Model 182
Sensitive Digital Voltmeter

Instruction Manual

o e
0 Nﬁ“’”’?fg A Bae

Contains Operating and Servicing Information

KEITHLEY



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 batter-
ies, 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 leak-
age, 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 PROVIDED 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 INSTRU-
MENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POS-
SIBILITY OF SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS
OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAM-
AGE TO PROPERTY.
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SAFETY PRECAUTIONS

Although the Model 182 Sensitive Digital Voltmeter would normally be used with non-hazardous voltages, there are
situations where hazardous conditions may be present. For that reason, the following safety precautions should be ob-
served before using the Model 182.

The Model 182 Sensitive Digital Voltmeter is intended for use by qualified personnel who recognize shock hazards and
are familiar with the safety precautions required to avoid possible injury. Read over this manual carefully before using
the instrument.

Exercise extreme caution when a shock hazard is present. The American National Standards Institute (ANSI) states that
shock hazard exists when voltage levels greater than 30V RMS or 42.4V peak are present. A good safety practice is to
expect that hazardous voltage is present in any unknown circuit before measuring.

Inspect the connecting cables, test leads, and jumpers for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the test circuit, test cables or any instruments while power is applied to the circuit
under test. Turn off all power and discharge any capacitors before connecting or disconnecting cables.

Do not touch any object which could provide a current path to the common 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 with-
standing the voltage being measured. :

Do not exceed the maximum signal levels of the instrument, as shown on the rear panel and as defined in the specifica-
tions and operation section of the instruction manual.

Instrumentation and accessories should not be connected to humans.



Model 182
Sensitive Digital Voltmeter

VOLTMETER
ACCURACY and STABILITY?, +(ppm of reading + ppm of range):
TRANSFER
ACCURACY STABILITY
RESO- 24 Hours 90 Days 1 Year 5 Minutes
RANGE LUTION 22°-24°C 18°-28°C  18°-28°C +1°C
3 mV 1nV 20+16* 40+16* 60+ 16* 5+9*
30 mV 10nV 20+ 6* 40+ 6* 60+ 6* 3+2*
300 mV  100nV 15+ 6 35+ 6 55+ 6 3+2
3 Vv 1uv 10+ 4 30+ 6 50+ 6 3+2
30 V 10 pv 10+ 4 30+ 6 50+ 6 3+2

* When properly zeroed using REL function.

IIntegration set to 1 Power Line Cycle (PLC), Analog Filter off, Digital Filter set to
medium, 1 hour warm-up. Accuracy specificationsexclude calibrator accuracy. Add
4 ppm of reading to accuracy specifications for factory calibration.

ACCURACY TEMPERATURE COEFFICIENT:

+ (4 ppm of input + 1 ppm of range)/°C, 0°~18°C and 28°-35°C.

MAXIMUM INPUT: 120V for 10 seconds, 35V continuous.

NOISE vs. SOURCE RESISTANCE®:

SOURCE ANALOG DIGITAL
RESISTANCE NOISE FILTER FILTER
0-100 Q 15 nVp-p off medium
1 kQ 20 nV p-p off medium
10 kQ 50 nV p-p off medium

100 kQ 160 nV p-p on slow

1 MQ 500 nV p-p on slow

13mV range, Integration set to 1 PLC, 2 minute observation, £1°C.

INPUT IMPEDANCE: >10GQ (at 612 digits), >1G<Q (at 4}z digits), 5SnF nominal.
INPUT BIAS CURRENT: <50pA.

COMMON MODE CURRENT: <50nA p-p at 50Hz or 60Hz.

EFFECTIVE COMMON MODE REJECTION RATIO:

RANGE ECMRR
3mV-3V 160 dB
30V 140 dB

1At DC, 50Hz or 60Hz (+ 0.05%) with 1kQ in either input lead.
NORMAL MODE REJECTION RATIO:

RANGE NMRR
3mV 90dB
30mV-3V 80dB
30V 60 dB

1At 50Hz or 60Hz (+0.05%), Analog Filter on, Digital Filter set to medium, Integration
setto 1 PLC.

ANALOG FILTER: Programmable for off or on. Nominal 8Hz bandwidth.

DIGITAL FILTER: Programmable for off, fast, medium or slow response.

INTEGRATION TIMES: 3ms, 1 PLC, or 100ms.

EXAMPLE READING RATES
READINGS
RANGE INTEGRATION RESOLUTION PER SECOND
30 V 3 ms 1mV 100!
3mV 1PLC 1nVv 152
3mV 1PLC 1 nV 163
3mV 1PLC 1 nV 44

1Into Data Buffer, Analog Filter off, Digital Filter off, Analog Output in source mode.
2Into Data Buffer, Multiple Trigger, Analog Filter off, Digital Filter on.

3]EEE-488 bus, Trigger on Talk, GO format, Analog Filter off, Digital Filter off.
4JEEE-488 bus, Trigger on Talk, GO format, Analog Filter on, Digital Filter off.

READING REL: Selects value of input which represents 0V reading. The reference
value can be either a programmed value or the value of the previous input.

MAXIMUM READING: 3029999 counts.

ANALOG OUTPUT

MAXIMUM OUTPUT: £3V.

ACCURACY: #(0.15% of output + ImV).

OUTPUT RESISTANCE: 1kQ nominal.

GAIN: Adjustable from 10-3to 106. With gain set to 1, a full range input will produce
a3V output.

OUTPUT REL: Selects value of input which represents 0V at output. The reference
value can be either a programmed value or the value of the previous input.

DATA BUFFER

BUFFER TYPE: Linear or circular. Each location stores the reading and the time since
the first trigger.

BUFFER MEMORY LENGTH: Programmable 1 to 1024 locations.

BUFFER STATISTICS: Number of Readings, Location, Value, Timestamp, Maxi-
mum Reading, Minimum Reading, Average and Standard Deviation.

TRIGGER
MODES: ONE SHOT or MULTIPLE readings per trigger.
INTERVAL: In MULTIPLE Mode, the time between readings can be programmed
from 10ms to 999.999s in 1ms increments.
DELAY: Time between trigger and start of first measurement. Selectable from 0 to
999.999s in 1ms increments.
SOURCES: Rear panel BNC (EXTERNAL).
Front panel button (MANUAL).
IEEE-488 (GET, “X”, or Talk).

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, LLO, SDC, GET, GTL, UNT, UNL, SPE, SPD.

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

INTERFACE FUNCTIONS: SH1, AH1, T6, TEO, L4, LEO, SR1, RL1, PP0, DC1, DT1,
Co, E1.

PROGRAMMABLE PARAMETERS: All parameters programmable except for [EEE-
488 bus address.

GENERAL
RANGING: Manual or autoranging. Measurement range is displayed.

CALIBRATION: Closed case. Internal ratiometric calibration of 3mV and 30mV
ranges. Calibrator must provide 300mV, 3V, and 30V. Calibration can be done via
the front panel or the IEEE-488 bus.

POWER-UP SETTINGS: Can be programmed by the user.

SELF-TEST: Tests Display, RAM, ROM and EEPROM.

DISPLAY: Vacuum fluorescent, two lines, 49 characters plus annunciators.
FRONT PANEL CONNECTOR: Special low thermal shielded connector.

REAR PANEL CONNECTORS: Analog output, External Trigger input, Meter Com-
plete: BNIC. IEEE-488 connector and BNC connectors are chassis grounded.

WARM-UP: 1 hour to rated accuracy.

ISOLATION: 350V peak from either input terminal to earth ground. Impedance from
either terminal to earth ground is >1GQ paralleled by <400pF.

SAFETY: Designed to [EC-348.

EMI/RFI: Meets VDE-0871 class B limits.
OPERATING ENVIRONMENT: 0°-35°C, <80% RH.
STORAGE ENVIRONMENT: -25° to 65°C.

POWER: 105-125V AC or 210-250 V AC (rear panel switch selectable). 90-110V AC
or 180-220V AC version available. 50Hz or 60Hz, 35VA maximum.

DIMENSIONS: 90 mm high x 213 mm widex 397 mm deep (3%2in.x 8% in. x 15% in.).
WEIGHT: 3.4 kg (7.4 Ibs).
ACCESSORIES SUPPLIED: Line cord, instruction manual, Quick Reference Guide.

CONFIGURATIONS:
182/1506 Includes triax cable terminated with copper alligator clips.
182/1507 Includes triax cable terminated with copper lugs.
182/1482 Includes shielded twisted pair cable, unterminated.

Specifications subject to change without notice.



Contains information on Model 182 features, specifica-
tions, and accessories.

SECTION 1

General Information

Covers introductory information on using the Model 182
from the front panel and over the IEEE-488 bus.

SECTION 2

Getting Started

Supplies in-depth information about using the Model 182
from the front panel.

SECTION 3

Operation

Details IEEE-488 information, including device-dependent
commands, common commands, and general commands.

SECTION 4
IEEE-488 Reference

Outlines the verification procedures for checking voltage
measurement accuracy and analog output accuracy.

SECTION 5

Performance Verification

Gives a detailed discussion of the various circuits within
the instrument.

SECTION 6
Theory of Operation

Covers such important service information as fuse replace-
ment, calibration, disassembly, and troubleshooting.

SECTION 7

Service Information

Lists replacement parts, covers obtaining parts, and incu-
des schematics and component layout diagrams.

SECTION 8

Replaceable Parts
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SECTION 1

General Information

1.1 INTRODUCTION

This section contains general information about the
Model 182 Sensitive Digital Voltmeter, and it is arranged
in the following manner:

1.2 Features

1.3 Warranty Information

1.4 Manual Addenda

1.5 Safety Symbols and Terms
1.6 Specifications

1.7 Unpacking and Inspection
1.8 Repacking for Shipment

1.9 Optional Accessories

1.2 FEATURES

The Model 182 Sensitive Digital Voltmeter is a fully-pro-
grammable instrument with 1nV sensitivity. The Model
182 provides highly-accurate, stable, low-noise readings
on five ranges for DC voltage measurements between
InV and 30V.

Key features of the Model 182 include:

Special input characteristics: Low common-mode cur-
rent and RFI for minimal undesirable effects on sensi-
tive circuits. Fast open input recovery places the input
preamp in a nonsaturating state when the inputs are
open while the instrument is in the one-shot mode.
High-sensitivity, low-noise measurements: The Mo-
del 182 has a resolution of InV on the 3mV range at
6 1/2-digit resolution with only 15nV of noise.
Selectable integration periods: Choice of 3msec, line
cycle, and 100msec integration periods allows the best
compromise between measurement speed, resolution,
and noise.

Standard IEEE-488 interface: The built-in IEEE-488 in-
terface allows the instrument to communicate with
and be controlled from a computer.

1,024 Reading Buffer: The 1,024-reading buffer can be
programmed and data can be recalled from the front
panel or over the IEEE-488 bus. The buffer can be pro-
grammed to store from 1 to 1,024 readings or on a con-
tinuous basis. Mean, maximum, minimum, and stan-
dard deviation values are also available.

Analog output: The analog output, which supplies a
3V full scale analog of the measurement at the reading
rate, is available on the rear panel. User-programma-
ble gain and relative features for optimized use of ex-
ternal analog recording devices such as chart record-
ers.

Digital filter: The 3-pole digital filter can be used to
minimize reading noise. Filter response can be tailored
for the best compromise between speed and noise re-
duction.
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¢ Reading Relative: The relative feature can be used to
null offsets to optimize measurement accuracy, or to
store and subtract a baseline value from subsequent
readings.

e Digital calibration: Allows easy calibration of instru-
ment voltage measurements and the analog output
without having to remove the top cover.

1.3 WARRANTY INFORMATION

Warranty information is located on the inside front cover
of this instruction manual. Should your Model 182 re-
quire warranty service, contact the Keithley representa-
tive or authorized repair facility in your area for further
information. When returning the unit for repair, be sure
to fill out and include the service form at the back of this
manual in order to provide the repair facility with the
necessary information.

1.4 MANUAL ADDENDA

Any improvements or changes concerning the instru-
ment or manual will be explained in an addendum in-
cluded with the unit. Be sure to note these changes and
incorporate them into the manual before using or servic-
ing the instrument.

1.5 SAFETY SYMBOLS AND TERMS

The following symbols and terms may be found on an in-
strument or used in this manual.

TheA symbol on an instrument indicates that the user
should refer to the operating instructions located in the
instruction manual.

The WARNING heading used in this manual explains
dangers that might result in personal injury or death. Al-
ways read the associated information very carefully be-
fore performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the unit. Such damage may
invalidate the warranty.

1.6 SPECIFICATIONS

Model 182 specifications are located at the front of this
manual. : :

1.7 UNPACKING AND INSPECTION

1.71 Inspection for Damage

Upon receiving the Model 182, carefully unpack it from
its shipping carton and inspect the instrument for any ob-
vious signs of physical damage. Report any such damage
to the shipping agent immediately. Save the original
packing carton for possible future shipment.

1.7.2  Shipment Contents

The following items are included with every Model 182
order:

Model 182 Sensitive Digital Voltmeter

Model 1482, 1506, or 1507 Low-Thermal Cable (de-
pends on model ordered)

Model 182 Instruction Manual.

Additional accessories as ordered.

1.7.3 Instruction Manual

If an additional instruction manual is required, order the
manual package, Keithley part number 182-901-00. The
manual package includes an instruction manual and any
applicable addenda.

1.8 REPACKING FOR SHIPMENT

Should it become necessary to return the Model 182 for
repair, carefully pack the unit in its original packing car-
ton or the equivalent, and include the following informa-
tion:

¢ Advise as to the warranty status of the instrument.

e Write ATTENTION REPAIR DEPARTMENT on the
shipping label.

¢ Fill outand include the service form located at the back
of this manual.
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1.9 OPTIONAL ACCESSORIES

Accessories that are recommended for use with the
Model 182 are summarized below.

Model 1481 Low Thermal Input Cable — The Model
1481 is 1.2m (4 ft.) of shielded twisted pair cable termi-
nated on one end with a Model 1486 Low Thermal Con-
nector and two alligator clips on the other end.

Model 1482 Low Thermal Input Cable — The Model
1482 is similar to the Model 1481 and is made up of 3m
(10£t.) of cable terminated with a Model 1486 Low Ther-
mal Connector on one end and bare copper wires on the
other end.

Model 1483 Low-Thermal Connection Kit— The Model
1483 contains a crimp tool, pure copper lugs, alligator
clips, and assorted hardware.

Model 1484 Refill Kit — The Model 1484 includes the
following replacement parts for the Model 1483: pure
copper lugs, alligator clips, and assorted hardware.

Model 1485 Female Low Thermal Input Connector —
TheModel 1485 is the same as the front panel INPUT con-
nector on the Model 182.

Model 1486 Male Low Thermal Connector— The Model
1486 mates with the front panel INPUT connector on the

Model 182, and it can be used to make a custom length in-
put cable.

Model 1488 Low Thermal Shorting Plug — The Model
1488 is intended for checking proper operation and for
calibration of the Model 182.

Model 1506 Low Thermal Input Cable — The Model
1506 is a 1.2m (4 ft) triaxial cable terminated with a low
thermal mating connector to the Model 182 input on one
end, and copper alligator clips on the other end.

Model 1507 Low Thermal Input Cable — The Model
1507 is similar to the Model 1506 except that it is termi-
nated on one end with copper spade lugs instead of alli-
gator clips.

Model 4228-1 Single Fixed Rack Mounting Kit — The
Model 4228-1 can be used to mount one Model 182 in a
standard 19 in. rack. This kitincludes onerack ear, a dress
panel, and hardware necessary for mounting. The Model
4228-1 is 8.8cm (3.5 in.) in height.

Model 4228-2 Dual Fixed Rack Mounting Kit — The
Model 4228-2 can be used to mount two Model 182s or
similar instruments side by side in a standard 19 in. rack.
The Model 4228-2 Kit includes two rack ears, two middle
brackets, and hardware necessary for mounting.

Model 7007 Shielded IEEE-488 Cables — The Model
7007-1 (1m, 3.3 ft.) and Model 7007-2 (2m, 6.6 ft.) IEEE-488
cables can be used to interface the Model 182 to the
IEEE-488 bus.

1-3
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2.1 INTRODUCTION

This section contains introductory information on using
your Model 182 Sensitive Digital Voltmeter. For detailed
front panel and IEEE-488 bus operation, refer to Sections
3 and 4 respectively.

The information in this section is arranged as follows:

2.2 Front and Rear Panel Configuration: Summarizes
the controls, displays, and connectors on the front and
rear panels of the instrument.

2.3 Basic Front Panel Operation: Gives the procedure
for making basic measurements using the front panel
controls.

24 Basic Menu Operation: Summarizes the basic op-
eration of the front panel MENU key and available menu
selections.

2.5 Basic Buffer Operation: Describes fundamental
steps necessary to store and recall buffer data.

2.6 Basic IEEE-488 Operation: Covers basic operation
of the instrument over the IEEE-488 bus.

2.2 FRONT AND REAR PANEL
CONFIGURATION

Figure 2-1 shows the front panel of the Model 182, and
Figure 2-2 shows the rear panel.

2-1
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|EEE-488 STATUS HANDLE (NOT SHOWN)
TRG: Reading Triggered Pull out and rotate to desired -
SRQ: Service Request position
RFM: In Remote
TALK: Addressed to talk
LSTN: Addressed to listen
KEITHLEY| 182 SENSITIVE DIGITAL VOLTMETER
. . . l TRG
Reading Display Line+—— 18.23165 V SRQ
REM
: LK
Status Line Range 30V Igm
power|| mange || meL || Tric ||BurFer] SELECTION | INPUT |
UP AUTO | READING STORE | MENU A LOCAL | CAL
®
o1
POWER LT OUTPUT | MANUAL | RECALL | ENTER W ESC —
O=OFF
] =ON LO

RANGE

FILTER: En;
an

UP: Move to higher range
DOWN: Move to lower range
AUTO: Enable/Disable Auto-range

able/Disable Analog
d Digital filters

REL

[e]

READING: Enable/Disable Reading
Relative
OUTPUT: Enable/Disable Analog

utput Relative

TRIG

MANUAL:

SETUP: Program trigger source,
mode, interval, delay

Trigger unit

BUFFER

RECALL:

STORE: Enable Data Storage
(1-1024 Readings)

Display Reading time

1

SELECTION INPUT

Menu: Filter Low thermal input. Use
Integration Time only clean copper-to-
Display Resolution copper connections.
Reading Rel WARNING: maximum
Output input 35V continuous,
Setup 120V for 10sec. Maximum
Set IEEE Address common mode: 350V peak
Calibrate

A./w Scroll through MENU choice
move cursor left or right

ENTER: Enter selection, move down menu

or sub menu.

ESC: Cancel selection, move up menu or
sub menu.

LOCAL: Cancel IEEE-488 Remote

CAL: Enable Digital Calibration

Display Statistics
(Maximum, Minimum
Mean, Standard
Deviation)

Figure 2-1.

Model 182 Front Panel

NUMERIC ENTRY

0-9,+ ENTER
4. Moves cursor left
W Moves cursor right
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IEEE-488 CONNECTOR

NOTE: Use shielded IEEE-488
cables

-
-
KEITHLEY
WARNING A MADE IN THE U.SA. I]
DISCONNECT LINE CORD, INPUTS GHANGE IEEE
AND OUTPUTS BEFORE SERVICING ADDRESS WITH
FRONT PANEL
MENU
LINE POWER INPUT
WARNING: Connect to
grounded outlet using
ANALOG EXTERNAL 3-wire power cord
ouTPUT TRIGGER
1k QOUTPUT RESISTANCE  INPUT
P
A \
WITH ANALOG OUTPUT u LINE FUSE
GAIN SETTO 1:
+FULL SCALE READINGS = Replace only with
PRODUCE 3V OUTPUT indi
" SLOW BLOW ) indicated type
\— J
| | LINE VOLTAGE SWITCH
ANALOG OUTPUT EXTERNAL TRIGGER INPUT METER COMPLETE OUTPUT 105V-125V, 210V-250V (Optional
Provides 3V output Trigger Reading cFleading - :'33\511_"2'2"3\3/' ;:Z‘::E:;;’éi‘mgﬁy'
with full scale readings omplete € 3 -
with Gainsetto 1 Y L 4 e gperaon o impropervalage may
(Gain selectable)
= >10usec [€é— —| >10psec |€—
TTLLO TTLLO
A4
BNC CONNECTIONS
HI
LO (Chassis)

Figure2-2.  Model 182 Rear Panel
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2.3 BASIC FRONT PANEL OPERATION

2.3.1 Basic Measurement Procedure

Follow the basic procedure below to make voltage meas-
urements with the Model 182.

1. Make sure the line voltage switch on the rear panel is
in the correct position for the power line voltage to
be used. Plug the instrument into a grounded power
receptacle using the supplied power cord or the
equivalent.

WARNING
The Model 182 must be powered from a
grounded outlet to avoid a possible shock
hazard.

CAUTION
Using the Model 182 on an incorrect line
voltage may result in damage to the instru-
ment.

2. Turn on the Model 182 by pressing the front panel
POWER switch. Allow a one-hour warm-up period
for rated accuracy.

3. Select the desired measurement range manually
with the UP RANGE or DOWN RANGE button, or
select auto-ranging if desired by pressing AUTO.
When using manual ranging, be sure to use a range
high enough for the expected voltage.

4. Select other front panel operating modes such as fil-
ter, as required. Refer to Section 3 for detailed infor-
mation on using these features.

5. Connect the supplied low-thermal input cable to the
front panel INPUT connector, and secure it with the
locking ring.

6. To null offsets, short the free end of the input cable,
and allow thereading to settle. Press REL READING
to enable the zero reading feature and null any off-
sets. Leave zero enabled while making measure-
ments.

7. Connect the source to be measured to the low-ther-
mal cable that is connected to the front panel INPUT
connector. See Figure 2-3 for typical connections.
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WARNING
Maximum common-mode voltage (voltage
between input LO and chassis ground) is
350V peak. Exceeding this value may createa
shock hazard. '

CAUTION
Maximum allowable input voltage is 120V
for 10 seconds, 35V continuous. Exceeding
these levels may cause damage to the instru-
ment.

8. Note the reading on the display. If the OVERFLOW
message is displayed with the instrument on a man-
ual range, select the next higher range until you ob-
tain an on-range reading. Use the lowest possible
range to obtain the best accuracy and resolution.

9. Note the voltage reading on the display, which will
show DC volts or DC millivolts along with polarity
sign (-, + is implied). A mV or V suffix will be dis-
played as appropriate for the selected range.

2.3.2 Low-level Measurement

Considerations

Measurements of signal voltages in the nV and pV range
are particularly susceptible to the effects of noise and
thermal EMFs. The paragraphs below briefly discuss the
most importantaspects of these effects. For more detailed
information on these and other important measurement
considerations, refer to paragraph 3.12 in Section 3.

Noise

AC voltages that are large in relation to the measured DC
signal may produce an erroneous DC output signal that
corrupts the measurement. The most obvious signs of
possible noise include:

Unstable, varying readings

Unexpected offset voltages

Inconsistent readings between measurement ranges
Sudden shifts in readings

To minimize noise pickup, keep the Model 182, signal
leads, and voltage source as far away as possible from
noise sources such as power transformers. Also, keep the
loop area formed by the input leads as small as possible,
and shield the voltage source as appropriate. The shield
should generally be connected to input LO, but better
noise performance may be obtained by connecting the
shield to chassis ground in some cases.
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182 SENSITIVE DIGITAL VOLTMETER

182.3165 mV o
Range 300mV s

NPUT

/——- ~—Red
~— Voltage being
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MAX 30V MAX

Figure 2-3 Typical Test Connections

Low thermal cable
(Model 1506 or Equivalent)

NOTE: Use only clean copper-to-copper
connections to minimize thermals

— measured

g

 —— Black

Caution
Maximum Input: 35V continuous
120V for 10 seconds

WARNING: Maximum common-mode
voltage: 350V peak

WARNING

Do not float input LO more than 30V RMS,
42.4V peak above earth ground when an ex-
posed shield is connected to input LO. To
avoid a possible shock hazard, surround the
LO shield with a second, safety shield that is
insulated from the innershield. Connect this
safety shield to safety earth ground using
#18 AWG minimum wire before use.

Thermal EMFs

Thermal EMFs (thermoelectric potentials) are small volt-
ages generated by temperature differences at the junc-
tions of dissimilar metals. The presence of such thermal
offsets should be suspected if the instability or zero offset
is higher than expected, or if the reading is affected by cir-
cuit temperature changes.

Thermal offsets can be minimized as follows:

¢ Use only clean copper wires, connectors, and lugs for
all connections.

¢ Keep the temperature of the measured circuit as con-
stant as possible.

e Keep all devices associated with the measurement
away from air currents.

e Use the REL READING control to null out constant
offsets. Use relative often to minimize the effects of
thermal drift.

24 BASIC MENU OPERATION

The following paragraphs give a brief overview of
MENU key operation. For complete details on using the
MENU key and the various MENU items, refer to para-
graph 3.11 in Section 3.

241 MENU Summary

Table 2-1 summarizes the features that you can access
through the MENU key. Active menu keys include:

MENU  Enters menu.

A :'V  Scrolls through menu selections, moves
cursor.

0-9,+ Enters numeric parameters.

ENTER Enters menu selection or entry.

