becomes negative.

During the single-slope phase, Q110 is turned off to discon-
nect the input and charge balance currents from the in-
tegrator input. In place of these two currents, the single-
slope current s injected into the integrator input causing
the output to ramp in the negative direction. This current
is developed by connecting one end of R153 to +5V through
U135C. As long as the integrator output remains positive,

the Q1 pulses from UI25 are transmitted to the micro- -

processor, where they are counted to be used in the final
reading. Once the single-slope comparator output goes
negative, the Q1 pulses are turned off by U136C.

7.10 DIGITAL CIRCUITRY

Model 595 operation is controlled by the internal microcom-

puter and associated software. The following paragraphs
briefly describe the various aspects of the digital circuitry.
Descriptions are keyed to the digital circuitry schematic

{drawing number 595-106, page 2} located at the end of Sec-

tion 9.

7.10.1 Microcomputer

Microcomputer operation centers around the 8 bit 146805
CMOS microprocessor, UI09. The device utilizes an 8 bit
data bus and incorporates a multiplexed datafaddress bus
for the lower eight bits of the 12 bit address bus. The 146805
has 112 bytes of on-chip memory, two 8 bit I/O parts, and
is capable of directly addressing 8K bytes of memory. The
microprocessor unit has direct control over the display, front
panel switches, analog-to-digital converter, the voltage
source, the IEEE-488 bus, as well as the Meter Complete
output and the External Trigger Input.

Microprocessor timing is performed by Y101, a 3.2768 MHz
crystal. The signal is internally divided by five to obtain a
bus operating frequency of 655.36kHz. This signal is pre-
sent at the A5 terminal of the processor, and is used as a
control signal to strobe the lower ordered eight bits of the

- address into the address latch, UI08. A 655.36kHz signal

is also present at the DS terminal to act as a system clock.

7.10.2 Memory Elements

Software for the Model 595 is stored in U106, a 27128 16K
X 8 PROM. Temporary storage is afforded by U107, a 6116

‘2K X 8 RAM IC. The microprocessor unit uses the RAM(
- for temporary storage.

Calibration constants, the display mode, and the IEEE-488
primary address are stored in the NVRAM, U104. During
the power-up cycle, NVRAM data is transferred to normat
RAM to allow easier access during operation. While data
transmission to the ROM and RAM are done in parallel,
NVRAM data transmission is performed serially.

7.10.3 Device Selection

The 146805 processor can directly address only 8K bytes
of memory. The Model 595 requires greater addressing
capability, as 16K of ROM, ZK of RAM, and other memory
space requirements are present in the systemn. To get around
this problem, device selection circuitry is incorporated with
the micorcomputer.

Device selection is performed by elements of Ulll, U112,

U6 and U117, Microprocessor unit lines used, part of the

selection process, include the Al0-A12 address lines, the

7-18




THEORY OF OPERATION

PB6 line, the PB7 line, and the DS line. Signals generated
by this circuitry include a line which controls the ROM chip
select, a signal line that controls the RAM chip select, and
circuitry which enables the display control and IEEE-488
‘bus circuits, Additional device selection signals include the
memory paging signals. Two signals divide the 16K ROM

area into 4K pages, while a third signal divides the 2K RAM

area into two 1K pages.

Because of the paging scheme employed, several devices
can occupy a given address within the microprocessor’s ad-
dressing space. Table 72 gives the general address range
for each device.

Table 7-2. Memory Mapping

Device Address Range
ANALOG OUT T H041A
RAM (U107) $0000-$03FF
ROM (U106) $0800-$1FFF
Display Control (U110) $0432
Display Control (U114) $042A
IEEE-488 Bus (U113) $0418-5041F

7.10.4 IEEE-488 Bus

The Model 595 has a standard IEEE-488 interface that allows
the instrument to be programmed from a system controller.
Commands can be sent over the bus to the instrument, and
data can be requested from the instrument as well.

The IEEE-488 interface is made up of Ul13, U118 and UTIS.
U113 is a 9914 GPIA (General Purpose Interface Adapter),
while U118 and U119 are 75161 and 75160 interface bus
drivers, respectively.

The 9914 GPIA simplifies microprocessor unit interfacing
to the IEEE-488 bus because many control sequences take
place automatically. For example, when the microprocessor
unit writes to the GPIA data output register, the handshake
sequence is performed automatically. Without the GPIA
chip, complex and time consuming microprocessor unit
routines would otherwise be required.

On the microprocessor unit side of the GPIA, data trans-
mission is handled much like any other data bus transac-
tion. Microprocessor unit data access is performed through
the DQ-D7 lines, while the RS0-RS2 lines (which are con-
nected to the three least significant address lines) serve to
select among the 14 internal registers (seven read, seven

write) of the integrated circuit. Chip selection is performed
by the C5 line.

The output of the 9914 IC is in standard IEEE-488 format;
the eight data lines (DIO1 - DIO8), the three handshake
lines (DAV, NRFD, NDAC), and the five management lines
{ATN, REN, IFC, SRQ, and EOI) are all active low with ap-
proximately zero volts representing a logic one. The two
IEEE-88 bus drivers, U118 and UT19, are necessary to bring
the drive capability of the interface up to the requirements
of the TEEE-488 standard, which included provisions for
up to 15 devices to be connected to the bus at one time.
The outputs of the bus drivers are connected to J1012, which
is a standard TEEE-488 connector.

7.10.5 Input/Output Circuitry

Additional microprocessor unit functions include the con-
trol of the Meter Complete and External Trigger Input,
analog-to-digital converter control, and voltage source
control.

At the end of its conversion cycle, the Model 595 sends a
pulse out the Meter Complete jack on the rear panel. This
function is performed by the PB2 line of the microprocessor
unit through U102A configured as a buffer/inverter. Diodes
CR104 and CR105 and resistor R102 protect the circuit
output.

U102D, UI05B, and associated components process the in-
coming trigger signal. U102D buffers and inverts the signal,
while U105B latches the trigger pulse. The pulse is then read
by the microprocessor unit through PB6. PB1 is used to reset
the trigger latch once the pulse is read. Note that PBl is
also used to read the status of the calibration jumper (W101)
during the calibration program.

As with the Meter Complete output, protection of the Ex-
ternal Trigger input is necessary to protect the device from
overvoltage inputs. External Trigger protection components
include R101, CR102, and CR103.

A/D control information is fed out the PB3 and PB5 ter-
minals through U102B. A pulse width modulation scheme
is used with 18 and 50usec pulses representing logic 0 and
logic 1 respectively. A 200usec pulse is used to strobe data
into the A/D and serial-parallel control circuits. Note that
this information is used to control the A/D converter as well
as to control the input preamplifier (through relays), set
the ranging amplifier gain, and to control the three phases
of the measurement cycle. Isolation is provided by opto-

- isolator U121,

719 -



THEORY OF OPERATION

In a similar fashion, A/D data is routed in from the A/D
converter through opto-isolator U120, The microprocessor
unit reads this data through the timer terminal. As data
pulses come in, an internal 8-bit timer is incremented un-
til 256 counts have occurred. When all counts have been
taken, an internal interrupt is generated, which causes the
microprocessor unit to read the timer data. A separate soft-
ware counter is then decremented, and the process repeats.

Because of this data input scheme, microprocessor unit
time necessary to read the A/D converter data is minimiz-

ed, and the processor can concentrate on other important

The voltage source is controlled in a manner similar to that
used to control the A/D converter. Control information is
transmitted out the PB3 and PB5 terminals of the micro-
processor unit through U102B. Once again, a pulse width
modulation scheme is used to transmit the 12 bit data
necessary to control the DAC in the voltage source section.

Voltage source overload data is fed in through opto-isolator.

U122 to PA7 terminal of the microprocessor unit. When the
2mA current limit of the voltage source is exceeded, PA7
goes high. The necessary software routine is used to flash
the DISPLAY SOURCE LED, indicating to the operator that
an overload has occurred.

7.10.6 Display Circuitry

Display circuitry includes those elements necessary to con-
trol the seven and 14 segment readouts, the front panel an-
nunciator LEDs, and to read the front panel switches. The
display circuitry schematic may be found on drawing
number 593-116, located at the end of Section 9.

The display circuitry consists of the LED readouts (DS201
- DS206), the LED annunciators (DS207 - DS223), the seg-
ment drivers (U201 and UJ202) and the digit select circuitry
(U203, U204 and U205). DS202 - DS205 are standard 7
segment units, while DS206 is a dual 14-segment display.

‘The display is updated at 1.56émsec intervals. Timing for
this process is performed by a 640Hz clock which controls
the segment latches, UII0 and UIl4, located on the mother

When a latch output is selected, segments in the selected
digit are turned on. Digit selection is performed by data
from the PA3, PA4, and PA5 outputs of the microprocessor
unit to control U203. A single U203 output, corresponding
to the selected digit, will go low when the correct data ap-
pears on its inputs. For example, if 010, appears on the in-
puts of U203, DS201 will be turned on.

Selection of the display annunciators is performed in a
similar manner. The data stored in the corresponding seg-
ment latches will then turn on the appropriate annunciator
LEDs.

Front panel switches are read in a somewhat similar man-
ner by using a row-column matrix along with U206. To
select a particular row, data is transmitted out-the micro-
processor unit PA3, PA4 and PA5 lines to U206. This action
selects one of the rows by placing the corresponding out-
put of U206 high. Matrix columns are then read by reading
data in through PAO, PA1, and PA2, of the microprocessor
unit. If a particular switch contact-is closed, the data bit
will be high; if the switch is open, the data bit will be low.

7.11 ANALOG OUTPUTS

The Model 595 provides analog outputs proportional to V
and C, Qft orI for plotting curves on analog X-Y recorders.
The analog outputs are reconstructed from the digital read-
ings using a pair of D/A converters. The converters have
+2V full range outputs with Ikchm output impedance and
are referrenced to IEEE-488 bus common.

" A simplified circuits of the analog outputs are shown in

Figure 719. Note that the circuits for the both the C,I analog
output and the V analog output are identical. Thus, the
following functional description of the C,I analog output
circuit also applies for the V analog output circuit.

U308 is a multiplying current output converter. A 12-bit

digital value is programmed through the inputs of the
device. This digital value detemines what proportion of the
output current is switched to OUT1 and what is switched
to OUT2. The sum of OUTL and OUT2 is always V,/R,.

board. Each time an interrupt is generated, the micro- =~~~

processor unit writes segment data for two digits to the seg-
ment latches. The two latches outputs are then enabled in
sequence by the 640Hz clock.

When a latch output is enabled, segments in the selected
digit are turned on.

“UU309 is an operational amplifier that is used to convert the

current from OUTI to a voltage, with the internal R, of U308
as its feedback resistor. With U309 alone, the D/A output
would be unipolar, from 0 to —4V. However, U310, R334
and R335 are used to invert the current from OUT2 which
is then summed with QUTI at the summing node of.U309.
This causes the outputswing to be bipolar form —4V to
+4V, R336 and R337 attenuates the outputs to -2V and +2V.
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7.12 MAIN POWER SUPPLY

The diagram for the main power power supply is located
on drawing 5953-106, page 1. AC power is applied to Ji013,
which is the power connector located on the rear panel of
the instrument. 5101 is the POWER switch located on the
front panel, while 5102 is the line voltage selection switch.
When 5102 is in the 115V position, the primary windings
are connected in parallel; when 5102 in in the 230V posi-
tion, the T102 windings are placed in series.

TI02 has three secondary windings which are used to supp-
Iy the £24V, +15V and +5V supplies. The +24V and 115V
sources supply the voltage source analog outputs,
preamplifier, and the +5V supplyis used for the digital
circuitry.

The +24V supplies consist of half-wave rectifier diodes
{CR308 and CR107) and filter capacitors (C110 and CI11).
Each of the +15V supplies has a similar half-wave rectifica-
tion scheme (CR101 and C103 for the —15V supply, CR109
and C108 for the +15V supply). Regulation for these sup-
plies is performed by Ul44 and Ul43, which are IC
regulators.

The third winding of TI02 supplies the +5V (+5D) source
that is used to power the digital circuits. Rectification is
done by elements of CR110, while filtering is performed by
C101. The supply voltage is regulated by Ul01, which is a
standard 7805 IC regulator.
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SECTION 8
MAINTENANCE

8.1 INTRODUCTION

This section confains information necessary to maintain,

calibrate, and troubleshoot the Model 595. Fuse replace- - -

ment and line voltage selection procedures are also
included.

WARNING

The procedures included in this section are for
use only by qualified service personnel. Do not
perform these procedures unless qualified to do
so. Many of the steps in this section may expose
you to potentially lethal voltages that could
result in personal injury or death if normal safety
precautions are not ohserved.

8.2 LINE FREQUENCY SELECTION

The Model 595 may be operated at a line frequency of either
50 or 60 Hz. The instrument’s frequency may be set with
the front panel line frequency program. To access the pro-
gram and set the frequency, proceed as follows:

1. Hold in the MENU button while pressing the POWER
button to twn on the instrument.

2. Press the MENU button until the message “Fr=" appears
on the display.

3. Press either voltage source ADJUST button to toggle fre-
quency between 50 and 60Hz.

4. When the desired frequency is displayed, press SHIFT,
then EXIT to lock in frequency selection. Note: Line fre-
quency selection is stored in permanent memory.

8.3 LINE VOLTAGE SELECTION

The Model 595 may be operated from either 105-125V or
210-250V 50 or 60Hz power sources. A special transformer

WARNING
Disconnect the Model 595 from the power line
and all other sources before removing the top
___cover.

1. Remove the screws securing the top cover to the rear
panel and carefully lift the cover away from the
instrument.

2. Locate the line voltage switch adjacent to the POWER
switch on the mother board. Place the switch in the cor-
rect position, as outlined in Table 8-1. ,

3. Install a fuse consistent with the operating voltage, as
described in paragraph 84.

CAUTION
The correct fuse type must be used to maintain
proper instrument protection.

4. Mark the selected line voltage on the rear panel for future

- reference (to avoid confusion, erase any old marks).

5. Replace the top cover and connect the instrument to the
power line,

Table 8-1. Line Voltage Selection (50-60Hz)

Voltage Selection

Line Voltage Switch Position
105 - 125V 1oV
210 - 250V 220V
90 - 110V* 1oV
195 - 235V* 220V

*Requires special power transformer, installed at the
factory.

may be installed (at factory) for 90110V and 195-235V

ranges. The instrument was shipped from the factory set
for an operating voltage marked on the rear panel. To
change the line voltage, proceed as follows.
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8.4 FUSE REPLACEMENT

A rear panel fuse protects the power line input of the in-
strument. Use the following procedure to replace the line
fuse.

WARNING
Disconnect the instrument from the power line
and other equipment before replacing the fuse.

1. With the power off, place the end of a flat-blade screw—
driver into the slot in the rear panel LINE FUSE holder.
Push in gently and rotate the fuse carrier one-quarter
turn counterclockwise. Release pressure on the holder
and its internal spring will push the fuse and carrier out
of the holder.

2. Remove the fuse and replace it with the type recom-

mended in Table 8-2.

Table 8-2. Lin

Keithley
Line Voltage |[Fuse Type Part Number
90-125V  |YeA, 250V, 3AG, Slo Blo FU-20
195-250V  |Y/,6A, 250V, 3AG, Slo Blo FU-21

CAUTION
Do not use a fuse with a higher current rating
than specified, or instrument damage may oc-
cur. If the instrument repeatedly blows fuses,
iocate and correct the cause of the trouble
before replacing the fuse.

3. Install the new fuse and the fuse carrier into the holder
by reversing the above procedure.

8.5 CALIBRATION

ROR ic

Wi LT

Al ~F §la 13l bs
Much of the calibration Prﬁcedﬂre for the Mode

digital in nature. Instead of the time-consuming method
of adjusting numerous calibration potentiometers, the
technician need only apply an appropriate calibration signal

ot

and digitally calibrate the instrument, either from the front

manal ar over {-ka TFEE_AQQ 1-\11c

prarics ULy AL

Some of the calibration procedures will require a shielded
test fixture. Construction of this fixture is detailed in Figure

~ 8.5.1 Recommended

8. The fixture should be used wherever a shielded
enclosuze is called for at various places in the procedure.

Calibration should be performed every 12 months, or if the

" performance verification procedures in Section 6 show that

the instrument is out of specification. If any of the calibra-
tion procedures cannot be performed properly, refer to the
IIOuDlESﬂDUtlng IrlIUImduUn in [ﬂlb bCLLlUIE

RESISTOR

0
o/

®

M

NOTE: TO AYDID CONTAMINATION, DO NOT

TOUCH BODY OF RESISTOR. AFTER
ASSEMBLY,., CLEAN ENTIRE FIXTURE

WITH METHANOL.

+>————~--{%JMAr{F———————u—<

T0 DC TO
CALIBRATOR 595 INPUT
A
- <

PARTS LIST

. SHIELDED BOX. POMONA P/N2909.
BNC COMNECTOR, KEITHLEY P/N (544,
TWO BANANA JACKS, KEITHLEY P/N BP-IL.

. BNC CABLE {NDT SHOWND). KEITHLEY
MODEL 4BOl1, NECESSARY TO CONNECT
FIXTURE TOD 595.

N

" Figure 8-1. Test Fixture Construction

Table 8-3 lists recommended calibration equipment. Alter-
nate equipment may be used as long as equipment accuracy
is at least as good as the specifications listed in the table.
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Table 8-3. Recommended Calibration Equipment

Decade Resistor
Characterized Capacitors

TRo R I A0 b~

Shielded Test Box
BNC Cable

AidT, aWrALi

BNC to Banana Plug

Description Specifications Manufacturer and Model
DC Calibrator 0.19v, 1.9V, +0.002% | Fluke; 343A
5% Digit DMM 1+0.015% DC Accuracy | Keithley; 197
Teraohmmeter 100MQ, +0.035% Gnildline; 9520

0GR, +0.07%
Resistor 100MG, +1% Keithley; R-289-100M
Resistor 10Ge, +0, -2% Keithley; R-319-10G

100-10M2, +.03%
1BnE 1.8nE 1Rﬂn]-7

ESL; DB-62
I(nﬂ-'h]nv 5955

See Flgure 81
Keithley; 4801
(supplied with 595)
Pomona; 1269

Adapter
Banana Plug to BNC Pomona; 1296
Adapter
8.5.2 Environmental Conditions fwo hours for input bias current to

Calibration should be performed under laboratory condi-
tions having an ambient temperature of 23°C £1°C and a
relative humidity of less than 70%.

8.5.3 Warm-Up Period

Turn on the instrument power and allow it to warm up for
at least two hours before beginning the calibration pro-
cedure. (Note: Wait at least eight hours before attempting

input current calibration.) If the instrument has been sub-

jected to extremes of temperature or humidity, allow at least
one additional hour for the instrument to stabilize before
beginning the calibration procedure. Typically, it takes one
additional hour to stabilize a unit that is 10°C (18°F) out-
side the specified temperature range.

NOTE
While rated accuracy is achieved after the two hour
warm up period, input bias current may require ad-
ditional time to come to its optimum level. Allow

than 10fA and eight hours fo less th
preferable in sensitive applications to leave the unit
on continuously.

8.5.4 Calibration Jﬁmper

A jumper, located on the mother board, allows the techni-
cian to disable or enable front panel and IEEE-488 bus
calibration. When the jumper is in the disable position, per-
manent storage of calibration constants will not take place.
However, temporary calibration values may be entered and
used even if permanent calibration storage is disabled.
Note, however, that any calibration parameters will be lost
once the power is turned off, unless they are permanently
stored in nonvolatile memory (NVRAM).