ESC Cancels changed menu selection, returns to

previous menu level.
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Table 2-1 MENU Summary
MENU Message DESCRIPTION
FILTER Digital filter response, analog filter on/off
INTEGRATION TIME Set integration rate, (3msec, line cycle, 100msec)
DISPLAY RESOLUTION Set display resolution (3'/2, 4!/2, 5'/2, 6! /2 digits)
READING REL Program reading relative value (InV —30V)
OUTPUT Set analog output gain and relative value
SETUP Save/recall instrument setups
SET IEEE ADDRESS Set primary address (0-30)
CALIBRATE Display test, calibrate unit, configure analog output
2.4.2 Accessing MENU Items cal functions such as mean, minimum, maximum, and

—

Press the MENU key to enter the main menu.

2. Press the 4 or'¥ key to scroll through the main
menu items summarized in Table 2-1. For example,
press ¥ once to access the integration time.

3. Press ENTER to select a main menu item.

4. For those levels such as IEEE address that require
numeric parameters, key in the desired numbers us-
ing the numeric entry keys (0-9).

5. Forthose menulevels with a list of choices (for exam-
ple, resolution), use the 4 or'¥ key to scroll
through the available choices.

6. To cancel your selection without making a change,
press ESC. Pressing ESC will also return you to the
previous menu level (where applicable).

7. Toaccept your new entry or selection, press ENTER.
Doing so will also take you down to the next lower
menu level if one exists.

8. After completing all your menu choices, press ESC

as many times as necessary to return to normal read-

ing display.

2.5 BASIC BUFFER OPERATION

The Model 182 data buffer can be used to store up to 1,024
readings at given intervals for later recall. Recall features
include buffer location and time stamp, as well as statisti-
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standard deviation.

Basic operation of the data store buffer is summarized be-
low. For detailed information on using the buffer, refer to
paragraph 3.10 in Section 3.

2.5.1 Storing Data

1. Setup the Model 182 to measure the expected volt-
age, and connect the instrument to the voltage
source to be measured.

2. Pressthe STORE button, then enter the desired num-
ber of readings to store using the numeric entry keys
(0-9). Enter 1 to 1,024 for linear storage (buffer fills
and then stops when the programmed number of
readings have been stored), or enter a value of 0000
for continuous storage (buffer wraps around and
overwrites old readings when full).

3. Press ENTER to complete entry and to begin data
storage (or press ESC to cancel the process and re-
turn to normal display).

4. The STORE LED will flash to indicate that data stor-
age is enabled. You can turn off data storage during
the storage process by pressing STORE.

5. The STORE LED will turn on steadily to indicate
when the buffer is full (the programmed number of
readings have been stored) except for continuous
mode.
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2.5.2 Recalling Normal Readings,

Location, and Time

During or after the data storage process, you can recall
the reading and time stamp information at specific loca-
tions using the procedure below.

Press the RECALL button to enter the recall mode.

Press the ENTER key.

The unit will display the last reading stored along

with thelocation number on thereading line, and the

time stamp on the bottom (status) line of the display.

4. Press the & or'¥ key to scroll through buffer loca-
tions. Both buffer location and time stamp informa-
tion will be updated as you scroll through locations.

5. To randomly access a specific buffer location num-
ber, press a number key (0-9), then key in the desired
location number. Press ENTER to view the selected
location. You can then continue to scroll through lo-
cations by using 4 or'¥ .

6. Press ESC twice to return to normal reading display.

W=

2.5.3 Recalling Statistics

Follow the steps below to display the number of samples
stored in the buffer, as well as maximum, minimum,
mean (average), and standard deviation values.

1. Press RECALL to enter the buffer recall mode.

2. Press4 or'¥ to display the “Recall-Statistics” mes-
sage, then press ENTER.

3. Use the 4 or'¥ key to scroll through the number
of samples, maximum, minimum, and average val-
ues, and the standard deviation.

4. Press ESC twice to return to normal display.

2.6 BASIC IEEE-488 OPERATION

The following paragraphs discuss fundamental informa-
tion concerning IEEE-488 bus operation that will allow
you to get started using your instrument over the bus and
perform simple measurement tasks. For detailed infor-
mation on using the Model 182 over the bus, refer to Sec-
tion 4.

2.6.1 Bus Connections

Before using the instrument over the bus, you must con-
nect the IEEE-488 connector on the rear panel of the in-
strument to the IEEE-488 connector of your controller.
Use a Keithley Model 7007 or similar shielded IEEE-488
cable in order to minimize the possibility of electrical in-
terference.

2.6.2 Primary Address

The primary address of the Model 182 must agree with
the primary address you intend to specify in the control-
ler’s programming language. The factory setting for the
primary address is 7, so if you intend to use that address,
you need not change it. However, the primary address
can be set to any value between 0 and 30 by using the ad-
dress selection menu available with the MENU key.

2.6.3 Abbreviated Command Summary

Table 2-2 is an abbreviated list of available commands,
which will allow you to program basic operations such as
range, display resolution, digital filtering, and reading
zero. Note that the X character must be included in the
command string to execute commands.

2.6.4 Example Program

The example program below, which is written in
Hewlett-Packard BASIC 4.0, will allow you to send com-
mands to the Model 182 and display the reading data on
the computer CRT. Note that the program assumes that
the instrument is set to its default primary address of 7.
Additional controller programs are located in Appen-
dix D.

Follow the steps below to use this program.

1. With the power off, connect the Model 182 to the
IEEE-488 bus of the computer.

2. Turn on the instrument, and verify that the primary
address is set to 7 (the primary address is displayed
as part of the power-up cycle). If necessary, use the
MENU key to program the primary address to 7.

3. Turn on the computer, then boot up BASIC.

4. Enterthelines from the program below into the com-
puter.

5. RUN the program in the usual manner.
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Table 2-2 Abbreviated Command Summary Program Comments
10 REMOTE 707 ! Put 182 in remote.
Command| Description 20 DIM C$[100], R$[100] ! Dimension command,
reading strings.
BO 51/2-digit display resolution 30 LINPUT “Command”,C$ !Input desired command
B1* 6 1/2-digit display resolution string. )
B2 31/2-digit display resolution 40 OUTPUT 707 ; C$ ! Send con'lmanc! string.
B3 4 1/2-digit display resolution 50 ENTER 707 ; R$ ! Get reading string.
60 PRINT R$ ! Display reading string.
DO* Filter damping off 70 GOTO 30 ! Loop back for next
D1 Filter damping on command.
80 END
NoO Filters off
N1* Filters on
2.6.5 Programming Examples

oo0* Analog filter off

o1 Analog filter on

PO Digital filter off

P1 Digital filter, fast response
p2* Digital filter, medium response
P3 Digital filter, high response
RO Auto-range on

R1 3mV range

R2 30mV range

R3 300mV range

R4 3V range
R5* 30V range

R6 No function

R7 No function

R8 Auto-range off
S0* Line cycle integration

S1 Medium integration rate
52 Fast integration rate

X Execute other commands

Z0* Reading relative off

Z1 Reading relative on
Z2,value | Reading relative on, use value
z3 Reading relative on, use previous value

* Indicates factory default power-up states
NOTE: X (execute) required for unit to execute commands.

6. Type in the desired command at the command
prompt, then press Enter. For example, type in R4X
to select the 3V measurement range.

7. The instrument reading string will then be dis-
played. A typical example is: NDCV+1.238975E+00.

See paragraph 2.6.5 below for additional programming
examples.
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Use the example program from the previous paragraph
(or other similar program) to demonstrate the program-
ming examples below. Simply type in the indicated com-
mand string at the command prompt and note the result
by observing the front panel of the instrument.

Example 1: Program unit to 3V range.

The R command controls the manual measurement range
of the instrument. To select a manual range, you must in-
clude the appropriate numeric command option with the
R command as in the example below.

Command: R4X

Result: unit goes to 3V range (front panel status line
shows: Range = 3V).

Example 2: Program auto-ranging.

The RO and R8 commands are used to enable and disable
auto-ranging, as the following example demonstrates.

Command: R0X

Result: Instrument goes to auto-range.

Command: R8X

Result: Auto-range is cancelled, and unit stays on present
range.
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Example 3: Select 4 1/2-digit resolution.
To select display resolution, simply send the Bcommand

followed by the numeric option representing the desired
resolution, as in the following example.

Command: B3X

Result: 4 1/2-digit display resolution selected.

Example 4: Enable reading relative.

To enable the reading relative feature, send the Z com-
mand as the example below demonstrates.

Command: Z1X

Result: Reading relative is enabled.

Example 5: Sending multiple commands.

You can send multiple commands in one string and exe-
cute them by including the X character as the last charac-
ter in the command string. For example, assume that you
wish to select the 30V range, program 6 1/2-digit resolu-
tion, and enable reading relative, all in the same com-
mand string. The example below demonstrates the com-
mand sequence to select these operating parameters.

Command: R5B1Z1X

Result: The instrument changes to the 30V range and 6
1/2-digit resolution with reading relative enabled.
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3.1 INTRODUCTION

This section contains detailed information on front panel
operation of the Model 182, and it is organized as follows:

3.2 Power-up Procedure: Covers information on line
voltage selection, connecting the unit to line power,
warm-up period, default conditions, and power-up se-
quence.

3.3 Test Connections: Covers recommended cables
and typical test connections.

3.4 Display: Covers display format and messages that
may appear while using the instrument.

3.5 Range: Covers both manual and auto-ranging opera-
tion.

3.6 Triggering: Details types of trigger modes as well as
trigger sources that can be used.

3.7 Filter: Covers use of the analog and digital filters
that can be used to reduce reading noise.

3.8 Reading Relative: Gives details on using the rela-
tive feature that can be used to null offsets or subtract a
baseline value from current and future readings.

3.9 Analog Output: Describes use of the rear panel ana-
log output including connections, programming gain,
and using analog output relative.

3.10 Buffer Operation: Covers use of the 1024-reading
buffer including programming buffer size and recalling
data, time stamp, and statistics information.

3.11 Menu: Summarizes various instrument menu func-
tions such as IEEE-488 primary address, resolution, inte-
gration rate, saving and recalling setups, filter, and ana-
log output gain.

3.12 Measurement Considerations: Discusses a number
of measurement considerations such as thermal EMFs,
noise, shielding, and source resistance.

3.13 Applications: Outlines typical Model 182 applica-

tions such as low-resistance measurements and low-volt-
age scanning.

3.2 POWER-UP PROCEDURE

3.2.1 Line Power Connections

Follow the procedure below to connect the Model 182 to
line power and turn on the instrument.
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1. First check to see that the line voltage selection
switch on the rear panel is in the correct position for
the operating voltage in your area. The factory set-
ting is marked on the rear panel adjacent to the line
voltage selection switch. Available voltage ranges
are 105V-125V or 210V-250V 50/60Hz AC (90-110V,
180-220V with optional internal power transformer).
If necessary, set the line voltage selection switch to
the correct position.

CAUTION
Operating the instrument on an incorrect
line voltage may cause damage to the instru-
ment, possibly voiding the warranty.

2. Before plugging in the power cord, make sure the
front panel power switch is in the off (0) position.

3. Connect the female end of the supplied power cord
to the AC receptacle on the rear panel. Connect the
other end of the power cord to a grounded AC outlet.

WARNING

The power cord supplied with the Model 182
contains a separate ground wire designed to
be used with grounded outlets. When proper
connections are made, instrument chassis is
connected to power line ground through the
ground wire in the power cord. Failure to use
a grounded outlet may result in personal in-
jury or death because of electric shock.

3.22 Power-up Sequence

Turn on instrument power by pressing in on and releas-
ing the front panel POWER switch. Upon power up, the
instrument will perform a self-test on RAM, ROM, and
E?2ROM circuits. If an E2ROM fault occurs, however, an
UNCALIBRATED message will be displayed. In this
case, the instrument is still usable, but readings will prob-
ably be inaccurate.
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As part of the power-up cycle, the instrument will first
display the model number and firmware revision levels
for the main microprocessor and the two micro-control-
lers:

MODEL 182 SDV
A01 A01 AO1

The three firmware revision levels (left to right) are for
the main microprocessor, the A/D converter, and front
panel microcontroller. The revision level number in this
example is A01 and may be different in your particular
unit.

Next, the unit will display the IEEE-488 primary address
and power line frequency:

IEEE ADDRESS = 07
Frequency = 60 Hz

In this example, the IEEE-488 address is its default value
of 7, and theline frequency is 60Hz (the operating line fre-
quency is automatically determined).

After the power-up sequence, the instrument will begin
normal display, for example:

00.00000 V
Range 30 V

3.2.3 Default Conditions

Default conditions are those conditions the instrument
will assume when it is first turned on. Table 3-1 lists the
default conditions as set at the factory. You can change
these default conditions (except the primary address) by
using the save setup feature available with the MENU
button, as described in paragraph 3.11.
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Table 3-1 Factory Default Conditions

Description Default State

Range 30V, auto-range off

Reading Relative Off, value = 0V

Analog Filter Off

Digital Filter On, medium response

Buffer Off, size = 0000 (wrap around)

Analog Output Relative off, value: 0V, gain: 1.0, normal output, source value = 0V
Primary Address 7

Integration Period Line cycle (16.67msec @ 60Hz, 20msec @ 50Hz)
Display Resolution 61/2 digits

Trigger Mode Multiple

Trigger Source External (MANUAL key also operative)
Trigger Interval 0.25sec

Trigger Delay Osec

Calibration Lock On (calibration locked)

NOTE: All listed operating states except buffer status, primary address, and calibration lock status can be saved as user configuration
(paragraph 3.11.6). Primary address can be saved using separate menu item (paragraph 3.11.7).

3.24 Warm-up Period

The Model 182 can be used immediately after it is turned
on. However, the instrument should be turned on and al-
lowed to warm up for at least one hour before use to
achieve rated accuracy.

After warm-up, you should use REL READING often to
minimize the effects of thermal drift.

3.2.5 IEEE-488 Primary Address

The IEEE-488 primary address of the instrument must be
the same as the primary address you specify in the con-
troller’s programming language. The default primary ad-
dress of the instrument is 7, but you can set the address to
any value from 0 to 30 by using the MENU button. Refer
to paragraph 3.11.7 for step-by-step instructions on set-
ting the primary address; Section 4 contains details on us-
ing the Model 182 over the IEEE-488 bus.

3.3 TEST CONNECTIONS
3.3.1 Recommended Cables

For optimum measurement accuracy, use only low-ther-
mal connecting cables such as the Model 1506 or similar

cable. Paragraph 1.9 lists recommended cables and other
accessories in detail. To minimize thermals, keep all con-
nections clean and free of oxides (see paragraph 3.12.1).

3.3.2 Typical Test Connections

Figure 3-1 shows typical test connections to the Model
182.

WARNING
Maximum common-mode voltage (voltage
between input LO and chassis) is 350V peak.
Exceed this value may create a shock hazard.

CAUTION
Maximum input is 120V for 10 seconds, 35V
continuous. Exceeding these values may
cause damage to the instrument.

When measuring low-level signals, it may be necessary
to shield the voltage source in order to minimize noise.
As shown in Figure 3-1, this shield should be connected
to INPUT LO in most cases, but better noise performance
may be obtained by connecting the shield to chassis
ground in some cases.
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WARNING: Maximum common-mode
voltage: 350V peak

Figure 3-1.  Typical Test Connections

Caution
Maximum Input: 35V continuous
120V for 10 seconds
182 SENSITIVEDIGITALVOLTMETER __I
1.823165 mV l [Red  HI | |
Ra
noe Smv | LI— Noise shield
—— | I I | (Optional)
o) e @ | { 1 ! |
MANUAL | RECALL | ENTER W ESC e
| O H || .
3 v | f— Safety shield
I L
I L
Low thermal cable | I—Blﬁk—l w0 ——I |
(Model 1506 or Equivalent) |———/~——77—|
Connect Shield
to LO

WARNING: Safety shield required
when floating noise
shield >30VRMS
above chassis ground

WARNING
If the shield is to be floated more than 30V
RMS, 42.2V peak above chassis ground, the
shield must surrounded with a safety shield.
This safety shield must be connected to
safety earth ground using #18 AWG mini-
mum wire.

3.4 DISPLAY

3.4.1 Display Format

As shown in Figure 3-2, the front panel has two lines of
display information. The top line displays the present
reading, except when the unit is displaying a menu item,
a buffer item, or is displaying certain informational or er-
ror messages. The bottom line is a status line.

Reading Line

The reading line displays readings with 31/2,41/2,5
1/2, or 6 1/2 digits, depending on the selected display

34

resolution (you can select the resolution by using the DIS-
PLAY RESOLUTION selection available with the MENU
key).

The reading line also displays menu and buffer messages
when these features are activated, as well as error and
IEEE-488 bus messages. Refer to paragraphs 3.10and 3.11
for details on buffer and menu operation.

Status Line

Normally, this line displays the presently-selected range
for both manual and auto-range operation (the AUTO in-
dicator will be on when auto-range is selected). For exam-
ple, on the 300mV range, the status line will display:

Range 300mV

The status line also displays messages when accessing
buffer or menu items, and it also displays the time stamp
and other information when recalling buffer data. The
status line also displays useful error information.
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Reading Line Reading Triggered
Indicator
KEITHLEY| 182 SENSITIVE DIGITAL VOLTMETER
TRG |
182.3165 mV SR |
REM
TALK
I—Range 300mV Lo | |
Status Line IEEE-488 Bus
Status Indicators
Figure 3-2. Display Format
Annunciators TALK: shows the Model 182 is the active talker on the

The five annunciators at the right of the display indicate
the following conditions:

TRG: When the interval between readings is greater than
300msec, TRG turns on when a reading has been trig-
gered and has begun processing, and it turns off when a
reading is done. If the time interval between readings is
300msec or less, TRG stays on continuously.

SRQ: turns on when the unit requests service over the
IEEE-488 bus. The IEEE- 488 bus M command allows you
to control which conditions will generate an SRQ (see
paragraph 4.2.12).

REM: indicates the Model 182 is in remote when used
over the [EEE-488 bus. The Model 182 can be placed in re-
moteby addressing it to listen with the bus REN line true.

IEEE-488 bus. The unit can be placed in the talker active
state by sending it the correct bus talk command, which is
derived from the primary address.

LSTN: turns on when the unit is an active IEEE488 bus
listener. The Model 182 can be placed in the active lis-
tener state by addressing it to listen.

3.4.2 Display Error Messages

Error messages that may occur during operation are
summarized in Table 3-2. Some of these errors such as IN-
VALID COMMAND and INVALID OPTION can occur
only while programming the Model 182 over the
IEEE-488 bus. The error number corresponds to the perti-
nentbit position in the U1 error word, which is covered in
paragraph 4.2.20.
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Table 3-2 Error Messages

Ul Bit* | Display Message Description Type

0** INVALID COMMAND Invalid Device-Dependent Command Momentary

1 INVALID OPTION Invalid Device-Dependent Momentary
Command Option

2% INVALID FORMAT Invalid Device-Dependent Momentary
Command Format

3 NOT IN REMOTE Unit not in remote when programmed Momentary

4 TRIGGER OVERRUN Unit triggered while processing Momentary
reading (one-shot only)

5 OVERFLOW Input signal too large for range Momentary

6 NVRAM ERROR NVRAM error found during self-test Latching

7 RAM ERROR RAM error found during self-test Latching

8 UNCALIBRATED Unit not calibrated Latching

Press a key to continue

9 CAL RUNNING Invalid command or operation Momentary
when calibration unlocked

10 CAL LOCKED Calibration attempted with Momentary
calibration locked

11 CAL ERROR Improper calibration value Latching

Press a key to continue for applied signal

12 N/A Reserved

13 N/A Reserved

14 FRONT PANEL FAILURE Front panel microcontroller Latching
communications failure

15 A/D COM FAILURE A /D microcontroller Latching
communications failure

16 TRIGGER NOT READY Unit still processing previous trigger Momentary

17 N/A Reserved

18 N/A Reserved

19 N/A Reserved

20 N/A Reserved

* Indicates bit position in U1 error word. See paragraph 4.2.20.

** These errors pertain to IEEE-488 bus operation only. INVALID OPTION and INVALID FORMAT errors also display further error information on lower line of display. See paragraph 4.5.1.
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Error messages are of two general types: momentary or

latching. A momentary error will appear on the display

for about two seconds, after which the display will auto-

matically return to normal. A latching error will stay on

the display until a key is pressed (the instrument will dis-

play an appropriate message to press a key on the status
ine).

These errors are further describe below:

INVALID COMMAND — The instrument has received
an Invalid Device-Dependent Command over the
IEEE-488 bus (see paragraph 4.5.1).

INVALID OPTION — The unit has received an Invalid
Device-Dependent Command Option over the bus. The
specific type of INVALID OPTION error will also be dis-
played (paragraph 4.5.1).

INVALID FORMAT — The Model 182 has received a de-
vice-dependent command string with an invalid format
over the bus. Further information pertaining to the type
of error will also be displayed (paragraph 4.5.1).

NOT IN REMOTE — An attempt was made to send a de-
vice-dependent command over the bus while the instru-
ment was not in remote (see paragraph 4.5.1).

TRIGGER OVERRUN — The Model 182 was triggered
while still processing a reading from a previous trigger.
The TRIGGER OVERRUN error can occur only in the
one-shot trigger mode.

OVERFLOW — The input signal is too large for the pre-
sent measurement range.

NVRAM ERROR — An error was found with the
NVRAM during the self-test. This error indicates a hard-
ware failure that requires service.

RAM ERROR — An error was found with the RAM dur-
ing the self-test. This error indicates a hardware failure
that requires service.

UNCALIBRATED — Either the calibration constants-are
corrupted, or the Model 182 was never properly cali-
brated. In either case, the instrument can be used, but
measurements will probably not be accurate.

CAL RUNNING — An invalid condition occurred while
calibration was unlocked. Valid conditions during cali-
bration include:

¢ Sending the following bus commands: A, C, G, K, R,
UY

e Locking calibration with the CAL switch

¢ Entering calibration mode

e Changing range from the front panel (except auto-
range)

e Changing the IEEE-488 primary address from the
front panel

CAL LOCKED — Calibration was attempted with cali-
bration locked. Calibration lock/unlock is controlled
with the front panel CAL button.

CAL ERROR — The applied calibration signal is out of
the allowed range for the programmed calibration value.
The applied calibration signal should agree with the
value entered during the calibration program.

FRONT PANEL FAILURE — No communications be-
tween the main microprocessor and the front panel
microcontroller. Servicing is required if this error occurs.

A/D COM FAILURE — No communications between
the main microprocessor and the A/D converter
microcontroller. Servicing is required if this error occurs.

TRIGGER NOT READY — A trigger was received, but it
cannot yet be processed because the instrument is still
busy processing the last command (see paragraph 4.5.1).
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3.5 RANGE

The selected measurement range affects both the ulti-
mate resolution and accuracy of the measurement as well
as the maximum signal voltage that can be measured.
The following paragraphs discuss range resolution and
manual and auto-range operation.

3.5.1 Display Resolution

The display resolution of a Model 182 reading depends
both on the selected range as well as the display resolu-
tion setting and the programmed integration period.
Table 3-3 summarizes the display resolution for each
rangeat31/2digit,41/2digit,51/2 digit,and 6 1/2-dig-
it settings. You can set the display resolution, as de-
scribed in paragraph 3.11.2.

NOTE

The maximum usable resolution is deter-
mined by the programmed integration pe-
riod. The maximum usable resolution for
3msec, line cycle integration, and 100msec pe-
riods is 4 1/2 digits, 6 1/2 digits, and 6 1/2
digits respectively. See paragraph 3.11 for de-
tails on setting the integration period.

3.5.2 Maximum Readings

Table 3-4 summarizes maximum display reading listed
by range. Input values more than the maximum reading

Table 3-3. Display Resolution

Display Resolution:
Range | 31/2d | 412d | 51/2d | 6 1/2d
3mV Ipv 100nV | 10nV InV

30mV | 10pV | 1uv | 100nV | 10nV
300mV| 100uV | 10wV | 1uv | 100nV
3V ImV | 100uV [ 100V | 1uv
30V 10mV | 1mV | 1000V | 10pV

listed will cause the OVERFLOW message to be dis-
played.

3.5.3 Manual Ranging

To select a manual range, simply press the UP RANGE or
DOWN RANGE key. Press UP to move uprange, or press
DOWN to move downrange. The instrument will change
one range per key press, or you can hold down the key to
auto-repeat. Once the highest or lowest range has been
selected, pressing the corresponding key will have no
further effect. The selected range will be indicated on the
status line of the display.

If the instrument displays the OVERFLOW message on a
particular range, select a higher range until an on-range
reading is displayed. Use the lowest range possible with-
out causing an overflow to assure best accuracy and reso-
lution.

Table 3-4. Maximum Readings

Display Resolution
Range 31/2d 41/2d 51/2d 6 1/2d
3mV +3.029mV +3.0299mV +3.02999mV +3.029999mV
30mV +30.29mV +30.299mV +30.2999mV +30.29999mV
300mV +302.9mV +302.99mV +302.999mV +302.9999mV
3V +3.029V +3.0299V +3.02999 +3.029999V
30V +30.29V +30.299V +30.2999 +30.29999V
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3.5.4 Auto-ranging

To enable auto-ranging, press the AUTO key. The inte-
gral AUTO indicator will turn on when auto-ranging is
selected. While auto-ranging is selected, the instrument
will automatically choose the best range to measure the
applied signal. The instrument will also display the pre-
sent range in the range field of the status line.

Note that up-ranging occurs at the overflow point
(+3029999 counts), while down-ranging occurs at the fol-
lowing values:

Down-Range
Range | Value
30V 2.8V
3V 280mV
300mV 28mV
30mV 2.8mV

To cancel auto ranging, press AUTO or the UP or DOWN
key. Pressing AUTO to cancel auto range will leave the
instrument on the present range.

3.6 TRIGGERING

A trigger is a stimulus that initiates a single reading in the
one-shot trigger mode, or an unending series of readings
in the multiple trigger mode. The paragraphs below dis-
cuss trigger modes, trigger sources, trigger interval and
delay, and give procedures for triggering instrument
readings.

3.6.1 TRIG SETUP

The TRIG SETUP up key allows access to the trigger set-
up menu, which allows you to set the following trigger
aspects:

TRIGGER SOURCE: the stimulus that triggers readings.

TRIGGER MODE: multiple or one-shot

TRIGGER INTERVAL: the time period between readings
in multiple

TRIGGER DELAY: the time between the trigger and
reading in one-shot, or between trigger and start
of readings at trigger interval in multiple.

Each of these aspects is covered in detail in the following
paragraphs.

3.6.2 Trigger Sources

Available Trigger Sources

Available trigger sources include:

Front panel MANUAL button

External trigger pulse applied to EXTERNAL TRIG-
GER INPUT

IEEE-488 bus trigger commands (X, talk, and GET)
IEEE-488 bus manual (HO0) command

Table 3-5 summarizes the available trigger sources and
display messages.

NOTE
The front panel MANUAL button and the
IEEE-488 bus HO command are always active
regardless of the selected trigger source ex-
cept when the trigger source is disabled.

Table 3-5. Trigger Sources and Messages

Trigger Message Description

Source: External EXTERNAL TRIGGER
INPUT pulse

Source: Manual Front panel MANUAL button

Source: Disable Disable all trigger sources

Source: IEEE TALK | IEEE-488 bus talk command

Source: IEEE GET IEEE-488 bus GET command

Source: IEEE "X’ IEEE-488 bus X command

Programming the Trigger Source

1. Press the SETUP button to enter the front panel trig-
ger setup menu. Note that the instrument displays
the following message:

TRIGGER SOURCE

2. Press ENTER, then use the 4 or'¥ key to scroll
through the available trigger sources, as summa-
rized in Table 3-5.

3. When the desired trigger source is displayed, press
ENTER to select it (or press ESC to leave the source
unchanged and return to the previous trigger menu
level).

4. Press ESC to return to normal display after choosing
the trigger source.

5. Press MANUAL to trigger the unit.
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3.6.3 Trigger Modes

Available Trigger Modes

There are two basic trigger modes:

Multiple: the instrument processes a multiple series of
readings without requiring a trigger stimulus for each
reading.

One-shot: a separate trigger is required for each reading
to be processed.

Selecting the Trigger Mode

You can select the one-shot or multiple trigger mode as
follows:

1. PressSETUP, thenpress ¥ todisplay the following
message:

TRIGGER MODE

2. Press ENTER, then use 4 or'¥ toselect the desired
trigger mode. For one-shot, the display will show:

Mode: One-Shot
With multiple, the display will show:

Mode: Multiple

3. Once you have selected the desired trigger mode,
press ENTER to select it (or press ESC to cancel the
selection and leave the mode unchanged).

4. Press ESC to return to normal display after selecting
the trigger mode.

5. Press MANUAL to trigger the unit.

NOTES

1. The MANUAL indicator will be on to indicate that
the instrument is waiting for a trigger when it is in
the one-shot trigger mode.

2. When changing from one-shot to multiple, or when
changing trigger sources, you must trigger the in-
strument with the appropriate trigger stimulus to
start processing readings. The MANUAL indicator
will flash to indicate that the instrument is waiting
for a trigger. From the front panel, you can simply
press the MANUAL key to trigger the instrument
unless triggers are disabled.
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3.6.4 Trigger Interval

When the instrument is in the multiple trigger mode, the
programmed trigger interval determines the amount of
time between readings. Note that the trigger interval
does not affect readings in the one-shot trigger mode, but
it does affect the buffer fill rate when in the multiple trig-
ger mode. See paragraph 3.10 for details on using the
buffer.

The allowable range for the trigger interval is 0.010sec
(10msec) to 999.999sec with 1msec resolution. The de-
fault interval is 0.25sec.

Programming the Trigger Interval
Follow the steps below to set the trigger interval:

1. Press SETUP to enter the trigger menu selection
process.

2. Use the 4 or'¥ key to scroll through menu selec-
tions until the following is displayed:

TRIGGER INTERVAL

3. Press ENTER, and note that the following is dis-
played:

Interval: 000.250s

In this instance, the default rate of 0.25sec is dis-
played.

4. Using the numeric entry keys (0-9), key in the de-
sired rate in the range of 000.010sec to 999.999sec
(you can use 4 or'¥ to move the cursor left or
right).

5. Press ENTER to enter the rate you keyed in, or press
ESC to cancel your entry and return to the TRIGGER
INTERVAL menu.

6. Press ESC to return to normal display after setting
the trigger interval.

NOTE
Attempting to program a trigger interval
<10msec will result in the following error
message: Interval must be > =10
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3.6.5 Trigger Delay

The trigger delay is the time period between the instant
the unit receives a trigger and the time it begins process-
ing a reading. The trigger delay can be used to allow a
specific settling time before measurement.

The allowable range for the trigger delay is between Osec
(delay effectively disabled) and 999.999sec with 1msec
resolution. The default trigger delay period is Osec.

Programming the Trigger Delay
You can program the trigger delay as follows:

1. Press SETUP, then pressA to scroll to the following
display:

TRIGGER DELAY

2. Press ENTER, and note the following display:

Delay: 000.000s

In this case, the default delay of Osec is displayed.

3. Key in the desired delay period in the range of
000.000sec to 999.999sec, then press ENTER (or press
ESC to cancel the selection and leave the delay un-
changed). You can use 4 or'¥ to move the cursor
left or right.

4. Press ESC toreturn to normal display after program-
ming the trigger delay.

3.6.6 Front Panel Triggering

When the instrument is on the one-shot trigger mode,
you can trigger each reading by pressing the MANUAL
key (when the instrument is in one-shot, the MANUAL
indicator will be on continuously to indicate it is waiting
for a trigger). The TRG annunciator will turn on to indi-
cate that the instrument has been triggered, and it will go
out when the reading is displayed.

The MANUAL key can also be used to trigger the instru-
ment after changing from the one-shot trigger mode to
the multiple trigger mode (MANUAL will flash to indi-
cate that a trigger is required in the multiple trigger
mode). Simply press MANUAL to initiate the multiple
reading process.

3.6.7 External Triggering

The Model 182 has BNC connectors on the rear panel as-
sociated with external triggering. The EXTERNAL TRIG-
GER INPUT jack allows the Model 182 to be triggered by
other instruments, and the METER COMPLETE OUT-
PUT jack allows the Model 182 to trigger other instru-
ments.

External Trigger Input

The EXTERNAL TRIGGER INPUT jack requires a fall-
ing-edge, TTL-compatible pulse with the specifications
shown in Figure 3-3.

Reading Triggers
on Falling Edge

TTL High

TTL Low
(0.8V)

Minimum

Figure 3-3.  External Trigger Input Pulse

Specifications

In order to externally trigger the Model 182, you must
first select the rear panel trigger source, as discussed in
paragraph 3.6.3. Place the instrument in the one-shot
mode by using the TRIGGER MODE selection in the
TRIG SETUP menu. The instrument will then process
one reading per trigger pulse.

NOTE
If trigger pulses are applied more rapidly than
the instrument can process readings, a TRIG-
GER OVERRUN error will occur. Refer to
paragraph 3.6.9.

Meter Complete Output
The Model 182 provides a TTL-compatible output pulse
that can be used to trigger other instrumentation. This

pulse is provided via the METER COMPLETE OUTPUT
jack on the rear panel and has the specifications shown in
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Figure 3-4. This pulse appears at the output as each read-
ing is being processed.

Reading Reading
Begins Done

LS TTL High ————-JL JL

(3.4V Typical)

LS TTL Low
(0.25V Typical)
Figure3-4.  Meter Complete Output Pulse
Specifications
Trigger Connections

Connections to both the EXTERNAL TRIGGER INPUT
and METER COMPLETE output should be made with
standard BNC connectors. Use only shielded cable to
avoid the possibility of EMI radiation.

NOTE
The shells of both the EXTERNAL TRIGGER
INPUT and METER COMPLETE OUTPUT
jacks are connected to chassis ground and can-
not be floated.

3.6.8 IEEE-488 Bus Triggering

There are three IEEE-488 bus commands which can be
used to trigger the Model 182 over the IEEE-488 bus: GET,
talk, and X. Details on programming the trigger sources
and trigger modes over the bus and triggering the unit
using bus commands arelocated in paragraph 4.2.19, Sec-
tion 4.

3.6.9 Trigger Overrun Condition

In the one-shot trigger mode only, a trigger overrun con-
dition will occur if the instrument is triggered while still
processing a reading from a previous trigger. When this
condition occurs, the Model 182 will display the front
panel TRIGGER OVERRUN error message. Note that a
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trigger overrun stimulus will not abort the reading cur-
rently being process.

3.7 FILTER

The FILTER key enables or disables the combination of
analog and digital filter configurations selected with the
FILTER menu. The following paragraphs discuss con-
trolling the two filters and give details on filter operation
and characteristics.

3.71 Enabling/Disabling the Filters

The front panel FILTER controls the state of both the ana-
log and digital filters simultaneously. With FILTER off,
both analog and digital filters are completely disabled re-
gardless of other menu settings. With FILTER on, the
analog filter state and digital filter response depend on
the selections chosen in the FILTER menu. See paragraph
3.7.2 for information on digital filter response; paragraph
3.7.4 covers selection of the analog filter state.

NOTE
Selecting FILTER on with both analog and
digital filters off their respective menus will
automatically bring up the digital filter selec-
tion menu discussed below.

3.7.2 Setting the Digital Filter Response

The digital filter response menu selection determines the
response of the filter when FILTER is enabled. You can
program the digital filter response as follows:

1. Press MENU to enter the menu selection process.
Note that the following message is displayed:

FILTER

2. Press ENTER to display the following message:

Digital Filter

3. Press ENTER, then use4d or ¥ toscroll through the
desired digital filter response mode summarized in
Table 3-6.

4. Once the desired filter response is displayed, press
ENTER to select it (or press ESC to cancel the selec-
tion and leave the filter response unchanged).

5. Press ESC twice to return to normal display.
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Table 3-6. Digital Filter Response

Filter Response Description*

Filter Resp: Off Digital filter off

Filter Resp: Fast Minimal digital filtering,
fastest filtered rate

Filter Resp: Medium| Moderate digital filtering,
medium filtered rate

Filter Resp: Slow Maximum digital
filtering

* Indicates digital filter response with front panel FILTER on.

3.7.3 Digital Filter Characteristics

Filter Window

The fast and medium filter response levels use a window
to control filter threshold (see Table 3-7). As long as the
input signal remains within the defined window, the fil-
ter continues to process raw A /D conversions and (in the
multiple trigger mode) update the display and IEEE-488
bus with processed, filtered readings.

If the signal changes to a value outside the window, the
filter resets, and the filter starts processing again starting
with a new initial conversion value from the A/D con-
verter. This feature ensures rapid display update with
large changes in input signal (the filter can then be reset
by toggling the filter off then on). The slow response filter

uses no window, and will continuously filter the signal
regardless of range or input signal changes. For that rea-
son, the slow response filter will take the longest to settle
toits final value, even with relatively small changes in in-
put signal.

Table 3-7. Filter Window Summary

Fast Medium

Line Line

Cycle, Cycle,
Range | 3msec | 100msec | 3msec | 100msec
3mV | £1.5uV | £150nV | £2.5uV | £250nV
30mV | +£15uV | £400nV | £25uV | £600nV

300mV | +150uV +Huv +250uV *6uV

3V +1.5mV | +40pV |+2.5mV | £60uV
30V | #15mV | #400uV | £25mV | +600uV

Multiple Trigger Mode Filter Settling

If the instrument is in the multiple trigger mode, conver-
sions will update the display, IEEE-488 output, and data
store buffer (if enabled) while the filter is still processing.
How fast the filter updates depends on several factors,
including integration time, programmed trigger interval,
as well as whether or not the analog filter is enabled. Ta-
ble 3-8 summarizes the typical number of A/D conver-
sions required for the filter to settle to the instrument
noise floor for fast, medium, and slow filters at the vari-
ous integration rates. Values for step changes between
10% and 100% of range are given in the table.

Table 3-8. Typical Number of Conversions Required for Digital Filter to Settle to within

the Instrument Noise Floor
FAST MEDIUM SLOW

Step Line Cycle, 100msec Line Cycle, 100msec Line Cycle,
Change* 3msec 3mV 30mV-30V | 3msec 3mV 30mV-30V 3msec| 100msec
10% 8 30 21 19 93 43 87 301
25% 8 30 21 19 93 43 95 323
50% 8 30 21 19 93 43 101 339
75% 8 30 21 19 93 43 105 348
100% 8 30 21 19 93 43 107 355

*Step change as percent of range.
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One-shot Trigger Mode Filter Settling

When the instrument is in the one-shot trigger mode, the
display and IEEE-488 output are not updated until the fil-
ter has settled. As a result, each reading will not be made
available until the filter has settled completely. To avoid
unduly long processing times, the settling times for the
digital filter are limited to a specific number of A /D Con-
versions, as summarized in Table 3-9.

Table 3-9. Filter One-shot Settling Count
Number of Conversions
Filter 3msec Line Cycle,
Integration 100msec Integration
Off 1 1
Fast 8 30 (3mV range)
21 (All other ranges)
Medium 19 93 (3mV range)
43 (All other ranges)
Slow 113 370 (All ranges)
3.7.4  Analog Filter Control

When enabled, the analog filter increases the normal-
mode noise rejection ratio of the instrument by 35dB at
60Hz and is used on all ranges except the 30V range. The
analog filter should be enabled for rated noise perform-
ance; note, however, that the relatively long settling
times with the analog filter enabled make high reading
rates impractical (the maximum usable reading rate with
the analog filter enabled is approximately four readings
per second regardless of the programmed trigger inter-
val). For faster reading rates, you can disable the analog
filter at the expense of somewhat increased reading
noise.

You can control whether or not the analog filter is en-
abled when FILTER is turned on as follows:

1. From normal display, press the MENU key. The in-
strument will display the following message:

FILTER

2. Press ENTER, then use A or' V¥ to select the follow-
ing display:

Analog Filter
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3. Press ENTER, then use M or' W to select the desired
filter state (on or off), as follows:

Analog Filter: Off
Analog Filter: On

If you select off, the analog filter will always be off re-
gardless of the FILTER state. If you select on, the ana-
log filter can be turned on and off with the FILTER
key.

4. Press ENTER to select the displayed state (or press
ESC to cancel the selection and leave the filter state
unchanged).

5. Press ESC twice to return to normal display.

3.8 READING RELATIVE

REL READING can be used to null offsets or to store a
baseline value that will then be subtracted from subse-
quent readings. The following paragraphs discuss con-
trolling the relative function and give step-by-step proce-
dures for nulling offsets, storing baseline values, and di-
rectly programming the reading relative value.

The analog output relative function is discussed sepa-
rately in paragraph 3.9.3.

3.8.1 Controlling Relative

To enable the reading relative feature, simply press the
front panel REL READING key; the REL annunciator will
turn on to indicate the present state of relative. The cur-
rent reading becomes the baseline, if available. Other-
wise, the next conversion after relative is enabled will be-
come the baseline. If the instrument is in the multiple
trigger mode, it will automatically store the baseline
value.

To disable relative, press REL READING a second time.

NOTES

1. The REL READING LED will flash when relative is
first enabled until the baseline value is stored, then it
will turn on continuously once the baseline has been
acquired.

2. During buffer recall, the REL READING LED does
not reflect the status of relative while data was being
stored in the buffer. See paragraph 3.10 for details on
using the buffer.
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3.8.2  Storing Baseline Values

Use the general procedure below to store a baseline
value.

1. Turn on instrument power, and allow the Model 182
to warm up for at least one hour for rated accuracy.

2. Select a manual range high enough to handle both
the baseline value and any subsequent measured
voltages, or select auto-ranging if desired.

3. Select other operating modes such as filter and trig-
ger modes as required.

4. Disable reading relative if it is presently enabled.

5. Connect the voltage to be used as the baseline value
to the INPUT terminals.

6. Allow the reading to settle completely, then press
the REL READING key.

7. If the instrument is in the one-shot trigger mode,
press MANUAL to store the baseline value if there is
no current valid reading. If you are using external
triggering, you can also store the reading by trigger-
ing the instrument from the rear panel.

8. Disconnect the baseline voltage from the INPUT ter-
minals, and connect the voltage to be measured in its
place.

9. If the one-shot trigger mode is selected, press MAN-
UAL (or apply an external trigger pulse) to display a
reading, which will be the difference between the ap-
plied voltage and the baseline value. For example,
with a 2V stored baseline and a 3V measured signal,
the instrument will display 1V with relative enabled.

3.8.3 Nulling Offsets

Relative can also be used to null any residual offsets such
as instrument offsets or thermal EMFs that might reduce
measurement accuracy. Nulling offsets is particularly
important when making measurements in the uV range
or lower, and it is required to obtain rated accuracy when
using the 3mV and 30mV ranges.

Proceed as follows to null offsets:

1. Turn on instrument power and allow the unit to
warm up for at least one hour for rated accuracy and
for minimum drift after nulling.

2. Disconnect the test leads from the voltage source,
and short the test lead ends together.

3. Disable reading relative, and select the 3mV range.
Select other operating modes such as filter as de-
sired.

4. Allow the reading to settle completely, then press
the REL READING key.

5. If the one-shot trigger mode is selected, press MAN-
UAL to complete the process (or apply a trigger
pulse if external triggering is being used).

6. Select a suitable manual range for the expected
measured signal, or choose auto-ranging if desired.

7. Disconnect the test lead ends from one another, then
connect the test leads to the voltage to be measured.

8. Ifone-shot trigger is being used, press MANUAL (or
apply a trigger pulse) to trigger each subsequent
reading.

9. The corrected reading can then be taken directly
from the display.

10. Repeat steps 2 through 9 often to minimize the ef-
fects of thermal or instrument drift.

3.8.4 Programming the Relative Value
Instead of using an input signal to obtain the relative
value, you can also program the desired relative value di-
rectly. The allowable range for the relative value is be-
tween +£1nV and +30.3V with 1InV resolution. The default
value is OV.

Program the reading relative value as follows:

1. Press the MENU key, then use 4 or'¥ to scroll to
the following message:

READING REL

2. Press ENTER and note the instrument displays the
present relative value, whether that value was ob-
tained with REL READING, or by programming it
directly. For example, with a relative value of 0V, the
unit will display:

Rel: +00.000000000V

3. Keyinthedesired relative value in the range of +1nV
to +30.3V, then press ENTER (or press ESC to cancel
the new value and retain the original value).

4. Press ESC twice toreturn tonormal display. The REL
READING LED will turn on to indicate that relative
is enabled, and displayed readings will be the differ-
ence between the applied signal and the stored
baseline value.

NOTE
Programming a relative value >30.3V will re-
sult in the following error message:

Value must be < = 30.3V.

3-15



SECTION 3
Operation

3.8.5 Relative Considerations

Relative Over-ranging

Using reading relative does not increase the maximum
voltage that can be measured on a given range because of
A/D converter signal input limitations.

Relative Scaling

A stored relative baseline value is automatically scaled
when the range is changed so that the baseline maintains
a constant value. For example, if 2V is stored as a baseline
value when the instrument is on the 3V range, the
baseline will still have a value of 2V on the 30V range.
Note, however, that selecting a range lower than the
stored baseline will result in a displayed reading greater
than the range indicated. In the current example, if 2V is
the stored baseline, selecting the 300mV or lower range
will result in a displayed reading of —-2.0V.

3.9 ANALOG OUTPUT

The analog output of the Model 182 can be used for moni-
toring the input signal with an external device such as a
chart or strip recorder. The analog output signal is gener-
ated by a 14-bit digital-to-analog converter from digital
data supplied by the instrument’s main microprocessor.

Programmable gain and output relative functions allow
you to tailor the output to your particular monitoring in-
strument.

3.9.1  Analog Output Connections

The ANALOG OUTPUT jack, which islocated on the rear
panel, is a standard BNC connector. The center conduc-
tor is HI, and the outer ring or common is connected to
chassis ground. Connections to the ANALOG OUTPUT
jack should be made using coaxial cable to minimize the
possibility of interference. Figure 3-5 shows typical ana-
log output connections.

Note that the output resistance of the analog output is
1kQ. To keep loading errors below 1%, the input resis-
tance of the instrument connected to the analog output
should be greater than 100kQ. Maximum analog output
current is SmA.

3.9.2 Analog Output Configuration

The analog output can be configured either for normal
use, or for source operation for testing. You can select the
mode of operation as follows:

Voltage
Input
/

q

Recording Device
(E.G. Chart Recorder)

Coaxial Cable

Figure 3-5.  Typical Analog Output Connections

'DISCONNECT LINE CORD, INPUTS.
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N
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1. Press the MENU key then use A display the fol-
lowing:

CALIBRATE

2. Press ENTER, then use 4 or'¥ to display the fol-
lowing:

Configure Output

3. Press ENTER, then use M or' V¥ toselect the desired
analog output operation mode:

Output: Normal
or,

Output: Source

If you wish to use the analog output normally, select
Normal (see paragraphs 3.9.3 to 3.9.6 for operating
details). If, on the other hand, you intend to use the
analog output as a voltage source, select Source.

4. Once the desired configuration is displayed, press
ENTER (or press ESC to cancel a change and return
to the previous selection).

5. If youselected source, key in the desired value, then
press ENTER.

6. Press ESC twice to return to normal display.

3.9.3 Analog Output Scaling

The analog output provides a nominal 0 to +3V maxi-
mum output voltage that follows the input signal. With
X1 gain, a full range input provides a 3V output signal.
For example, on the 30mV range, an input voltage of
30mV will result in a 3V output voltage. The absolute
maximum output voltage is +3.3V.

With higher gain factors, the amount of input signal re-
quired for a full scale analog output is reduced accord-
ingly. For example, with X10 gain, an input signal of only
300mV is required on the 3V range for the nominal 3V
analog output value.

See paragraph 3.9.4 below for information on program-
ming gain values.

When an input overflow conditions occurs, the analog
output will assume its full-scale value: +3.3V for positive
inputs, and -3.3V for negative inputs. Similarly, the out-

put voltage will assume its 3.3V maximum if the gain is
set too high for a given input voltage.

3.9.4 Programming Analog Output Gain
Analog output gain can be programmed to tailor the ana-
log output levels to your particular monitoring device.
The gain can be programmed to values between X0.001
and X999,999.999 with .001 resolution.

Program the analog output gain as follows:

1. Press MENU to enter the main menu selection proc-
ess.
2. Press 4 or'¥ to scroll to the following display:

OUTPUT

3. Press ENTER, and note that the following prompt is
displayed:

Gain

4. Press ENTER and note the following prompt to in-
put the gain factor:

Gain: +000001.000

In this example, the default gain factor of unity is dis-
played.

5. Key in the desired gain value in the range of 0.001 to
999, 999.999 using the numeric entry keys (0-9), then
press ENTER (or press ESC to cancel the process and
leave the gain unchanged). You can use 4 or'¥ to
move the cursor left or right.

6. Press ESC twice to return to normal display.

NOTE
Programming a gain of 0 will result in the fol-
lowing message: Value must be > 0.0

3.9.5 Analog Output Relative

The REL OUTPUT control provides a convenient method
to null a given offset, or to use an applied signal as a
baseline value. The output voltage that appears at the
ANALOG OUTPUT jack with REL OUTPUT enabled is
computed as follows:

Vour = Gmrernat Guser (ViN- VreL)
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Where:Vour = analog output voltage

Vv = signal voltage applied to INPUT jack
VzeL = stored analog output relative value
Guser = gain factor set with GAIN menu
GmrernaL = Internal gain factor, as follows:

Range GINTERNAL
30V 0.1
3V 1
300mV 10
30mV 100
3mV 1000

As an example, assume that you had previously stored
+100mV as an analog output relative value, and that an
input signal of 300mV is applied to the input with the in-
strument on the 300mV range. With an analog output
gain of 1, the analog output voltage would be:

Vour = 10e1 (0.3-0.1)

Vour =2V

Storing the Relative Value

The basic procedure for using REL OUTPUT is as fol-
lows:

1. Setup the measurement range of the Model 182 as
appropriate, and connect the signal voltage to be
used as a null or offset value.

2. Press REL OUTPUT to store the analog output rela-
tive value.

3. Iftheinstrumentis in the one-shot trigger mode, and
no reading is available, press MANUAL to store the
analog output relative baseline value.

4. Connectthe signal to be measured to the INPUT. The
analog output voltage will be determined both by
the stored relative value and the gain, as described
above.

5. To disable the analog output relative function, press
REL OUTPUT a second time.

3.9.6 Programming the Analog Output

Relative Value

In addition to using an input signal as a relative value,
you can also program that relative value directly. The al-
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lowable range for the programmed relative value is be-
tween +1nV and +30.3V with InV resolution.

You can program the analog output relative value as fol-
lows: ‘

et

Press MENU to enter the main menu.
Use A or'¥ to scroll to the following display:

N

OUTPUT

3. Press ENTER, then use A 'V 10 select the follow-
ing:

Rel

4. Press ENTER and note the instrument displays the
present relative value, whether that value was ob-
tained with REL OUTPUT, or by programming it di-
rectly. For example, with a relative value of 0V, the
unit will display:

Rel: +00.000000000

5. Key in the desired value, then press ENTER to com-
plete the entry process (or press ESC to cancel the
new value and retain the previous analog output
value). Use 4 or'¥ to move the cursor left or right.