The calibration jumper location is located on the mother
board near the AC line receptacle (see Figure 8-2). The
disable/enable positions are also shown in Figure 8-2. Note
that the jumper is in the disable position as shipped from
the factory.
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POWER

CALIBRATION
JUMPER

7

RECEPTACLE

B8

et

L

Ries [ 1= |

| — VOLTAGE SOURCE
ADJUST
(ACCESSED FROM
REAR PANEL)

o[6d] E
feole o

////////

OFFSET VOLTAGE
ADJUST

NABLED

/A

IKPUT CURRENT
ADJUST

ISABLED

Iy

//

/////QZ:ZEE:::;/////
TPI

R340

ZERC HOP ADJUST

R333

YOLTAGE SOURCE
ANALDOG DUTPUT
ADJUST

Ic

O

ANALOG CSUTPUT
ADJUST

FRONT OF INSTRUMENT

Figure 8-2. Calibration Jumper and Calibration Pots
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8.5.5 Front Panel Calibration

The following information provides the general procedure
for digitally calibrating the instrument from the front panel.
This is not the detailed calibration procedure and is only
intended to acquaint the technician with the general techni-
jues of front panel calibration. The detailed calibration pro-
cedure, which includes the manual adjustments, starts at
paragraph 8.5.7.

With the instrument in the calibration program (see para-
graph 8.5.8), front panel (digital) calibration is performed
as follows:

1. Select the function and range to be calibrated.

2. For current calibration, zero correct the instrument. Zero
correction is not necessary for capacitance calibration.

3. Set calibrator to OV or cap the input for capacitance
calibration. Disable ZERO CHECK and after allowing the
reading to settle, press SUPPRESS.

4. Apply the calibration source to the instrument.

5. Using the voltage source ADJUST buttons, set the dis-
play to agree with the actual calibration source value. For
example, for a calibration source value 1.9000pA, set the
display to read 1.9000 z.A. (Note that the decimal points
in the exponent annunciators indicate that the calibra-
tion program is selected).

6. Repeat steps 1 through 5 for each function/range to be
calibrated.

7. To store the calibration points in memory, press the
MENU button.

A. With the calibration jumper in the enable position,
the “Stor” message will be displayed briefly in-
dicating that the calibration points have been stored
into permanent (NVRAM) memory. The instrument
will then exit the calibration program.

B. With the calibration jumper in the disable position,
the “
instrument will exit the calibration program. The
blinking exponent decimal points indicate that the
calibration points have been stored in temporary
(RAM) memory. These temporary calibration points
will be lost when the instrument is turned off. The
previous permanent calibration points will prevail
when the instrument is again turned on.

Note: The calibration program (CAL) remains on the pro-

gram menu as long as the instrument remains on. This

allows the technician to select the calibration program
without turning off the instrument and subsequently los-
ing temporary calibration points.

out” message will be displayed briefly and the

8.5.6 IEEE-488 Bus Calibration

The following information provides the general procedure
for entering calibration points over the IEEE-488 bus. This
is not the detailed calibration procedure and is only intend-
ed to acquaint the technician with the general techniques
of IEEE-488 bus calibration. The detailed calibration pro-
cedure, which includes the manual adjustments, starts at
paragraph 8.5.7. .

IEEE-488 bus calibration is similar to front panel calibra-
tion except that calibration values are transmitted over the
bus instead of being entered from the front panel. Aiso,
a separate command is included to perform permanent
storage. By combining appropriate IEEE-488 compatible
calibration equipment with a suitable test program, digital
calibration of the Model 595 could be performed on an

Vautomated basis.

-Calibration points are sent to the Model 595 over the

IEEE-488 bus as follows:

1. Program the desired range over the bus. For example,
to select the 2nA range and cwrent function, send
FIR3X.

2. For current calibration, zero correct the instrument by
sending Z2X. Zero correction is not necessary for
capacitance calibration.

3. Set calibrator to OV or cap the input for capacitance
calibration. Disable ZERO CHECK and after allowing the
reading to settle, enable SUPPRESS.

4. Apply the calibration source to the input jack.

5. Send the required calibration value preceded by the A
command letter. For example, to calibrate the 20nA range
at the 19nA calibration point, send A19E-09X. Note that
the exponent decimal points will blink indicating that
temporary storage has occured.

. Repeat steps 1-5 for the remaining ranges and functions.

. After all points have been calibrated, send J19X to per-
manently store calibration constants. Note that even
though: it is most practical to send the storage command
(J19X) after all calibration commands have been sent, the

storage command can be sent after each calibrafion
command.

o

NOTE
Permanent storage of calibration constants will not
take place if the calibration jumper is in the disabl-
ed position. See paragraph 8.5.4 for details.
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HP-85 Programming Example--The simple program below
will allow you to send the desired calibration command
string to the Model 595. The program assumes that the in-
strument primary address is at its default value of 28.

PROGRAM COMMENTS
1@ REMOTE 725 _"Send remote enable.
28 DISF ¢ CALIBRATION Prompt for command.

CoMMAaRD?
INPUT AF

i+
=

Input command string
from keyboard. -

489 OUTPUT 72&8: 8% Send command string to
595. -

o GOTO 26 Repeat.

&E EMD

To run the program, press the HP-85 RUN key. At the com-
mand prompt, type in the desired calibration command
and press return. For example, to perform permanent
calibration constant storage, type in J19X and press return.
To stop the program, press the HP-85 PAUSE key. '

8.5.7 Calibration Sequence

Model 595 Calibration must be performed in the order
given in the following paragraphs, with the exception of
voltage source calibration, which can be done at any time.
The basic sequence is:

. Input offset voltage adjustment (paragraph 8.5.9)
. Zero Hop Compensation (paragraph 8.5.10)

Input current adjustment (paragraph 8.5.11)
Capacitance offset compensation (paragraph 8.5.12)
Voltage source calibration (paragraph 8.5.13)
Current calibration (paragraph 8.5.14)

1C analog output adjustment {paragraph 8.5.15)

. Qit calibration (paragraph 8.5.16)

. Capacitarice calibration (paragraph 8.5.17)

IR N I

In addition to the above sequence, the ranges for each func-
tion must be calibrated in the order given.

Notes:

1. Never calibrate a range using a suppress value taken on
a different range.

2. The top cover will have to be removed to make internal

adustments. To help maintain a proper internal tempera-

_ ture level, keep the top cover on the instrument when
not making internal adjustsments.

8.5.8 Digital Calibration

1f digital calibration is to be performed from the front panel,

the instrument will have to be placed in the calibration pro-
gram. If-digital calibration is going to be done over the

. .JEEE-488 bus, the instrument enters the calibration mode

automatically when the calibration command (A} is sent.

For front panel digital calibration, select the calibration pro-

_gram as follows:

1. Turn off the Model 595.

2. While holding in the program MENU button, power up
the Model 595. . B ,

3. After the display blanks for approximately one second,
let go of the MENU button. The calibration program is
now included in the program menu and will remain
there as long as the instrument-remains on.

4. Repeatedly press the MENU button until the following
message is displayed:

CAL
5. With the “CAL’ message displayed, release the MENU .

button. The instrument is now in the calibration program
as indicated by the displayed exponent decimal points.

8.5.9 Input Offset Voliage Adjustment

Use the following procedure to null out any small offset

voltage. Input offset adjustment is particularly critical if in-

put voltage burden is a consideration since any offset will

_ Increase the voltage burden, as seen by the input signal.

NOTE
If the following adjustment cannot be made, the
input stage will need to be balanced. Usually,
~ balancing only needs to be done if the input FET
or an associated component is replaced. To balance
the input stage, perform the procedure in para-
graph 89.
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1. Disconnect all input signals from the instrument and cap
the METER INPUT connector. Make sure the GUARD
to chassis ground link is installed.

2.Remove the two screws securing the top cover and
remove the cover from the instrument.

3. Select the current function and place the msi:'ument on
the 20pA range.

4. Enable ZERO CHECK. : '

5. Using the DMM set to the 200mVDC range, monitor Test
Point 1 (TP1) on the preamp board (see Figure 8-2)
referenced to GUARD. Locate the offset adjustment
potentiometer (R315) on the preamp board. The pot is
accessible through a small hole in the shield closest to
the rear of the instrument.

6. Adjust R315 for a reading of 000.000mV +.010mV on the
DMM.

8.5.10 Zero Hop Compensation

Zero hop is adjusted at the factory and need not be per-
formed unless components in the compensation circuitry
were replaced or if pot R303 was accidentally adjusted.

w

Equipment Needed: Oscilloscope with a X1 probe and an
RC filter. See Figure 8-3 for filter componerit values and
setup. :

Perform the following procedure to adjust zero hop:

1. Set the Model 595 to the capacitance function, 200pF
range, 0.07 S delay, 0.05 SQ Step V and enable ZERO

2. Connect the 180pF capacitor to the input of the Model
595.

. Turn pot R303 (see Figure 8-2) fully counter clockwise.

4. Set the scope to 0.1V/div., DC coupled and 20mS/div.,
and monitor the waveform at TP1 with' respect to
GUARD.

5. Adjust the scope so that the straight line trace is at the
center of the CRT (V).

6. Disable ZERO CHECK and turn R303 clockwise until the
adjustable portion of the trace is at OV.

7. Enable ZERO CHECK, set the scope sensitivity to
5mV/div and again center the straight line trace to the
center of the CRT (0V).

8. Disable ZERO CHECK and ad]ust R303 until the ad-
justable portion of the trace is within one division
(£5mV) of the OV line.

0

K1 I 1.5kl

( : W ] HI
0.1uF
Xi SscoPeE L0 ; T | LD
RC FILTER

Figure 8-3. Equipment for Zero Hop Compensation
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8.5.11 Input Current Adjustment

3. For front panel calibration:
A. Make sure the calibration program is selected.

Use the following procedure to null out any input current— B. Press SHIFT and then the SELECT V¥ button. The

present in the input stage. The inputcurrent will then be
automatically temperature compensated to reduce the ef-
fects of high ambient temperature. Low input current is par-
ticularly important when making very low current measure-
ments. Proceed as follows:

1. Disconnect all input signals from the instrument. Place
the protection cap on the METER INPUT connector.
2. Remove the two screws securing the top cover and

remove it from the instrument.

NOTE
The proper warm up should be allowed. The top
cover must not be removed for more than five
minutes before adjustment.

3. Select the current function and place the instrument on
the 20 pA range. Select filter 3 and set delay time to
0.2sec. - ,

4. Enable ZERO CHECK and CORRect in that order.

5. Disable ZERO CHECK. ' o

6. Wait several minutes until the displayed reading settles
down; about 2 counts (2fA) peak-to-peak noise is normal.

7. Locate the input current potentiometer R317 on the
preamp board (see Figure 8-2). It is accessible through
a small hole in the shield.

8. Carefully adjust R317 for a reading of 0.000 +2 counts
on the display. Repeated adjustment may be necessary.

Note: Remember to keep the top cover on the instrument
when not making internal adjustments.

8.5.12 Capacitance Offset Compensation

Perform the following digital calibration procedure to com-
pensate for capacitance offset from the front panel. For front
panel calibration, skip step 4. For IEEE-488 bus calibration,
skip step 3.

1. Select the 200pF range, filter 3, 0.07 second delay and

0.01V squarewave step. Disable ZERO CHECK if itis on.

2. Place the protection cap on the METER INPUT connector.

display should settle to a reading of 0000 pF +2
counts.

C. Press the ADJUST A or ¥ bution.

4. For IEEE-488 bus cdlibration, perform steps 1and 2, and
then send J16X over the bus.

Compensation is now stored in temporary memory. If it-
is desired to store the calibration constants in permanent
memory at this time, perform the procedure in paragraph
8.5.18, Usually, it is most practical to complete the entire
calibration procedure before performing the storage pro-
cedure.

7 8.5;13 Voltage Source Calibration |

Use the following procedure tocalibrate the voltage source.
Voltage source calibration can be performed at any time,
separate from meter calibration.

-1. Connect the DMM to VOLTAGE SOURCE OUTPUT, as
shown in Figure 8-4.

2. Set the voltage source to output 00.00V.

3. Turn on the voltage source output by selecting the DC
WAVEFORM.

4. Place the DMM on the lowest DC voltage range possi-
ble without overranging the instrument and verify an

. output voltage of 0V +10mV.

5. Enable REL on the DMM to cancel the voltage offset.

6. Set'the DMM to the 20V (or similar) range and set the
voltage source to output 19.00V.

7. Adjust R166 (accessable from the rear panel - see Figure
8-2) for a DMM reading of 19.000V zImV.

8. Set the voltage source to output 0000V, disable SUP-
PRESS, and connect the DMM to V ANALOG QUTE-
PUT as shown in Figure 8-5. : -

9. Verify that the DMM reads 0V +2mV. o

10. Enable REL on the DMM and set the voltage source to
- -putput 19.00V, in that order.
11. Adjust R340 (see Figure 8-2) for a DMM reading of
1.9000V £100uV.

12. Turn off the voltage source output and disconnect the
DMM.

8-8



MAINTENANCE

BNC TO .w
BANANA PLUG ADAPTER
VOLTAGE A
(POMONA 1296) SOURCE
oo [’
(e

O 0 00000006600

MODEL 197

MODEL 595

Figure 8-4. Voltage Source Output Calibration Setup

ANALDG f?
( .06Pu151©
oo | ) © 0 ©®©@ 0O[Blo ®
|
o 0 0000000000 = -j g
-Il I lIIIIi
% -i{:::::]i (:) )

MODEL 197

MODEL 595

Figure 8-5. V¥ Analog Output Calibration Setup
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Table 8-4. Current Calibration

595 | Calibration Test DC Calibrator |595 Calibration | IEEE-488 Bus
Range | Current Setup | Filter| Resistor Value* Voltage Point Command
200pA | 19000 pA | Figure 8-6 | 2 | (10 GQ) 1.5V} 19000 pA AT90E-12X

20nA | 19000 nA | Figure 86| 2 | (100MQ) (1.9V) 19.000 nA A19E-9X

2pA| 1.9000 pA| Figure 87| 0 10.00ME 19.0000V 1.9000 pA Al1.9E-6X
20 pA | 19000 uA| Figure 87 | O 1.000M% 19.0000V 19000 zA Al9E—-6X
200 pA | 190.00 . pA| Figure 87| 0 100.00kQ 19.0000V 15000 pA A190E-6X

*Values in parenthesis are nominal values. See text for methods to determine these values.

8.5.14 Current Calibration

Digital calibration of the current function should be per-
formed on these particular ranges in the following order:

200pA, 20nA, 2pA, 20pA, and 200pA ranges. Once these

ranges are calibrated, the remaining current ranges are
automatically calibrated.

able 8-4 as a guide

o ollows:
Using lable g , tollows:

proceed as
r

o SIS, I

1. Usmg tne 'EEIEOHH]IHEIEI} au.ur‘ately measure U{ll:‘ leul'.'b
of the 10GQ and 100M resistors. Record the values in
the first and second lines of Table 8-4. Using these
values, calculate each calibration voltage as follows:

= T ..
L = 1AI

Where ] is the calibration current and R is the measured
resistance value. Record the calculated calibrator
voltages in the table. For example, if the actual resistance
R, PR S | A 15 T ol o T LS. o . ¥ el Y
VAalue ol IS AL TCSISTOUL In A I\ 3L,

voltage value would be 1.919V.

NOTE
Do not touch the body of the resistors. Contamina-
tion could give erroneous results.

2.Place the instrument in the current function, 200pA

mmimmn o onloar BITTER 9 Aol ciies th Tilomm sl
Iange, anda select FILTER 2. Make sure the calibration

program is selected if calibration is to be done from the
front panel.

3. Zero correct the instrument by enabling ZERO CHECK -

and performing CORRect in that order.

4. Connect the DC calibrator and 10G{ resistor to the
Model 595, as shown in Figure 8-6. Note that the resistor
is to be placed in a shielded enclosure, as shown on the
diagram. (See Figure 8-1 for recommended shield).

-

O,

i3

. Set the calibrator to output OV.
. Disable ZERQ CHECK, allow the readin

to settle and

enable SUPPRESS in that order.

. Set the calibrator to output the voltage listed in Table

8-4 for the 200pA range.

. Perform one of the following operations to digitally

enter the calibration value:

A. From the front panel, adjust the d1sp1ay to read
19000pA using the voltage source ADJUST buttons.

- B. Over the IEEE-488 bus, send AT90E-12X.

10.

11.

. Enable ZERO CHECK,, disable SUPPRESS, and set the

calibrator output to V.
Remove the 10GQ resistor from the test ﬁxture and in-
stall the T00MQ resistor.
Select the 20nA range, disable ZERO C[-IECK allow the

PP, 1 P T,

reaumg to bEEUE anu giidiie DUl'l'l\.I'_'.DD in Uldf UIU.!‘.‘I

12. Set the calibrator to output the voltage listed in Table

IS Py 1) Sy ety
LIl Ldlidusy

14.

16.

18.

84 for the 20nA range.

. Perform one of the following operations to digitally

enter the calibration value:

A. From the front panel, adjust the display to read
19.000nA. '

B. Over the bus, send AI9E-9X.

Enable ZERO CHECK, disable SUUPPRESS, and set the

im 13l & i, famaad ST
Ca:lorar0r (O ourplr uv.

. Disconnect the resistor/shield fixture from the instru-

ment and connect the decade resistance box in its place,
as shown in Figure 87.

Set the decade box to the resistor value listed for the
2pA range in the table.

Select the 2uA range and FILTER 0 {disabled).

Disable ZERQ CHECK and enable SUPPRESS in that
order.

range in the table.

. Set the calibration constant to exactly 1.9000pA, either

from the front panel or over the [EEE-488 bus.
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21. Enable ZERO CHECK, disable SUPPRESS and set the
calibrator to output OV.

22. Using Table 8-4, repeat steps 16 through 21 for the 20pA

" and 200pA ranges. For maximum accuracy, remember
to re-apply suppression after each range is selected with
OuA on the input (calibrator output at V).

Current calibration constants are now stored in temporary
memory. If it is desired to store the calibration constants
in permanent memory at this time, perform the procedure
in paragraph 8.5.18.

RESISTOR }—d + F—————

SHIELDED FIXTURE
(SEE FIGURE 8&-1)
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Figure 8-6. Current Calibration Setup (200pA and 20nA Ranges)
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8.5.15 1,C Analog Qutput Adjustment

Calibrate the [,C Analog Qutput as follows:

1. Select the current function, 200pA range, filter 2 and

enable ZERO CHECK.

Connect the current souxce to the input as shown in

Figure 87. Set the decade resistance box to 100k2 and

set the calibrator to output OV,

. Using the DVIM, monitor C,1 ANALOG OUTPUT at the
reax panel of the Model 595 as shown in Figure 8-8. Verify
that-the offset voltage is less than 2miV.

2.

then enable SUPPRESS.

. Apply 190pA to the input by setting the calibrator fo out-
put 19V and adjust R333 (see Figure 8-2) for a DMM
reading of 1.9000V +100uV.

8.5.16 Q/t Calibration

Like current calibration, Q/t digital calibration requires a
190pA source applied to the input of the Model 595.

Paragraph 8.5.14 explains how to configure the necessary

equipment for the 190pA source.

Calibrate Q/t as follows:

1. Select the capacitance function, 2nF range, 1 second
delay time, and 0.1V squarewave step.
2. Select the Qft display.

. Disable ZERO CHECK, allow the reading to settle, and .

3. Make sure the calibration program is selected if calibra-
tion is to be done from the front panel.

4. Verify that with a capped input the display reads .0000
nA 42 counts.

5. Connect the current source to the Model 595 as shown
in Figure 8-6. Note that the 10G@ resistor must be install-
ed in the test fixture.

6. Set the DC calibrator to the voltage listed in the first line

_ of Table 8-3.

7. For front panel calibration, adjust the display to read
.1900 n.A.. Note that the decimal points in the displayed
_exponent indicate that the calibration program is selected.
For IEEE-488 bus calibration, send AI90E-12X.

Qit calibration is now stored in temporary memory. If it
is desired to store the calibration constant in permanent

memory at this time, perform the procedure in paragraph
8.5.18.

8.5.17 Capacitance Calibration

Capactitance digital calibration consists of connecting

_ capacitors with known measured values to the input-and

digitally entering those values from the front panel or over
the bus. The Model 5955 is a set of characterized {measured)
capacitors that can be used to calibrate the Model 595.