6. Press ESC twice to return to normal display.

7. The OUTPUT REL indicator will turn on to indicate
that relative is enabled, and the analog output signal
will reflect both the stored baseline and the gain as
described in paragraph 3.9.5.

NOTE
Programming a relative value >30.3V will re-
sult in the following error message:

Value must be > = 30.3V

3.10 BUFFER OPERATION

TheModel 182 buffer can be used to store up to 1024 read-
ings for later recall. Recalled data includes buffer location
and time stamp as well as the following statistical func-
tions: sample size, minimum, maximum, average, and
standard deviation. The following paragraphs discuss
programming the buffer for data storage, multiple and
one-shot data storage, as well as recalling time, location
data, and buffer statistics from the front panel.
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3.10.1 Buffer Control Keys

The following keys control buffer operation:

STORE Enters buffer store menu and cancels
data storage.

RECALL Enters buffer recall mode.

A o'V Scrolls through STORE or RECALL menu
selections and buffer locations when inrecall
mode, and also moves cursor left or right.

ENTER Selects displayed buffer menu item, moves

to next menu.
ESC Cancels displayed buffer menu item, moves
to previous menu.
Enter numeric data for buffer size and
location.

0-9 keys

3.10.2 Multiple Trigger Mode Data
Storage

For multiple trigger mode data storage, the instrument
must be in the multiple trigger mode. The interval be-
tween stored readings is determined by the programmed
trigger interval, as outlined in the steps below.

1. If necessary, use the TRIGGER MODE selection in
the SETUP menu to place the instrument in the mul-
tiple trigger mode.

2. The trigger interval determines the amount of time
between stored readings. You can program the de-
sired trigger interval as follows:

A. Press SETUP.
B. Use 4 or'V¥ to scroll through to the following
message:

TRIGGER INTERVAL

C. Press ENTER, then use the numeric keys to enter
the desired interval (0.010sec-999.999sec) at the
following prompt:

Interval: 000.250s

D. Press ENTER to program the entered value (or
press ESC) to cancel the entry and return to the
previous value).

E. Press ESC to return to normal display.

3. Press the STORE key to enter the data storage mode.

The instrument will prompt you to enter the number

of readings to store:

Store size — 0000

The store size value determines how may readings
will be stored (up to a maximum of 1024) before the
storage cycle stops. However, a store size of 0000 is a
special case that indicates continuous storage. After
1024 readings are stored, new readings will be stored
beginning at the first memory location, overwriting
old data.

4. Key in the desired number of readings to store (use
0000 for multiple, wrap-around storage).

5. Press ENTER to program the value and begin stor-
age immediately (or press ESC to cancel the entry
and return to normal display mode). The STORE in-
dicator will flash to indicate that data is presently be-
ing stored at the programmed interval.

6. After all programmed readings have been stored,
the STORE indicator will stop blinking and stay on
continuously. In continuous, of course, STORE will
blink continuously since the storage process never
stops.

NOTES

1. Data can be recalled during the storage process; see
paragraphs 3.10.4 and 3.10.5.

2. Once the buffer is enabled, storage can be halted at
any time by pressing the STORE key. Data stored in
the buffer up to that point will remain available for
recall until the storage process is initialized again.

3. Enabling data storage clears the buffer of any previ-
ously-stored readings.

4. Range, resolution, filter, relative, and trigger pa-
rameters can all be changed during data storage. If
one of these parameters is changed during a conver-
sion, the present reading will be aborted, and a new
conversion will be triggered. The aborted reading
will not be stored in the current buffer location.

5. Only range and resolution are stored with each read-
ing; other instrument states are not stored in the
buffer.

6. The error message below will be displayed on the
status line if you attempt to program more that 1024
readings:

Size must be < 1025

3.10.3 One-shot Trigger Mode Data
Storage

With one-shot trigger mode data storage, readings are
stored at a rate determined by input triggers, with one
reading per trigger stored in the data buffer. With front-
panel operation, you can trigger these readings either
with the MANUAL key, or by applying an appropriate
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trigger pulse to the EXTERNAL TRIGGER INPUT jack (if
external triggering is enabled).

1.

2.

Select the one-shot trigger mode using the TRIGGER
MODE selection in the SETUP menu.

If desired, program the trigger delay period. The
trigger delay is the time period between each trigger
and the subsequent reading acquisition (and buffer
storage if the buffer is enabled). You can program the
desired trigger delay as follows:

A. Press SETUP.
B. Use 4 or'¥ to scroll through to the following
message:

TRIGGER DELAY

C. Press ENTER, then use the numeric keys to enter
the desired rate (000.000sec-999.999sec) at the
following prompt:

Delay: 000.000s

D. Press ENTER to program the entered value (or
press ESC) to cancel the entry and return to the
previous value).

E. Press ESC to return to normal display.

Press the STORE key to enter the store buffer mode.

The instrument will prompt you to enter the store

size:

Store size — 0000

Key in the desired number of readings to store
(1-1024), or select a value of 0000 to choose continu-
ous storage.

Press ENTER to program the store size and return to
normal display (or press ESC to cancel the size value
and leave it unchanged).

Press the MANUAL key to store each reading. Re-
member that one trigger per reading is required
when the unit is in the one-shot trigger mode. While
data storage is enabled, the STORE indicator will
flash. When the bulffer is full, STORE will stay on
continuously (except in the continuous buffer
mode).

NOTES

1.

2.

Data can be recalled during the storage process; see
paragraph 3.10.4 and 3.10.5.

Once the buffer is enabled, storage can be halted at
any time by pressing the STORE key. Data stored in
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the buffer up to that point will remain available for
recall until the storage process is started again.

3. Enabling data storage clears the buffer of previ-
ously-stored readings.

4. Range, resolution, filter, relative, and tngger pa-
rameters can all be changed during data storage. If
one of these parameters is changed during a conver-
sion, the present reading will be aborted, and a new
conversion will be triggered. The aborted reading
will not be stored in the current buffer location.

5. Only range and resolution are stored with each read-
ing; other instrument states are not stored in the
buffer.

6. A TRIGGER OVERRUN error message will be dis-
played if the unit is triggered while processing a
reading. The current reading will not be aborted.

7. The error message below will be displayed on the
status line if you attempt to program more than 1024
readings:

Size Must Be < 1025

8. Whendataisbeingrecalled, the RELREADING LED
does not indicate whether or not relative was en-
abled when data was stored.

3.10.4 Recalling Reading, Location, and
Time Stamp Data

Reading, location, and time stamp information can be re-
called during or after the data storage process. Figure 3-6
shows the menu tree structure for RECALL.

Procedure:

1. Press RECALL to enter the recall mode. The unit will
display the following message:

Recall:Loc and Time

2. Press ENTER to display data at the last stored buffer
location. A Typical example is:

#0877: -05.47773mV
Time = 000007.250s

Note that the reading line includes the buffer loca-
tion on the left, while the reading itself is on the right.
The time stamp, which represents the total elapsed
time since the start of data storage, appears on the
status line.
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Figure 3-6.

RECALL button

A orev

— Recl:all - Loc. and Time

ENTER

L #0123: +1.823169mV
Time = 000000.000s Press &, ¥, or Esc
[Pressing a or w changes location, pressing '0' - '9' displays:]
Enter location: 0123
Press 0-9 and Enter or Esc
[Pressing Enter or Esc returns to the above menu (location and time)]

— Recall - statistics
|

ENTER

RECALL Menu Tree

— MN
|

— SAMPLES = 0123

——  AVG +1.823169mV
I
ENTER
I— 0123 Samples

—— STD - 1.823169mV
|
ENTER

0123 Samples

-1.823169mV

ENTER

AW Time = 000000.000 sec
Location 0001

0123 Samples Good

—— MAX -1.823169mV
|
ENTER
AW Time = 000000.250 sec
Location 0002
0123 Samples Good

3. To sequentially scroll through buffer locations, use
the 4 or ¥ key. Pressing 4 increments buffer lo-
cations, and pressing W decrements buffer loca-
tions.

4. Torandomly access a specific buffer location, press a
number key to bring up the following prompt:

Enter location: 0100

. Key in the desired location number (1 to 1024). After

keying in all the digits, press ENTER to access that
location (or press ESC to cancel the entry). You can
then continue to scroll through locations using

A,V

. Press ESC twice to exit the recall mode and return to

normal display.
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NOTES
1. The following message will be displayed if you at-
tempt to recall data at an empty buffer location:

NO VAL YET

2. The unit will continue to store data while recalling
data until the buffer is full, or continuously in the
wrap-around storage mode.

3. Recalled readings reflect the front panel range and
resolution display format at the time the data was
stored. For example, if data at a particular location
was stored with the instrument on the 30mV range at
4 1/2-digit resolution, the recalled data will be dis-
played with the same 30mV range, 4 1/2-digit dis-
play format.

4. Therange of displayed time stamp values is between
0.001sec and 999999.999sec.

5. The time stamp value is reset to zero each time data
storageis enabled. The time starts when the first trig-
ger is received, and the time stamp value corre-
sponds to the start of the conversion process when
the unit is on the proper range.

6. During recall, the REL READING LED will not indi-
cate whether or not relative was enabled while data
was being stored.

7. The usual OVERFLOW message will be displayed
for any recalled overflow readings.

8. When randomly recalling buffer locations, an error
message will be displayed if you select a location <1
or >1024.

3.10.5 Recalling Buffer Statistics
Available Statistics

In addition to location, reading, and time stamp informa-
tion, recall also gives you access to the following buffer
statistics:

e Samples (number of readings stored).

¢ Maximum (most positive) reading in the buffer. Addi-
tional information includes the time stamp and loca-
tion for the maximum buffer value, as well as the num-
ber of valid readings in the buffer.

¢ Minimum (most negative) reading in the buffer. In ad-
dition, you can display the time stamp and location
number for the minimum buffer value, and the num-
ber of valid readings.

¢ Standard deviation of all readings stored in the buffer.
Also, you can display the number of samples and valid
readings.
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Average of all readings stored in the buffer. The aver-
age display also allows you to display the number of
samples and valid readings.

Procedure:

1.

From normal display; press RECALL. The instru-
ment will display the following message:

Recall:Loc and Time

Press the 4 or'¥ key to display the following mes-
sage:

Recall:Statistics

Press ENTER, and note that the instrument displays
the stored number of samples, for example:

SAMPLES = 0100

Press 4 and note that the maximum value is dis-
played, as in this example:

MAX 182.3456mV

Press ENTER then use the 4 or'¥ key to display
the time and location of the maximum value, as well
as the number of good (non-overflowed) readings
stored in the buffer. Typical examples are:

Time = 000001.00sec
Location 0011
0042 Samples Good

Press ESC to return to the maximum buffer reading
display.

Press4 to advance to the minimum value display; a
typical example might be:

MIN -3.1234V

Press ENTER then use 4 or'¥ to display the time
and buffer location number of the minimum value,
and the number of good (non-overflowed) readings.
Examples include:

Time=000012.13sec
Location 0857
All Samples Good

Press ESC to return to the minimum buffer reading
display.
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10.

11.

12.

13.

14.

Press 4\ again to display the standard deviation, as
in this example:

STD 1.25067mV

Press ENTER to display the number of samples used
for the standard deviation calculation, for example:

0052 Samples

If one or more of the samples is invalid, the unit will
also display the number of valid samples, for exam-
ple:

Press any key (0050 valid)

Press any key to return to the standard deviation
value display.

Finally, press 4 to display the average of all read-
ings presently stored in the buffer:

AVG 23.4000V

Press ENTER to display the number of samples used
for the average calculation. A typical example is:

0100 Samples

If one or more of the stored samples is invalid, the
unit will also display the number of valid samples,
for example:

Press any key (0086 valid)

15. Press any key, then press ESC twice to return to nor-
mal display.

NOTES

1. Statistics resolution is limited to the resolution of the
lowest resolution reading in the buffer.

2. Statistics can be displayed while the buffer is storing
data, but the statistical calculations will be based
only on data stored up to the time you enter a par-
ticular statistics display.

3. Attempting to display statistics information with no
data in the buffer will result in the following error
message:

NO VAL YET

4. Any overflowed readings stored in the buffer will
not be used in the statistics calculations. The number
of good (valid) readings for each statistics function
can be displayed as outlined above.

3.11 MENU

Table 3-10 summarizes the operating modes that are ac-
cessed with the MENU key along with the associated
main menu display messages. While many of these fea-
tures are covered elsewhere in this manual, all menu
items are summarized here for convenient reference.

Table 3-10. MENU Summary

MENU Message Description Paragraph

FILTER Set digital filter response, analog 3.11.1
filter on/off

INTEGRATION TIME Set A/D integration period (3msec, 3.11.2
line cycle, or 100msec)

DISPLAY RESOLUTION Set display resolutionto 31/2,41/2, 3.11.3
51/2,0or61/2digits

READING REL Program reading relative value 3114

OUTPUT Set analog output gain and relative 3.11.5
value

SETUP Save user setup, recall user or factory 3.11.6
default setup

SET IEEE ADDRESS Select IEEE-488 primary address (0-30) 3.11.7

CALIBRATE Display test, calibrate Model 182, 3.11.8
configure analog output for normal or
source
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Menu Control Keys

The keys summarized below will allow you to access and
program the various menu items:

MENU  Press the MENU key to enter the main menu

sequence. Pressing MENU will display the
first menu item in Table 3-10.

A V¥ Use or toscroll through menu selections. The
W key scrolls down through the menu items,
and the 4 key scrolls upthrough menu
items. 4 and ¥ also move the cursor left or
right respectively during numeric parameter

entry.

0-9 These numeric entry keys are used to enter
numeric parameters for some menu selec-
tions such as analog output gain and value.

H+

Once the MENU key has been pressed to en-
ter the menu, the function of MENU changes
to +, which is used to toggle between positive
and negative values where applicable.

ENTER  Pressing ENTER accepts a menu selection or
entry and moves down to the next lower

menu level (where applicable).

ESC Pressing ESC cancels the current menu selec-
tion or parameter and returns to the previous
menu level or exits the menu at the highest
level.

Figure 3-7 shows the MENU tree structure and how the
various controls interact.
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MENU Button

— FIL'II'ER

ENTER == Digital Filter
|

ENTER — Filt Resp : Off

Filt Resp : Fast
arv Filt Resp : Medium arr
Filt Resp : Slow
Analog Filter
|
ENTER — Analog Filter: Off
Analog Filter: On J-a~

[ INTEGRATION TIME
|

ENTER — Integration: 100ms
Integration: 16.6ms 3— T Ad

Integration: 3ms
—— DISPLAY RESOLUTION
|
4 ENTER — Disp Digits: 6 1/2
Disp Digits: 5 1/2 P
A Disp Digits: 4 1/2
* Disp Digits: 3 1/2
READING REL

|
ENTER — Rel: +00.000000000V

OUTPUT
1
ENTER —= Gain

/v { (- ENTER— Gain : +000001.000

Rel
ENTER — Rel: +00.000000000V
SETUP
|
ENTER — Save User
Recall User 3— alv
Recall Factory

SET IEEE ADDRESS
|
ENTER — IEEE Address : 07

CALIBRATE
I
ENTER == Display Test
Calibrate 182
I
ENTER — Callibrate Divider
Calibrate Input Y Ad
Calibrate Output

VN 4

Configure Output
l
ENTER — Output: Normal a
Output: Source :'_ ~
|
ENTER — Source Value +2.500

Notes : 1. ENTER selects MENU selection, moves
down one level where applicable.
2. ESC cancels menu selection, moves up
one level.

Figure 3-7.  MENU Tree Structure
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3.11.1 Filter

The FILTER selection allows you to set the digital filter

response and to control on/off operation of the analog
filter.

Digital Filter Response

The digital filter response selection allows you to control
the amount of digital filtering applied to the input signal
when the digital filter is enabled (FILTER on). You can set
the digital filter response by following the steps outlined
below. The digital filter is covered in detail in para-
graph 3.7.

1. From normal display, press MENU to enter the
menu selection process. The instrument will display
the following message:

FILTER

2. Press ENTER to display the following message:
Digital Filter

3. Press ENTER, then use A 'V i scroll through
and select one of the filter response selections below:

Filt Resp: Off

Filt Resp: Fast

Filt Resp: Medium
Filt Resp: Slow

4. Once the desired filter response is displayed, press
ENTER to select it (or press ESC to cancel the selec-
tion and leave the filter response unchanged).

5. Press ESC twice to return to normal display.

Analog Filter State

The analog filter selection allows you to control whether
or not the analog filter is enabled with FILTER on. When
enabled, the analog filter increases the NMRR of the in-
strument by 35dB at 60Hz. Note that the analog filter af-
fects measurements on the 3mV-3V ranges; it is not used
on the 30V range. You can enable or disable the analog fil-
ter as follows:

1. From normal display, press the MENU key. The in-
strument will display the following message:

FILTER

2. Press ENTER, then use 4 or'¥ to select the follow-
ing display: : _

Analog Filter

3. Press ENTER, then use M or' ¥ to select the desired
filter state (on or off), as follows:

Analog Filter: Off
Analog Filter: On

Select on if you want the analog filter enabled with
FILTER on, or select off if you want the analog filter
off at all times.

4. Press ENTER to select the displayed state (or press
ESC to cancel the selection and leave the filter state
unchanged).

5. Press ESC twice to return to normal display.

3.11.2 Integration Time

The INTEGRATION TIME parameter sets the integra-
tion period of the A /D converter. The integration period
affects the usable resolution, the amount of reading
noise, as well as the ultimate reading rate of the instru-
ment.

Table 3-11 summarizes the integration periods along
with the usable resolution and relative reading rate and
noise performance characteristics.

The optimum integration time setting for a given applica-
tion will depend on your measurement requirements. If
speed is of primary importance, use the 3msec integra-
tion period at the expense of increased reading noise and
less usable resolution. For maximum common-mode
and normal-mode noise rejection, use the 100msec inte-
gration period. Line cycle integration can be used when a
compromise between noise performance and speed is ac-
ceptable.

You can program the integration period parameter as fol-
lows:

1. From normal display, press MENU.
2. Press ¥ to display the following message:

INTEGRATION TIME

3-25



SECTION 3
Operation

Table 3-11. Integration Periods

Integration Period Usable Resolution Reading Rate Noise
3msec 41/2 digits Fastest Maximum
Line cycle* 61/2 digits Medium Medium
100msec 61/2 digits Slowest Minimum

* 16.67msec @ 60Hz; 20msec @ 50Hz. Line frequency is automatically determined by instrument, and the line cycle integration rate is set accordingly.

3. Press ENTER, then use or' W toselect the desired
integration rate:

Integration: 16.6ms
Integration: 3 ms
Integration: 100ms

NOTE
The unit will display 20ms instead of 16.6ms
for line cycle integration period when the unit
is powered from a 50Hz power line.

4. Press ENTER to select the displayed rate (or press
ESC to cancel the selection and leave the rate un-
changed).

5. Press ESC to return to normal display.

3.11.3 Display Resolution

The display can be set to operate with31/2,41/2,51/2,
or 6 1/2-digit resolution, as follows:

1. From normal display, press MENU, then use the ¥
key to scroll the following message:

DISPLAY RESOLUTION

2. Press ENTER, then use 4 or'¥ to choose one of the
following selections:

Disp Digits: 6 1/2
Disp Digits: 5 1/2
Disp Digits: 4 1/2
Disp Digits: 3 1/2
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3. Press ENTER once the desired resolution setting is
displayed (or press ESC to cancel the selection and
leave the resolution unchanged).

4. Press ESC to return to normal display.

NOTES

1. Theselected display resolution affects the resolution
of readings stored in the buffer. Buffer readings will
have the same resolution as the selected display
resolution at the time readings were stored. See
paragraph 3.10 for buffer information.

2. The programmed integration period can affect the
usable display resolution. Usable resolution with the
3msec integration period is 4 1/2 digits.

3.11.4 READING REL

Instead of using an input signal to obtain a reading rela-
tive value, you can also directly program the desired rela-
tive value. The allowable range for the relative value is
between +1nV and +30.3V with InV resolution. The de-
fault valueis OV. Paragraph 3.8 discusses reading relative
in more detail.

Program the reading relative value as follows:

1. Pressthe MENU key, then use ¥ to scroll to the fol-
lowing message:

READING REL

2. Press ENTER and note the instrument displays the
present relative value, whether that value was ob-
tained with REL READING, or by programming it
directly. For example, with a relative value of 0V, the
unit will display:

Rel: +00.000000000V
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3. Keyinthedesired relative value in the range of +1nV
to +30.3V, then press ENTER (or press ESC to cancel
the new value and retain the original value).

4. Press ESC to return to normal display. The REL
READING LED will turn on to indicate that relative
is enabled, and subsequent readings will be the dif-
ference between the applied signal and the pro-
grammed relative value.

NOTE
Programming a relative value >30.3V will re-
sult in the following error message:

Value must be > = 30.3V

3.11.5 Output

The OUTPUT menu selection allows you to program the
analog output gain and the analog output relative value.
For complete details on using the analog output, refer to
paragraph 3.9.

Analog Output Gain
Analog output gain can be programmed to tailor the ana-
log output levels to your particular monitoring device.
The gain can be programmed to values between X0.001
and X999,999.999 with 0.001 resolution.
Program the analog output gain as follows:

1. Press MENU to enter the main menu selection proc-

ess.
2. Press 4 or'¥ to scroll to the following display:

OUTPUT

3. Press ENTER and note that the following message is
displayed:

Gain

4. Press ENTER and note the following prompt to in-
put the gain factor:

Gain: +000001.000

In this example, the default gain factor of unity is dis-
played.

5. Key in the desired gain value in the range of 0.001 to
999,999.999 using the numeric entry keys (0-9), then
press ENTER (or press ESC to cancel the process and
leave the gain unchanged). ;

6. Press ESC twice to return to normal display.

NOTE
Programming a gain of 0 will result in the fol-
lowing messaeg:

Value must be >0.0

Analog Output Relative Value

In addition to using an input signal to obtain an analog
output relative value, you can also program that relative
value directly. The allowable range for the programmed
relative value is between +1nV and +30.3V with 1InV
resolution.

You can program the analog output relative value as fol-
lows:

=

Press MENU to enter the main menu.
2. Used or'¥ to scroll to the following display:

OUTPUT

3. Press ENTER, then use 4 or ¥ to select the follow-
ing:

Rel

4. Press ENTER and note the instrument displays the
present relative value, whether that value was ob-
tained with REL OUTPUT, or by programming it di-
rectly. For example, with a relative value of 0V, the
unit will display:

Rel: +00.000000000

5. Key in the desired value, and press ENTER to com-
plete the entry process (or press ESC to cancel the
new value and retain the previous analog output
value).

6. Press ESC twice to return to normal display.

7. The OUTPUT REL indicator will turn on to indicate
that relative is enabled, and the analog output signal
will depend on both the stored baseline and the gain
as described in paragraph 3.9.5.
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NOTE
Programming a relative value >30.3V will re-

Save a user setup as follows:

sult in the following error message: 1. First select the operating conditions you wish to
have saved, using Table 3-12 as a guide.
Value must be > = 30.3V 2. Press the MENU button to enter the menu.
3. Use the 4 or' ¥ key to scroll to the following dis-
play message:
3.11.6 Setup
SETUP
The SETUP option allows you to save the current instru-
ment configuration as a user setup, and then recall that 4. Press ENTER, and note that the instrument displays
setup at a later time. You can also recall the factory de- the following:
fault configuration using the recall setup option.
Save User
Save User Setup 5. Press ENTER. The instrument will prompt you as to
. whether or not you wish to actually save the current
The save user setup feature allows you to save the instru- setup:
ment operation conditions summarized in Table 3-12,
which also lists factory default conditions for each oper- A >
ating state. The instrument will then assume the saved re you suref
operating conditions at power-on, and you can recall the ENTER = yes, ESC = no
saved setup using the recall setup feature discussed be-
low. 6. Press ENTER to save the setup (or press ESC to can-
cel the save procedure). During the save process, the
instrument will display the following:
NOTE _
Save setup does not save IEEE-488 parameters Pl ease wait...
such as primary address, G-format, etc. Use Saving the present setup
the menu SET IEEE ADDRESS selection to set
the primary address 7. Press ESC to return to normal display.
Table 3-12. Save/Recall Setup Parameters
Description Factory Default State
Range 30V, Auto-range off
Reading Relative Off, value=0
Analog filter Off
Digital filter On, medium response
Analog Output Relative off, 0V, gain 1.0,
output: normal, source value = 0V
Integration Period Line cycle (16.67msec, 60Hz; 20msec, 50Hz)
Display Resolution 61/2 digits
Trigger mode Multiple
Trigger source External (MANUAL key also enabled)
Trigger interval 0.25sec
Trigger delay Osec
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Recalling a Setup

The two recall setup options allow you to recall either the
user-saved setup (discussed above) or the factory default
conditions. Table 3-12 summarizes conditions that are re-
called and their factory defaults.

NOTE
Recall setup does not affect the programmed
primary address.

Recall a setup as follows:

1. From normal display, press MENU.
2. Use or'¥ to scroll to the following display:

SETUP

3. Press ENTER, then use 4k or' ¥ to select the type of
setup to be recalled:

Recall User
Recall Factory

The factory selection restores factory-default condi-
tions (Table 3-12), and the user selection restores the
setup saved with the save setup feature discussed
above.

4. Press ENTER to recall the selected type of setup (or
press ESC to abort the recall process and leave your
setup unchanged). During the recall process, the in-
strument will display the following:

Please wait...
Recalling the setup

5. Press ESC to return to normal display.

3.11.7 |EEE-488 Primary Address

The primary address of the Model 182 must be the same
as the address you specify in the controller’s program-
ming language when using the Model 182 over the
IEEE-488 address. The default primary address is 7, and
the allowable range for the primary address is 0-30.

Program the primary address as follows:

1. From normal display, press the MENU key, then
press 4 twice, to display the following message:

SET IEEE ADDRESS

2. Press ENTER to display the programmed address:

IEEE Address: 07

In this example, the default primary address of 7 is
displayed. At this point, you can press ESC twice to
return to normal display without changing the pri-
mary address.

3. Key in the desired address using the numeric entry
keys. Remember that the allowable range for the pri-
mary address is 0-30.

4. Once you have keyed in the desired address, press
ENTER to complete the process (or press ESC to can-
cel the entry and leave the address unchanged).

5. Press ESC to return to normal display.

NOTES
1. The new primary address will automatically be
saved as power-on default when programmed.
2. Attempting to program a primary address greater
than 30 will result in the following error message:

Address must be < 31
3. Each device on the IEEE-488 bus must have a differ-
ent primary address.

4. Recalling a user or factory setup does not change the
primary address.

3.11.8 Calibrate

The CALIBRATE menu selection allows you to test the
front panel display, perform instrument calibration, and
to configure the analog output.

Display Test

The display test allows you to verify that each pixel and

annunciator in the vacuum fluorescent display is work-
ing properly. You can perform the display test as follows:

1. From normal display, press MENU.
2. Usethe 4 key to scroll to the following message:

CALIBRATE

3. Press ENTER, and note that the instrument displays
the following:

Display Test
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4. Press ENTER to perform the test (or press ESC to
cancel without performing the test).

5. Observe the display to make sure that all elements
are working properly. Press ENTER to sequence
through the various parts of the test, which includes
all pixels on, digit sequencing, and a checkerboard
pattern with alternate pixels on. You can also press
ESCto go on to the next part of the test, if desired. Af-
ter all test types, the unit will return to the Display
Test prompt.

6. Press ESC twice from the Display Test prompt to re-
turn to normal display.

Calibrate 182

The Calibrate 182 selection gives access to the digital cali-
bration features of the Model 182. The three calibration
selections include:

Calibrate Divider
Calibrate Input
Calibrate Output

Calibration requires specialized test equipment and tech-
nical expertise and is covered in detail in paragraph 7.3 in
Section 7.

NOTE
Do not access the calibration selections in the
menu unless you are actually performing cali-
bration. Improper selection of calibration pa-
rameters with the CAL switch in the unlocked
position may cause improper calibration of
the instrument.

Configure Output

The analog output can be configured either for normal
use, or it can be used as a programmable voltage source
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(analog output operation is covered in paragraph 3.9).
‘You can select the mode of operation as follows:

1. Press the MENU key then use & to display the fol-
lowing: '

CALIBRATE

2. Press ENTER, then use 4 or'¥ to display the fol-
lowing:

Configure Output

3. Press ENTER, then use 4 or ¥ toselect the desired
analog output operation mode:

Output: Normal
or,
Output: Source

If you wish to use the analog output normally, select
Normal. If, on the other hand, you intend to use the
analog output as a programmable voltage source, se-
lect Source.

4. Once the desired configuration is displayed, press
ENTER (or press ESC to cancel a change and return
to the previous selection).

5. If you have selected source operation, you will be
prompted to enter the source value:

Source Value: +0.000

6. Key in the desired source value (0 to +3.3V), then
press ENTER (or press ESC to cancel anew entry and
retain the previous value).

7. Press ESC as necessary to return to normal display.

NOTE
Attempting to program source values >+3.3V
will result in the following error message:

Valid values: -3.3V to +3.3V
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3.12 MEASUREMENT CONSIDERATIONS

Low-level voltage measurements made using the Model
182 can be adversely affected by various types of noise or
other unwanted signals that can make it very difficult to
obtain accurate voltage readings. Some of the phenom-
ena that can cause unwanted noise include thermoelec-
tric effects (thermocouple action), source resistance
noise, magnetic fields, and radio frequency interference.
The following paragraphs discuss the most important of
these effects and ways to minimize them.

3.12.1 Thermoelectric Potentials

Thermoelectric potentials (thermal EMFs) are small elec-
tric potentials generated by differences in temperature at
the junction of dissimilar metals. The following para-
graphs discuss how such thermals are generated and
ways to minimize their effects.

Thermoelectric Coefficients

As shown in Table 3-13, the magnitude of thermal EMFs
generated depends on the particular materials involved.
Best results are obtained with clean copper-to-copper
connections as indicated in the table.

Table 3-13. Thermoelectric Coefficients

. Thermoelectric
Material Potential

Copper-Copper 0.2uv/°C
Copper-Silver 0.3uv/°C
Copper-Gold 0.3uv/°C
Copper-Cadmium/tin 0.3uv/°C
Copper-Lead/tin 1-3uv/°C
Copper-Kovar 40pv/eC
Copper-Silicon 400uVv/°C
Copper-Copper Oxide 1000 uVv/°C

Thermoelectric Generation

Figure 3-8 shows a representation of how thermal EMFs
are generated. The test leads are made of the A material,
while the source under test is the B material. The tem-
peratures between the junctions are shown as T: and Te.
To determine the thermal EMF generated, the following
relationship may be used:

Er=Qas (T1-T2)

Where: Er = Generated thermal EMF

Qas = Thermoelectric coefficient of material
A with respect to material B (uV/°C)

T:1 = Temperature of B junction (°K or °C)

Tz = Temperature of A junction (°K or °C)

In the unlikely event that the two junction temperatures
are identical, no thermal EMFs will be generated. More
often, the two junction temperatures will differ, and con-
siderable thermal EMFs will be generated.

A typical test setup will probably have several copper-to-
copper junctions. As pointed out earlier, each junction
can have a thermoelectric coefficient as high as 0.2
uV/°C. Since the two materials will frequently have a
several degree temperature differential, it is easy to see
how thermal potentials of several microvolts can be gen-
erated even if reasonable precautions are taken.

Minimizing Thermal EMFs

To minimize thermal EMFs, use only copper wires, lugs,
and test leads for the entire test setup. Also, it is impera-
tive that all connecting surfaces are kept clean and free of
oxides. As noted in Table 3-13, copper-to-copper oxide
junctions can result in thermal EMFs as high as ImV/°C.

Even when low-thermal cables and connections are used,
thermal EMFs can still be a problem is some cases. It is es-

Er= Qag(T1- T2)
1

HI & A
4
Er

LO L Ty
Model 182 e
T2
B
Figure 3-8.  Thermal EMF Generation
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pecially important to keep the two materials forming the
junction at the same temperature. Keeping the two junc-
tions close together is one way to minimize such thermal
problems. Also, keep all junctions away from air cur-
rents; in some cases, it may be necessary to thermally in-
sulate sensitive junctions to minimize temperature vari-
ations. When a Cu — Cu connection is made, sufficient
pressure must be applied to ensure the connection is gas
tight to prevent future oxidation.

In some cases, connecting the two thermal junctions to-
gether with good thermal contact to a common heat sink
may be required. Unfortunately, most good electrical in-
sulators are poor conductors of heat. In cases where such
low thermal conductivity may be a problem, special insu-
lators that combine high electrical insulating properties
with high thermal conductivity may be used. Some ex-
amples of these materials include: hard anodized alumi-
num, sapphire, and diamond.

Nulling Residual Thermal Offsets

Even if all reasonable precautions are taken, some resid-
ual thermal offsets may still be present. These offsets can
be minimized by using the Model 182 relative feature to
null them out. To do so, place the instrument on the 3mV
range and short the end of the connecting cable nearest
the measured source (first disconnect the cable from the
source to avoid shorting out the source). After allowing
thereading to settle, press the front panel RELREADING
button to null the offset. Select the appropriate range, and
make your measurement as usual. Note that it may be
necessary to use relative often to counteract instrument
or thermal drifts.

3.12.2 Source Resistance Noise

Noise present in the source resistance is often the limiting
factor in the ultimate resolution and accuracy of Model
182 measurements. The paragraphs below discuss the
generation of Johnson noise as well as ways to minimize
such noise.

Johnson Noise Equation

The amount of noise present in a given resistance is de-
fined by the Johnson noise equation as follows:
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Erms =VIKTRF
Where:  Ervs = RMS value of the noise voltage

k = Boltzman’s constant (1.38 x 10-23] /°K)
T = Temperature (°K) :

R = Source resistance (ohms)

F = Noise bandwidth (Hz)

At a room temperature of 293°K (20°C), the above equa-
tion simplifies to:

Ervs = 1.27 x 10°VRF

Since the peak to peak noise is five times the RMS value
99% of the time, the peak to peak noise can be equated as
follows:

Err = 6.35x 107 yRF

For example, with a source resistance of 10k, the noise
over a 0.5Hz bandwidth at room temperature will be:

Erp = 6.35 x 10"%/ (10 x 10°)(0.5)

Eppr =45nV

Minimizing Source Resistance Noise

From the above examples, it is obvious that noise can be
reduced in several ways: (1) lower the temperature; (2)
reduce the source resistance; and (3) narrow the band-
width. Of these three, lowering the resistance is the least
practical because the signal voltage will be reduced more
than the noise. For example, decreasing the resistance of a
current shunt by a factor of 100 will also reduce the signal
voltage by a factor of 100, but the noise will be decreased
only by a factor of 10.

Very often, cooling the source is the only practical
method available to reduce noise. Again, however, the
available reduction is not as large as it might seem be-
cause the reduction is related to the square root of the
change in temperature. For example, to cut the noise in
half, the temperature must be decreased from 293°K to
73.25 °K, a four-fold decrease.
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3.12.3 Magnetic Fields

When a conductor loop cuts through magnetic lines of
force, a very small current is generated. This phenome-
non will frequently cause unwanted signals to occur in
the test leads of a test system. If the conductor has suffi-
cient length or cross-sectional area, even weak magnetic
fields such as those of the earth can create sufficient sig-
nals to affect low-level measurements.

Three ways to reduce these effects are: (1) reduce the
lengths of the connecting cables, and (2) minimize the ex-
posed circuit area, and (3) change the orientation of the
leads or cables. In extreme cases, magnetic shielding may
be required. Special metal with high permeability at low
flux densities (such as mu metal) are effective at reducing
these effects.

Even when the conductor is stationary, magnetically-in-
duced signals may still be a problem. Fields can be pro-
duced by various sources such as the AC power line volt-
age. Large inductors such as power transformers can
generate substantial magnetic fields, so care must be
taken to keep the Model 182, voltage source, and connect-
ing cables a good distance away from these potential
noise sources.

3.12.4 Radio Frequency Interference

RFI (Radio Frequency Interference) is a general term
used to describe electromagnetic interference over a
wide range of frequencies across the spectrum. Such RFI
canbe particularly troublesome at low signal levels, but it
can also affect measurements at high levels if the fields
are of sufficient magnitude.

RFI canbe caused by steady-state sources such as radio or
TV signals, or some types of electronic equipment (mi-
croprocessors, high speed digital circuits, etc.), or it can
result from impulse sources, as in the case of arcing in
high-voltage environments. In either case, the effect on
the measurement can be considerable if enough of the
unwanted signal is present.

RFI can be minimized in several ways. The most obvious
method is to keep the Model 182, voltage source, and sig-
nal leads as far away from the RFI source as possible. Ad-
ditional shielding of the instrument, signal leads,
sources, and other measuring instruments will often re-
duce RFI to an acceptable level. In extreme cases, a spe-

cially-constructed screen room may be required to suffi-
ciently attenuate the troublesome signal.

TheModel 182 digital filter may help to reduce RFI effects
in some situations. In some cases, additional external fil-
tering may also be required. Keep in mind, however, that
filtering may have detrimental effects such as increased
settling time on the desired signal.

3.12.5 Ground Loops

When two or more instruments are connected together,
care must be taken to avoid unwanted signals caused by
ground loops. Ground loops usually occur when sensi-
tive instrumentation is connected to other instrumenta-
tion with more than one signal return path such as power
line ground. As shown in Figure 3-9, the resulting
ground loop causes current to flow through the instru-
ment LO signal leads and ther. back through power line
ground. This circulating current develops a small, but
undesirable voltage between the LO terminals of the two
instruments. This voltage will be added to the source
voltage, affecting the accuracy of the measurement.

SIGNAL LEADS

INSTRUMENT 1
O 7 —O O O
—->——>—

POWER LINE GROUND

INSTRUMENT 2 INSTRUMENT 3

Figure 3-9.  Power Line Ground Loops

Figure 3-10 shows how to connect several instruments
together to eliminate this type of ground loop problem.
Here, only one instrument is connected to power line
ground.

Ground loops are not normally a problem with instru-
ments like the Model 182 that have isolated LO terminals.
However, all instruments in the test setup may not be de-
signed in this manner. When in doubt, consult the man-
ual for all instrumentation in the test setup.
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terference from such noise sources as line frequency and
RF fields can seriously corrupt measurements, rendering
experimental data virtually useless.
INSTRUMENT 1 INSTRUMENT 2 INSTRUMENT 3
© © © ° In order to minimize noise, a closed metal shiéld, sur-
| l | l rounding the source, may be necessary, as shown in the
example of Figure 3-11. This shield should be connected
toinput LO in most cases, although better noise perform-
ance may result with the shield connected to chassis
B ground in some situations.
WARNING
Figure 3-10.  Eliminating Ground Loops Do not float input LO more than 30V RMS,
424V peak above earth ground with an ex-
Lo posed shield connected to input LO. To
3.12.6 Shielding avoid a possible shock hazard, surround the
LO shield with a second, safety shield that is
Proper shielding of all signal paths and sources being insulated from the inner shield. Connect this
measured is important to minimize noise pickup in virtu- safety shield to safety earth ground using
ally any low-level measurement situation. Otherwise, in- #18 AWG minimum wire before use.
WARNING: Maximum common-mode
voltage: 350V peak
Caution
Maximum Input: 35V continuous
120V for 10 seconds
182 SENSITIVE DIGITAL VOLTMETER —————— __I
1.823165 mV sma | TRed — HI, 1]
Range Smv i | | Ll— Noise shield
e o e e e i ]
{00 e@ |{ __Il
ol —
M | DOWN FLTER | OUTPUT | MANUAL | RECALL | ENTER W ESC | —— |
3 EE |8 (EE | B e E
opEo|Eeh|nen|y., o H ] I|<—Safetyshield
|
I y
Low thermal cable [ ]_Bla_c_k_l 0o __ -l |
(Model 1506 or Equivalent) L f ;—'
Connect noise
Shield to LO
WARNING: Safety shield required
when floating noise
shield >30VRMS
above chassis ground
Figure 3-11.  Shielding Example
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3.12.7 Meter Loading

Loading of the voltage source by the Model 182 becomes
a consideration for high source resistance values. As the
source resistance increases, the error caused by meter
loading increases.

Figure 3-12 shows the method used to determine the per-
cent error due to meter loading. The voltage source, Vs,
has a source resistance, Rs, while the input resistance of
the Model 182 is Ry, and the voltage measured by the
nanovoltmeter is V.

The voltage actually measured by the meter is attenuated
by the voltage divider action of Rs and Ry, and it can be
calculated as follows:

V= _VsR
Ri+Rs

This relationship can be modified to directly compute for
percent error:

Percent error = 100 Rs
Ri+Rs

From the above equation, it is obvious that the input re-
sistance of the Model 182 must be at least 999 times the
value of source resistance if loading error is to be kept to
within 0.1%.

3.13 APPLICATIONS

3.13.1 Low-resistance Measurements

The Model 182 can be used with a current source to meas-
ure resistances at levels well below the capabilities of
most conventional instruments. The following para-
graphs discuss low-resistance measurement techniques
and outline a typical low-resistance test system.

Low-resistance Measurement Techniques

Techniques used to measure resistances in the normal
range are not generally suitable for making low-resis-
tance measurements because of errors caused by voltage
drops across the test leads. To overcome these limita-
tions, low resistance measurements are usually made us-
ing the 4-wire (Kelvin) connections shown in Figure 3-13.
A current source forces the current (I) through an un-
known resistance, developing a voltage across that de-
vice. Even though the test lead resistance, Rizap, is pre-
sent, it does not affect the current through Rour because I
is assumed to be a constant current source with high out-
put impedance. Also, if the voltmeter has a very high in-
putresistance, the current through the sense leads will be
negligible, and the voltage drop across Rieap will be es-
sentially zero. Thus, the voltage measured by the meter
will be essentially the same as the voltage across the un-
known resistance, Rour.

Rs
ANNN——e——9—0
+ \
Vs J— § Vi
p— R
(Source — L h\/l/?)iz;;ed
Voltage) "—— /
A O
Figure 3-12.  Meter Loading

Current /]\
Source

— W\ O——AWW
Rieap Rieao
Vi
Four = Y-
Figure 3-13.  4-Wire Low-resistance Measurement

Technique

Since the current through the measured resistance and
the voltage across the device are both known, the value of
thatresistance can easily be determined from Ohm’s law:
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Rour

Vv
I

It can be seen that the sensitivity of the measurement de-
pends on both the current source value and the resolu-
tion of the voltage-measuring instrument. Using the
Model 182 and this measurement technique, resistance
changes as low as 0.1uQ.

Compensating For Thermal EMFs

Although the 4-wire measurement method minimizes
the effects of lead resistances, other factors can affect low-
resistance measurement accuracy. Thermal EMFs, and
other effects can add an extraneous DC offset voltage
(Vorrser in Figure 3-13) to the measured voltage. One
method that can be used to cancel this offset is to first ap-
ply a positive current and then a negative current of the
same magnitude (I). As each current is applied, the volt-
age across the device (DUT) is measured.

For a positive current, the resulting voltage is:

Vx+ = IRput + Vorrser

For a negative current, the voltage across the device be-
comes:

Vx- = -IRpur + Vorrser

The difference between these two voltages is:
Vx+— Vx— = (IRout + Vorrser )- (-IRput + Vorrser )
= 2IRpur

Note that the term, Vorrser, is cancelled out in the above
equation.

Once the voltage difference is known, the device resis-
tance can then be calculated as follows:

Rour = (Vx+ = Vx-)/21

Note that the DC offset voltage is effectively cancelled as
long as it remains comparatively steady. If the offset volt-
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age varies, it may be advantageous to take a number of
such readings and average them.

Typical Low-Resistance Test System

A typical low-resistance test system using the Model 182
is shown in Figure 3-14. The current is supplied by a
Model 220 Programmable Current Source. The Model
220 includes a standard IEEE-488 interface and contains
an internal 100-location memory which can be pro-
grammed for presettable currents, voltage compliances,
and dwell times. The Model 220 is capable of supplying
positive and negative currents for four-quadrant meas-
urements.

182

Sensitive |_InPut
F:) Digital
Voltmeter

Computer K—— IE%E~488 F;‘;?S:e
us
220
Current
Source Current
Output

Figure 3-14. Typical Low-resistance Test System

The two instruments can be interfaced to a computer via
the IEEE-488 bus. This arrangement would not only pro-
vide the computational capability necessary to calculate
the resistance, but it would also allow automated control
of low- resistance test procedures.

Typical Test Connections

Typical test connections for the Model 182 and the Model
220 Current Source are shown in Figure 3-15. A Model
8003 Test Fixture is used for this configuration because it
is designed specifically for low-resistance measure-
ments. Triax cabling is used between the test fixture and
the Model 220 Current Source, while the requisite low-
thermal cable is used for Model 182 connections. All nec-
essary cables are included with the Model 8003.
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Triax Cable

Test Resistance

Model 220 Programmable
Current Source

Figure 3-15.

’1__

182 SENSITIVE DIGITAL VOLTMETER

1.823165 mV
Range 3mV

Model 182

-0
1o
-

L

Port 4

Porl 2 I [Port 3

Hl LO LOH
OHMS VeM
Source

Port 1

Model 8003 Low Resistance
Test Fixture

Low-resistance Test Connections

Low thermal cable
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3.13.2 Low-Voltage Scanning

The Model 182 can be used with a low-voltage scanning
card to test multiple low-voltage devices without having
to manually change test connections. By adding a con-
troller and suitable software, such tests can be performed
automatically with little or no operator intervention.

Basic Low-voltage Scanning System

A basic low-voltage scanning test system is shown in

Figure 3-16. In addition to the Model 182, which meas-
ures the test voltages, the system also includes a Model
7168 nV Scanner Card and a Model 705 Scanner. The
Model 7168 switches among the eight DUTs, while the
Model 705 controls the scanner card. Both the scanner
and the Model 182 are shown connected to a controller
via the IEEE-488 bus, although computer control is op-
tional and would not be required for simpler test proce-
dures.

Test Fixture

Under test

Devices __, OOoOogoOoQg

]
[]

1 2 3 4 5 6 7 8
Output
7168 nV Card - t’ 182
pu Voltmeter
705 Scanner
|IEEE-488 BUS
Computer

Figure 3-16.  Basic Low-voltage Scanning System
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Practical Low-voltage Scanning Applications

Figure 3-17 shows alow-voltage scanning system used to
test thermocouples. In addition to the scanner, scanner
card, and the Model 182, the system also includes an oil
bath and temperature controller to set the thermocouples
to the desired temperature. A computer is used to control
theinstruments and to provide computational capability.

Figure 3-18 shows a multiple-DUT low-resistance test
system. The current source forces the current through all
eight DUTs simultaneously, while the scanner card

switches among the various devices for measurement.
The Model 182, of course, measures the voltage across
each DUT and sends the resulting readings back to the
computer. The basic test procedure and calculations are
carried out as discussed in paragraph 3.13.1.

3.13.3 Josephson Junction Array
Measurements

The Model 182 Sensitive Digital Voltmeter can be used
for Josephson junction voltage array measurements for
calibration and intercomparison.

QOil Bath
Thermocouples
Under Test _Y

- »-| Temperature
\ Control

N

Channel 8 Shorted
to Nuli Offsets

1 2 3 4 5 6

7168 nV Card

7 8
Output

In ut> 182
P Voltmeter

705 Scanner

|EEE-488 Bus

Computer

Figure 3-17 .  Thermocouple Test System
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Test Fixture
Ri R2 R3 R4 R5 RS R7 RS
+ W - WA WA W W W W -
| |
OUTPUT
1 2 4
YA 3 5 6 7 8 Output _
220 182
Current 7168 nV Card Input Voltmeter
Source
705 Scanner
IEEE-488 Bus u
Computer
Figure 3-18.  Low-resistance Test System with Scanning
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Interference Considerations

Josephson junction measurements are particularly vul-
nerable to the effects of high-frequency EMI (Electromag-
netic Interference) and RFI. High-frequency. coupling of
unwanted RFI or EMI can significantly affect the I-V
characteristics of the device, rendering the data useless in
many cases. Some of this interference can come from the
instrumentation itself, while other interference signals
come from the outside environment. Regardless of the
source, care must be taken to minimize the coupling of
these unwanted signals to the DUT.

Minimizing Interference

The Model 182 has been designed to minimize the cou-
pling of RFI through the INPUT test leads to the DUT.
However, additional steps may be required to reduce RFI
effects to an acceptable level.

Two methods which are recommended for minimizing
RFI effects are shown in Figure 3-19. First, the DUT is
placed in a shielded enclosure, which is connected to
earth ground. Note that the HI and LO leads are by-
passed to earth ground using suitable capacitors.

Shield

HI

Device
Under
Test

LO

Ly LY

Figure 3-19.

s

Model
182

Minimizing Josephson Junction

RFI Effects

3-41



SECTION 4

=-488 Reference

4.1 INTRODUCTION

This section contains reference information on program-
ming the Model 182 over the IEEE-488 bus. Detailed in-
structions for all programmable functions are included;
however, information concerning operating modes pre-
sented elsewhere is not repeated here. Refer to Sections 2
and 3 for information not found in this section.

General information on the IEEE-488 bus is located in the
Appendix.

This section is arranged as follows:

4.2 Device-dependent Commands: Describes the de-
vice-dependent commands that control the instrument
over the bus.

4.3 General Commands: Covers the IEEE-488 general
commands required for such operations as placing the
unit in remote and returning the instrument to default
conditions.

4.4 Bus Connections: Details connecting the instru-
ment to the IEEE-488 bus.

4.5 Primary Address Programming: Gives the proce-
dure for programming the primary address from the
front panel.

4.6 FrontPanel Aspects of IEEE-488 Information: Cov-
ers front panel aspects such as display messages, status
indicators, and using the LOCAL key.

4.2 DEVICE-DEPENDENT COMMANDS

IEEE-488 device-dependent commands control most in-
strument operating modes. AllModel 182 front panel op-
erations (such as range and resolution), as well as some
operations not available from the front panel (such as
reading format and SRQ) can be programmed with these
commands.

Command Syntax

Each command consists of a single ASCII letter followed
by one or more numbers representing an option or nu-
meric parameter of that command. For example, the
range can be programmed over the bus by sending the
letter “R” followed by a number representing the range
option. R5X would be sent to select the 30V range.

Note that the Model 182 will accept either upper-or
lower-case characters for command letters. Lower-case
letters perform the same operations as the corresponding
upper-case letters. For example, r1x and R1X perform the
identical operation of selecting the 3mV range.

Multiple-option Commands

Some commands have two options that must be delim-
ited (separated) by commas. For example, the command

4-1
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V0,10X programs the analog output for normal operation
and sets the analog output gain to 10, while Z2,2.2X en-
ables the reading relative function, using a parameter of
2.2 as the relative value. Note that you must specify both
options in two-option commands, even if you are chang-
ing only one option.