‘Before using the capacitors, make sure that the date for re-

characterization has not passed. The characterization pro-
cedure for the Model 5955 is contained in its instruction
manual.
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Table 8-5. Capacitance Calibration

Range | Filter | Step V Delay | Capacitance Value*
20nF| 2 | 0010SQ | 00.20 S | (18nF)
200pF| 3 | 0010 SQ | 00.20 S { (180pF)
200pF| 3 | 0001SQ | 00.20 S| (180pF) i
2nF| 2 | 0010 SQ | 00.20 S { (1.8nF)
2nF| 2 | 0005SQ | 0020 S (1.8nF) ”
2nF{ 2 | 00025Q | 00.20 S| (1.8nF) Z
2nF| 2 | 0001 SQ | 00.20 S | (1.8nF) ”

*Values in parenthesis are nominal values. Actual IkHz values
are recorded on the capacitors.

Perform the following procedure to calibrate capacitance:

1. Record the 1kFIz values of the characterized capacitors in
Table 8-5. The charcterized values are located on the
capacitors.

2. Select the 20nF range, filter 2, 0.1V squarewave step, and
a delay of 0.2 seconds, This setup data is listed in the
first entry of Table 8-5.

3. Place the protection cap on the METER INPUT connec-
tor and make sure the calibration program is selected if
calibration is to be done from the front panel.

4. Disable ZERQ CHECK, wait 15 secornids and enable SUP-
PRESS in that order.

5. Remove the protection cap and connect the 18nF
{nominal) capacitor to the input. '
6. For front panel calibration, adjust the display to the
capacitance value recorded in the first line of Table 8-5.
For TEEE-488 bus calibration, send the recorded
(characterized) value using the A command. For exam-
ple, if the characterized value is 18.036nF send

A1B.036E-9X over the bus.

7. Disable SUPPRESS and enable ZERO CHECK.

8. Repeat steps 2 through 7 for the remaining entries in
Table 8-5. Each table entry defines the instrument setup
(range, filter, step V, delay and input value). Note that
calibration must be performed in the order presented in
the table.

8.5.18 Storage of Calibration Parameters

The digital calibration procedures given in the preceding
paragraphs temporarily store calibration constants in inter-
nal RAM (Random Access Memory). For calibration to be
permanent, you must perform permanent storage into
NVRAM (Non-volatile Random Access Memory).

NOTE
Storage will only occur if a change to digital calibra-
tion has occured. Also, the calibration program
must be selected to perform storage from the front
panel.

_ Front Panel NVRAM Storage - To store calibration constants
into-permanent memory, press the MENU buiton. The
following message will be displayed momentarily: '

émr
The instrument wil! then exit from the calibration program.

IEEE-488 Bus NVRAM Storage - If storage is to be done
from over the IEEE-488 bus, simply send the following
command:

Ji9x

Note that these storage procedures need be performed only
once after all calibration parameters have been entered.
Keep in mind that the calibration jumper must be in the
correct position, as described in paragraph 8.54.

If storage is aborted because the calibration jumper is in
the disable position, the exponent decimal points will blink
to indicate that permanent storage did not occur. Storage
can still be accomplished as follows:

1. Place the calibration jumper to the enable position (see
paragraph 8.54).

2. Select the calibration program from the program menu
(exponent decimal points displayed, but not blinking).
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3. Press the A button to increment the reading by one count
and then press the ¥ button to decrement the reading
by one count. Pressing an ADJUST button tells the in-
strument that a calibration adjustment has occured.

‘4. Press the MENU button and the “Stor” message will then
be dislayed.

Note: If an ADJUST button is not pressed in step 3, storage
will not occur in step 4. Instead, the MENU button will
scroll the program menu.

8.5.19 Additional Calibration Points

The meter calibration points discussed in the preceding
paragraphs were chosen to optimize instrument accuracy
without making the calibration procedure overly tedious
and time consuming. As noted earlier, these calibration
points are permanently stored when the correct storage se-
quence is performed. Other calibration points are derived
from the stored values in normal use during power up,
“Stor”, and device dear (DCL and SDC).

Although this calibration method is more than adequate
to allow the instrument to meet specifications, it should
be pointed out that it is possible to temporarily calibrate
those ranges not directly calibrated as part of the calibra-
tion procedure. To temporarily calibrate additional ranges,
proceed as follows:

1. With the calibration jumper in the disabled position (see
paragraph 8.54), place the instrument in the desired
function and select the range to be calibrated.

2. Apply the necessary calibration signal and enter that
value into the instrument’s memory, either with the front
panel calibration program, or over the IEEE-488 bus. (The
flashing exponent decimal points indicate parameters

have been entered.)

The nominal adjustment range is +6%. However, it is im-
portant to note that such calibration will be only tem-
porary as these parameters will be lost when the power

is turned off. Under these conditions, the instrument will
revert to calibration constants previously stored in perma-
nent memory the next time it is turned on. Note that the
IEEE-488 DCL and SDC commands will also cancel tem-
porary calibration constants.

As an example of this procedure, let us assume that you
wish to temporarily calibrate the 2nA range — a range that™ -
is not part of the normal calibration sequence. The follow-
ing basic procedure could be used to calibrate this range.
Remember that the calibration jumper must be in the
disable position.

1. Select the calibration program if the calibration constant
is to be entered from the front panel.

2. Set the instrument to the 2nA range.

3. Zero correct the instrument by enabling ZERO CHECK
and then CORRect in that order.

4. Apply OnA to the input, disable ZERO CHECK and
-enable SUPPRESS in that order.

5. Connect a suitable calibration signal to the instrument.
Typically, calibration is done at 95% of full range, or
1.9nA in this case.

6. For front-panel calibration, use the voltage source AD-
JUST buttons to set the displayed value to 1.5000 nA and
press the MENU button. The “out” message will be
displayed briefly. For IEEE calibration, send AL9E-9X
over the bus. The flashing exponent decimal points in-
dicate that calibration is temporary.

8.6 DISASSEMBLY INSTRUCTION

If it is necessary to troubleshoot the instrument or replace
a component, use the following disassembly procedure. An
exploded view of the instrument may be found in Figure
8-9.

WARNING
Disconnect the line cord and any cables from the
instrument before disassembly.
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Figure 8-9. Model 595 Exploded View
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1. Remove the top cover as follows:

A. Remove the two screws that secure the top cover
to the rear panel.

" B. Grasp the top cover at the rear and carefully pull up
until the tabs at the front of the cover clear the front
panel. The cover may then be pulled completely
clear.

C. To replace the top cover, reverse the above procedure.
Be sure to install the tabs at the front of the cover
before completely installing it.

2. Remove the preamp board as follows: _

A. Disconnect 1019 and P1020 from the mother boéfd,
and P1017 from the preamp board.

B. Remove the six screws that secure the preamp board

to the six standoffs.

C. Disconnect PI016 from the botiom of the preamp
board

D. Carefully remove the preamp board, taking care not
to touch the PC board surfaces or any components.

E. Toremove the preamp board shield, remove the one
remaining screw securing it to the board.

3. Remove the mother board as follows:

A. Disconnect the display board ribbon cable from the

mother board.

B. Remove the three standoffs located along the edge
of the board, and the three additional screws that

secure the mother board to the bottom case. Do not

remove the three standoffs located down the center
of the board.

C. Remove the two screws that secure the rear panel to

the bottom case and remove the mother board and
rear panel as a single umit.

4. The display board can now be removed as follows:

A. Remove the two screws securing the display board
to the front panel.

B. Remove the display board by lifting up and back until
the tabs at the bottom of the case are clear and then
lift the display board free.

5. The instrument can be re-assembled by reversing the
above procedure. Make sure that all boards are proper-
ly seated and secured, and that all connections are pro-
perly made. To ensure proper operation, shields must
be replaced and fastened securely.

WARNING
To ensure continued protection against safety
hazards, power line ground (the green wire con-
nected to the ac power receptacle) must be con-
nected to the rear panel and mother board.

‘w .

8.7 SPECIAL HANDLING OF STATIC SENSITIVE
DEVICES

CMOS devices operate at very high impedance levels for
low power consumption. As a result, any static charge that
builds up on your person or clothing may be sufficient to
destroy these devices, if they are not handled properly. Use
the precautions below to avoid damaging them.

o NOTE
' Since the many CMOS devices installed in the
Model 595 are not-denoted in this manual, all ICs
and transistors should be handled as static sensitive
devices.

1. ICs should be transported and handled only in con-
tainers specially designed to prevent static build-up.
Typically, these parts will be received in anti-static con-
tainers of plastic or foam. Keep these devices in their
original containers until ready for installation.

2. Remove the devices from their protective containers only

at a properly grounded work station. Also ground’
yourself with a suitable wrist strap.
3. Handle the devices only by the body; do not touch the
pins.
4. Any printed circuit board into which the device is to be
inserted must also be grounded to the bench or table.
. Use only anti-static type solder sucker.
. Use only grounded tip soldering irons.
7. Once the device is installed on the PC board, it is nor-
mally adequately protected, and normal handling can
_resume. _

o

8.8 TROUBLESHOOTING

The troubleshooting information contained in this section
is intended for qualified personnel having a basic
understanding of analog and digital circuitry. The in-
dividual should also be experienced at using typical test
equipment, as well as ordinary troubleshooting procedures.
The information presented here has been written to assist
in isolating a defective circuit or circuit section. Isolation
of the specific component is left to the technician. Note that
schematic diagrams and component layout drawings,
which are an essential aid in troubleshooting, are located
at the end of Section 9.
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Table 8-6. Recommended Troubleshooting Equipment

Equipment

,rUsé

DMM with 0.015% basic DC accuracy,
10MQ input impedance (Keithley
Model 197 or equivalent).

Storage oscilloscope, DC-50MHz
bandwidth.

Power supply and DC voltage
checks; analog signal tracing;
continuity; static logic levels.

Digital and analog waveform
checks.

8.8.1 Recommended Test Equipment

Success in troubleshooting complex equipment like the
Model 595 depends not only on the skill of the technician,
but also relies on the use of accurate, reliable test equip-
ment. Table 8-6 lists the minimum recommended equip-
ment for troubleshooting the the Model 595. Other equip-
ment such as logic analyzers and capacitance meters could
also be helpful, especially in difficult situations.

8.8.2 Power Up Self Test

Upon power up, the Model 595 will automatically test its
RAM and ROM memory, and check for proper calibration
constants. If a RAM error occurs, the following message
will remain on the display:

LI

1If a ROM error occurs, the following message will remain
on the display:

r.O.

With either error, the instrument will be completely in-
operative. If any of these errors occur, it should be assum-
ed that a problem exists within the instrument. The pro-
blem should be rectified before using the instrument.

If a calibration error occurs, the two exponent decimal
points will flash. The instrument will be functional under
these conditions, but calibration is not accurate. Use the

8.8.3 Self Diagnostic Program

The self diagnostic program can be used to test the front~
panel indicator lights, access the software revision level, and
enter a special mode to allow signal tracing through the
instrument. Enter the diagnostic program as follows:

1. Turn off the instrument for at-least three seconds if it
is presently turned on.

2. Press and hold the C/Cg button while turning on power.

3. The instrument will test RAM and ROM as it normally
does on power-up, and then turn on all front panel in-
dicator lights and display segments. The instrument will
remain in this configuration as long as the C/Cq button
is held in. ’

_'_4. The software revision level will be displayed when the

C/Co button is released. A typical example is:
Al

Note that the revision level of your instrument may be
different.

5. At this point;-the instrument will enter the diagnostic
mode that switches the instrument among the zero (com-
mon), calibration (reference), and signal phases of its
measurement cycle. The unit can be cycled through these
phases by repeatedly pressing the C/Cy button. The
decimal point will indicate the range. During the zero
(common) phase, the display will appear as follows:

P=20

-6. During the calibration (reference) phase, the display will

show:

calibration procedures in paragraph 8-5 of this section to——

calibrate the instrument. Note that this error may also in-
dicate a defective NVRAM (permanent memory).

P=C
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7. Finally, the display will show the following message dur-
ing the signal phase:

P=5

8. To remove the instrument from the diagnostic mode, turn
off the power.

During normal operation, the instrument cycles through
these three phases in rapid succession. This cycling action
makes it difficult to troubleshoot the instrument utilizing
normal signal-tracing techniques. However, by using the
diagnostic program to “freeze” the instrument on the ap-
propriate phase, troubleshooting is greatly simplified. Table
87 summarizes phases, display messages, and signals ap-
plied to the A/D converter during each of the three phases.

Table 8-7. Diagnostic Program Phases

A/D Converter
Display Input Signal
Phase Message (U129, pin 15)

8.8.4 Power Supply Checks

All power supply voltages should be checked first to make
sure they are within the required limits. If the various oper-
ating voltages are not within the required limits, trouble-
shooting the remaining circuitry can be quite difficult.

Table 8-8 cutlines the various power supply voltages that
should be checked. In addition to the usual voltage checks,
it is a good idea to check the various supplies with an
oscilloscope to make sure that no noise or ringing is
present.

8.8.5 A/D Converter Checks

Use the procedure listed in Table 8-9 to make sure the A/D
converter is operating properly. The operation of the A/D
converter should be verified before attempting to trouble-
shoot the analog circuitry.

8.8.6 Voltage Source Checks

Check out the operation of the voltage source by using the
procedure in Table 8-10. The first 10 steps in the table check

Zero (Common)| P =10 Analog Common
. the voltage source circuitry, while the remaining steps check
Calibration P=C —2V Reference out the step voltage circuitry. Note that the power supply
(Reference) voltage should be checked first to ensure proper operation
Signal P =S | Output of Preamplifier | Of the voltage source.
(X1) or X10 amplifier
Tabie 8-8. Power Supply Checks
Step| Item/Component|Required Condition Remarks
1} 5102 Set to 115 or 230 as required Line voltage selection
2 | Fl01 Check for continuity Remove fuse and measure
‘ resistance (=250 for FU-20,
=85 for FU-21).

3 | Line Power Connect line power & turn on

4 | +24V supplies |+27.5V +13% Referenced to +24V common

5 | +15V supplies |+15V, =15V, +10% Referenced to analog common

6 | +9D supply +9V +16% Reference to digital common

7 | +5D supply +5V +5% Referenced to digital common
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Table 8-9. A/D Converter Checks”

Oscilloscope Required
Step| Item/Component|Settings Condition | Remarks
1 | U125 pin 10 Vidiv, 0.2ps/div Waveform 1 | A/D Clock (1.2288MHz)
2 | U125 pin 9 ZVidiv, 0.5us/div Waveform 2 | 614.4kHz clock
3| Ul25 pin 7 VIdiv, 1ps/div Waveform 2 | 307.2kHz clock
4 | U25 pin 6 2Vidiv, 2us/div Waveform 2 | 153.6kHz clock
5 | U135, pin 5 Vidiv, Susidiv Waveform 3 | 76.8kHz clock
6 | Ul25, pin 3 V/div, Wps/div Waveform 3 { 384kHz clock
7 1 UL25 pin 1 2Vidiv, Tms/div Waveform 4 | 300Hz clock
8 | Ul36, pin 6 2Vidiv, Sus/div Waveform 5 | Change balance synchroni-
zation signal (*/; duty cycle)
g | U132, pin 6 2Vidiv, Smsidiv Waveform 6** | Integration output
10 | U137 pin 6 Vidiv +5V DC | Charge balance reference
| U3 pin 7 2V/div, 10ms/div  |Waveform 7**| Charge balance output
12| U124, pin 6 V/div, 10ms/div  |Waveform 7**| Charge balance current
generator
13 | U136, pin 8 2Vidiv, W0ms/div  |Waveform 8| A/D Data Output
14 | U135, pin 10 V/div, 10ms/div Waveform 9 | Control line for single slope
enable
15 | Ul24, pin 9 2Vidiv, 10ms/div Waveform 10 { Input Enable

*Model 595 in power up default state. Voltages referenced to GUARD.
**Specific shape depends on A/D phase. '

W

WAVEFORM 1

WAVEFORM 2
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WAVEFORM S WAVEFORM 10
Table 8-10. Voitage Source Checks*
595 Required
Step! Setup|Scope Settings Item/Component Condition Remarks
1 A |2Vidiv, 20ms/div U139, pin Waveform 11 |DATA input (serial)
2 A |2V/div, 10ms/div U139, pin Waveform 12 |CLOCK data into latches of
U139
3 A | ZV/div, 20msidiv U139, pin 9 Waveform 13 | STROBE - pass data to D/IA
4 A ™ U134, pin 3 6.35V +01IV  [Zener voltage (VRIOT)
5 A | U139, pin 15 1024+ Reference V
6 A | U40, pin 7 ~9.5V Convert | output to V
7 A U1, pin 6 —~0.2V +0.1V  |Output of op amp
8 A ™ T103, pin 1 19.00V +0.05V |Output of —X2 amp
9 A ™ VOLTAGE SOURCE OUTPUT | 19.00V +0.05V |Voltage at BNC cutput
connector
i0 B |™ U130, pins 10 and 11 5V STEP A and STEP B input to
nuX
i B | 2V/div, S0msidiv U130, pin 9 i Waveform 14 |STEP C input to mux
1 B [50mV/div, 50ms/div] U123, pin 6 Waveform 15 |Step voltage input to mux
13 B |50mV/div, 50ms/div| VOLTAGE SOURCE OUTPUT | Waveform 15 | Step voltage at output

SETUP A: 19.00V, DC output capacitance function, ZERQO CHECK enabled

SETUF B: 0.1V SQ step, 0V, STEP

UL.I'.LPIJ.I., UUL‘J&L U.t:.ld-y l.uuc

*All voltages referenced to GUARD.
Preferable to use DMM for DC voltage measurements.
**Exact value set during calibration.
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Table 8-11. Relay Configuration

Relay

Function Range K301

K302

K303 K304| K305 | K306 | K307

Capacitance 200pF

N =
Aty

20nF

ped

Current
200pA
2nA
20nA
200nA
2uA
20pA
200pA,

20pA

>
pas
b

]
"
3
v

»

Zero Check| X

{ #2228 %
| | >

X = Realy energized.

* = These relays may also be energized depending on range and function.

8.8.7 Relay Configuration

Instrument functions are controlled by configuring the in~

ana walarrs o

T ~
Ao LhidyD Al

[RRRURpE, -1 i g I, R SN T

sl o
PU.L d.lJ.I.PILLJ.C.I. W.I.LLI. a OUImnoer Gr lcldyo.

themselves controlled by serial-parailel converter ICs that

decode control information from the microprocessor. Since
each relay must assume a given state for proper operation,
it is possible to verify input configuration switching by

L s L N, iy WOw L AT pmrry dmem oo s o

Py AR Y
ut.:u:.t Lll.l.“.l.llé WWILILIL ltlﬂyb ddT Tl ll:J.EJ.LCLl 1OT CV’CL}I 1aript dilie

function.

Table 8-11 gives a summary of status for each of the seven

LCIan aaau\.lalcd WLLh L}.‘LC J.I.l.Pu(. 3CL.I.].U].{ YULI. La..ll vc.l..u.y lJJ.U'

per relay operation for a given combination by selecting the

range and function in question and then measuring the
control voltage at the IC driver output. When a relay is
energized (on} the voltage at the output will be high, while

amam s s kT TR 2 ar3 1T o mmvmvam v A walary Aa_awawaroad

- $4lm £Tm y
ﬂPleRullaLcly uv Wm LT otk VVILil. I.J.I.C u:xa_y \J.C-CI.I.CJ.EILCL(

(off), except K307 which is energized when driven with 0V,

and de-energized when driven to +5V.

8.8.8 Input Conditioning Circuitry Checks

The input and X10 amplifiers condition the input signal,
transforming it into a 0-2V dc voltage that is usable by the
A/D converter. The exact conditioning process will depend
on the selected range and function. For the current func-
tion, the input signal must undergo current-voltage con-
version. For the capacitance function, the input signal must

A, 1o 5 1k
GRAQeTgo Cnarge wo '\"Guage conversion.

Table 8-12 lists the gains selected by the multiplexer (U129)
for the various functions and ranges.

" The procedures outlined in Tables 8-13 and 8-14 may be us-

ed as an aid in troubleshooting the input conditioning
circuitry.