Multiple Commands

A number of commands can be grouped together in one
command string, which is generally terminated by the
“X" (execute) command character. This character tells the
instrument to execute the command or command string,
as described in paragraph 4.2.23. Commands sent with-
out the execute character will not be executed at that par-
ticular time, but they will be stored within an internal
command buffer for later execution when the execute
character is later received. Note that any spaces (ASCII
32) and other “white space” characters (discussed below)
in the command string will be ignored.

Numeric Command Options

Numeric command options may be specified either as an
integer or as a floating-point number. Command options
that are defined as integers, but sent as floating-point
numbers will be internally converted to integers. An IN-
VALID OPTION error will be generated if an integer
overflow occurs.

A mantissa can have any number of leading or trailing ze-
roes, but it is limited to a maximum length of 98 signifi-
cant digits. The mantissa will be truncated to a length of
11 significant digits. An exponent can have any number
of leading zeroes, but it is limited to a maximum of two

significant digits.

Invalid Commands

If an invalid command or command option is sent as part
of the command string, no commands in the string will be
executed. Under these conditions, the instrument will
display a front panel error message (INVALID COM-
MAND, INVALID FORMAT, or INVALID OPTION)
and it can be programmed to generate an SRQ (Service
Request), as discussed in paragraph 4.2.12. Front panel
error messages are covered in paragraph 4.5.1.

Some typical examples of valid command strings in-
clude:

4-2

ROX Single command followed by execute
command.

Y3TOPOX Multiple command string.

Z1X Space is ignored, ‘

V0,10X Multiple-parameter command string

(parameters separated by comma).

Typical invalid command strings include:

E1X Invalid command, as E is not one of the
instrument’s valid commands.
K4X Invalid command option because 4 is not a

valid option of the K command.

Command White Space Characters

The following ASCII characters are considered to be
“white space” characters and are ignored by the com-
mand parser (values shown are decimal): 32-47, 58-64,
91-96, and 123-127.

Device-dependent Command Summary

Model 182 device-dependent commands are summa-
rized in Table 4-1, which also lists respective paragraphs
where more detailed information on each command is lo-
cated.

Order of Command Execution

Device-dependent commands are not necessarily exe-
cuted in the order received. Rather, the instrument exe-
cutes them in a specific order, as summarized in Table
4-2. The order shown in the table assumes that the “X”
character appears only once at the end of a multiple com-
mand string.

If you wish to force a particular order of execution, sim-
ply include the execute (X) character after each com-
mand-option grouping in the command string. For ex-
ample, the following string would be executed in the re-
ceived order:

ROXT2XM1XKOX
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Table 4-1. Device-Dependent Command Summary

Mode Command Description Para.
Display ASCII A0 Restore display to normal 42.1 .
String Al,string Display string

A2 string Display string and store in EEROM

A3 Display string stored in EEROM
Display BO 5 1/2-digit resolution 422
Resolution B1 6 1/2-digit resolution

B2 3 1/2-digit resolution

B3 4 1/2-digit resolution
Measure and CO,value Calibrate measure positive full scale 423
Analog Output C1,value Calibrate measure negative full scale
Source C2 Calibrate measure zero offset
Calibration C3,value Calibrate divider full scale

C4 Calibrate divider zero

C5 Select positive full scale output

Cé,value Calibrate positive full scale output

Cc7 Select zero output value

C8,value Calibrate zero output with value
Filter Damping DO Configure filter damping off (same as P2) 424

D1 Configure filter damping on (same as P3)
Reading FO Latest reading from A /D converter 425
Source F1 One reading from buffer

2 All readings in buffer

E3 Maximum value in buffer

F4 Minimum value in buffer
Reading GO0 Reading only 42.6
Format G1 Reading with prefix

G2 Reading with buffer location

G3 Reading with buffer location and prefix

G4 Reading with time stamp

G5 Reading with time stamp and prefix

G6 Reading with time stamp and location

G7 Reading with time stamp,location,and prefix
Immediate HO Initiate manual trigger 427
Trigger and H1 Perform memory test
Self-test
Buffer I0 Disable buffer 428
Configuration I1,value Buffer on, linear length=value

2 Buffer on, circular length=1024
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Table 4-1. Device-Dependent Command Summary (Continued)
Mode Command Description Para.
Analog Output Jo Disable analog output relative 429
Relative J1 Enable analog output relative using next reading

J2,value Enable analog output relative using value (+1E-9 to £30.3)

J3 Enable analog output relative, use present value
EQ], Bus KO Enable EQI], enable bus hold-off on X 4.2.10
Hold-off K1 Disable EQOI, enable bus hold-off on X

K2 Enable EQI, disable bus hold-off on X

K3 Disable EQOI, disable bus hold-off on X
Save/Recall LO Save current setup as power-on 4.2.11
Setup L1 Recall factory default setup

L2 Recall power-on setup
SRQ Mask MO Disable SRQ 4212

M1 Reading done

M2 Buffer half full

M4 Buffer full

M8 Reading overflow

Mi1é Ready for command

M32 Error

M128 Ready for trigger
Enable/Disable NO Filters off 4213
Filters N1 Filters on
Analog Filter o0 Configure analog filter off 4214
Configuration o1 Configure analog filter on
Digital Filter PO Configure digital filter off 4215
Configuration P1 Configure fast response

P2 Configure medium response

P3 Configure slow response
Trigger Interval Qvalue Interval=value in msec (10-999 999msec) 42.16
Range RO Enable auto-range 4.2.17

R1 3mV range

R2 30mV range

R3 300mV range

R4 3V range

R5 30V range

R6 No function

R7 No function

R8 Disable auto-range
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Table 4-1. Device-Dependent Command Summary (Continued)
Mode Command Description Para.
Integration S0 Line cycle integration period 4218,
Period S1 3msec integration period

S2 100msec integration period
Trigger Mode TO Multiple on talk 4219
and Source T1 One-shot on talk

T2 Multiple on GET

T3 One-shot on GET

T4 Multiple on X

T5 One-shot on X

T6 Multiple on external

T7 One-shot on external

T8 Multiple on manual (MANUAL key) or bus HOX

T9 One-shot on manual (MANUAL key) or bus HOX

T10 Disable all triggers
Alternate uo Send machine status 42.20
Output U1 Send error conditions

U2 Send firmware revision

U3 Send buffer length

U4 Send buffer average

us Send buffer standard deviation

uUé Send reading relative value

u7 Send analog output relative value

U8 Send analog output gain value

U9 Send trigger interval

U10 Send trigger delay

Ull Send calibration constants

U1z Send calibration lock status

U13 Send Model 181-like machine status

U14 Send ASCII text string
Analog Output V0,gain Normal mode, gain (.001-999 999.999) 4221
Mode, Gain, and | V1,value Source mode, output=value (-3.3 to +3.3)
Output Value
Trigger Delay WO Disable trigger delay 4222

Wrvalue Enable trigger delay, delay=value

(Imsec to 999 999 msec)

Execute X Execute other device-dependent commands 4223
Terminators YO <CRLF> 4224

Y1 <LF CR>

Y2 <CR>

Y3 <LF>

Y10 <CRLF>

Y13 <LF CR>
Reading Z0 Disable reading relative 4225
Relative Z1 Enable reading relative using next reading

Z2,value Enable reading relative using value (+1E-9 to £30.3)

z3 Enable reading relative, use present value

NOTE: Corresponding lower-case letters may be used instead of upper-case letters.
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Table 4-2. Heirarchy of Command Execution
Order Command Description
1 M SRQ mask
2 R Range
3 C Meter, analog output calibration
4 A Display message
5 B Display resolution
6 @) Analog filter
7 P Digital filter
8 D Damping
9 S Integration period
10 I Buffer configuration
11 G Reading format
12 F Reading source
13 Z Reading relative
14 \Y% Analog output source,gain,value
15 J Analog output relative
16 T Trigger mode and source
17 Q Trigger interval
18 w Trigger delay
19 Y Terminators
20 K EOI, bus hold-off on X
21 U Alternate output
22 L Recall
23 N Enable filters
24 H Immediate trigger,self-test
25 X Execute
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4.2.1

Purpose

Format

Parameters

Default

Description

Programming
Notes

A — Display ASCII String
To display user-defined front panel messages
An or An,string

A0 Restore normal display

Alstring Display string

A2string  Display string and store in EEROM
A3 Display string stored in EEROM

Upon power-up, or after receiving a DCL or SDC command, the display always returns to
normal.

The A command allows you to display messages on the front panel by sending them as ASCII
strings over the bus. Al string displays the string of characters without storing the string in
EEROM. A2 string stores the string in EEROM for later recall in addition to displaying it on
the front panel. The string stored in EEROM can be recalled using the A3 command.

A message string is defined as a sequence of ASCII text characters surrounded by single quote
characters, for example: ‘Test Concluded’. Displayable characters include all standard ASCII
text characters (32 through 127 decimal). Any characters which cannot be displayed will be
replaced with space characters. In addition to the standard text, the following characters can
be displayed:

Decimal Value Displayed Character

16
17
18
19
20
21

v ":o|+'x=

1. Error messages overwrite a user display message.

N

In addition to using AOX, the display can be returned to normal by performing sending
DCL or SDC.

3. AnXcharacter included in a string between single quote characters will be displayed and
will not be interpreted as an execute command.

A message string stored in EEROM will be retained when the power is turned off.

5. A maximum of 49 display characters can be included in the A command string, not in-
cluding the two single quote characters. Any excess characters will be ignored.

6. A single quote character can be displayed by preceding one single quote character in the
command string immediately with another.
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Programming 10 REMOTE 707 ! Put 182 in remote.
Examples 20 OUTPUT 707;“A2,MODEL 182'X” ! Display “MODEL 182".
30 PRINT “Press "Cont™ ! Prompt to continue.
40 PAUSE
50 OUTPUT 707;“A0X” ! Return display to normal.
60 END
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4.2.2

Purpose

Format

Parameters

Default

Description

Programming
Note

Programming
Examples

B — Display Resolution

To set the display resolution

Bn

BO 51/2-digit display resolution
Bl 6 1/2-digit display resolution
B2 3 1/2-digit display resolution
B3 4 1/2-digit display resolution

Upon power-up, or after receiving a DCL, SDC, or L2X command, the display resolution re-
turns to the programmed default setting. The factory default setting is B1 (6 1/2-digit resolu-
tion).

The B command allows control of display resolution. Thus, the B command performs the
same operation as the DISPLAY RESOLUTION selection available with the MENU key.

The selected integration period affects the usable resolution of readings sent by the instru-
ment. See paragraph 4.2.18.

10 OUTPUT 707;“B2X” ! 31/2-digit resolution.
20 OUTPUT 707;“B1X" ! 6 1/2-digit resolution.
30 OUTPUT 707;“B0OX" ! 51/2-digit resolution.

4-9



SECTION 4
IEEE-488 Reference

4.2.3 C — Measurement and Analog Output

Calibration
Purpose To calibrate the measurement accuracy of the instrument, and to calibrate the analog output
Format Cn or Cn,value

Parameters CO,value  Calibrate positive full scale measure with value
Cl,value Calibrate negative full scale measure with value
(67 Calibrate measure zero offset
C3,value Calibrate divider full scale with value
C4 Calibrate divider zero
C5 Select positive full scale analog output
Cé,value  Calibrate positive full scale analog output
c7 Select zero analog output value

C8,value  Calibrate zero analog output with value

Description The C command performs calibration of both measurement accuracy and the analog output.
The C0, C1, and C2 commands together perform three-point calibration of each measurement
range: positive full scale, negative full scale, and zero voltage (or shorted input). The C3 and
C4 commands calibrate the measurement divider (which is used to calibrate the 3mV and
30mV ranges), and the C5 through C8 commands are used to calibrate the analog output.

Complete details on using these commands to calibrate the instrument are located in para-

graph7.3.
Prog ramming Inadvertently sending the C command with calibration in the unlocked state may cause in-
Note strument miscalibration.
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4.2.4

Purpose

Format

Parameters

Default

Description

Programming
Note

Programming
Examples

D — Filter Damping

To control digital filter damping

Dn
DO Turn digital filter damping off (same as P2)
D1 Turn digital filter damping on (same as P3)

Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed default setting. The factory default setting is DO (damping off).

The D command is a redundant command that controls filter damping. D1 performs the iden-
tical operation as P3, and DO is the same as P2 (paragraph 4.2.15). The D command is included
for software compatibility with the Model 181 Digital Nanovoltmeter.

Details on digital filter operation are located in paragraph 3.7.

10 OUTPUT 707;D1X” ! Enable damping.
20 OUTPUT 707;“D0X” ! Disable damping.
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4.2.5 F — Reading Source

Purpose To control the source of the readings the instrument sends over the bus
Format Fn
Parameters FO Latest reading from A /D converter

F1 One reading from buffer
F2 All readings from buffer
F3 Maximum value in buffer
F4 Minimum value in buffer

Default Upon power-up, or after receiving a DCL, SDC, or L1X or L2X command, the instrument re-

turns to the factory default reading source, which is the A/D converter (FO0).

Description The F command controls the source of readings the instrument sends over the IEEE-488 bus.
With FO and F1, a single reading will be sent from the A /D converter and buffer respectively
each time the instrument is addressed to talk. In the F2 mode, all buffer readings will be sent
for each talk command, with individual readings separated by commas. F3 and F4 return the
maximum and minimum buffer values respectively.

General formats for the reading source commands are shown in Figures 4-1 through 4-4.

Programming 1. Thereading format (G) command discussed in paragraph 4.2.6 controls prefix, buffer lo-
Notes cation, and time stamp information associated with each reading.

2. The buffer must be enabled and must contain data before buffer reading information is
available using the F1-F4 commands. See paragraph 4.2.8 for more details on buffer op-
eration in the various F modes.

3. The selected reading source will remain active until changed by sending a different F
command. It is not necessary to send the F command before each reading request.
4. With the F2 command, the programmed terminator and EOI will be sent only once at the

end of the complete reading dump from the buffer. With all other reading sources, the
programmed terminator and EOI will be sent after each reading.

5. With the F1 command, the buffer location will automatically increment each time you re-
quest a reading from the buffer.

6. When accessing normal readings (F0), the buffer location will always be equal to 0000,
and the time stamp value will always be 000000.000sec.

Programming 10 REMOTE 707 ! Put 182 in remote.

Examples 20 OUTPUT 707;“11,10X” ! Enable buffer,10 readings.
30 DIM R$[1000] ! Dimension reading string.
40 FORI=0TO4 ! Loop for all sources.
50 OUTPUT 707;“F”;L;*X” ! Program reading source.
60 ENTER707;R$ ! Input reading.
70 PRINT R$ ! Display reading.
80 NEXTI ! Loop back for next format.
90 OUTPUT 707;“F0X” ! Restore A/D reading source.
100 END
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Prefix Mantissa Exponent
] I I Iﬁl 1
NDCV+1.820000E+00<term+EQI>

Note : G1 (Reading with prefix) data format
shown. Information for each reading
depends on selected data format.
See paragraph 4.2.6.

Figure4-1.  Single-Reading Format (F0 and F1)

Intermediate
First Reading Readings Last Reading
| |

| | |
NDCV+1 .820000E+00,\°;, NDCV+1.820000E+00<term+EOI>

Reading
Separators

Note : G1 (Reading with prefix) data format shown.
Information sent with each reading depends
on data format. See paragraph 4.2.6

Figure4-2.  Multiple-Reading Format (F2)
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4-14

Buffer Time
Prefix Man}issa Exponent Location Stalmp
|

| I | | | |
NMAX+1.820000E+00, 0001, 000000.00<term+EOI>

Notes : 1. G7 reading format shown. Presence of
prefix, buffer location, and time stamp
depends on selected data format.

See paragraph 4.2.6.
2. Buffer location and time stamp values
are at location of maximum buffer reading.

Figure 4-3.  Maximum Buffer Value Format (F3)

Buffer Time
Prefix Mantissa Exponent Location Stamp
| | | |

L I 1] 1T I
NMIN+1.820000E+00, 0001, 000000.00<term+EQI>

Notes : 1. G7 reading format shown. Presence of
prefix, buffer location, and time stamp
depends on selected data format.

See paragraph 4.2.6.
2. Buffer location and time stamp values
are at location of maximum buffer reading.

Figure 4-4 Minimum Buffer Value Format (F4)
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4.2.6

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

G — Reading Format

To control the prefix, buffer location, and time stamp information the instrument sends with

each reading

Gn

GO Reading only

Gl Reading with prefix

G2 Reading with buffer location

G3 Reading with buffer location and prefix

G4 Reading with time stamp

G5 Reading with time stamp and prefix

G6 Reading with time stamp and buffer location

G7 Reading with time stamp, buffer location, and prefix

Upon power-up, or after receiving a DCL, SDC, or L1X or L2X command, the instrument re-
turns to the factory default, which is reading with prefix (G1).

The G command allows you to control whether or not the instrument sends prefix, buffer lo-
cation, and time stamp information with each reading. The general format for each reading is
shown in Figure 4-5. Note that the prefix contains information about zeroed and overflowed
readings.

10
20
30
40
50
60
70
80
90

Buffer location and time stamp information will be available only if the buffer is enabled
(Icommand, paragraph 4.2.8) and if the buffer is selected as the data source (F command,
paragraph 4.2.5).

The range of buffer location values is between 1 and 1024.

The range of time stamp values is between Imsec and 999,999.999sec with 1msec resolu-
tion. The time stamp is the total elapse time from the initial trigger stimulus that stored
the first reading after the buffer was enabled.

When accessing normal readings (F0), the buffer location will always be equal to 0000,
and the time stamp value will always be set to 000000.000sec.

The data format can be changed at any time during buffer access. The newly-pro-
grammed data format will be placed into effect the next time the instrument is addressed
to talk.

The reading field will appear as follows when an overflow condition occurs:
+9.999999E+95

REMOTE 707 ! Put 182 in remote.

DIM R$[100] ! Dimension reading string.
OUTPUT 707;“11,10X” . ! Enable buffer, 10 readings.
OUTPUT 707;“F1X” ! Reading source is buffer.
FORI=0TO7 ! Loop for all formats.
OUTPUT 707;“G";L;“X" ! Program format.

ENTER 707;R$ ! Input reading string.
PRINT R$ ! Display reading string.
NEXTI ! Loop back for next format.

100 END
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4-16

Buffer
Prefix Location Time
(G1, G3, G5, G7) (G2, G3, G6, G7) Stamp
Mantissa Exponent (G4, G5,I G6, G7)

l ]
l ] ] 1 |

NP_CL\J/H .820000E+00, 0000, 000000.000<term+EQI>

Field Separators

DCV = Normal Reading
MAX = Maximum buffer reading (F3)

MIN = Minimum buffer reading (F4)

N = Normal
~| O = Overflow Notes : 1. Buffer location and time stamp
R = Relative enabled fields show all Os for all
readings (F0).

2. Time stamp is elapsed time
from first trigger after buffer
is enabled.

Figure4-5.  Reading Format
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4.2.7

Purpose

Format

Parameters

Description

Programming
Notes

Programming
Examples

H — Manual Trigger and Memory Test

To immediately trigger the instrument, and to test internal memory circuits

Hn
HO Initiate manual trigger
H1 Perform memory test

The HO command triggers one or more instrument readings and works regardless of the pro-
grammed trigger mode and source (paragraph 4.2.19). Thus, the HO command performs es-
sentially the same operation as the front panel MANUAL key.

The H1 command performs a test on internal RAM and NVRAM circuits. You can check the
results of the self-test by noting the status of the RAM error bits in the U1 status word. (para-
graph 4.2.20).

1. The instrument holds off bus operation with the NRFD line during self-test opération.
Thus, no commands can be sent during the self-test if hold-off on X is enabled.

2. TheHOcommand will not trigger instrument readings if triggers have been disabled with
the T10 command.

10 OUTPUT 707;“HOX” ! Perform manual trigger.
20 OUTPUT707;"H1X” ! Perform memory test.
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4.2.8 | — Buffer Configuration
Purpose To enable and disable the buffer, and to program linear and circular buffer opefatiori
Format In or In,value
Parameters 10 Disable Buffer
I1,value Enable linear buffer, length=value
2 Enable circular buffer, length=1024 readings
Default Upon power-up, or after the instrument receives a DCL, SDC or L1X or L2X command, the
buffer will be disabled (10).
Description TheIcommand controls the 1024-reading buffer in a manner similar to the front panel STORE

4-18

key. I1,value programs a linear buffer with the length equal to value. The maximum buffer
length is 1024 readings. With a linear buffer, the instrument stores the programmed number
of readings and then stops, saving stored readings until a new I command is issued.

The I2 command enables circular buffer operation, in which case the instrument will store
1024 readings and circulate back and overwrite old readings without stopping.

Various buffer operation modes are further discussed below.

Normal Operation, Readings from A/D Converter (FO Mode)

Reading Available: A reading will be sent to the controller after the Model 182 has been ad-
dressed to talk. A reading will be sent only once per talk command.

Reading Unavailable: The bus will be held off until a new reading is available. Note that a bus
hold-off may cause controller timeouts.

Time Stamp: The time stamp will always be set to 000000.000sec.

Location: The location will always be equal to 0000.

Linear Buffer Operation

The buffer characteristics outlined below apply to both single-reading (F1) and full-buffer ac-
cess (F2), except as noted.
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Triggering: Readings will be taken under specified trigger conditions and stored in the buffer
as they become available. Once the buffer is full, storage will stop; readings will continue tobe
processed and displayed, but they will not be stored in the buffer.

Reading Available, Single-Reading Access (F1 Mode): A buffer reading is sent after the instru-
ment is addressed to talk. Each reading is sent only once. After a reading has been sent, the
buffer pointer will increment to the next buffer location so that each location may be read in
succession. Once the last reading in the buffer has been accessed, the buffer pointer will reset
to the first buffer location, allowing the buffer contents to be reread.

Reading Available, Full Buffer Access (F2 Mode): The full buffer contents will be sent when
the Model 182 is addressed to talk. The buffer can be reread as many times as desired.

Reading Unavailable, Single-Reading Access (F1 Mode): The bus will be held off until a read-
ing has been stored at the current buffer pointer location. This situation could occur if you at-
tempt to access buffer data at a rate faster than the instrument is storing data. Note that a bus
hold-off may cause a controller timeout.

Reading Unavailable, Full Buffer Access (F2 Mode): If the Model 182 is addressed to talk
when the buffer is not full, the available buffer contents are sent. The bus will be held off until
each subsequent reading becomes available until the buffer is full. Note that controller
timeouts may occur in this situation.

Buffer Full SRQ: Set when the buffer is full, cleared when the buffer is first enabled with I1. A
full buffer is defined as the value programmed with the I1 command, not necessarily the full,
1024-reading possible length.

Buffer Half-Full SRQ: Set when the buffer becomes half full, cleared when the buffer is first
enabled with the I1 command. The half-full point depends on the size programmed with the
I1 command. In the case of an odd-numbered buffer length, a half-full conditions occurs
when the number of stored readings reaches (size/2 +1).

Time Stamp: The unit will send the actual time stamp value, referenced to the time when the
first buffer reading was taken.

Location: The location will increment from 1 to 1024 (or 1 to programmed buffer length). Lo-
cation 1 is sent first and contains the oldest reading stored in the buffer.

Circular Buffer Operation

The characteristics discussed below apply to both single-reading (F1) and full-buffer (F2)
reading access.

Triggering: Readings will be taken under specified trigger conditions and stored in the buffer
from lowest to highest location as they become available. Once the buffer is full (1024 readings
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taken), the buffer will wrap around to the first location and store (and display) new readings.
Old readings previously stored in the buffer will be overwritten as new readings become
available.

Reading Available: When the instrument is addressed to talk, the buffer is turned off, and a
reading is sent. The buffer pointer will then decrement to the previous buffer location. No fur-
ther readings will be stored once the buffer has been turned off until an I1 or I2 command is
reissued.

Reading Unavailable: If the buffer is empty when the instrument is addressed to talk, the
buffer will not turn off until one reading is taken. This reading will then be sent over the bus.
Note that this situation may result in a controller timeout.

Buffer Full SRQ: Set when the buffer wraps around the first time, cleared when the buffer is
first enabled with the I command.

Buffer Half-full SRQ: No buffer half-full SRQ will occur because, by definition, the buffer is
never half-full when in circular mode.

Time Stamp: Actual time stamp value referenced to the time when the first reading was
stored.

Location: Readings are sent in the most-recent to oldest order. As a result, the location of the
first reading sent will be 1024 (if the buffer has wrapped around at least once), or most re-
cently acquired reading (if the buffer has not wrapped around). Subsequent readings will be
sent in newest-to-oldest order until location 1 is sent, after which the buffer output pointer
will be reset to the most recent reading location, allowing the buffer contents to be reread.

Programming 1. TheF command controls the source of the readings which the instrument sends over the
Notes bus. See paragraph 4.2.5.

2. In addition to buffer readings, available buffer information includes time stamp and
buffer location values. These parameters can be programmed using the G command
(paragraph 4.2.6).

3. In the multiple trigger mode, the programmed trigger interval determines the rate at
which buffer readings are stored (paragraph 4.2.16).

4. In the one-shot trigger mode, each buffer reading to be stored must be separately trig-
gered. The trigger stimulus required depends on the programmed trigger source (para-
graph 4.2.19).

5. Sending either theI1 or I2 command to enable the buffer will clear the buffer of any previ-
ously-stored readings.

6. Theinstrument canbe programmed to generate an SRQ (service request) when the buffer
is full or half full. In addition, two bits in the status byte flag buffer-full and buffer-half-
full status. See paragraph 4.2.12.