8.8.9 Digital Circuitry

Problems with the digital circuitry could cause erratic opera-
tion. Check the various components associated with the
digital circuitry using the procedure given in Table 8-15.
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Table 8-12. Amplifier Gains

Voltage at TP1 for
Function Range | Gain Full Scale Input
Capacitance *| 200pF X1 2V Squarewave
* Xi0 0.2V Squarewave
2nF X1 2V Square Wave
20n¥F X1 2V Squarewave
Current 20pA | X10 0.2v DC .
200pA X1 2V DC
ZnA | X0 0.2V DC
20nA X1 2V DC
200nA | XI0 0.2V DC
2nA X1 ZVDC
20pA | X10 0.2v DC
200pA X1 2V DC

*0.01V step on any range; for-all others, step voltage is 0.10V

Table 8-13. Capacitance Circuitry Checks

Item/Component
595 Settings* | Applied Scope usoz U305, pin 6 U304 Ui
Step{ Range | Step V | Input Settings pin 11 {TP1) pin 10 pins 3 & 6 | Remarks

11 - - — Vidiv, 50msidiv | Waveform 16 — - - Discharge drive
2| 20nF |0010SQ| 0nF | 05V/div, SCms/div — Waveform 17 — — - i Preamp output

3| 20nF | 0010 5Q{ 10nF Vidjv, .Is/div - - - Waveform 18 | A/D input

4 2nF | 00,10 SQ InF | 0.5Vidiv, 50ms/div. — Waveform 17 - — Preamp output

5 2aF | 00.10 SQ InF WV/idiv, Is/div — - - Waveform 18 | A/D input

6 | 200pF | 00.10 SQ | 100pF | 0.5V/div, 50ms/div — Waveform 19 - - Preamp output

7 } 200pF | 00.10 SQ | 100pF 1Vidiv, .1s/div — —_ —_ Waveform 18 | A/D input

8 | 200pF | 0001 5Q| 100pF 50mV/div, .1s/div — Waveform 20 - - Preamp output

9 | 200pF | 00.01 SQ| 100pF 0.5V/div, .Isidiv - - Waveform 20 - X10 amp output
10 | 200pF | 0001 SQ| 100pF 1Vidiv, .is/idiv - — — Waveform 21 | A/D input

*Delay time of 0007sec (default), STEP waveform selected, preamplifier board shield must be fastened in place.
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WAVEFORM 16

WAVEFORM 17

WAVEFORM 18

WAVEFORM 192

I A T A

WAVEFORM 20

WAVEFORM 21
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Table 8-14. Current Circuitry Checks

Item/Component
Applied | U305, pin 6
Step | Range* | Input (TP U304, pin 10 |U129, pin 1 | U3l pins 3 and 6**
1.1 20pA | 10pA —-100mV i\ e\ See waveform 22
2 | 200pA | 100pA -1V — -1V See waveform 22
3 2nA InA ~-100mV -1V -1v See waveform 22
4 20nA | I0nA -1V — -1V See waveform 22
5 ] 200nA | 100nA —1000V e\ -1V See waveform 22
6 2 pA 1pA - 1V — =1V See waveform 22
7 20pA ) 1WA =100mV e\ -1V See waveform 22
8 200 pA | 100 A - 1V — : i\’ See waveform 22

*Model 595 set for 0.07 second delay and 0.1V step.
**Use scope set for 1V/div and 50ms/div

Notes:

1. TP1 is the output of the preamplifier

2. U304 pin 10 is the output of the X10 amplifier

3. UL29, pin 1 is the signal input to the multiplexer

4. Signal at pins 3 and 6 of U131 is the input to the A/D converter.

WAVEFORM 22
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Table 8-15. Digital Circutry Checks*

Item/ Oscilloscope Required
Step| Component| Settings Condition Remarks
1 | Ul09, pin 40 2Vidiv +5V +5% +5V digital
‘ supply
2 | U109, pin 2| 2Vidiv, Ims/div { Waveform 23 Interrupt clock
3 | U9, pin 1| 2Vidiv Stays low <1 sec | MPU reset
on power-up,
then goes high
(=5V)
4 | U109, pin 4 | 2Vidiv, 0.5us/div | Waveform 24 Data strobe
5 | Ul09, pin 6} 2Vidiv, (.5ps/div | Waveform 25 Address strobe
6 | UI09, pin 37 2V/div, 50ms/div | Waveform 26 A/D_Data
7 | U102, pin 6| 2V/div, 20ms/div | Waveform 27 A/D control
8 | Ul02, pin 8; 2Vidiv, 20u/div | Waveform 28 Voltage supply
control
9 | UI02, pin 3| 2V/div, 50ms/div | Waveform 29 Meter complete

*Power-up default state. Voltages referenced to digital common.

WAVEFORM 23 ' WAVEFORM 24

8-28



MAINTENANCE

W1 A A OO L W W
Il l|||1|l L] I\lil?!'il’lll"l,
ITHEEEE B

WAVEFORM 27
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Table 8-16. Display Circuitry Checks*

CAPACITANCE, ZERO

CHECK, ¥ LIMIT, ADJUST A,

DISPLAY SOQURCE or MENU
button and observe Waveform
33

Step| Item/Component Oscilloscope Settings| Required Condition Remarks

1 | U201, pin 9 2Vidiv +5V +5% +5V supply

2 | U201, U202, pins 11-18| 2V/div, 2ms/div Waveform 30 Segment drivers

3 | U204, pins 11-18 Vidiv, 2ms/div Waveform 31 Digit drivers

U205, pins 15-18

4 | U203, pins 10-15 2Vidiv, 2ms/div Waveform 32 Digit Multiplexer

5 | P102], pin 14 2Vidiv, 2ms/div Depress SUPPRESS, RANGE | Pulse present when button
¥, A LIMIT, DELAY TIME, pressed.
+/— or SELECT ¥ button and
observe Waveform 33

6 | P1021, pin 15 V/div, 2ms/div Depress C/Co, RANGE A, Pulse present when button
SHIFT STEP V, ADJUST ¥ or |pressed.
SELECT A buttonand observe
Waveform 33

7 | P1021, pin 16 2Vidiv, 2ms/div Depress CURRENT, Pulse present when button

pressed.

*Power-up default state. Voltages referenced to digital common.

8.8.10 Display Board Checks

Check out the display board by using the procedure in Table

8-16.

WAVEFORM 30

WAVEFORM 31
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WAVEFORM 32

8.9 INPUT STAGE BALANCING PROCEDURE

If the input FET (Q302) or associated bias resistors are
replaced, the following procedure should be used to
rebalance the circuit. This procedure may also be used if
the offset adjustment potentiometer R315 has insufficient
range. The procedure involves checking the number of
counts of offset with jumper W301 in position B.

Referring to Figure 8-10, proceed as follows:

1. Turn on the power and allow the instrument to warm
up for one hour.

NOTE
Steps 2 through 9 should be comleted within =5
minutes to maintain the proper internal
temperature.

2. Remove the top cover and preamp board shield. _
3. Place jumper W301 in position B.
4. Enable ZERO CHECK.

5. Set the input offset adjustment potentiometer R315 fu]iy
clockwise. The control is a 15-turn potentiometer, so
considerable adjustment may be required.

WAVEFORM 33

6. Note the number of counts shown on the display and
compare the value to the ranges listed in Table 8-17. From
this table, you can determine which position jumper

- W301 should be placed in. For example, if the display
shows between —1200 and +200 counts, jumper W301
should be placed in position C.

7. Place the jumper in the position determined in step 5.

8. Replace the preamp. board shield.

9. On the 20pA range, with ZERO CHECK still enabled,
set the input offset potentiometer R315 for a reading of
0.000 pA +1 count on the display.

10. Replace the top cover when the procedure is complete.
11. After the instrument is again allowed to warm up, check
that the display reading is still 0.000pA +1 count.

8.10 HANDLING AND CLEANING
PRECAUTIONS

When troubleshooting or otherwise working inside the in-
strument, care should be taken not to indiscriminately

_.touch PC board traces and open wires to avoid con-

taminating them with body oils or other foreign matter. In

_particular, there are two areas within the Model 595 that

have numerous high impedance nodes where contamina-
tion could cause degraded performance. These include the
input-and X10 ampiifier area on the preamp board.
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GROSS OFFSET VOLTAGE
ADJUSTMENT JUMPER
(POSITION B SHOWN)

R3I5 < »
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W30l

PREAMP BOARD

/\__-———/\

Figure 8-10. input Stage Balancing

Table 8-17. Input Stage Balancing

Display Count 'W303 Position
1400 to 2800 A
200 to 1400 B
—1200 to 200 C

The same general precautions apply when replacing parts
in these areas. When unsoldering and soldering parts, be
careful not to spread the flux around the board to adjacent
areas.

1. Using a squeeze bottle, carefully apply clean, uncontami-
nated methanol to the area to be cleaned. Use sufficient
solution to thoroughly wet the circuit-board.

2. Using a small, clean brush, wipe the area thoroughly un-
til it is free of flux or contaminants. In some cases, it may
be helpful to tilt the board at an angle and brush con-
taminants away from the affected area, allowing con-
taminated residue and methanol to run off the board.

3. Wash the area again with fresh, clean methanol, allow-
ing it to drain, flushing contaminants off the board.

4. Once the area is thoroughly cleaned, it should be dried
with pressurized dry clean air or nitrogen. Do not use
compressed air from an ordinary air compressor, as oil
particles in the air could contaminate the circuit board.

5. After cleaning or parts replacement check to see that any
components connected to the Teflon insulators are not
physically touching the board or adjacent parts.
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REPLACEABLE PARTS

9.1 INTRODUCTION

This section contains replacement parts information, com- .

ponent location drawings and schematic diagrams for the
Model 595.

9.2 PARTS LIST

Parts are listed alphanumerically in order of their circuit
designations. Table 9-1 contains parts list information for
the mother board. Table 9-2 contains parts list information
for the display board. Table 9-3 contains parts list infor-

mation for the preamp board. Table 9-4 contains a miscel-

laneous parts list for the Model 595.

9.3 ORDERING INFORMATION

To place an order, or to obtain information concerning
replacement parts, contact your Keithley representative or
the factory. See inside front cover for addresses. When
ordering include the following information: ‘

1. Instrument Model Number

2. Instrument Serial Number

3. Parts Description

4. Circuit Designation (if applicable)

- 5. Keithley Part Number

If an additional instruction manual is required, order the
manual package (Keithley Part Number 595-901-00}. The
manual package contains an instruction manual and any
applicable addenda.

9.4 FACTORY SERVICE

If the instrument is to be returned to the factory for ser-

vice, please complete the service form which follows this
section and return it with the instrument.

'9.5 SCHEMATIC DIAGRAMS AND

COMPONENT LOCATION DRAWINGS

Schematic diagrams and coﬁt?on‘ent location drawings
follow the appropriate replaceable parts list for that par-
ticular board.




REPLACEABLE PARTS

Table 9-1. Mother Board, Parts List

Circuit Schematic | Keithley
Desig Description Location | Part No.
C101 Capacitor, 4700pF, 16V, Aluminum Electrolytic 1/B6 C-313-4700
Cin2 Capacitor, 0.1uF, 50V, Ceramic Film 2IG5 C-365-1
C103 Capacitor, 2200xE 25V, Aluminum Electrolytic 1/B5 C-314-2200
Clp4 Capacitor, 10gF, 25V, Aluminum Electrolytic 1/Ceé C:314-10
C105 Capacitor, 1pF, 50V, Ceramic Flm 2/C1 C-2371
Ci06 Capacitor, 10uE 20V, Tantalum 202 C-179410
107 Capacitor, 22pF, 1000V, Ceramic Disc = 2/B5 C-64-22p
C108 Capacitor, 2200xE 25V, Aluminum Electrolytic 1/B5 C-314-2200
C109 Capacitor, 0.1xF 50V, Ceramic Film 2iD2 C-365-.1
C10 Capacitor, 470xF 50V, Aluminum Electrolytic 1/B5 C-276-470
cinn Capacitor, 470uE 50V, Aluminum Electrolytic 1/B5 C-276-470
cn2 Capacitor, 22pE 1000V, Ceramic Disc 2186 C-6422p
C113 Capacitor, 0.1xF 50V, Ceramic Film =~ __ . 21G3 C-365-.1
Cli4 Capacitor, 1uF, 50V, Ceramic Film 2D C-2571
C15 Capacitor, 1xF, 50V, Ceramic Film C5 C-2371
Cl16 Capacitor, 1uF, 50V, Ceramic Film 1C5 C-2371
Cuz Capacitor, 0.1uF, 50V, Ceramic Film 2/F2 C-365-.1
C1g Capacitor, 0.1uE 50V, Ceramic Film 2/H1 (C-365-.
C19 Capacitor, 0.01xF, 500V, Ceramic Disc Dl C-22-01
Cr20 Capacitor, 0.01xF, 500V, Ceramic Disc 3/F2 C-22-01
C1z1 Capacitor, 0.14F 50V, Ceramic Film 3/F3 C-365-.1
Ciz22 Capacitor, 0.14F 50V, Ceramic Film 3/F1 C-365-.1
C123 Capacitor, 0.1pF, 50V, Ceramic Film 3/B4 C-365-.1
C124 Capacitor, 0.1xF, 50V, Ceramic Film 3/F4 C-365-1
C125 Capacitor, 10xE 25V, Aluminum Electrolytic 1/E2 C-31410
Cl126 Capacitor, 10xF 25V, Aluminum Electrolytic 1D2 C-314-10
C127 Capacitor, .0047yE, 100V, Ceramic Disc i 1/G3 C-22-0047
C128 Capacitor, 33pE 500V, Ceramic Disc 3/G3 (C-22-33p
C129 Capacitor, 150pE, 500V, Ceramic Disc : 3/G3 C-64150
C130 Capacitor, 0xF, 25V, Aluminum Electrolytic 3/B4 C-314-10
Ci31 Capacitor, 100pE 1000V, Ceramic Disc 33 C-64-100p
Ci32 Capacitor, 15pF, 1000V, Ceramic Disc 3/D4 C-64-15p
C133 - Capacitor, 82pE 1000V, Ceramic Disc 3/D4 C-64-82
C134 Capacitor, 1000pE 1000V, Ceramic Disc 3/E5 C-64-1000p
C135 Capacitor, 0.1uF, 50V, Ceramic Film 3/E5 C-237-1
C136 Capacitor, .015¢F 500V, Ceramic Disc /D3 C-22-015
C137 Capacitor, .0047pF 100V, Metal Polypropylene 3/D3 C-306-.0047
C138 Capacitor, 047pF, 50V, Ceramic Film 1E4 C-237-47
C139 Capacitor, 33pE 1000V, Ceramic Disc 1/F3 C-64-33p
C140 Capacitor, 2200pE, 1000V, Ceramic Disc UF2 C-22-2200p
Ci41 Capacitor, 0.1pF 16V, Ceramic Disc = e 1F3 C-22-02
Cl42 Capacitor, 4.7pF, 25V, Aluminum Electrolytic T/F C-314-4.7
Ci43 Capacitor, 0.01xF, 500V, Ceramic Disc ... _._ 1T/H3 C-22-01
Cl44 Capacitor, 10xF, 20V, Tantalum 3Gl C-179-10
145 Capacitor, 0.1xF, 50V, Ceramic Film — C-237-1
CR101 Diode, Silicon, 1N4006 1/B5 RE-38
CR102 Diode, Silicon, 1N4148 2/A3 RE-28
CR103 Diode, Silicon, 1N4148 2A3 RE-28
CR104 Diode, 5ilicon, 1N4148 2/B2 | RE28
CR105 Diode, Silicon, IN4148 2/B2 RE-28
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REPLACEABLE PARTS

Table 9-1. Mother Board, Parts List (Cont.)

" Circuit Schematic | Keithley
Desig. Description Location | Part No.
CR106 Diode, Silicon, TN4006 T 2/B1 RE28
CR107 Diode, Silicon, 1N4006 . e 1/B5 RF-38
CR108 Diode, Silicon, 1N4006 . B 1/B5 RE-38
CR109 Diode, Silicon, 1N4006 1/B6 RFE-38
CRI10 Bridge, Silicon, 1A, 100PIV 1/B5 RE5R2
CRi11 Diode, Silicon, 1N4148 VE3 RE-28
CRII2 Diode, Silicon, 1IN4148 1F3 RE-28
CR113 Not Used
CR1l4 Diode, Silicon, 1N4148 1EF2 R¥-28
CR115 Diode, Silicon, IN4148 1/H4 RE-28
CR1il16 Diode, Silicon, IN4148 3/E4 RE-28
CR117 Diode, Silicon, 1IN4006 1/E4 RE-38
F101 | Line Fuse, A, 250V, 3AG, SLO-BLO (105-125V operation) 1/A4 FU-20
F101 Line Fuse, Y/,6A, 250V, 3AG, SLO-BLO (210-250V operation) UA4 FU-21
J1012 Connector 2/H2 CS-507
J1013 Connector /A4 CS-388
J1015 Connector H3 CS-545
J1018 Connector, 3 pin 2/A2 C5-339-3
ji019 Connector 2/H4 CS-389-4
11020 Connector, 14 pin 3/A4 C5-389-5
J1021 Socket 2/m S0Q-68
K101 Relay Sev RL-90
101 Transistor, Silicon, NPN, TIP-49 1E1 ... .| TG-137
Q102 Transistor, Silicon, NPN, 2N3904 1/D1 TG47
Q1063 Transistor, Silicon, NPN, 2N3904 1/F3 TG-47
Q104 Transistor, Silicon, PNF, 2N3906 1F3 TG-84
Q105 Transistor, Dual, JFET 34 TG-175
Q106 Transistor, Silicon, PNF, 2N3906 3/B5 TG-84
Qluo7 Transistor, Silicon, PNF, 2N3906 G2 TG-84
Q108 Transistor, N-Channel, JFET 1/D5 TG-128
Q19 Transistor, N-Channel, JFET 3/D3 TG-128
Q110 Transistor, N-Channel, JFET . . . . ~__ 3/P3 TG4
Qm Transistor, P-Channel, JEET o D3 TG-166
QH2 | Not Used
Q113 Transistor, NPN, Silicon, Annular G2 TG-146
Qn4 Transistor, PNP. Silicon, Annular 1G4 TG-147
Q115 Transistor, N-Channel Enhancement Mode MOSFET R4 TG-177
Q6 Transistor, Silicon, NPN, 2N3%04 3/D1 TG-47
R101 Resistor, 1002, 5%, %W, Composition 2/A3 R76-100
R102 Resistor, 1008, 5%, %W, Composition 2/B2 R76-100
R103 Resistor, 4308, 5%, %W, Composition 2/A4 R76-430
Ri04 Resistor, 30k, 5%, %W, Composition 2/C1 R76-30k
R105 Resistor, Thick Film Sev TE183-1 .
R106 Resistor, 10MQ, 10%, %W, Compaosition 1/Cé R76-10M
R107 Resistor, Thick Fln Sev TR179-1
R108 Resistor, Thick Film Sev TE179-1




REPLACEABLE PARTS

Table 9-1. Mother Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. Description Location | Part No.
R109 Resistor, 10M@, 10%, %W, Composition 2/C5 R-76-10M
R110 Resistor, 30k, 5%, %W, Composition vCh R76-30k
Ri1 Resistor, 30k, 5%, W, Composition 1/C5 R76-30k
R112 Resistor, 100k, 5%, W, Composition 2/B5 R76-100k
Ru13 Resistor, 1k, 5%, %W, Composition D1 R76-1k
Ri14 Resistor, 6.19k, 0.1%, /W /D1 R176-6.19k
R115 Resistor, 6.8k, %W, Composition YF2 R-76-6.8k
Ril6 Resistor, 100k, 5%, %W, Composition 1G3 R76-100k
Ri17 Resistor, k@, 5%, %W, Composition 3/G1 R76-1k
R118 Resistor, 549kQ, 1%, /sW, Composition 1/D5 R-88-5.49k
R119 Resistor, 22.5kQ, 0.1%, */;eW, Metal Film D1 R-263-22 .5k
R120 Resistor, 9.76k2, 1%, /{W, Composition VD5 R-88-9.76k
R121 Resistor, 1000, 5%, W, Composition 1/F3 R76-100
R122 Resistor, 4700, %W, Composition 11G3 R-76-470
R123 Resistor, 1808, 5%, W, Composition G3 R-76-180
Ri24 Resistor, 2290, 0.1%, */,0W, Metal Film 1/D1 R-263-229
R125 Resistor, 180Q, 5%, W, Composition 1G3 R-76-180
R126 Resistor, 4700, 5%, %W, Composition 1G3 R76-470
R127 Resistor, 1.87k2, 1%, Y/sW, Composition 1/D4 R-88-1.87k
R128 Resistor, 1380, 0.1%, /oW, Metal Film 1/D2 R-263-138
Ri2% Resistor, 1000, 1%, '/sW, Composition D4 R-88-100
R130 Not Used .

R131 Resistor, 45.99, 0.1%, '/;sW, Metal Film /D2 R-263-45.9
R132 Resistor, 402kQ, 1%, */sW, Composition D4 R-88-402k
R133 ‘| Resistor, 6.8kQ, 5%, %W, Compaosition 1/F4 R76-6.8k
Ri34 Resistor, 45.90Q, 0.1%, Y/..W, Metal Film 1/D2 R-263-45.9
R135 Resistor, 1k, 5%, %W, Composition 1G4 R76-1k
Ri36 Resistor, 15MQ, 10%, %W, Composition 31G2 R76-15M
R137 Resistor, 2.2k2, 5%, %W, Composition 3/1G2 R76-2.2k
R138 Resistor, 200k, 0.1%, /oW, Metal Film TE2 R-263-200k
R139 Resistor, 200kQ, 5%, %W, Composition 1R R-76-200k
R140 Resistor Set, 10k, includes R140 and R143 1/E3 R-332
R141 Resistor, 100k, 5%, %W, Composition 1G4 R76-100k
R142 Resistor, 22k2, 5%, %W, Composition 3/E4 R76-22k
R143 Resistor Set, 10k, includes R140 and R143 1/E4 R-332
Ri44 Resistor, 100k}, 5%, %W, Composition . VG2 R-76-100k
Ri45 Resistor, 1.1kQ, 1%, 'sW, Composition 3/Ad R-881.1k
R146 Resistor, 22k@, 5%, %W, Composition 3/E4 R76-22k
R147 Resistor, 4.02kQ, 1%, :W, Composition = 3/85 R-88-4.02k
R148 Resistor, 10k, 5%, “uW, Composition 1/D4 R76-10k
R149 Resistor, 778kQ, 0.1%, YW 3/C4 R-1767.78k
R150 Resistor, 4300, 5%, %W, Composition 3/G3 R-76-430
R151 Resistor, 10k, 1%, /:W, Composition 3/85 R-88-10k
Ri152 Resistor, 100k, 0.1%, Y/0W, Metal Film 1/E3 R-263-100k
R153 Resistor, M2, 0.1%, Y/sW 304 R-176IM
R154 Resistor, 10kf}, 5%, %W, Composition VG2 R-76-10k
R155 Resistor, 10k2, 5%, %W, Composition 3103 R76-10k
R156 Resistor, Thick Film 3/A5 TEI50
R157 Resistor, 10k, 5%, %W, Composition G2 R-76-10k
R158 Resistor, 174k, 1%, Y,W, Composition 3C3 | R-88174k
RI159 Resistor, 3.3kQ, 5%, %W, Composition 1/E3 R76-3.3k
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REPLACEABLE PARTS

Tabie 9-1. Mother Board, Parts List (Cont.)

| Circuit Schematic | Keithley
Desig, Description Location | Part No.
RI160 Resistor, 10k, 5%, %W, Composition 3IC2 R76-10k
R161 Resistor, 28.7kQ, 1%, "W, Composition 3/C4 R-88-28.7k
Ri62 Resistor, k@2, 5%, %W, Composition 1/F4 R76-1k
R163 Resistor, 10k2, 5%, %W, Composition 1/E4 R76-10k
Ris4 Resistor, Thick Film Sev TE196
R165 Resistor, 47kg, 5%, %W, Composition 1/E4 R76-47k
Ri6e Potentiometer, 1kQ /D5 RP-111-1k
R167 Resistor, 200kQ, .1%, /,,W, Metal Film 1VE3 R-263-200k
R168 Resistor, 10kQ, 5%, %W, Composition 31 R-76-10k
Ris% Resistor, 10k, 5%, %W, Composition 3/D1 R-76-10k
R170 Resistor, 10kf, 5%, %W, Composition 3/B3 R-76-10k
R171 Resistor, 10k, 5%, %W, Composition 3/B3 R76-10k
5301 Switch, Line - 1/AS SW-466
5102 Switch, Voltage Select 1AS5 SW-397
TI01-- Transformer 1/A4 TR-214
Ti02 Transformer B 1/B5 TR-236
Ti02 Transformer (for Japanese version) 1/B5 TR-237
Ti03 Transformer LVG3 TR-214
U101 IC 3Terminal +5V Regulator and heat sink UCé 32469-2
U102 IC, Quad 2-Input NAND Gate, Z4LS00 Sev IC-163
U103 IC, AFC4040 2/F4 1C-407
U104 IC, 16 x 16 Bit Serial NVRAM, X2443P B2 1C-353
U105 IC, Dual “D” Type Flip-Flop, 4013 Sev IC-103
U106 IC, PROM, 27128 2/G4 595-800>*
U7 IC, 2k x 8 Static CMOS RAM, 6116 2/E4 LSI-58
U108 IC, Qctal Tri-State Laich, AHC373 2/D2 IC-338
U109 IC, 8-Bit CMOS Microprocessor, 146805E2 2iC1 LSI-60
Uito IC, Tri-State Octal Latch, 74HC373 2/E1 IC-338
Uil IC, Quad 2-Input NAND Gate, 4HCO00 T 2/D5 IC-351
Utz IC, Triple 3-Input OR Gate, CD4075BE Sev 1C-143
U113 IC, GPIB Adapter, 9914A ' 2/1G2 1.51-49
Uli4 IC, Tri-State Qctal Latch, HC373 2/F2 IC-338
U115 IC, Tri-State Octal Latch, AHC373 2/H5 1C-338
Ul16 IC, Quad 2-Input NOR Gate, ZAHCO02 Sev IC-412
U1z IC, Triple 3-Input NAND Gate, AHC10 2/D5 IC-341
U118 IC, Octal GPIB Transceiver, SN75161A 2/H2 IC-299
Ulis IC, Octal GPIB Transceivet, SN'75160A 2/H1 IC-298
U120 IC, Opto Coupler, HCPPL-2601 2{A4 IC-239
U1zl IC, Opto Coupler, HCPL-2601 3/G1 1C-23%
U2z IC, Opto Isolator, FCD-820 o o 2/B5 IC-82
U123 IC, Low Noise Op Amp, LTi012 O, 1/D3 IC-394
U124 IC, Dual D Hip-Flop, AHCHA 3/F3 IC-337
U125 IC, 74HC4040 3/E3 1C-407
U126 IC, CMOS Static Shift Register, CD40‘L5AE Sev IC-136
U127 IC, Quad 2-Input NOR Gate, Z4HC02 Sev IC-412
U128 IC, 8 Stage Shift-Store Register, MC14094 312 IC-251
U9 IC, Triple 2-Channel Multiplexer, CD4053BC 3/B3 IC-283
U130 IC, Analog Muitiplexer, 4051 1/B3 1C-277

**QOrder same software as presently installed. For example, if the software revision level is B8, then order 595-800-B8.
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REPLACEABLE PARTS

Table 9-1. Mother Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. Description Location | Part No.
Uisl. IC, Linear Op Amp, 308A 3/C3 IC-203
U132 IC, Inverting High-Speed Op Amp, MP5501CP 34 IC-414
U133 IC, General Purpose Op Amp, MP5502DP D1 IC-413
Uiz4 IC, Operational Amplifier, 741 VD5 1C-42
U135 IC, Triple 2-Channel Multiplexer, CD4053BC 3/D3 IC-283
U136 | IC, Triple 3-Input NAND Gate, AHCI10 Sev 1C-341
U137 IC, Dual Voltage Comparator, LM393 Sev IC-343
U138 IC, Programmable Operatxonal Amplifier, TLC271 3/AS 1C-347
U139 CMOS Serial Input 12-Bit DAC, 7543KN 1uC3 IC-419
U140 IC, Operational Amplifier, OP-14E Sev IC-423
U1 IC, Linear Op Amp, 308A 1/F3 IC-203
U142 IC, Quad Comparator, LM339 Sev IC-219
Ui43 IC, Regulator, 78L15 _ vCs 1C170
U4 IC, 15V, Voltage Regulator, LM320LZ15 1/C5 IC-253
VRI01 Regulator, Zener Diode, 6.35V, 400mW 1/D5 DZ-58
VRIO2 Regulator, Zener Diode, 6.35V, 400mwW 3/A5 DZ-58
VR103 Zener Diode, DIODVRF109.1 3/B4 DZ-14
Wiol Jumper 2/C3 CS-476
Wi102 Not used

WiI03 Jumper — SC-68
Y101 Crystal, 3.276800MHz, +0.25% 20CH CR-21
Y102 Crystal, 1.2288Mtz 3/G3 CR-19
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REPLACEABLE PARTS

Table 9-2. Display Board, Parts List

Circuit Schematic | Keithley
Desig Description _ Location | Part No.
C201 Capacitor, 10xF, 20V, Tantalum A3 C-179-10
DS201 Display, Digital, “~1" C1 617-603
DS202 Display, 7-Segment, “8” a 617-604
DS203 Display, 7-Segment, “8” D1 617-604
DS204 Display, 7-Segment, “8" El 617604
DS205 DLS“}.EY ?—Scaulcut, “g" El &§17-604
DS206 Display, Dual 14-Segment Gl DD-39
DSs207 LED, Red Hi1 PL71
DS208 LED, Red Hi1 PL71
DS209 LED, Red H2 PL71
D5210 LED, Red H2 PLA
DS211 LED, Red o2 PL71
DS212 LED, Red H2 PL71
DS213 LED, Red H2 PL71
Ds214 LED, Red H2 PL71
DS2I5 1ED, RBed H3 PL71
DS216 LED, Red H3 PL-71
DS217 LED, Red H3 PL71
D5218 LED, Red H3 PL71
DS219 LED, Red H4 PL71
DS220 LED, Yellow H4 PL72
Ds221 LED, Red H4 PL71
Ds222 LED, Red H4 PL71
DsS223 LED, Red H5 PL71
1021 Cable, Ribbon \T CA-301
R201 Resistor, Thick Film B1 TF-141
R202 Resistor, Thick Film B3 TF141
5201 S‘i"v’itch, 4 uahbuhnuxl D‘d'.-. Sw'435
5202 Swiich, FPushbutton D4 SW-435
S203 Switch, Pushbutton D4 SW-435
5204 Switch, Pushbutton D4 SW-435
S205 Switch, Pushbutton D4 SW-435
S2064 Switch, Pushbution D4 SW-435
s207 Switch, Pushbutton D4 SW435
S208 Switch, Pushbutton D4 SW-435
S209 Switch, Pushbutton D4 SW-435
5210 Switch, Pushbutton D5 SW-435
s211 Switch, Pushbutton D5 SW-435
5212 Switch, Pushbutton D5 SW-435
5213 Switch, Pushbutton D5 SW.435
S214 Switch, Pushbution D5 SW.435
5215 . Switch, Pushbutton D5 SW-435
c216 Q'\'vy;n\_h D"“hbuﬂ‘ﬁ"‘ D5 SW"435
8217 Switch, Pushbutton D5 SW-435
S218 Switch, Pushbutton D5 SW-435
S219. Switch, Pushbutton D5 SW-435
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REPLACEABLE PARTS

Table 9-2. Display Board, Paris List (Cont.)

Circuit Schematic | Keithley
Desig. Description Location | Part No.
U201 IC, UDNZ2585A Al IC-405
U202 IC, UDN2585A A3 1C-405
U203 IC, 3 to 8 Line Decoder, 4HCT138 B3—---| IC-398
U204 . IC, UDN2595A D4 IC-406
U205 IC, UDNZ595A E4 IC-406
U206 1C, Analog Multiplexer, 4051 B5 1C-277
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REPLACEABLE PARTS

Table 9-3. Preamp Board, Parts List

_ Circuit Schematic | Keithley
Desig, Description Location | Pari No.
C301 _ Capacitor, 10xE 25V, Aluminum Electrolytic E2 C-314-10
C302 Capacitor, selected C4 595-600
C303 . | Capacitor, 91pF C3 C-385-91p
C304. Capacitor, 1000pE, 630V, Polystyrene C3 C-252-1000p -
C305 Capacitor, 0.1gF, 100V, Metalized Polyester D3 C-305-.1
C306... | Capacitor, 0.1xF 100V, Metalized Polyester- D3 C-305-.1
307 Capacitor, 220pE, 1000V, Ceramic Disc E4 C-64-220p
C308. . | Capacitor, 10pE 1000V, Ceramic Disc B4 C-64-10p
C309.. | Capacitor, 10zE 25V, Aluminum Electrolytic G3 C-314-10
C310 Capacitor, 10gF, 25V, Aluminum Electrolytic G4 C-314-10
31 Capacitor, 4.7¢F, 25V, Aluminum Electrolytic H3 C-3144.7
C312 Capacitor, 0.1xF, 50V G4 C-365-.1
C313 Capacitor, 0.1uF 50V H4 C-365-.1
C314 Capacitor, 0.14F 50V G5 C-365-.1
C315 Capacitor, 0.1uF, 50V H5 C-365-1
C316 Capacitor, 100pE 1000V, Ceramic Disc = G4 C-64-100p
317 Capacitor, 100pE 1000V, Ceramic Disc 4 C-64-100p
C318 Capacitor, 100pF, 1000V, Ceramic Disc G5 C-64-100p
C319 Capacitor, 100pE 1000V, Ceramic Disc Fé6 C-64-100p
C320 Capacitor, 22pF, 500V, Polystyrene B3 C138-22p
(ocyil Capacior, 680pF, 1000V, Ceramic Disc D2 C-64-680p
322 Capacitor, selected C4 595-600
C323 Capacitor, 47pF, 500V, Polystyrene C4 C-138-47p
CR301 Diode, Diffused, Silicon (DIOD-RECIG075) 2 RE-28
CR302 Diode, Diffused, Silicon (DIQOD-RECI10075) Géb RF-28
CR303 Dicde, Diffused, Silicon (DIOD-RECI0075) G6 RE28
J1016 Connector Bé6 C5-545
J10%7 Connector- H4 C5-339-4
K301 Relay, Reed Sev’ RL70
K302 Relay, Reed Sev RL70
K303 Relay, Reed Sev RL70
K304 Relay, Reed Sev RL70
K305 . Relay, Reed Sev RL70
K306 Relay, Reed Sev RL-70
K307 Relay, Reed Sev RL70
K308 Relay, Reed Sev RL-44
Pi019 Cable Assembly E3 CA-271
P1020 Cable Assembly F1 CA-272
Q301 Transistor, PNP Silicon Annular, MPS-UsD C2 TG-177
Q302 Transistor, Selected, Dual JFET D5 617-606
Q303 Transistor, N-Channel, JFET B2 TG-174
Q304 Transistor, Dual NPN A2 TG-91
Q305 _ Transistor, Dual NPN A2 TG-91
Q306 Not Used

Q307 Transistor, NPN thcon, Annular, MPS-U60 G3 TG-145
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REPLACEABLE PARTS

Table 9-3. Preamp Board, Parts List (Cont.)

Circuit Schematic | Keithley
Desig. Description Location | Part No.
R301 Resistor, 2432, 1%, */sW, Composition E2 R-88-243
R302 Resistor, 7158, 1%, Y/sW, Composition E2 R-88-715
R303 Potentiometer, 5k, 10%, .5W Dz | RP-104-5k
R304 Resistor, 10G&, 2%, 1.5W C4 R-289-10G
R305 .| Resistor, 100MQ, 1%, 1.5W, C3 R-269-100M
R306 | Resistor, 998k, 0.1%, %W, Metal Film C3 R-264-998k
R307 | Resistor, 990kQ, 0.1%, %W, Metal Film D3 R-264-990k
R308 | Resistor, 110k2, 0.1%, /1oW, Metal Flm D4 R-263-110k
R309 Resistor, 10k, 0.1%, */.oW, Metal Flm C4 R-263-10k
R310 Resistor, 10MQ, 10%, %W, Composition B4 R76-10M
R311 Resistor, 100k, 5%, %W, Composition C4 R76-100k
R312 Resistor, 100k2, 5%, %W, Composition C4 R76-100k
R313 Resistor, .02k, 1%, /sW, Composition D4 R-88-4.02k
R314 Resistor, 4022, 1%, /sW, Composition D4 R-88-402
R315 Potentiometer, 10k2, 25 Turn Trimpot D5 . RP-104-10k
R316 Resistor, 250G, 5%, 1.5W, BS R-319-250G
R317 Potentiometer, 10k, 25 Turn Trimpot C5 RP-104-10k
R318 Resistor, 1.5k, 1%, 1/sW, Composition D5 R-88-16.5k
R319 Resistor, 24.9kQ, 1%, */sW, Composition D5 R-88-24.9k
R320 Resistor, 40.2Q, 1%, '/:W, Composition D5 R-88-40.2
R321 Resistor, 2.2k, 5%, %W, Composition B5 R76-2.2k
R322 Resistor, 5.1k, 5%, %W, Composition . B5 R76-5.1k
R323 Resistor, Set, 200kQ D6 R-322
R324 Resistor, Set, 200k D6 R-322
R325 Resistor, 330, 10%, 2W, Composition F3 R3-33
R326 Resistor, 220, 10%, 2W, Composition G3 R-3-22
R327 Resistor, 35.7Q, 1%, */sW, Composition E3 R-88-35.7
R328 Resistor, 549k, 1%, */sW, Composition H3 R-88-549k
R329 Resistor, 402kQ, 1%, */sW, Composition H3 R-88-402k
R330 Resistor, 9.98k2, 0.1%, */,0W, Metal Film H3 R-263-9.98k
R331 Resistor, 4.59kQ, 0.1%, /oW, Metal Film H3 R-263-4.59k
R332 Resistor, 100Q, 1%, */sW, Compeosition H3 R-88-100
R333 Potentiometer, 2k, 25 Turn Trimpot F RP-104-2k
R334 Resistor, Set, 10kQ ’ K R-332
R335 Resistor, Set, 10k G4 R-332
R336 Resistor, 2kQ, 0.1%, /oW, Metal Film H4 R-263-2k
R337 Resistor, 2k, 0.1%, /oW, Metal Film H4 R-263-2k
R338 Resistor, 10k2, 5%, %W, Composition 5 R76-10k
R339 Resistor, 10k@, 5%, %W, Composition F5 . | R7610k
R340 Potentiometer, 2kQ, 25 Turn Trimpot F5 | RP-104-2k
R341 Resistor, Set, 10kQ 5 R-332
R342 Resistor, Set, 10kQ Gé6 R-332
R343 Resistor, 2k, 0.1%, /oW, Metal Film H5 R-263-2k
R344 Resistor, 2k, 0.1%, '/,oW, Metal Film H5 R-263-2k
R345 Resistor, 1000, 5%, %W, Composition Heé R76-100
R346 Resistor, 47k, 5%, %W, Composition D2 R76-47k
R347 Resistor, 47k, 5%, %W, Composition = - D2 R76-47k
R348 Resistor, 10kQ, 5%, %W, Composition c R76-10k
R349 .. | Resistor, 1002,5%, %W, Composition D2 R76-100
R350 Resistor, Set, 200kQ B3 R-322
R351 Resistor, Set, 200kQ 2 R-322
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REPLACEABLE PARTS

Table 9-3. Preamp Board, Parts List (Cont.)

* Circuit Schematic | Keithley
 Desig. Description Location | Part No.