7. Thereading format, which is set by the G command (paragraph 4.2.6), can be changed at
any time during buffer operation. The newly-programmed format will take effect with
the next talk operation.
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Programming
Examples

8. The buffer pointer will be reset by the DCL, SDC, and IFC commands.

9. Terminating a talk operation will not reset the buffer pointer; it will, however, abort the
current talk operation in progress.

10 REMOTE 707 ! Put 182 in remote.

20 DIM R$[100] ! Dimension reading string.
30 OUTPUT 707;"M4X” ! SRQ on buffer full.

40 OUTPUT 707;“11,100X" ! Enable buffer,100 readings.
50 PRINT “Filling buffer...”

60 STATUS7,7;S ! Get bus status.

70 IF NOT BIT(S,10) THEN 60 ! Wait for SRQ.

80 S=SPOLL(707) ! Clear SRQ.

90 OUTPUT 707;“F1X” ! Reading source is buffer.
100 OUTPUT 707;“G7X” ! Prefix,location,time stamp.
110 FORI=1TO 100 ! Loop for all locations.

120 ENTER 707;R$ ! Get buffer reading.

130 PRINT R$ ! Display buffer reading.

140 NEXT I ! Loop back for next reading.
150 END
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4.2.9 J — Analog Output Relative
Purpose To enable and disable analog outputrelative, and to program the analog output relative value
Format Jn or Jn,value
Parameters JO Disable analog output relative

N1 Enable analog output relative using next output value as relative value
J2,value = Enable analog output relative using value (+1E-9 to +30.3)
I3 Enable analog output relative using previous output relative value

Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to

Description

Programming
Note

Programming
Examples
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the programmed default. Factory default is analog output relative disabled (JO0).

TheJ command controls the analog output relative in a manner similar to the front panel REL
OUTPUT key. Sending J1 enables analog output relative, and the instrument will store the
next analog output value as the analog output relative value. J2,value allows you to program
the analog output relative value directly. Note that the analog output relative value is speci-
fied in volts. The J3 command enables analog output relative using the previous analog out-
put relative value whether that value was obtained using J1 or J2.

Additional information on using the analog output is located in paragraph 3.9.

In the one-shot trigger mode, the instrument must be triggered with the appropriate trigger
stimulus after enabling analog output relative before it will store the relative value.

10 OUTPUT 707;“J1X” ! Enable output relative.

20 OUTPUT 707;“J2,2X” ! Output relative = 2.

30 OUTPUT 707;“J0X” ! Disable output relative.

40 OUTPUT 707;“J3X” ! Enable relative using former

relative value.
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4.2.10

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

K — EOI and Bus Hold-Off

To enable/disable EOI and bus hold-off on X

Kn

KO
K1
K2
K3

Enable EOI, Enable bus hold-off on X
Disable EOI, Enable bus hold-off on X
Enable EQI, Disable bus hold-off on X
Disable EQOI, Disable bus hold-off on X

Upon power-up, or after receiving a DCL, SDC, L1X, or L2X command, the instrument re-
turns to the factory default KO (both EOI and bus hold-off on X enabled).

The EOI line provides one method to positively identify the last byte in the data string sent by
the instrument. When enabled, EOI is asserted with the last byte the instrument sends over
the bus.

Bus hold-off allows the instrument to temporarily hold up bus operation via the NRFD line
when it receives the X character until all commands are processed.

10
20

Some controllers rely on EOI to terminate their input sequences. Turning off EOI may
cause the controller input sequence to hang up.

When enabled, EOl is asserted with the last byte in the terminator.

When bus hold-off is enabled, all bus activity is held up for the duration of the hold-off
period — not just the activity associated with the Model 182.

OUTPUT 707;“K1X” ! No EQ], hold-off on X.
OUTPUT 707;“K2X” ! Send EOI with last byte, do
not hold-off on X.
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4.2.11 L — Save/Recall Configuration

Purpose To save a user-defined instrument configuration, and to recall factory default or user configu-
ration
Format Ln

Parameters Lo Save present configuration as power-up setup
L1 Restore factory default conditions
L2 Recall user configuration stored with LO command
Factory Default
Command Description
B1 6 1/2-digit display resolution
Jo Analog output disabled N1 Filters on
o0 Analog filter disabled
P2 Medium response digital filter
Qo Default trigger interval (250msec)
R5 30V range
S0 Line cycle integration period
T6 Multiple on external trigger
V0,1 Analog output source= meter, gain =1
WO Trigger delay disabled
Z0 Reading relative disabled

In addition, the following parameters are saved and recalled:

Parameter Factory Default
Analog output relative value ov
Analog output gain 1.0
Analog output source value ov
Reading relative value ov
Description The LO command allows you to store the desired instrument configuration as power-on de-

fault. L1 recalls the factory default instrument configuration, which is summarized in the ta-
bles above. L2 allows you to restore the configuration that was stored using the LO command.
The L2 configuration is the same as the default power-on and DCL/SDC configuration.

Programming 1. The L command does not affect the programmed primary address.

Notes The instrument will not process commands during the few seconds it takes to save or re-

call a setup. The bus will be held off during this period if NRFD hold-off is enabled.

3. Commands which pertain exclusively to bus operation (suchas Y, K, F, M, and G) are not
saved by the L command. L1 or L2 will recall factory defaults for these bus-only com-

mands.
Programming 10 OUTPUT 707;“L0X” ! Save current setup.
Examples 20 OUTPUT 707;“L1X” ! Restore factory setup.
30 OUTPUT 707;“L2X" ! Recall user setup.
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4.2.12

Purpose
Format

Parameters

Default

Description

M — SRQ Mask and Status Byte Format

To program which conditions generate an SRQ (service request)

Mn

MO SRQ disabled

M1 Reading done

M2 Buffer half full

M4 Buffer full

M8 Reading overflow
Mié6 Ready for command
M32 Error

M128 Ready for trigger

Upon power-up, or after receiving a DCL, SDC, or L1X or L2X command, the instrument re-
turns to the factory default, which is MO (SRQ disabled). NOTE: After power-up or a DCL or
SDC, all serial poll status byte bits, the SRQ annunciator, and the bus SRQ line will be cleared.

The SRQ command selects which conditions cause the Model 182 to generate a service request
via the bus SRQ line. Bits in the status byte will always be updated as events occur. Whether or
not the unit generates an SRQ for a given status byte condition depends on the condition of
the corresponding SRQ mask byte at the time the condition occurred. (Setting the mask bit of
an event that has already occurred but has not been cleared will not generate an SRQ.)

An 8-bit SRQ mask determines which conditions cause an SRQ to be generated. (See Figure
4-6.) By sending the appropriate M command along with the desired command options, you
can set the bit or bits to enable SRQ generation if those particular conditions occur.

Status Byte

The general format of the status byte is shown in Figure 4-6. Note that all bits except for bit 6
correspond to the bits in the SRQ mask. These bits are set and cleared under the following con-
ditions:

Bit Set by Cleared by

7 Ready for trigger Triggering unit

6 SRQ by 182 Reading status byte

5 Ul error Reading Ul status

4 Ready for command Processing command

3 Reading overflow Removing overflow condition

2 Buffer full Reinitializing buffer

1 Buffer at least half full Reinitializing buffer

0 Reading done Reading the conversion from the A/D converter
(F0), or by changing the trigger mode from multiple
to one-shot.
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Decimal Weighting | 128 | 64 | 32 | 16 8 4 2 1
Bit Position | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO
1 = Ready for Trigger —I |——1 = Reading Done
1=RQS 1 = Buffer Half Full
1 = Error 1 = Buffer Full
1 = Ready for Command 1 = Reading Overflow
Note : Bit 6 (RQS) not used in SRQ mask
Figure4-6.  SRQ Mask and Status Byte Format
Programming SRQ Mask
Notes 1. Theinstrument may be programmed to generate an SRQ for more than one set of condi-
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tions simultaneously. To do so, simply add up the decimal bit values for the required SRQ
conditions. For example, to enable SRQ under reading done (M1) and Ul error conditions
(M32), send M33X.

2. The front panel SRQ annunciator will turn on when the instrument generates an SRQ.
The SRQ indicator will turn off when the SRQ condition is cleared.

3. AnSRQ will be generated only if the corresponding bit(s) in the SRQ mask were already
set at the time the condition first occurred. Setting a mask bit for a condition that has al-
ready occurred (and has not been reset) will not generate an SRQ.

Status Byte

1. Ifan error occurs, bit 5 (error) in the status byte latches and remains latched until the U1l
word is read (paragraph 4.2.20). The Ul error status word defines the nature of the error.

2. Thestatusbyte should be read to clear the SRQ line once the instrument has generated an
SRQ. Bit 6 (RQS) is cleared when the status byte is read.

3. Even with SRQ disabled, the status byte can be read to determine corresponding instru-
ment conditions.

The reading overflow bit will not be set during auto-ranging activity.
5. The defined buffer full and buffer half full conditions depend on the programmed buffer

length (paragraph 4.2.8). For example, if the buffer has a programmed length of 100 read-
ings, buffer half full is defined as being at least 50 readings, and buffer full is 100 readings.
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Programming
Examples

10
20
30
40
50
60
70

80
90

DIM Err$[50]

REMOTE 707

OUTPUT 707;“M32X"
OUTPUT 707;“E1X”
S=SPOLL (707)

IF NOT BIT(S,5) THEN 50
PRINT “B7 B6 B5 B4 B3 B2
B1 B0~

FOR I=7 TO 0 STEP -1
PRINT BIT(S,I);

100 NEXT I

110 PRINT

120 OUTPUT 707;"U1X”
130 ENTER 707;Exr$

140 PRINT Err$

150 END

! Dimension string for error
! Put 182 in remote

! Program for SRQ on error

! Program invalid command
! Serial poll the 182

! Wait for SRQ to occur

! Label the bit positions

! Loop eight times
! Print the bit positions

! Request Ul error word
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a213 N — Enable/Disable Filters
Purpose To enable and disable the analog and digital filters
Format Nn
Parameters NO Disable filters
N1 Enable filters
Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the power-on programmed default. The factory default is N1 (filters enabled).
Description The N command enables and disables both the analog and digital filters if those filters are con-
figured to be enabled by their respective commands. The O command controls the analog fil-
ter configuration (paragraph 4.2.14), and the P command controls the digital filter response
(paragraph 4.2.15). The N command performs the same operation as the front panel FILTER
key.
Programming 10 OUTPUT 707;“N1X” ! Enable filters
Examples 20 OUTPUT 707;“NOX” ! Disable filters
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4.2.14

Purpose

Format

Parameters

Default

Description

Programming
Examples

O — Analog Filter Configuration

To control analog filter configuration when filters are enabled

On
o0 Configure analog filter off
o1 Configure analog filter on

Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the power-on programmed default. The factory default is O0 (analog filter off).

The O command controls the configuration the analog filter will assume when filters are
turned on with the N1 command. The analog filter should be turned on for maximum normal
mode noise rejection, and it should be turned off for shortest settling times. Refer to para-
graph 3.7 for more information on the analog filter.

10 OUTPUT 707;“0O1X” ! Analog filter on
20 OUTPUT 707;“O0X” ! Analog filter off
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a215 P — Digital Filter Configuration
Purpose To control the digital filter state and response
Format Pn
Parameters PO Configure digital filter off
P1 Configure fast response
P2 Configure medium response
P3 Configure slow response
Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed power-up default. The factory default is P2 (medium response).
Description The P command controls the response of the 3-pole digital filter when filters are enabled with
the N1 command. With PO, the digital filter is completely disabled. P1 provides fast response
filtering, which is the minimum digital filtering available. At the opposite extreme, P3 gives
slow response filtering without a window. Detailed information on digital filter characteris-
tics is located in paragraph 3.7.
Programming 1. Using the digital filter will affect the reading settling time and may reduce the overall
Notes reading rate.
2. Using the Model 182 with the digital filter disabled may result in excessively noisy read-
ings, especially on the lower measurement ranges.
3. Both the digital and analog filters are turned on and off with the N command (paragraph
4.2.13).
Programming 10 OUTPUT 707;“P2X” ! Medium response filter.
Examples 20 OUTPUT 707;“P3X” ! Slow response filter.
30 OUTPUT 707;“POX” ! Disable digital filter.
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4.2.16

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

Q — Trigger Interval

To program the time interval between readings in the multiple trigger mode
Qvalue
Qvalue Value = interval (10-999 999msec)

Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed default. Factory default is Q250 (250msec interval).

The Q command sets the trigger interval of the instrument where Qvalue sets the interval in
msec. The minimum interval value is 10msec, and the maximum interval value is
999 999msec.

1. The trigger interval applies only when the instrument is in the multiple trigger mode; it
does not apply in the one-shot trigger mode (paragraph 4.2.19).

2. The programmed trigger interval affects the interval at which the instrument stores
buffer readings when the buffer is enabled (paragraph 4.2.8).

3. Setting the trigger interval too short for the programmed integration period will result in
the instrument using the shortest interval it can under the current configuration. The pro-
grammed trigger interval will be retained and may be achieved if the configuration later
changes.

10 OUTPUT 707;“Q0X” ! Program default interval.
20 OUTPUT 707;“Q1000X” ! Select 1sec interval.
30 OUTPUT 707;“Q200X” ! Program 200msec interval.
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4.2.17 R — Range
Purpose To program the measurement range
Format Rn
Parameters RO Enable auto-range
R1 3mV range
R2 30mV range
R3 300mV range
R4 3V range
R5 30V range
R6 No function
R7 No function
R8 Disable auto-range
Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed power-up default conditions. The factory default is R5 (30V range).
Description The R command controls the instrument’s manual range and also allows you to control auto-
ranging, combining the functions of the front panel RANGE UP, DOWN, and AUTO keys.
When using manual ranging, you should choose the lowest range possible without overflow-
ing the instrument for best accuracy and resolution.
Programming 1. Choosing a manual range too low for the applied signal cause an overflow condition. The
Notes instrument can be programmed to generate an SRQ if an overflow condition occurs (para-
graph 4.2.12).
2. Réand R7 are effectively no-operation commands, which are included for compatibility
with the Model 181 Nanovoltmeter. Sending R6 or R7 will not generate an INVALID OP-
TION error.
3. When auto-range is disabled using the R8 command, the instrument will stay on the pre-
sent range.
Programming 10 OUTPUT 707;“R2X” ! Program 30mV range.
Examples 20 OUTPUT 707;“R1X” ! Program 3mV range.
30 OUTPUT 707;“R0X” ! Enable auto-range.
40 OUTPUT 707;“R8X” ! Disable auto-range.
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4.2.18

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

S — Integration Period

To set the integration period of the A/D converter

Sn

S0 Line cycle integration

S1 3msec integration period
S2 100msec integration period

Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed power-up conditions. The factory default is SO (line cycle integration).

The S command sets the integration period of the A/D converter. Available periods are line
cycle, 3msec, and 100msec. With line cycle, the period is 20msec when the instrument is oper-
ated from 50Hz power sources, and the period is 16.67msec when the instrument is operated
from 60Hz power sources.

1. The programmed integration period affects the usable resolution and noise. For maxi-
mum resolution and minimum noise, use 100msec integration. To obtain the fastest read-
ing rates with short trigger intervals, use a 3msec integration period (noise will increase,
and usable resolution will decrease, however).

2. Thepower line frequency, which determines the integration period for line-cycle integra-
tion, is automatically detected by the instrument on power-up; no user programming is
necessary to set the line frequency.

3. Selecting an integration period too long for the programmed trigger interval will result in
the instrument’s using the shortest possible trigger interval under the current instrument
configuration.

10 OUTPUT 707;“S0X” ! Select line cycle period.
20 OUTPUT 707;“S1X” ! Select 3msec period.
30 OUTPUT 707;“S2X” ! Select 100msec period.
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4.2.19 T — Trigger Mode and Source
Purpose To program the trigger source and mode
Format Tn
Parameters TO Multiple on talk

T1 One-shot on talk
T2 Multiple on GET
T3 One-shot on GET
T4 Multiple on X
T5 One-shot on X
T6 Multiple on external
T7 One-shot on external
T8 Multiple on manual
T9 One-shot on manual
T10 Disable all triggers

Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to

Description

Programming

Notes

Programming
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Examples

the programmed power-up configuration. Factory default trigger mode and source is T6
(multiple on external).

The T command controls both the trigger mode and the trigger source. The two trigger modes
are multiple and one-shot. In the multiple mode, the instrument processes an unending series
of readings at the interval specified with the Q command without requiring a trigger for each
reading. In one-shot, however, a separate trigger is required for the instrument to process
each reading. The trigger stimulus depends on which of the following trigger sources is pro-
grammed:

Talk The IEEE-488 bus talk command provides the trigger
GET The multiline GET command triggers the unit
X The X (execute) command triggers the Model 182

External A trigger pulse applied to the rear panel EXTERNAL
TRIGGER INPUT provides the trigger
Manual  Pressing the front panel MANUAL key triggers the unit

1. The talk command trigger value must correspond to the programmed primary address.
For example, with the default primary address of 7, the correct talk command byte is 47H.

2. Paragraph 3.6 covers triggering in detail.

3. After changing froma one-shot trigger mode to a multiple trigger mode, you must supply
the appropriate trigger stimulus before the instrument will begin processing readings.

4. The instrument can also be triggered with the HO command (or by pressing MANUAL
while in local) regardless of the programmed trigger source unless triggers are disabled.

10 OUTPUT 707;“T1X ! One-shot on talk.
20 OUTPUT 707;“T3X” ! One-shot on GET.
30 OUTPUT 707;“T8X” ! Multiple on manual.
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4.2.20

Purpose

Format

Parameters

Description

U — Alternate Output

To obtain various instrument status words

Un

U0 Send machine status

Ul Send error status

U2 Send firmware revision

U3 Send buffer length

U4 Send buffer average

U5 Send buffer standard deviation
Ué Send reading relative value

u7 Send analog output relative value
U8 Send analog output gain value
U9 Send trigger interval

U10 Send trigger delay value

Ul1l Send calibration constants

Ui2 Send calibration lock status
U13 Send Model 181-like status
Ul4 Send ASCII text string

By sending the appropriate U command and then addressing the instrument to talk as with
default output, you can obtain information on machine status, error conditions, and other in-
formation on the buffer, relative and gain values, and calibration information. The informa-
tion is transmitted only once each time after the U command is received by the instrument.

U0 — Machine Status Word

The format of the U0 machine status word is shown in Figure 4-7. After the 182 identifier, the
letters correspond to the modes programmed by the respective device-dependent com-
mands.

U1 — Error Status Word

The Ul command allows access to the error status words, which contains information on
Model 182 error conditions. The error status word (Figure 4-8) is actually a string of ASCII
characters representing binary bit positions. A value of 1in a given position indicates that the
condition occurred, while a value of 0 in a given position indicates that the condition did not
occur.

Reading the U1 status clears any latched bits. An error condition is flagged in the status byte,
and the instrument can be programmed to generate an SRQ when an error occurs (see para-
graph 4.2.12).
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Model

Number

Note : Default values shown

182B1F0G1I10JOKOMOOONT1O0OP1R4S0TO06VOYO0ZO<term + EOl>

B (Resolution)

0=51/2
1=61/2
2=31/2
3=41/2

K (EOI)

0 = EOI, hold-off on

1 = EOI off, hold-off on
2 = EOI on, hold-off off
3 = EOI off, hold-off off

S (Integration)
0 = Line cycle

1 = 3msec
2 =100msec

Figure 4-7.

F (Data Source)

0=AD

1 = Single Buffer

2 = Full Buffer

3 = Maximum Buffer
4 = Minimum Buffer

M (SRQ)

000 = Disabled

001 = Reading Done

002 = Buffer half full

004 = Buffer full

008 = Reading overflow
016 = Ready for command
032 = Error

128 = Ready for trigger

T (Trigger)

00 = Multiple on talk

01 = One-shot on talk

02 = Multiple on GET

03 = One shot on GET
04 = Multiple on X

05 = One-shot on X

06 = Multiple on external
07 = One-shot on external
08 = Multiple on manual
09 = One-shot on manual
10 = All triggers disabled

G (Data Format)

0 = Reading only

1 = Prefix

2 = Location

3 = Location, prefix

4 = Time stamp

5 = Time stamp, prefix

6 = Time stamp, location

7 = Prefix, location, time
stamp

N (Filter)

0= Off
1=0n

V (Output Configure)

0 = Normal
1 = Source

U0 Machine Status Word

1 (Buffer)

0 = Disabled
1 = Linear
2 = Circular

P (Digital Filter)

0 = Disabled
1 = Fast
2 = Medium
3 = Slow

O (Analog Filter)

0 = Off
1=0n

Y (Terminator)

0=<CRLF>
1=<LFCR>
2=<CR>
3=<LF>

J (Output Relative)

0 = Disabled

1 = Enabled, use next reading

2 = Enabled using value

3 = Enabled using present value

R (Range)

0 = Auto
1=3mV
2=30mV
3 =300mV
4=3V
5=30V

Z (Reading Relative)

0 = Disabled

1 = Enabled using reading

2 = Enabled using value

3 = Enabled using present value
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Error Reserved
Prefix

) (Bit0 B|t|1 6 l

ERR000000000000000000000<term+EOI>

1 = Invalid Command Error 1 = Trigger not Ready
1 = Invalid Format Error Error
1 = Invalid Option Error 1 = A/D Com Failure
1 = Not in Remote Error Error
1 = Trigger Overrun Error 1 = Front Panel Failure

1 = Overflow Error

1 = NVRAM Error

1 = RAM Error Reserved

1 = Uncalibrated Error

Reserved

1 = Cal Error

1 = In Cal Locked Error

1 = Cal Running Error

Figure4-8. Ul Error Status Word Format

The corresponding bit(s) in the U1 error status word are set to 1 when the following condi-
tions are present:

Invalid Command Error (bit 0): An Invalid Device-Dependent Command was received (see
paragraph 4.5.1).

Invalid Format Error (bit 1): An Invalid Device-Dependent Command Format error occurred
(paragraph 4.5.1).

Invalid Option Error (bit 2): An Invalid Device-Dependent Command Option was received
(paragraph 4.5.1).

Not in Remote Error (bit 3): The unit received a command while not in remote (paragraph
4.5.1).

Trigger Overrun Error (bit 4): The unit was triggered while still processing a reading from a
previous trigger (one-shot trigger mode only).

Overflow Error (bit 5): A reading overflow condition has occurred because the input signal
exceeds the range of the A/D converter.
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NVRAM Error (bit 6): An error condition in the NVRAM was detected during the self-test.
RAM Error (bit 7): An error condition in RAM was detected during the self-test.

Uncalibrated Error (bit 8): Upon power-up, the calibration constants were found to be cor-
rupted, or the unit was never properly calibrated.

Cal Running Error (bit 9): The unit received an invalid command while in the calibration
mode. Valid commands which can be sent during calibration include:

SRQ mask (M)

Range, except auto-range (R)
Calibration (C)

Display (A)

Reading format (G)
Terminators (Y)

EOI and hold-off (K)
Alternate output (U)

Cal Locked Error (bit 10): Unit received a calibration command with calibration locked.

Cal Error (bit 11): Unit received calibration value outside the allowed range for the applied
calibration signal.

Reserved bits (12 and 13): These bits are reserved for future expansion.

A/D Com Error (bit 14): A communication error was detected with the A/D converter
microcontroller.

Front Panel Failure (bit 15): A communication error was detected with the front panel
microcontroller.

Trigger Not Ready (bit 16): The unit received a trigger, but the instrument is still processing
the previous trigger.

Reserved (bits 17-20): These bits are reserved for future expansion.

U2 — Firmware Revision

Theresponse toa U2 command is a string denoting the instrument firmware revision level for
all three processors, as shown in Figure 4-9.
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Front Panel

Processor
Revision A/D Main
Identifier Processor Processor

I_J_1 :

REVAOI<space><space>, AOl<space><space>, AOl<spare><space><term+EOI>

Note : Revision levels may vary from those shown,
but will include a letter followed by two numbers.

Figure4-9. U2 Word Format (Firmware Revision)

For example, a firmware revision level of A01 for all three processors would be sent as fol-
lows:

182A01 ,A01 ,A01

The U2 word is sent with two trailing spaces after each revision level parameter plus the ter-
minator and EOI at the end of the string (unless disabled with the K command).

U3-U5 — Buffer Information

The U3 through U6 commands return information on buffer length, average value, and stan-
dard deviation. The length is the programmed maximum length of the buffer.

Formats for these returned values are shown in Figures 4-10 through 4-12.

Programmed
Buffer Length
(1-1024)
Length
Identifier

—
LENOO00O<term+EOQI>

Figure 4-10. U3 Word Format (Buffer Length)
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Floating Point Average Value (Volts)

Average
Identifier
|

| 1
AVE+0.000000E-+00<term+EOl>

Figure 4-11. U4 Word Format (Buffer Average)

Standard Floating Point
Deviation Standard Deviation
Identifier Value (Volts)

]

|
i 1
STD+0.000000E+00<term+EOI>

Figure 4-12. U5 Word Format (Buffer Standard Deviation)

U6-U8 — Relative and Gain Values

U6 returns the reading relative value and has the format shown in Figure 4-13. U7 and U8 re-

turn the analog output relative and gain values respectively; formats for these two status
words are shown in Figures 4-14 and 4-15.