R352 . Resistor, Set, 10k D2 R-332

R353 Resistor, Set, 10k . D2 R-332

RT301 Thermistor 5 RT12

RT302 Thermistor C5 RT12

U301 IC, Hex Inverter, 4HC04 Sev IC-354
U302 IC, 8-Stage Shift Register, MC14094BCP D1 1C-251
U303 IC, Adjustable Regulator, LM337L El 1C-345
U304 IC, Operational Amplifier D3 IC-316
U305 IC, Low Noise Op Amplifier Dé 1C-394
U306 CMOS Voltage Converter G3 IC-287
1307 Programmable Operational Amplifier H3 1C-347
U308 CMOS Serial Input 12-Bit DAC F4 IC-419
U309 Linear Op Amplifier G4 1C-203
U310 Linear Op Amplifier F4 1C-203
usn CMOS Serial Input 12-Bit DAC ¥5 1C-419
U312 Linear Op Amplifier G5 1C-203
U3 Linear Op. Amplifier Fé 1C-203
U314 Inverting High Speed Operational Amplifier D2 IC-414
VR301 Diode, Zener (DIODVRF108.2) F3 DZ-61

VR302 Diode, Low Voltage Reference - H3 DZ-65
VR303 Diode, Zener (DIODVRF105.1) G4 DZ-59
VR304 Diode, Zener (DIOD-VRF105.1) G4 DZ-59
VR305 Diode, Zener (DIODVRFI105.1) G5 DZ-59
VR306 Diode, Zener (DIODVRF105.1) G6 DZ-59
w301 Connector, Jumper C5 C5-476

9-23



REPLACEABLE PARTS

~EB—
{5
H
—{EEH—
i
165
e

-~
O
OF ¢ 18 8 ﬁ
03©N©$ é%@@
= e e ‘_‘
wo S T €D g I
_fﬁlﬁl@g
S el P
L8 &
Y PYRN -
& 4 —RE— p
@ L8 o
4 e

O } 301 ] F a0z J _%
& — ==
= . g
b ¢
e g L
g%
I S - I —
(}—- K303 K302 &)
B xeos & 204 —?
Ycaos } | raos H
£} K308 —@—&1@-10323 .| '
—EE52—
~EEEg-
} R
i

(Buien

Figure 9-5. Preamp Board, Component Location, Dwg. No. 585-160




REPLACEABLE PARTS

A 8 c | o) v | F i
991-G6G w' Pro20 Torcs I rleng
L PR e AT 0, AL
FIE,_aly 0% qgla mﬁ—( TN AR, S W
ooE___ &, QD e
IOG0BE 6]y e crocklz
4 FF Tl o | STROE : 1
1ol a2 oatauvel o
06 13, oefi2 { WATES WITH 11020
R 12, Y302 g | ON MOTHER
DISCHARGE )i oo/ ] ] (PAGE 3 OF 3, ZONE A3)
1n1:] ¥g i ?
— a —
1 ] *MD+(5 I
3018 u3dia W20IF l C
23 HGo4 Q30! Ig ¢
. . - 2 | HIGHEST SCHEMATIC SCHEMATIC DESIGNATIONS
zwl zul zu! 2 1 t 0 DESIGNATIONS USED NOY uSED
-] ] [ © < 2
K303 X305 K301 K306 K307 . ¢326 [ uai3 [vrioe €321 | R349
= v 12 k308 | waoi |Jiozz
3% R348 ‘I’7—|—< Q307 | tazoa | Flozo
10K Q303 10K R3%) R346 g =K r347 V |9 R355 | RT202
—] . o‘ s _—
1 R350 =1 515)14
Ay
Q3058 220K C320 MATES WITH JIO19
7SS O MOTHER BOARD mmmmmy
22pF {PAGE 20F 3,20NE H5 )
3
NoTes:
1. ALL AESISTOR VALUES ARE IN OHMS UNLESS
OTHEAWISE MARXED (K-KILOHMS. MaMEGOHMS).
Z. ALL CAPACITOR VALUES ARE IN MICROFARADS
UNLESS OTHERWISE MARKEG (pF-PICGFARADS).
M 3. ALL PUSHBUTION SWITCHES ARE SHOWN IN THE
PUBHBUTTON OUT POSITION.
s W DENOTES ANALOG COMMON.
5. ‘@7 DENOTES DIGITAL COMMON.
al e @ DENOTES SIGNAL COMMON.
T v GENOTES 0/A COMMON.
8. /77 DENOTES CHASSIS COMNECTION,
IR {3] DENOTES MAINFRAME GROUKD SCREW.
1 10. ~2—oewoTes TEeT POINT,
1. Gw— DENOTES CLOCKWISE ROTATION.
2. % DENOTES FACTOMY SELECTED VALUE.
s 13. @ DENOTES REAR PANEL MOUNTING, [3 R340 §
- -]
. © DEMOTES INFERMAL ADJUSTMENT, 2K¥.......| caal 3088 gtap
15, ALL PELAYS SHOWN it NON-ERERSIZED PCSITION.
16. SHIELDS OF X301 THRU K307 CONNECTED TO | .
JIcoz e J/P1016
HI >— T4
C,1 METER : Pt
INPUT I 1
l o ke
GUARD |b--—1—<<—‘? oL
eJio0z2z2 “8v +5g l'bo ADIS43  YREF
& GUARD. [ % R324
syoos ST W 3w
H CHASSI5)— + T
COMOT SCALE Tres DR SCHEMATIC,
-8y PREAMP HOARD
m‘_‘ﬂm"- XX ¥ 1 Om TRAC i [MMATERAL e
g Ouwrvigrd. Oha 44175 SonAct e G T“.‘ jD 595-'66
A PN Fa5iis ,uevu D a < , D F f <

Figure 9-6. Preamp Board, Schematic Diagram, Dwg. No. 595-166

9-25/9-26



REPLACEABLE PARTS

Table 9-4. Miscellaneous Parts, Parts List

‘ Keithley
Quantity | Description Part Number

Bottom Cover

1 Bottom Cover 617-318

1 Bottom Cover Shield 617-321

1 Insulator (instafled on bottom cover shield) 595-303

1 Shield (installed on insulator) 595-302

1 Grounding Clip (for above shield) 197-314

1 Tilt Bail 3n544

1 Dress Panel for tilt bail _ 30587

1 Drive Pin for tilt bail FA-143-1

4 Foot FE-14
Top Cover ' T

1 Top Cover 30540

1 Shield 617-322
Front Panel

1 Front Panel {includes Display Window) 617301

1. Front Panel Overlay 595-310

1 Front Panel Shield 617-323
Rear Panel

1 Rear Panel 595-311

METER INPUT Cable Assembly

1 Right Angle SMB connector, female CS-548

1 BNC connector, female . o C5-548

1 Coaxial Cable . _ SC110

V SQURCE OUTPUT Cable Assembly

1 Straight SMB connector, female CS-550 .. .

1 BNC connector, female C5-548

1 Coaxial Cable SC-110

2 BNC connector, female, (METER COMPLETE OUTPUT and EXTERNAL CS-520

TRIGGER INPUT)

1 Binding Post, Whlte BP-11-9

1 Binding Post (chassis ground) BP-15

3 Binding Post, Black BP-11-0

3 Binding Post, Red BP-11-2

1 Shorting Link BP-6

1 Ground Clip 775-306

4 BNC Protection Cap CAP13

1 Line Cord COo7

1 BNC-to-BNC Cable Assembly Model 4801
Mother Board Mechanical Parts

6 Collar 30545

3 Standoff (1%") ST166-5

3 Standoff (1%/5") ST39-10
Preamp Board Mechanical Parts

1 Bottom Shield 595-308

1 Standoff (for bottom shield) St

1 Top’ Shleld 595-305
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GLOSSARY OF TERMS

Accumulation—The region of bias of a MOS capacitor in
which majority carriers are attracted to the Si-5i0; inter-
face and accumulate there, forming an accumulation

Byte—A group of bits processed together in parallel by
‘definition a byte is made up of eight bits.

Iayer The capacitance of the MOS capacitor in this bias CV Curve—A graph of capacitance versus voltage.

region is essentially that of the oxide capacitor, Cox.

Accuracy—The maximum difference between the actual
value of the quantity being measured and the value deter-
mined by the instrument. For digital instruments, ac-
curacy is usually specified as a percent of reading plus
so many display counts of error.

A/D (Analog-to-Digital) Converter—A device that converts
an analog signal into binary or digital values. .

Analog—Pertaining to electronic devices in which the out-
put varies as a continuous function of the input.

Analog Output—An output that provides an analog signal
proportional to the input signal.

ASClH—Abbreviation for American Standard Code for
Information Interchange. A standard code used exten-
sively in computers and data transmission in which 128
letters, numbers, symbols, and special control characters
are represenited by 7-bit binary numbers.

BASIC—Abbreviation for Beginners All-Purpose Symbolic
Instruction Code., A high-level programming language
used in many small computers.

Bias Voltage—A voltage level sourced by the instrument for
the purpose of biasing the device under test.

Binary—A number system based on the number 2; used -

extensively in computer-based equipment.

Bit—An abbreviation for binary digit. A unit of binary in-
formation is equal to one binary decision, or the designa-
tion of one of two possible states, generally represented
by 1and 0.

BNC—A type of coaxial connector used in situations requir-
ing shielded cable for signal connections. (See Low Noise
BNC Cable.) ,

Bus—In computerized equipment, one or more conductors
used as a path over which information is transmitted from
any of several sources to any of several destinations.

Chassis Ground—A connection to a common metal struc-

ture within the instrument. Generally, chassis ground is

-connected through power line ground to earth ground
via a 3-wire power cord for safety purposes.

Coaxial Cable—A cable in which one conductor completely
surrounds the other, the two being coaxial and separated
by continuous solid dielectric.

" Common Mode Voitagé—A letage apﬁiie’:d"betweéﬁ in[:-wut

low and chassis ground of the instrument.

Controller—A device which governs the operation of the
1EEE-488 bus; generally a controller is a small computer
O microcornputer.

Conversion—A single piece of binary data that is the result
of the A/D converter transformation process. A conver-
sion is one sample.

Count—The minimum increment that an instrument
display can resolve. Display size is often defined in
counts, as in a 20,000 count display.

DAC—Abbreviation for Digital-to-Analog Converter. A
device which converts digital or binary information into
_an analog signal.

Delay Time—Period of time between when Step V is ap-
plied and when the middle of the third charge measure-
ment (QB) is made (the center of a line cycle conversion).
This is user-adjustable.

Depletion—The region of bias of a MOS capacitor in which
majority carriers are repelled from the 5i-Si0), interface,
leaving fixed uncompensated acceptor or donor ions, and
in which the surface potential does not exceed the bulk
potential. In this region, no mobile carriers collect at the
5i-5i0, interface.

Digital—C:iicuitry in which the 'data-carrying signalsrare

restricted to one of two voltage levels. These voltage levels
are used to represent the binary values of 1 and 0.

A1
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Digital Filter—A method of combining a number of
measurement results mathematically to produce a filtered
result. The filtered result ideally represents the measured
quantity exclusive of noise signals,

Digitize—Io convert an analog signal into a series of binary
numbers representing its amplitude at discrete intervals
of time.

Earth Ground—A connection from an electrical circuit or
instrument to the earth through a water pipe or metal
rod driven into the ground. -

EMI—Abbreviation for Electromagnetic Interference. A
term that defines unwanted electromagnetic radiation
from a device which could interfere with desired signals
in electronic receiving equipment such as television and
radio. RFI (Radio Frequency Interference) and EMI are
often used interchangeably.

Flat-Band Conditien—The bias of a MOS capacitor at which
the surface potential is zero, i.e., there is no band bend-
ing and carriers are neither attracted to nor repelled from
the 5i-SiC, interface. )

GPIB--Abbreviation for Geheral Purpose Interface Bus.
Another term for the IEEE-488 bus.

Hexadecimal—A number system based on the number 16
that uses values 0-9, and A through F to represent the
16 possible values of a 4-bit binary number. Hexadecimal
numbers are represented by preceding them with a § or
following them with a letter H. Thus, $7F and 7FH would
be equivalent.

IC—Abbreviation for Integrated Circuit. A combination of
interconnected circuit elements inseparably contained on
or within a single substrate. :

IEEE-488 Bus—A parallel instrumentation data and control
bus standardized by the Institute of Electrical and Elec-
fronic Engineers. o

/O—Abbreviation for input/output, which refers to the
transmission of information from an instrument to an ex-
ternal device {output), or the transfer of information from
an external device to an instrument (input).

Inversion—The region of bias of a MOS capacitor in which
majority carriers are repelled from the Si-510, interface;
leaving uncompensated acceptor or donor ions, and in

which minority carriers are induced to collect at the in- .

terface. In this region, the surface potential exceeds the
bulk potential.

k—Abbreviation for kilo. In computer terms, 1K equals 1024.
For example, a 16K byte memory has 16,384 bytes.

LED—Light Emitting Diode. A PN junction diode that
emits light when forward biased. LEDs are used in front
panel annunciators as well as the individual segments
of numeric displays on instrumentation.

Leakage Current—FError current that can affect the opera-
tion of sensitive instrumentation. Low resistance paths
between low current conductors and nearby voltage
sources can generate significant error currents.

Line Cyde—The period of one cycle of power line voItage,
for instance, 16.66msec for 60Hz power or 20msec for
50Hz power line.

Listener—A device which, when connected to the IEEE-488
bus, is capable of receiving information over that bus.

Low Noise BNC Cable—A BNC cable lubricated with
graphite between the braid and inner insulator to reduce
the generation of triboelectric currents by vibration or
movement. '

Measurement Conversion—Measurement of the input
which will be used to calculate a reading.

Microprocessor—The control and processing portion of a
small computer, microcomputer, or computerized device,
which is usually contained within one LSI (Large Scale
Integration) IC. ) ) S

Noise—Any unwanted signal appearing in an electronic
device.

Normal Mode Rejection Ratio—The ratio of the output of
a circuif to an applied normal mode input. This is typical-
ly specified at-line frequencies in decibels and is ab-
breviated NMRR. NMRR is expressed as:

OUTPUT

NMRR(dB) = 20 log ( T

) | fiine

Normal Mode Voltage—A voltage applied between the in-
~ put high and input low terminals of an instrument.

Normalization—The ratio of a reading to a previously deter-
mined baseline reading. Normalization allows com-
parison of the shapes of curves with unequal magnitudes.
An example of normalization is when a capacitance
reading (C} is divided by a stored capacitance reading
(Co). This is the function of the Model 595 C/C, feature.

NVRAM-—Abbreviation for Non-Volatile Random Access
Memory. A special type of electrically alterable ROM that
is used to store information such as calibration constants
on a semi-permanent basis. Stored information is re-
tained when power is removed from the device, yet may
be changed by the digital circuit when desired.
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Parallel—The simultaneous storage, transmission, or log1cal
operation on a group of bits at one time.

Peak-to-peak Reading—The most negative sample (least
" positive) subtracted from the most positive sample in a
measurement.

Plotter—A device that produces an inscribed display of the
variation of a dependent variable (Y axis) as a function
of an independent variable (X axis). When pIotting (Y
measurements, the Y axis represents capacitance, and-
the X axis represents voltage.

Programmable Instrument—An instrument whose opera-
tion can be determined with commands sent over the
IEEE-488 bus.

Q/t—This is a current measurement that is made

simultaneously (during the last */s of the delay time or

44msec, whichever is greater) with capacitance
measurements. It is used tc determine the magnitude of
leakage currents (resistive or constant} or non-equilibritm
changing currents. _

RAM—Abbreviation for Random Access Memory. A type
of memory where information can be stored (written) and
accessed (read). RAM memory is usually volatile, mean-
ing that data is lost when the power is turned off.

Random Access—Access to any location in instrument
memory where each location can be accessed in the same
amount of time.

Reading—A processed measurement (for example, filtered,
suppressed, or normalized) which is shown on the front
panel display or sent over the IEEE-488 bus.

Reading Rate—The rate at which the instrument can display
readings. This is user-controllable via the delay time
parameter,

Real Time—An operation that is performed as events
* occur, rather than being stored for subsequent processing.

Resolution—The smallest increment-of change that can be
detected, indicated or sourced by the instrument.

ROM—Abbreviation for Read Only Memory. A type of
memory which permanently stores program information
for a microprocessor. ROM memory is non-volatile, which
means that programmed information remains intact after
power is removed.

Settling Time—The time interval, following the initiation
of a specified stimulus to the instrument input, required
for the instrument response to reach and maintain a final
value within specified limits.

Software—The program instruction coding within an instru-
ment or computer that makes the unit operate.

Square Wave—A cyclic ﬁoltage waveform that toggles be-
tween two voltages which spends equal time at each
voltage.

Staircase—A voltage waveform that begins at a voltage and
proceeds one Step V per unit delay time until a fimit is
reached.

Step V—A voltage increment of a predetermined amount.
In the Model 595, Step V is user-selectable from the front
panel or the IEEE488 bus.

Suppress—A feature that allows a baseline measurement
to be subtracted from subsequent measurements.

Talker—A device that can transmit information over the
TEEE-488 bus.

Trigger—An external stimulus of some sort that initiates one |
Or more measurements.
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ASCll CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII ~ 1IEEE-488 Messages*
0 00 NUL
1 01 SOH GTL
2 02 STX
3 03 ETX
4 04 EQT SDC
5 05 ENQ PPC
6 06 ACK '
7 07 BEL
8 08 BS . GET
9 09 HT . TCT
10 0A LF
n 0B VT
12 0C FF
3 0D CR
14 OE SO
15 OF SI
16 10 DLE
17 n -.DC1 B -~ LLO
8 o pC2 -
19 1.3 DC3 :
20 4 DC4 I DCL
21 15 NAK PPU
22 16 SYN
23 7 ETB
24 18 CAN SPE
25 19 EM SPD
26 1A SUB
27 1B ESC
28 1C F5
29 1D GS
30 IE RS
31 1F US

* Message sent or received with ATN true.

B-1




APPENDIX B

ASCII CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCII IEEE-488 Messages*
32 20 sr MLA O
33 21 ! MLA 1
34 22 o . MLA 2
35 23 # MLA 3
36 24 $ MLA 4
37 25 % MLA S
38 26 & MLA 6
39 2 i MLA 7
40 28 ( MLA 8
41 29 ) MLA 9
42 2A * "MLA 10
43 2B + MLA 11
44 2C ; MLA 12
45 2b - MLA 13
46 2E . MLA 14
47 2F / MLA 15
48 30 0 MLA 16
49 31 1 MLA 17
50 32 2 MLA 18
51 33 3 ~MLA 19
52 34 4 MLA 20
53 35 5 MLA 21
54 36 6 MLA 22
55 37 7 MLA 23
56 38 8 MLA 24
57 39 9 MLA 25
58 3A : MLA 26
5 . . ..3B ; MLA 27
60 . 3C < MLA 28
61 3D = MLA 29
62 3E > MLA 30
63 3F ? UNL

* Message sent or received with ATN true. Numbers shown represent primary address resulting
in MLA (My Listen Address).

B-2
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ASCIl CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCIH

IEEE-488 Messages*®

64
65
66

Ly
Lo 1y

68
69
70

40
4
42
44
45
46

EEhY

| Dot N X S<CHORON

HEHgOsE e

OZZ2 rm—m= T

o
35
>

O UL o (3 1D

=
o

| 555

GEBRRSo®

-
<

SEEEE

555

=L

:

RRREEmSER

és

1535883 3
BENRHER B

ITMA AN

o

* Message sent or received with ATN true. Numbers shown are primary address resulting in MTA
(My Talk Address).
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ASCIli CHARACTER CODES AND IEEE-488 MULTILINE INTERFACE COMMAND MESSAGES

Decimal Hexadecimal ASCH TEEE-488 Maessages*
9% 60 N MSA 0,PPE
97 61 a MSA LFPPE
98 62 b MSA 2,PPE
99 63 c MSA 3,PPE
100 64 d MSA 4,PPE
101 65 e . MSA 5FPPE
102 66 £ MSA. 6,PPE
103 67 g MSA 7FPE
104 68 h MSA 8 PPE
105 69 i MSA 9,FFE
106 A i - MSA 10,PPE
107 6B k ) MSA 11,PPE
108 6C 1 MSA 12,PPE
109 6D m MSA 13,PPE
110 6E n © MSA 14,PPE
m 6F .0 MSA 15PPE
112 70 p MSA 16, PPD
13 71 q MSA 7 PPD
114 72 I MSA 1B, FPD
15 73 s MSA 19,PPD
16 74 t MSA 20.PPD
117 75 u - MSA 21,PPD -
18 . 76 v MSA 22,PPD
119 77 w MSA 23,PPD
120 78 X c- e MSA 24 PPD
121 79 v MSA 25,PPD
122 7A z MSA 26,PPD.
123 7B { MSA 27, PPD
124 7C | MSA 28 PPD
125 7D } ~ MBSA 25,PPD
126 7E -~ - MSA 30,PPD
7 7F DEL

*Message send or received with ATN true. Numbers represent- secondary address values resulung
in MSA (My Secondary Address). ,
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EQUIVALENT DEVICE-DEPENDENT COMMANDS FOR FRONT PANEL CONTROLS

Front Panel Equivalent
Operation Control(s) DDC(s)
METER:
Current function CURRENT , F1
Capacitance function CAPACITANCE TR0
Display Q/t SHIFT CAPACITANCE Q1, Q3
Correction Program cCAP * Q2, Q3
Suppression (on/off) SUPPRESS NO, N1
Comparison (on/off) C/Cq Co, C1
using new value SHIFT STORE C, 2
Range RANGE A ¥ Ri1 - R8
Zero check (on/off) ZERQO CHECK Z0, Z1
Zero corrected {on) SHIFT ZERQO CHECK 72
VOLTAGE SOURCE:
High limit (adjust) A LIMIT, ADJUST A ¥ Hnn.nn
Low limit (adjust) ¥ LIMIT, ADJUST A ¥ Lnn.nn
Step voltage (adjust) STEPV, +/-, ADJUST A ¥ S0 - 57
Delay time (adjust) DELAY TIME Innn.nn
Voltage source (adjust) DISPLAY SOURCE, +/—, ADJUST A ¥, Vnn.nn
PRESET ) ' T
WAVEFORM:
Voltage source off SELECT A (OFF) wo
DC output SELECT A ¥ (DQC) Wil
Square wave output SELECT ¥ (STEP) W2
Staircase output SHIFT STEP V, SELECT ¥ (STEP) W3
ANALIOG OUTPUT:
Gain and pen control Program Aout * 00 - O7

* Front panel programs are selected by pressing PROGRAM MENU until program is displayed.
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IBM PC/XT aﬁd MODEL 8573A PROGRAMMING

INTRODUCTION

This appendix contains general programming information
needed to control the Model 595 with the IBM PC/XT per-
sonal computer via the Keithley Model 8573A IEEE-488 in-
terface. Refer to the Model 8573A Instruction Manual for
complete programming information.

CONTROLLER HANDLER SOFTWARE

Before a specific controller can be used over the IEEE-488
bus, it must have IEEE-488 handler software installed. For
the IBM, the necessary handler software is provided on
diskette, along with the Model 8573A interface.

INTERFACE BASIC PROGRAMMING
STATEMENTS

This section covers the Model 8573A statements that are
essential to Model 595 operation. A partiai list of program-
ming statements is contained in Table D-1. Each of these
statements uses the IBM BASIC CALL statement, with
various variables as shown in the table. The command
words such as IBCLR (Interface Bus Clear) and IBSRE (In-
terface Bus Send Remote Enable), are in fact BASIC
variables themselves, which must be initialized at the start
of each BASIC program.

SOFTWARE CONFIGURATION

Before using the Model 8573A, you must configure the soft-

‘ware by using the procedure below. Note that the binary

handler file called GPIB.COM and the system configura-
tion file called CONFIG.5YS must be present on the DOS
boot disk, as described in the Model 8573A Instruction
Manual.

1. Boot up your system in the usual manner and enter
BASICA.

2. Place the Model 8573A software disk into the default
drive and load the program called “DECL.BAS”. Modify
the program by changing the XXXXX values in lines 1

“and 2 to 16000

3. Add the following lines to the declaration file:
FHaF= s GRIEG* Y : DALl IRFINDIMAST BRIA
SHAS="*DEYA® Y : CALL IBFIHOCHAS. MS9SK
=23 CHLL IBPADCMSRSES IS

4. Now type in your BASIC program starting at line 10.
Standard BASIC statements as well as calls from Table
D-1 may be used. See the Model 8573A Instruction
Manual for a full list of the call statements and their
proper use.

An example program using the IBM PC/XT and the Model

- 8573A can be found in Appendix E.

Table D-1. BASIC Statements Necessary to Send Bus Commands

Action

Model 8573A Statement

Transmit string to device 28,

Obtain string from device 28.

Send GTL to device 28.
Send SDC to device 28.
Send DCL to all devices.
Send remote enable.
Cancel remote enable.
Serial poll device 28.
Send local lockout.
Send GET to device.
Send IFC.

CALL IBURT sHMZ23% CHIOF:

Call IBRD {f“fﬁ’a':rh F'IIE?J

Call IBLOC {MS%5X

CHLL IECLR UTEE’S&)

CHDF=CHRE# (&H14%: CALL TBECMD (ERDEYy CMIE:
Uk=1: CALL ITBSRE (ERIEM LB

Ux=8: CALL IBSRE (ERDEN. X3

CHLL IBRSP (MS25%s BB

CHOF=CHRE$ L&H115: CALL IBCHD © EF‘IIEM.
CALL TETRG (I3l

LHLL IB:RE E‘F’Itﬁf“l

CIIes
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CONTROLLER PROGRAMS

The following programs have been supplied as a simple aid to the user and are not intended to
suit specific needs. Each program allows you send a device-dependent command string to the
instrument and obtain and display an instrument-reading string.

Programs for the following controllers are included:

¢ IBM PC or XT (with Keithley Model 8573A IEEE-488 Interface)
¢ Apple I (equipped with the Apple II IEEE-488 Interface)

* Hewlett-Packard Model 85 ,

¢ Hewlett-Packard Model 9816

* Hewlett-Packard Model 98254

* DECLSI 11

+ PET/CBM 2001

E1
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IBM PC OR XT (KEITHLEY MODEL 8573A INTERFACE)

The following program sends a command string to the Model 595 from an IBM PC or XT com-
puter and displays the instrument reading string on the CRT. The computer must be equipped
with the Keithley Model 8573A IEEE-488 Interface and the DOS 2.00 operating system. Model 8573A
software must be installed and configured as described in the instruction manual.

DIRECTIONS

1. Using the front panel program feature, set the primary address of thie Model 595 to 28.

2. With the power off, connect the Model 595 to the IEEE-488 interface installed in the IBM
computer,

3. Type in BASICA on the computer keyboard to get into the IBM interpretive BASIC language.

4. Place the interface software disk in the default drive, type LOAD"DECE, and press the return key.

5. Add the lines below to lines 1-6 which are now in memory. Modify the address in lines 1 and
2, as described in the Model 8573A Instruction Manual.

6. Run the program and type in the desired command string. For example, to place the instru-
ment in the current function and 200zA range, type in FIR8X and press the return key.

7. The instrument reading string will then appear on the display. For example, the display might
show NIVX+0.59500E—4, +000.00.

8. To exit the program, type in EXIT at the command prompt and press the return key.

PROGRAM ~ COMMENTS
g cLs Clear screen.
20 MAF=S ¢ CPFIBA®* :CalL IBEFIMD Find board descriptor.
CHAFBRDE® '

28 MAF=SYDEUI** : CALL IEFIHD
CHEEs MS95Ks
48 =28 CALL TBPATCHMD3TN W)
S8 =L HIE2 - Call TBPOKECERDEy L2

Find instrument descriptor.

Set primary address to 28.
Set timeouts.

68 Ux=1:CALL IBSRECERDEN « L%
TE IMPUT® ¢ COMMAND STRIMG? * s CMDF
268 IF CHD$=FsEXIT®* THEHN 1356
P8 IF CHMD#$=¢+ ** THEH 7@

1868 CALL IBHRTCMSISH CHDE

116 ROE=SPACEF] 1 GE

128 CALL TERDVHMS9SYN s RTE)

138 PRINT RI¥

148 GOTO Fa

138 k=0 CALL TBOML (M395X. LI

166 CALL ITROML CBRDEN . L3

1768 EMT

Set REN frue.

Prompt for command.

See if program is to be halted.
Check for null input.

Address 595 to listen, send string.
Define reading input buffer.
Address 595 to talk, get reading.
Display the string.

Repeat.

Close the instrument file.

Close the board file.

NOTE: For conversion to numeric variable, make the following changes:

138 RO=Ual CMIDFCRIE: Sa 14 i
135 FRIMT ED o
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APPLE |l (APPLE Ii IEEE-488 INTERFACE)

The following program sends a command string to the Model 595 from an Apple II computer
and displays the instrument reading string on the computer CRT.

The computer must be equipped with the Apple II IEEE-488 Interface installed in slot 3.

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 595 to 28.
2. With the power off, connect the Model 595 to the IEEE—488 interface installed in the Apple I

computer.

. Enter the lines in the program below, using the RETURN key after each line.

3
4. Run the program and type in the desired command string at the command prompt. For exam-
ple, to place the instrument in the current function and 200zA range, type in FIR8X and press

the return key.

5. The instrument reading string will then appear on the CRT. A typical dISpIay is:

NIVX+0.59500E—-4, +00.000.

PROGRAM

COMMENTS

18 Z=CHREF 25
28 IMPUT? f COMMAND STRIHG* * s BF
28 PRES
48 IMET
BH PRIHT *“WT<*? ; £%; E%
TH PRIMT 1 ¢LF1*?
S PRINT * RO i CHRECF2D : 2%
81 Af=F3 Y =0 M0
22 GET A%
B3 PEINT A%
B4 IF ASC CAFI=1Z THEH GOTO 28
BZ CE=CH+ns
8e GOTO &2
28 PRIMT s#UTH?
189 PE#Y
115 TM#EE
128 FRIMT C#
126 COTO 28

Terminator.

Prompt for and enter string.

Set output to IEEE bus.

'Define input from TEEE bus.
Address 595 to listen, send string.
Line Feed on.

Strings initially empty.
Read a character.

Echo (display) a character.
End of input if CR.
Add characters to string.

Untalk the 595.

Define output to CRT.
Define input from keyboard.
Display reading string.
Repeat.

NOTES:

1. If conversion to numeric variable is required, make the following changes:

128 C=UaL cMIDEFTCE e ldier
125 PRINTE

2. The Apple II INPUT statement terminates on commas.

E-3
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HEWLETT-PACKARD MODEL 85

The following program sends a command string to the Model 595 from an HP-85 computer and
displays the instrument reading string on the computer CRT. Thé computer must be equzpped
with the HP82937 GPIB Interface and an /O ROM. :

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 595 to 28..

2. With the power off, connect the Model 595 to the HP82937A GPIB interface installed in the
HP-85 computer.

3. Enter the lines in the program below, using the END LINE key after each line.

4. Press the HP-85 RUN key and type in the desired command string at the command prompt
For example, to place the instrument in the current function and 200xA range, type in FIR8X
and press the END LINE key.

5. The instrument reading string will then appear on the CRT. A typ1cal d1sp1ay is:
NIVX+0.59500E—-4, +00.000. . . :

PROGRAM COMMENTS o
18 M AFL 483 F¥I48] ) B Dimension strings.

20 REMOTE 72T Place 595 in remote.

ZBDIEPE S COMMAND STRIMG?*: -+ - - Prompt for command.

43 IHPUT A% - C e Input command string.

B OUTFUT 7285 nf : ' ' Address 595 to listen, send string.
B EMTER 7225 B -~ Address 595 to talk, input reading,.
7B BISF Bf ' a "~ - ——Display reading string,

2@ GATO 38 ' - Repeat’ '

28 ENE : _—

NOTE: For conversion to numeric variable, change line 70 as follows:

FEDISE VAL CBEISID
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HEWLETT-PACKARD MODEL 9816

The following program sends a command string to the Model 595 from a Hewlett-Packard Model
9816 computer and displays the instrument reading string on the computer CRT. The computer
must be equipped with the HP82937 GPIB Interface and BASICA 2.0. '

DIRECTIONS

1. Using the front panel program feature, set the primary address of the Model 595 to 28.

2. With the power off, connect the Model 595 to the HP82937A GPIB interface installed in the
9816 computer. '

3. Type EDIT and press the EXEC key.

. Enter the lines in the program below, using the ENTER key after each line.

5. Press the 9816 RUN key and type in the desired command string at the command prompt. For
example, to place the instrument in the current function and 200pA range, type in FIR8X and
press the ENTER key.

6. The instrument reading string will then appear on the CRLT A typical display is:
NIVX-+0.59500E~4, +00.000. S : :

Y

PROGRAM ___COMMENTS

SOIMEF[SE]

i@ REMOTE 7258 Place 595 in remote.

26 IHPUT: eCOMMAND STRING® * s A% Prompt for and input comumand.
I8 OUTRUT 7285 A% Address 595 to listen, send string.
4@ EMTER V23; Bf : : - Address 595 to talk, input-reading.
58 PRIMT B ' " Display reading string.

ti GOTO S8 : -+ - -Repeat.

TE EHD

NOTE: For conversion to a numeric variable, change the program as follows:

48 EMTER 728 B
S0 PRIMTE
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E-6

HEWLETHPACKARD MODEL 9825A

Use the following program to send a command string to the Model 595 from a Hewilett-Packard
Model 9825A and display the instrument reading string on the computer printer. The computer
must be equipped with the HP98034A HPIB Interface and a 9872A extended I/O ROM.

DIRECTIONS

1. From the front panel, set the primary address of the Model 595 o 28.
2. With the power off, connect the Model 595 to the 98034A HPIB interface installed in the 9825A.

3. Enter the lines in the program below, using the STORE key after each line. Line numbers are
automatically assigned by the 9825A.

4. Press the 9825A RUN key and type in the desired command string at the command prompt.
For example, to place the instrument in the current function and 200pA range, type in FIR8X
and press the CONT key. -

5. The instrument reading string will then appear on the computer print out. A typical display
is: NIVX+0.59500E—-4, +000.00. D ' '

PROGRAM " COMMENTS

Hdim a¥[25]-BEL30] . Dimension data strings.

1 devs 5957 2 728 Define 595 at address 28.
Zrem?ig35t! : : o Place 595 in remote. -

Zentt * COMMAND STRIMG® * 2 BE : Prompt for command string.

4 wrté $ 595 s BE Address 595 to listen, send string.
Sredi s 595 Y xa¥ - Address 595 to talk, input data.

& prt A% Print-data string on printer.

7 gto = Repeat.

NOTE: For conversion to numeric variable, modify the program as follows:

E prt valta$[IIn
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DECLSI 1

The following program sends a command string to the Model 595 from a DEC LSI 11 minicom-
puter and displays the instrument reading string on the DEC CRT terminal. The LS 11 must be
configured with 16K words of RAM and an IBV 11 IEEE-488 interface. The software must be con-
figured with the IB software as well as FORTRAN and the RT 11 operating system.

DIRECTIONS

. Type in 9 and press the RETURN key.
. The display will read “TEST SETUP".

W NoUIE W

[y

. Using the front panel program feature, set the primary address of the Model 595 to 28.
. With the power off, connect the Model 595 to the IBV 11 IEEE-488 interface cable.

. Enter the program below, using the editor under RT 11 and the name IEEE.FOR.
Compile using the FORTRAN compiler as follows: FORTRAN IEEE.

Link with the system and IB libraries as follows: LINK IEEE,IBLIB.

Type RUN IEEE and press the RETURN key.

. The display will read “ENTER ADDRESS”.

. Type in the desired command string and press the RETURN key. For example, to program

the instrument for the current function and 200xA range, type in FIR8X and press RETURN.

=

NIVX+0.59500E-12, +000.00.

PROGRAM

. The instrument date string will appear on the computer display. A typical display is:

COMMENTS

FRIOGRAM IEEE
INTEGER#Z FRIADR
LOGICALx] FMSGOEEs s IMPLUT (B
DnzlI=1s18
CAaLL IBSTERC D@
2 COMTIMUE
CaLL IBSTERC1S.33
CHLL IBTIMOCLZE0
CALL IBTERMC 1B
Call TBREH
4 TYPE 3
S FORMAT C1H: EMTER RDBRESS : F 2 $2
ACCERT 18 PRIADR
16 FORMAT (123
12 TYFE 15 C-
ISFORMAT C1sx S TEST SETUF: * s %3
CALL GETSTR (S5:MSGs 722
CALL IBSEQI CHMSG» -1 PRIATRE
12 I=IBRECU {IMPUT: 28 FRIADR
IHPUT (I+13 =t
CALL PUTSTRE ¥« INPLUT s &% 3
CALL IBUNT
GOt iz o
EMI

Turn off IB errors.

e Allow 5 error 15%. ,
_Allow 1 second bus timeout.

Set line feed as terminator.
Turn on remote.

Input primary address.

. Prompt for command string.

Program instrument.
Address 595 to listen, send string.
Get data from instrument.

Untalk the 595.

Repeat.

E-7
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PET/CBM 2001

The following program sends a command string to the Model 595 from a PET/CBM 2001 com-
puter and displays the instrument reading string on the computer CRT. As the PET/CBM com-
puter has a standard IEEE-488 interface, no additional equipment is necessary.

DIRECTIONS

. Using the front panel program feature, set the primary address of the Model 595 io 28.

. With the power off, connect the Model 595 to the PET/CBM IEEE-488 interface.

. Enter the lines of the program below, using the RETURN key after each line is typed.

. Type RUN and press the RETURN key. Type in the desired command string at the command
prompt. For example, to place the instrument in the current function and 200xA range, type
in FIR8X and press the RETURN key.

5. The instrument reading string will then appear on the CRT. A typical display is:

NIVX+0.59500E-12, +000.00. '

™ G b =

PROGRAM __COMMENTS

18 OFEH 1.22 -~ . Open file 1, primary address 23.
28 THMFUTY f COMMAND STRING * s EF Prompt for, input command string.
ZAPRINT#1:E% Address 595 to listen, send string.
48 INPUT#1+ A% Address 595 to talk, input data.
o3 IF ST =2 THEH 48 If bus timeout, input again.

&@ PRINT A% —~-="" Display reading string.

78 GOTO 28 Repeat. )

NOTES:

1. I conversion to numeric variable is required, modify the program as follows:

el A =MALIMIDECAE-Salda s
TEFRIMNT A
o8 GUTO 28

2. The PET INPUT¥ statement terminates on a comxma. Thus, when reading Model 595 command
strings which include commas, you should input each portion of the string into a separate string
variable. For example, in the G2 (default) mode, to obtain and display the channel number,
the program above can be modified as follows:

48 INPUTH#1: A% CF
S8 PRINT A 6.7 *C¥

E-8
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IEEE-488 BUS OVERVIEW

BUS DESCRIPTION

The IEEE-488 bus, which is also frequently referred to as
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer meditum to optimize data transfer with
a minimum number of bus lines. In keeping with this goal,
the bus has eight data lines that are used both for data and
many comunands. Additionally, the bus has five manage-
ment lines, which are used to control bus operation, and
three handshake lines that are used to control the data byte
transfer sequence.

A typical configuration for controlled bus operation is
shown in Figure F1. A typical system will have one con-
troller and one or more devices to which commands are
given and, in most cases, from which data is received.
Generally, there are three categories that describe device
operation: controller, talker, and listener. '

The controller does what its name implies: it controls other
devices on the bus. A talker sends data (usually to the con-
troller), and a listener receives data. Depending on the in-
strument, a particular device may be a talker only, a listener
only, or both a talker and a listener. The Model 595 has
both talker and listener capabilities.

There are two categories of controllers: system controller
and basic controller. Both are able to control other devices,
but only the system controller has absolute authority in
the systemn. In a system with more than one controller, only
one controller may be active at any given time. Certain
command protocol allows control to be passed from one
controller to another.

The bus is limited to 15 devices, including the controller.
Thus, any number of devices may be present on the bus
at one time. Although several active listeners may be pre-
sent simultaneocusly, only one active talker may be present
on the bus, or communications would be scrambled.

TO OTHER DEVICES
/_A_\
ABLE TO
TALK, LISTENEY
AND CONTROL
( COMPUTER) H DATA BUS
DEVICE 2 <
ABLE 10O \
Tt&§T§§° DATA BYTE
H CONTROL
DEVICE 3 K
ONLY ABLE (=}
TO LISTEN GENERAL
{PRINTER) INTERFACE
T MANAGEMENT
G{HD .
DEVICE 4 E;,
ONLY ABLE
TO TALK
L D10l ...8 DATA
— (8 LINES)
L_ DAV
-— NRFD > HANDSHAKE
L NDAC
IFC
g;g BUS
REN [ MANAGEMENT
EO!

Figure F-1. IEEE Bus Configuration

F1



APPENDIX

A device is placed in the talk or listen mode from the con-
troller by sending an appropriate talk or listen command.
These talk and listen commands are derived from an in-
strument’s primary address. The primary address may
have any value between 0 and 30 and is generally set by
rear panel switches or programmed in from the front panel
(as in the case of the Model 595). The actual listen com-
mand value sent over the bus is derived by ORing the
primary address with $20 (the $ symbol preceding the
number designates a hexadecimal, or base 16 value). For
example, if the primary address is 28 (the default Model
595 value), the actual listen command byte value is $3C
($1C + $20 = $3C). In a similar manner, the talk command
byte is derived by ORing the primary address with $40.
With a primary address of 28, the actual talk command byte
would be $5C (340 + $1C = $5C).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary address
byte values lie in the range of $60-$7E. Note, however, that
many devices, including the Model 595, do not use secon-
dary addressing,.

Once the device is properly addressed, bus transmission
sequences are set to take place. For eample, if an instru-
ment is addressed to talk, it will usually output its data
string on the bus one byte at a time. The listening device
(frequently the controller) will then read this information
as transmitted.

BUS LINES

The signal lines on the IEEE-488 bus are grouped into three
categories: data lines, management lines, and handshake
lines. The gight data lines handle bus data and many com-
mands, while the management and handshake lines en-
sure orderly bus operation. Each bus line is active low with
approximately zero volts representing logic 1 (true). The
following paragraphs briefly describe the operation of

h 1
iese 1nes.

Data Lines

The bus uses eight data lines to fransmit and receive data
in bit-parallel, byte serial fashion. These lines use the con-
vention DIQ1-DIOS instead of the more common DO0-D7.
DIO1 is the least significant bit, while DIOS is the most
significant bit. The data lines are bidirectional (with most
devices), and, as with the remaining bus lines, low is con-
sidered to be true.

F2

Bus Management Lines

The five bus management lines ensure proper interface
control and management. These lines are used to send
uniline commands.

ATN (Attention)--The state of ATN determines how infor-
mation on the data lines is to be interpreted.

IFC (Interface Clean—IFC allows the clearing of active
talkers or listeners from the bus.

REN (Remote Enable)—REN is used to place devices in
the remote mode. Usually, devices must be in remote
before they can be programmed over the bus.

EOI (End Or Identify)—EOI is used to mark the end of
a multi-byte data transfer sequence. EOl is also used along
with ATN, to send the IDY (identify) message for parallel
polling.

SRQ (Service Request)—SRQ is used by devices to request
service from the controller.

Handshake Lines

Three handshake lines that operate in an interlocked se-
quence are used to ensure reliable data transmission
regardless of the transfer rate. Generally, data transfer will
occur at a rate determined by the slowest active device on
the bus. These handshake lines are:

DAV (Data Valid)—The source (talker) controls the state
of DAV to indicate to any listeners when data is valid.
NRFD (Not Ready For Data)—The acceptor (listener) con-
trols the state of NRFD. It is used to signal the transmit-
ting device to hold off the byte transfer sequence until the
accepting device is ready.

NDAC (Not Data Accepted)—NDAC is also conirolled by
the accepting device. The state of NDAC tells the source .
whether or not the device has accepted the data byte.

Figure F-2 shows the basic handshake sequence for the
transmission of one data byte. This sequence is used to
transfer data; talk and listen addresses, as well as multiline
commands.
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DATA X

>< SOURCE

DATA N SOURCE
VALID

NRFD i | ACCEPTOR
' :
1 ]
] 1
1 ]

NDAC ! i | ACCEPTOR
) e

DATA DATA

TRANSFER TRANSFER

BEGINS

ENDS

Figure F-2. IEEE-488 Handshake Sequence

- BUS COMMANDS

Commands associated with the IEEE-488 bus can be
grouped into the following three general categories. Refer
to Table F-1.

Uniline Commands—These commands are asserted by set-
ting the associated bus line true. For example, to assert
REN (Remote Enable), the REN line would be set low

(irue).

Multiline Commands--General bus commands which are
sent over the data lines with the ATN line true.

Device-dependent Commands—Commands whose mean-
ings depend on the device in question. These commands
are transmitted via the data lines while ATN is false.

Table F-1. IEEE-488 Bus Command Summary

State of
Command Type | Command ATN Line*| Comments
Uniline REN (Remote Enable) X Sets up devices for remote operation.
EOI X Marks end of transmission.
IFC (Interface Clear) X Clears interface.
ATN (Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Muiltiline
Universal LLO (Local Lockout) Low | Locks out local operation.
DCL (Device Clear) Low Returns device to default conditions.
SPE (Serial Enable) Low | Enables serial polling.
SPD Serial Poll Disable) Low | Disables serial poliing.
Addressed SDC (selective Device Clear) Low Returns unit to default conditions.
GTL (Go To Local) Low Returrns device to local.
GET (Group Execute Trigger) Low Triggers device for reading.
Unaddressed UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low | Removes any talkers from bus.
Device-dependent High | Programs Model 595 for various modes.

*Dor't Care.

F3



APPENDIX F

Uniline Commands

The five uniline commands include REN, EQI, IFC, ATN,
and SRQ. Each command is associated with a dedicated
bus line, which is set low to assert the command in
question.

REN (Remote Enable)}—REN is asserted by the contzoller
to set up instruments on the bus for remote operation.
When REN is true, devices will be removed from the local
mode. Depending on device configuration, all front panel
controls except the LOCAL bution (if the device is so
equipped) may be locked out when REN is true. Generally,
REN should be asserted before attempting to program in-

struments over the bus.

EOI (End or Identify)—EOI may be asserted either by the
controller or by external devices to identify the last byte
in a multi-byte transfer sequence, allowing data words of
various lengths to be transmitted.

IFC (Interface Clear)—IFC is asserted by the controller to

clear the interface and return alt devices to the talker and

listener idle states. -

ATN (Attention)--The controller asserts ATN while sen-
ding addresses or multiline commands.

SRQ (Service Request)—SRQ is asserted by a device on

the bus when it requires service from the controller.

Universal Multiline Commands

Universal multiline commands are those commands that
required no addressing as part of the command sequence.
All devices equipped to implement these commands will
do so simultaneously when the commands are transmit-
ted. As with all muliiline commands, these commands are
transmitted with ATN true.

LLO (Local Lockout)—LLO is sent to instruments to lock
out front panel or local operation of the instrument.

DCL (Device Clear)—DCL is used to return instruments
to some defanlt state. Usually, devices retum to their
power-up conditions.

SPE (Serial Poll Enable)—SPE is the first step in the serial
polling sequence, which is used to determine which device
on the bus is requesting service.

SPD (Serial Poll Disable)}—SPD is used by the controller
to remove all devices on the bus from the serial poll mode
and is generally the last command in the serial polling
sequence.

Addressed Multiline Commands

 Addressed multiline commands are those commands that

must be preceded by an appropriate listen address before
the instrument will respond to the comumand in question.
Note that only the addressed device will respond to the
command. Both the command and the address preceding
it are sent with ATN true.

SDC (Selective Device Clear)—The SDC command per-
forms essentially the same function as DCL except that on-
ly the addressed device responds. Generally, instruments
return to their power-up default conditions when respon-
ding to SDC.

GTL (Go To Local)--GTL is used to remove instruments
from the remote mode and place them in Jocal. With many
instruments, GTL may also restore operation of front panel
controls if previously locked out.

GET (Group Execute Trigger)—GET is used to trigger
devices to perform a specific action that will depend on
device configuration (for example, perform a measurement
sequence). Although GET is an addressed command,
many devices may respond to GET without addressing.

Address Commands

Addressed commands include two primary command
groups, and a secondary address group. ATN is true when
these commands are asserted. These commands include:

LAG {Listen Address Group)—These listen commmands are
derived from an instrument’s primary address and are
used to address devices to listen. The actual command byte
is obtained by ORing the primary address with $20.

TAG (Talk Address Group)—The talk commands are de-
rived from the primary address by ORing the address with
$40. Talk commands are used to address devices to talk.

SCG (Secondary Command Group)—Commands in this
group provide additional addressing capabilities. Many
devices (including the Model 595) do not use these

commands.
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Unaddress Commands

The two unaddress commands are used by the controller
to remove any talkers or listeners from the bus. ATN is true
when these commands are asserted.

UNL (Unlisten)—Listeners are placed in the listener idle
state by UNL.

UNT (Untalk}—Any previously commanded talkers will
be placed in the talker idle state by UNT.

Device-Dependent Commands

The purpose of device-dependent commands will depend
on instrument configuration. Generally, these commands

are sent as one or more ASCII characters that command
the device to perform a specific action. For example, the
command string RIX is used to contro] the measurement

‘range of the Model 595,

The IEEE-4388 bus treats these commands as data in that
ATN is false when the commands are transmitted.

~ Command Codes

Command codes for the various commands that use the
data lines are summarized in Figure F-3. Hexadecimal and
and decimal values for the various commands are listed
in Table E-2.

F-5
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Table F-2. Hexadecimal and Decimal Command

Table F-4. Typical Device-Dependent Command

Codes Sequence

Command Hex Value Decimal Value Data Bus
GTL 0l 1 Step| Command| ATN State ASCII | Hex{ Decimal
SDC 04 4 1 UNL | Set low ? | 3F] 63
GET 08 8 2 LAG* |Stays low < | 3C| 60
LLO n 7 3 Data | Set high F | 52| 8
DCL 4 20 4 | Data |Stays high 0 | 30| 48
SPE 18 24 5 Data Stays high X 46 70
SPD 19 25
LAG 20-3F 32-63 *Assumes primary address = 28.
TAG 40-5F 64-95
SGG 60-7F 96-127
UNL 3F 63 IEEE Command Groups
TUNT 5F 95

Typical Command Sequences

For the various multiline commands, a specific bus se-
quence must take place to properly send the command.
In particular, the correct listen address must be sent to the
instrument before it will respond to addressed commands.
Table F3 lists a typical bus sequence for sending an ad-
dressed multiline command. In this instance, the SDC
command is being sent to the instrument. UNL is generally
sent as part of the sequence to ensure that no other active
listeners are present. Note that ATN is true for both the
listent command and the SDC command byte itself.

Table F-3. Typical Addressed Command Sequence

Command groups supported by the Model 595 are listed
in Table E-5. Device-dependent commands are not included
in this list.

Table F-5. [EEE Command Group

Data Bus
Step| Command| ATN State ASCII| Hex| Decimal
1 UNL | Set low ? 3F 63
2 LAG* |Stays low < | 3C 60
3 SDC | Stays low EOCT | 04 4
4 Returns high

*Assumes primary address = 28.

Table F4 gives a typical device-dependent command se-
quence. In this instance, ATN is true while the instrument
is being addressed, but it is set high while sending the
device-dependent command string.

HANDSHAKE COMMAND GROUP
DAC=DATA ACCEPTED
RFD=READY FOR DATA
DAV=DATA VALID

UNIVERSAL COMMAND GROUP
ATN=ATTENTION '
DCL=DEVICE CLEAR
IFC=INTERFACE CLEAR
LLO=LOCAL LOCKOUT
REN=REMOTE ENABLE
SPD=SERIAL POLL DISABLE
SPE=SERIAL POLL ENABLE

ADDRESS COMMAND GROUN

LISTEN: LAG=LISTEN ADDRESS GROUP
MLA=MY LISTEN ADDRESS
UNL=UNLISTEN

TALK: TAG=TALK ADDRESS GROUP
MTA=MY TALK ADDRESS
UNT=UNTALK
OTA=OTHER TALK ADDRESS

ADDRESSED COMMAND GROUP
ACG=ADDRESSED COMMAND GROUP
GET=GROUP EXECUTE TRIGGER
GTL=GO TO LOCAL
SDC=SELECTIVE CLEAR

STATUS COMMAND GROUP
RQS=REQUEST SERVICE
SRQ=SERIAL POLL REQUEST
STB=STATUS BYTE
EOI=END

F7/F-8
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DEVICE-DEPENDENT COMMANDS

Device-Dependent Command Summary

Mode Command | Description
Execute X Execute device-dependent commands received since
last “X”
METER BELOCK COMMANDS
Display Do* Meter
31 Voltage source
D2 High limit of voltage source
D3 Low limit of voltage source
D4 Step voltage
D5 Delay time
Functiont Fo* Capacitance
F1 Current:
Ranget— Capacitance (F0) Current (F1)
R1 200pF 20pA
R2 2nF 200pA
R3* 20nF 2nA
R4 20nA
R5 200nA
R6 2pA
R7 20pA
R8 200pA
Zero Checkt 20 Zero check off
Z1* Zero check on
Z2 Zero check on and zero corrected
Suppress NO* Suppress off
N1 Suppress on using new value
Filtert PO* Filter off
P1 Filter 1
P2 Filter 2
P3 Filter 3 (DC measurements)
| VOLTAGE SOURCE COMMANDS
High Limitt Hnn.mn | Set high limit of voltage source;
H20* where nn.nn = -20.00V to 20.00V
Low Limitt Lnn.nn | Set low limit of voltage source;
L—20* where nn.nn = ~20.00V to 20.00V
Voltage Sourcet—~ Van.nn | Set voltage source bias level;
Vo where nn.nn = LO value to HI value
Step Voltaget S0 10mV step
51 20V step
52* 50mV step
S3 1000V step
S4 —10mV step
S5 -20mV step
56 —50niV step
57 —~100mV step
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APPENDIX G

Device-Dependent Command Summary (Cont.)

Mode Command | Description
Delay Timet Innn.nn | Set delay time for staircase and square wave;
1.07* where nnn.nn = 000.07sec to 199.99sec
WAVEFORM COMMANDS
Waveform Wo Voltage source off (0.0 volts)
WI DC output (voltage source level) -
wa* Square-wave output (voltage source + Vstep)
W3 Staircase output (voltage source + Vstep)
READING/OUTPUT COMMANDS
«CICo Co* Capacitance normalization off
Cc1 Capacitance normalization on
2 Take new Cq value
Capacitance Modifiers} Qo* Capacitance displayed, not corrected
Q1 Q/t displayed, capacitance not corrected
Q2 .| Capacitance displayed, capacitance corrected
Q3 Q/t displayed, capacitance corrected
Prefixes TERMINATE ON EACH READING
GO 0 = Reading; prefix
Gl 1 = Reading; no prefix
G2 2 = Plotter; prefix
G3 3 = Plotter; no prefix
TERMINATE ON EACH NON-STAIRCASE READING
G4 4 = Reading; prefix
G5 5 = Reading; no prefix
Gé6 6 = Plotter; prefix
G7 7 = Plotter; no prefix
Analog Output oo0* Autopen, X1 gain
o1 Pen up, X1 gain
02 Pen down, X1 gain
03 Same as O1
04 Autopen, X10 gain
5 Pen up, X10 gain
Q6 Pen down, X10 gain
o7 Same as 04
BUS CONTROL COMMANDS , -
Triggerst T0 Continuous, triggered by Talk
T1 One-shot, triggered by Talk
T2 Continuous, triggered by GET
T3 One-shot, triggered by GET
™ Continuous, triggered by X
T5 One-shot, triggered by X
T6* Continuous, triggered by External Trigger
T7 One-shot, triggered by External Trigger
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APPENDIX G

Device-Dependent Command Summary (Cont.)

Mode Command | Description
SRQ Mask Mo Clear SR() mask
M1 Reading overflow
M2 Not used
M4 Staircase done
M8 Reading done
Mié Ready
M32 | Error
EOI and Bus Hold-off Ko* Send EQI, hold off on X
Kl Do not send EOI, hold off on X
K2 Send EQI, do not hold off on X
K3 Do not send EQI, do not hold off on X
Terminator Yo+ CR LF
Y1 LF CR
Y2 CR
Y3 LF
Y4 No terminator

STATUS COMMANDS

Digital Calibration Annn.nnE-nn| Calibration value using exponent
SelfTest and JO Perform self-test
NVRAM Storage 71118 No operation
J19 . |Store calibration constants in permanent memory
Status Uo Send machine status word
Ul Send error status word
Uz Send data status word
U3 Send delay time
U4 Send high and low limits of voltage source

. |Send voltage source level

* DEFAULT VALUE (on power up or after receiving DCL or SDC command)
t If in staircase, waveform will change to DC (pause)
1 Only changing capacitance correction will cause waveform fo change to DC.

Note: If a measurement is changed to DC, the output voltage is moved to the next level where the
effective step is off in order to preserve the direction of the measurement.
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APPENDIX H

MODEL 595 IEEE-488 PLOTTING COMMANDS

INTRODUCTION

This appendix includes the bus commands and informa-
tion sequences sent from the Model 595 when plotting with
an HPGL-compatible digital plotter (or printing with an
IEEE-488 compatible printer).

IEEE-488 CODES

These codes are selected via the front panel IEEE-488 ad-
dress program. o

40 - Printer, prefix

41 - Printer, no prefix

42 - Plotter, standard X axis
43 - Plotter, reverse X axis

BUS COMMANDS

The following bus commands are sent when the Model 595
is set to JEEE-488 codes 40 to 43:

40 - IFC REN UNL MTA(00) LAG(3) CR LF DATA
41 - IFC REN UNL MTA(00) LAG(3) CR LF DATA
42 - IFC REN
43 - TFC REN

DEVICE-DEPENDENT COMMANDS

GRID SEQUENCE

The following command sequence is sent from the Model
595 over the THEE-488 bus fo cause the digital plotter to draw

a grid:

IFC REN UNL MTA(0) LAG (5)
IN; PA; IP700, 800, 10050, 7500;
SP1

SCO, 10, 0, 10;..draw..
SI.13, .23; SCO, 100, 0, 100;

[INTT, P1, P2]
[PEN]

grid. lines.. [SCALE]
[ABSOLUTE CHAR
] SEZE-cm]

PU96, -3; LB..label. eix....send..

all..label. strings....

SI; PUSS, -8; LBKEITHLEY 595

etx SPO;

PLOT SEQUENCE

The following command sequence is sent from the Model
595 over the IEEE-488 bus each time a data plot is started.

IFC REN UNL MTA(0) LAG(5)

IN; PA; IP700, 800, 10050, 7500;

SPL;

TW700, 800, 10050, 7500;
SC...send..scale..integers....
PU...send..first. .data..point..integer...
PD...send..data..integers....

NOTES:

Device-dependent commands G (Prefix), K (EOI), and 1. All numbers except SI are integers.

Y(Terminator) will be changed to the following values when
the Model 595 is set to IEEE488 codes 40 to 43:

40 - G=0 K=0 Y=0
41 - G=1K=0 Y=0
42 - G=2 K=0 Y=3
43 - G=2 K=0 Y=3

2. The HP #70A Flotter has been verified to be compatible
with the Model 595; in addition, the following plotters
should also work with the instrument: 7090, 7475A,
7550A, 75804, 75808, 7585A, 75858, 7586B.
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KEITHLEY

Service Form

Model No. _____Serial No. _____ Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

LI Intermittent [ Analog cutput follows display [d Particular range or function bad; specify
] IEEE failure [ Obvious problem on power-up (1 Batteries and fuses are OK
[ Front panel operational [ All ranges or functions are bad (0 Checked all cables

Display or output (check one)

1 Drifts L} Unable to zero

[ Unstable [ Will not read applied input

O Overload o

] Calibration only [ Certificate of calibration required

. Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is tumed on or not).

Also, describe signal source.

Where is the measurement being performed? (factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? _ _ Ambient temperature?

=

Relative humidity? ____ Other?

Any additional information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form,
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