Floating Point
Reading Relative
Reading  Value (Volts)
(Measurement)
Relative Identifier

1
I |
MRL+0.000000E+00<term+EOQOI>

Figure 4-13. U6 Word Format (Reading Relative Value)
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Output Floating Point
Relative  Output Relative
Identifier Value (Volts)

]

|
— ]
ORL+0.000000E+00<term+EOQI>

Figure 4-14. U7 Word Format (Analog Output Relative Value)

Output Floating Point
Gain Output Gain
Identifier Value (Volts)
1

 — |
OGN+1.000000E+00<term+EQI>

Figure 4-15. U8 Word format (Analog Output Gain)

U9 and U10 — Trigger Interval and Trigger Delay

U9 returns the programmed trigger interval with the format shown in Figure 4-16. U10 re-
turns the trigger delay value and is shown in Figure 4-17.

Trigger Trigger
Interval Interval
Identifier Value (msec)

o
INT000250<term+EOI>

Figure 4-16. U9 Word Format (Trigger interval)
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Trigger Trigger
Delay Delay
Identifier Value (msec)

DLY000000<term+EQI>

Figure4-17.  U10 Word Format (Trigger Delay)

U11 and U12 — Calibration

U11 returns the calibration constants with the format shown in Figure 4-18. U12 returns cali-
bration lock status and is shown in Figure 4-19.

442
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Calibration

Constants

Identifier 3mV PFS 3mV NFS 3mV Zero
] ] ] ]

— 1T 11 1
, +4.000000E-01 , +5.000000E-08,

I
CAL+4.000000E-01

30mV PFS 30mV NFS 30mV Zero
| ] ]
I

T 1T 1 1
+4.000000E-01 , +4.000000E-01 , +4.000000E-08,

300mV PFS 300mV NFS 300mV Zero
1 | ]
[ 1 1 ]
H

I 1
+4.000000E-01 , +4.000000E-01 , +5.000000E-08

3V PFS 3V NFS 3V Zero
| |
[ 1

I 1 T 1
+4.000000E-01 , +4.000000E+01 , +4.000000E+07,

30V PFS 30V NFS 30V Zero
] ] | |

I 1 1T
+4.000000E-01 , +4.000000E+01 , + .000000E+0 ,

Divider Sourcie PFS Source Zero
] ]
[ 1 T 1T 1
+1.000000E-00 , +0.000000E+00 , + .000000E+00 <term+EQI>

Notes: 1. String shown broken down for clarity. Actual
string is sent as continuous string.
2. PFS = positive full scale; NFS = negative full scale.
3. Actual calibration values are determined at
calibration time and will vary from those shown

Figure 4-18. U11 Word Format (Calibration Constants)

Calibration
Lock
Identifier

—
LCK 1 <«term+EOQOI>

1 = Calibration locked
0 = Calibration unlocked

Figure 4-19.  U12 Word Format (Calibration Lock Status)
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U13 — Model 181-Like Machine Status

Ul3 returns the machine status using Model 181 Nanovoltmeter format. This command is in-
cluded for compatibility with the Model 181, and it has the format shown in Figure 4-20.

510100600 <Term + EOl>

T L)

R(Range) B P (Digital Filter) D (Damping) M (SRQ) T (Trigger) K (EO1 and Hold-off) Y (Terminator)
0 = Auto 0w51/2 0 = Disabled 0=Off 0 Disabled 0 = Muttiple on talk 0 EOI hnld-oﬂ enabled :<CRLF>or <LF>
1=3mV 1=612 Enablad using reading 1 = Fast 1=On = Reading Done 1 = One-shot on = EOl di hold-off = <LF CR>or CR
2=30mV 2«31 2 Enabled using value = 2 = Medium 2 Buffer half full 2 = Multiple on GET onabled
3=300mV 3=41/2 3 = Enabled using prior 3 = High 4 = Buffer full 3 = One shoton GET 2 EOI enabled, hold-off
4=3V value 8 = Reading 4 = Muttiple on X
§=30v overflow 5 = One-shot on X 3 Both EOl and hold-off off
6 = Ready 6 = Muttiple on
032 = Error external

128 = Ready for 7 = One-shot on
i external

8 = Muttiple on manual
9 = One-shot on

= All triggers
disabled

Figure 4-20.  U13 Word Format (Model 181-Like Status)

U14 — Stored ASCII Text String

The U14 command returns the ASCII text string which was stored in EEROM using the A2
command (paragraph 4.2.1). The general format of the U14 word is shown in Figure 4-21.

Message String
Identifier Stored in EPROM
| |
[ 1 I 1

M S G ' <string> ' <term+EOQOI>

Single Quote
Delimiters

Figure 4-21.  U14 Word Format (Stored Message String)
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Programming
Notes

Programming
Examples

10
20
30
40
50
60
70
80

The terminator sequence is sent at the end of the alternate output strings. The terminator
is programmed with the Y command (paragraph 4.2.24). Default terminator is
<CR><LF>.

EOI will be asserted with the last character of the alternate output sequence if enabled
with the K command (paragraph 4.2.10). Default is EOI enabled.

<string> will always contain 49 characters. Unused positions will be padded with spaces.

DIM St$[300] ! Dimension status string
REMOTE 707 ! Put 182 in remote
FORI=0TO 14 ! Loop for all status words.
OUTPUT 707;“U”;L;“X” ! Program 182 with U command
ENTER 707;5t$ ! Get U status

PRINT St$ ! Print U status

NEXTI ! Loop back for next status
END
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4.2.21 V — Analog Output Configuration, Gain, and
Value
Purpose To program the analog output configuration (normal or source), and to program the gain and
source value
Format Vn,m
Parameters VO,gain = Normal mode, gain (.001-999 999.999)
Vl,value Source mode, output=value (-3.3 to +3.3)
Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed power-up default value. The factory default is V0,1 (normal, gain =1).
Description The V0,gain command selects the normal operating mode for the analog output. You can set
the gain t0.001 to 999 999.999 by including the gain parameter as required. The reading will be
multiplied by this gain factor and by an internal gain factor that depends on the range (see
paragraph 3.1).
V1,value sets the analog output for source operation and allows you to program the analog
output voltage to the desired value in the range of -3.3V to +3.3V. This feature is convenient
for testing the analog output. The resolution of the output value is ImV.
Paragraph 3.9 covers analog output operation in detail.
Programming Youmust include both parameters when using the V command, even if one of the parameters
Note is to be left unchanged.
Programming 10 OUTPUT 707;“V0,100X" ! Normal mode,gain=100.
Examples 20 OUTPUT 707;“V1,2.5X” ! Source mode, value=2.5V.
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4.2.22

Purpose

Format

Parameters

Default

Description

Programming
Note

Programming
Examples

W — Trigger Delay
To enable/disable the trigger delay, and to program the trigger delay period
Wn

WO Disabled trigger delay
Wvalue  Enable delay, delay=value (Imsec to 999999msec)

Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to
the programmed power-up condition. Factory default is W250 (250msec).

The W command controls the trigger delay period, which is the period from the time when
the instrument is triggered to the time it starts the first A/D conversion in the reading. The
trigger delay is intended to add a user-defined settling time.

The trigger delay period is in effect only when the instrument is in the one-shot trigger mode.

10 OUTPUT 707;“W1000X" ! Program 1sec trigger delay.
20 OUTPUT 707;“W0X” ! Disable trigger delay.

4-47



SECTION 4
IEEE-488 Reference

4.2.23

Purpose

Format

Parameters

Description

Programming
Notes

Programming
Examples

X — Execute

To direct the Model 182 to execute device-dependent commands received since last X

<command>X

None

The execute command is implemented by sending an ASCII “X” over the bus. Its purpose is to
direct the unit to execute other device-dependent commands such as R (range). Usually, the
execute character is the last character in the command string (a number of commands may be
grouped together into one string); however, there may be certain cases when it is desirable to
send a command string at one time, and then send the execute character later on.

10
20
30
40
50

Commands or command strings sent without the X character are not executed at that
time, but they are stored in an internal command buffer for later execution. When the X
character is finally transmitted, the stored commands are executed, assuming that all
commands in the previous string were valid.

Commands are not necessarily executed in the order sent (see Table 4-2). To force a par-
ticular command sequence, include the X character after each command in the command
string.

If an error is detected in the command string, no commands up to the “X” will be exe-
cuted.

OUTPUT 707;“R1X” ! Execute single command.
OUTPUT 707;“ROG1X” ! Execute multiple command string.
OUTPUT 707;“TOXW100X” ! Force command sequence.
OUTPUT 707;“A1B1” ! Send string without executing.
OUTPUT 707;“X” ! Execute previous command string.
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4.2.24

Purpose

Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

Y — Terminator

To select the ASCII terminator sequence that marks the end of the reading and U command

output strings

Yn

YO <CRLF>
Y1 <LF CR>
Y2 <CR>

Y3 <LF>
Y10 <CRLF>
Y13 <LF CR>

Upon power-up, or after receiving a DCL, SDC, or L1X or L2X command, the instrument re-
turns to the factory default, which is YO (<CR><LF>).

By using the Y command, you can program the number and type of terminator characters the
instrument sends at the end of its default output and alternate output strings. Available ter-
minator characters are the commonly used CR (carriage return, ASCII 13) and LF (line feed,
ASCII 10) characters. These terminators are recognized by most controllers.

10
20

Selecting the wrong terminator for the controller could cause the bus to hang when at-
tempting to read data from the instrument.

EOI will be asserted with the last terminator character if enabled with the K command
(paragraph 4.2.10).

OUTPUT 707;“Y1X” ! Terminate on <LF> <CR>.
OUTPUT 707;“Y0X” ! Restore default terminator.
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4.2.25 Z — Reading Relative
Purpose To enable/disable reading relative, and to program the reading relative value ‘
Format Zn or Zn,value
Parameters Z0 Disable reading relative

Z1 Enable reading relative using next reading
Z2,value Enable reading relative using value (z1E-9 to +30.3)
z3 Enable reading relative using present value

Default Upon power-up, or after receiving a DCL, SDC, or L2X command, the instrument returns to

Description

Programming
Notes

Programming
Examples

4-50

the programmed default value. Factory default is reading relative disabled (Z0).

The Z command enables or disables reading relative in the same way as the front panel REL
READING key. In addition, a feature allows you to program the reading relative value di-
rectly.

With Z1, the instrument will store the first triggered conversion after the command is re-
ceived as the relative value. With Z2,value, you can program the relative value directly in
volts. Z3 enables relative using the previously-stored reading relative value whether that
value was stored using Z1 or Z2.

Additional information on using reading relative is located in paragraph 3.8.

1. On the one-shot trigger mode, the instrument must be triggered with the appropriate
trigger stimulus before it will store the reading relative value.

2. Programming a relative value larger than the present range can handle will result in an

overflow condition.
10 OUTPUT 707;“Z1X” ! Enable reading relative.
20 OUTPUT 707;“Z2,25E-3X” ! Enable relative, value=25mV.
30 OUTPUT 707;“Z0X” ! Disable relative.
40 OUTPUT 707;“Z3X” ! Enable relative using

previous value.
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4.3 GENERAL BUS COMMANDS

General bus commands are those IEEE-488 commands
such as DCL (Device Clear) that have the same general
meaning regardless of the instrument. Commands sup-
ported by the Model 182 arelisted in Table4-3, which also
lists HP BASIC 4.0 statements necessary to send each
command. Note that commands requiring that a primary
address be specified assume that the primary address is
set to 7 (the default primary address of the Model 182).

4.3.1 REN (Remote Enable)

The remote enable command is sent to the Model 182 by
the controller to set up the instrument for remote opera-
tion. Generally, the instrument should be placed in the
remote mode before attempting to program it over the
bus. Simply setting REN true does not actually place the
instrument in the remote state. Instead the instrument
must be addressed to listen after setting REN true before
it actually goes into remote.

Note that the instrument need not be in remote to be a
talker.

Programming Example — The remote enable sequence
is automatically performed by the controller when the
following is typed into the keyboard.

REMOTE 707

After the RETURN key is pressed, the instrument is in the
remote state, as indicated by the REM light. If not, check

to see that the instrument is set to the proper primary ad-
dress (7), and check to see that the bus connections are
properly made.

Note that all front panel controls except for LOCAL (and,
of course, POWER) are inoperative while the instrument
is in remote. You can restore normal front panel opera-
tion by pressing the LOCAL key (except when Local
Lockout is in effect, in which case LOCAL will also be
locked out).

4.3.2 IFC (Interface Clear)

The IFC command is sent by the controller to place the
Model 182 in the local, talker and listener idle states. To
send the IFC command, the controller need only set the
IFC line true for a minimum of 100usec. Note that the
status byte, SRQ line, and SRQ annunciator are not af-
fected by IFC.

Programming Example — Before demonstrating the IFC
command, turn on the TALK indicator with the follow-
ing statement:

ENTER 707;A%

At this point, the TALK light should be on. The IFC com-
mand can be sent by entering the following statement
into the computer:

ABORT 7
After the RETURN key is pressed, the TALK indicator

turns off, indicating that the instrument has gone into the
talker idle state.

Table 4-3. General Bus Commands and Associated BASIC Statements

HP BASIC 4.0
Command Statement Effect on Model 182
REN REMOTE 7 Goes into effect when next addressed to listen.
IFC ABORT 7 Goes into talker and listener idle states.
LLO LOCAL LOCKOUT 7 LOCAL key locked out.
GTL LOCAL 707 Cancels remote, restores front panel operation.
DCL CLEAR7 Returns to power-up default conditions.
SDC CLEAR 707 Returns to power-up default conditions.
SPE,SPD SPOLL(707) Serial polls 182, returns status byte.
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4.3.3 LLO (Local Lockout)

The LLO command is used to prevent local operation of
the instrument. After the unit receives LLO, all its front
panel controls except POWER are inoperative.

Programming Example — The LLO command is sent by
entering the following statements:

REMOTE 707
LOCAL LOCKOUT 7

After the second statement is executed, the instrument’s
front panel controls are locked out, including the LOCAL
key.

Torestore front panel operation after asserting LLO, send
GTL, as discussed in the following paragraph.

43.4 GTL (Go To Local)

The GTL command is used to take the instrument out of
the remote state and restore operation of the front panel
keys. GTL will also cancel LLO if the instrument is cur-
rently in the local lockout state.

Programming Example — Place the instrument in the re-
mote state with the following statement:

REMOTE 707
Now send GTL with the following statement:
LOCAL 707

Note that the instrument goes into the local state, and that
operation of the front panel keys has now been restored.

4.3.5 DCL (Device Clear)

The DCL command may be used to clear the Model 182
and return it to its power- up default conditions (see Ta-
ble 4-4). Note that the DCL command is not an addressed

4-52

command, so all instruments designed to implement
DCL will do so simultaneously. When the Model 182 re-
ceives a DCL command, it returns to the power-up de-
fault conditions, except for the programmed primary ad-
dress, which is not affected by DCL. Note that the serial
poll status byte, SRQ line, and SRQ annunciator are
cleared by DCL.

Programming Example — Place the unit in an operating
mode that is not a power-up default condition. Now en-
ter the following statement from the controller keyboard:

CLEAR7

When the RETURN key is pressed, the instrument re-
turns to the power-up default conditions.

4.3.6 SDC (Selective Device Clear)

The SDC command is an addressed command that per-
forms exactly 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 selected instruments instead of clearing all instru-
ments simultaneously, as is the case with DCL. When the
Model 182 receives the SDC command, it returns to the
power-up default conditions (Table 4-4). Like DCL, SDC
does not affect the programmed primary address. Note
that the serial poll status byte, SRQ line, and SRQ annun-
ciator are cleared by SDC.

Programming Example — Place the unit in an operating
mode that is not a power-up default condition. Now en-
ter the following statement from the controller keyboard:

CLEAR 707

This command sends the following IEEE-488 commands:
UNT UNL LISTEN 22 SDC. When the statement is exe-
cuted, the instrument executes its power-up sequence
and returns to the power-up default configuration.

43.7 SPE, SPD (Serial Polling)

The serial polling sequence is used to obtain the Model
182 status byte. The status byte contains important infor-
mation about internal functions, as described in para-
graph 4.2.10. Generally, the serial polling sequence is
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used by the controller to determine which of several in-
struments has requested service with the SRQ line. Also,
the serial polling sequence may be performed at any time
to obtain the status byte from the Model 182.

Programming Example — The SPOLL statement auto-
matically performs the serial poll sequence. To demon-
strate serial polling, enter in the following program lines
into the computer:

10 S=SPOLL (707)
20 PRINT “STATUS BYTE=";S
30 END

RUN the program and note that the decimal value of the
status byte is displayed on the controller CRT.

Table 4-4. Factory Default Conditions

Command | Description
B1 6 1/2-digit display resolution
FO* A /D converter reading source
G1* Reading with prefix data format
10* Buffer disabled
Jo Analog output disabled
Ko* EOI and hold-off enabled
Mo* SRQ disabled
N1 Filters on
o0 Analog filter disabled
P2 Medium response digital filter
Qo Default trigger interval (250msec)
R5 30V range
S0 Line cycle integration period
T6 Multiple on external trigger
V0,1 Analog output source= meter, gain =1
WO Trigger delay disabled
YO* <CR LF> terminator
Z0 Reading relative disabled

NOTE: Factory default conditions can be restored with the L1X command. DCL or
SDC do not affect the primary address.

*These command states are not stored by save setup and will return to factory defaults
with SDC, DCL, L1, or L2.

4.4 PRIMARY ADDRESS PROGRAMMING

The Model 182 must receive a listen command before re-
sponding to addressed commands. Similarly, the unit

must receive a talk command before transmitting data.
The Model 182 is shipped from the factory with a pro-
grammed primary address of 7.

The primary address may be set to any value between 0
and 30 aslong as address conflicts with other instruments
are avoided. Note that controllers also use a primary ad-
dress, so do not use the same address as the controller.
Most frequently, controller addresses are 0 or 21, but you
should consult the controller’s instruction manual for de-
tails. Whatever primary address you choose, you must
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 to a
new one, perform the following procedure:

1. Pressthe MENU button, then pressA twicetoscroll
to the following message:

SET IEEE ADDRESS

2. Press ENTER to display the current address:

IEEE Address: 07

3. To retain the current address and return to normal
display, press ESC twice to exit from the menu.

4. To change the primary address, key in the new value
using the numeric entry keys in the range of 0 to 30.

NOTE
Each device on the bus must have a unique
primary address. Failure to observe this pre-
caution will result in improper bus operation.

5. Press ENTER to complete programming the new ad-
dress (or press ESC to cancel your entry and leave the
address unchanged).

NOTE
The primary address is automatically saved as
power-on default when entered.

6. Press ESC to exit the menu and return to normal dis-
play.
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4.5 FRONTPANEL ASPECTS OF IEEE-488
OPERATION

The following paragraphs discuss aspects of the front
panel that are part of IEEE-488 operation, including mes-
sages, status indicators, and the LOCAL key.

4.5.1 Front Panel Error Messages

The Model 182 has a number of front panel error mes-
sages that are associated exclusively with IEEE-488 op-
erations. These messages, which are listed in Table 4-5,
inform you of certain conditions that occur when pro-
gramming the instrument.

The following paragraphs describe only those front
panel messages associated exclusively with IEEE-488
programming. Note that the instrument may be pro-
grammed to generate an SRQ, and the U1 error word can
be checked for specific error conditions if any of these er-
rors occur. See paragraphs 4.2.12 and 4.2.20.

INVALID COMMAND Error

AnINVALID COMMAND error occurs when the unit re-
ceives an invalid device-dependent command over the
bus. For example, the command string E1X includes an
invalid command because “E” is an invalid command let-
ter. When an invalid command is received, the instru-
ment briefly displays the INVALID COMMAND error
message.

NOTE
When an INVALID COMMAND error is de-
tected in a command string, all commands in
the string, up to and including the next X, are
ignored. ‘ '

To correct error conditions, send only valid commands.
Refer to paragraph 4.2 for device-dependent command
programming details. Note that an INVALID COM-
MAND error is also flagged in bit 0 of the U1 error status
word, as discussed in paragraph 4.2.20.

INVALID FORMAT Error

An INVALID FORMAT error indicates that a command
with improper format has been received. When an IN-
VALID FORMAT error occurs, the INVALID FORMAT
message will appear on the top line, and the specific error
message summarized in Table 4-6 will appear on the bot-
tom line. An INVALID FORMAT error is also flagged in
bit 1 of the U1 error word (paragraph 4.2.9).

INVALID OPTION Error

Sending the instrument a valid command with an invalid
optionresults in the display of the INVALID OPTION er-
ror message on the top line, along with the pertinent mes-
sage listed in Table 4-7 appearing on the bottom line.

For example, the command K4X has an invalid option (4)
that is not part of the instrument’s programming lan-
guage. Thus, although the command K is valid, the op-
tion is not, and the INVALID OPTION error results.

NOTE
When an INVALID OPTION error is detected
in a command string, all commands in the
string, up to and including the next X, are ig-
nored.

Table 4-5. IEEE-488 Front Panel Error Messages

Message Description

INVALID COMMAND Invalid Device-Dependent Command

INVALID OPTION Invalid Device-Dependent Command Option

INVALID FORMAT Invalid Device-Dependent Command Format

NOT IN REMOTE Unit is not in remote

TRIGGER NOT READY Unit received trigger, but still processing previous trigger
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Table 4-6. INVALID FORMAT Error Messages

Error Message Comments

Invalid character Invalid non-white space character found in input string

Repeated sign in integer Repeated sign character for integer part

Sign in fraction Received sign character in fractional part

Repeated sign in exponent Received repeated sign character in exponent

Repeated decimal point Received repeated decimal point in mantissa

Decimal point in exponent Received decimal point in exponent

Multiple E’s in exponent Received multiple exponent (E) characters

Too many digits in exponent Exponent greater than two digits

Too many digits in integer Too many significant digits in integer part of
fractional number

Too many digits in fraction Too many significant digits in fractional part of
fractional number

Table 4-7. INVALID OPTION Error Conditions

Error Message

Comments

Parameter value out of range

Consult specific command description for valid
parameter range

To correct this error condition, use only valid command
options, as discussed in paragraph 4.2. Note that an IN-
VALID OPTION error is also flagged in bit 2 of the U1 er-
ror word, as discussed in paragraph 4.2.20.

NOT IN REMOTE Error

A NOT IN REMOTE error occurs if the instrument re-
ceives an “X” while the bus REN line is false. The NOT IN
REMOTE error message is displayed under these condi-
tions. This error is caused by failing to set the REN line
true before addressing the Model 182 to listen. The NOT
IN REMOTE error is also flagged in bit 3 of the U1 error
word (paragraph 4.2.20).

TRIGGER NOT READY Error

A TRIGGER NOT READY error occurs when the instru-
ment receives a trigger while it is still processing previ-
ously-sent commands. The TRIGGER NOT READY error
is flagged in bit 16 of the Ul error word (paragraph
4.2.20).

4.5.2 IEEE-488 Status Indicators

The REM (remote), TALK, LSTN (listen), and SRQ (serv-
ice request) indicators show the present IEEE-488 status
of the instrument. Each of these indicators is briefly de-
scribed below.

REM — As the name implies, this indicator shows when
the instrument is in the remote state. Note that REM does
not necessarily indicate the state of the REN line, as the
instrument must be addressed to listen with REN true be-
fore the REM indicator turns on. When the instrument is
in remote, all front panel keys except for the LOCAL key
are locked out (LOCAL will also be locked out if the LLO
command was used). When REM is turned off (either by
pressing LOCAL or sending GTL over the bus), the in-
strument is in the local state, and front panel operation is
restored.

TALK — This indicator is on when the instrument is in
the talker active state. The unit is placed in this state by
addressing it to talk with the correct MTA (My Talk Ad-
dress) command. TALK is off when the unit is in the
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talker idle state. The instrument is placed in the talker
idle state by sending it an UNT (Untalk) command, ad-
dressing it to listen, or with the IFC (Interface Clear) com-
mand.

LSTN — This indicator is on when the Model 182 is in the
listener active state, which is activated by addressing the
instrument to listen with the correct MLA (My Listen Ad-
dress) command. LSTN is off when the unit is in the lis-
tener idle state. The unit can be placed in the listener idle
state by sending UNL (Unlisten), addressing it to talk, or
by sending IFC (Interface Clear) over the bus.

SRQ — This indicator shows that the Model 182 has gen-
erated a service request over the bus. Conditions that can
generate a service request include: overload, ready for a
command, and a number of error conditions such as IN-
VALID COMMAND and INVALID OPTION. Refer to
paragraph 4.2.12 for additional SRQ information.

4.5.3 LOCAL Key
The LOCAL key cancels the remote state and restores lo-
cal operation of the instrument.

Since all front panel keys except LOCAL are locked out
when the instrument is in remote, this key provides a
convenient method of restoring front panel operation.
Pressing LOCAL also turns off the REM indicator.

Note that the LOCAL key is also inoperative if the LLO
(Local Lockout) command is in effect.

4.6 BUS CONNECTIONS

The following paragraphs discuss bus connections, rec-
ommended connecting cables, as well as contact designa-
tions.

4.6.1 Recommended Cables

In order to minimize the possibility of electrical interfer-
ence, use only shielded IEEE-488 cables such as the Keith-
ley Model 7007-1 or 7007-2.
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4.6.2 Typical Connections

A typical connecting scheme for a multiple-instrument
setup is shown in Figure 4-22. To make connections to the
Model 182, simply line up the mating connector with the
IEEE-488 connector on the rear panel, then seat the con-
nector firmly. Tighten the screws securely, then make
sure the other end of the cable is connected to the control-
ler or other device as the case may be. Theoretically, a
large number of connectors could be stacked on one in-
strument, but it is recommended that you stack no more
than three connectors on any one instrument to avoid
possible mechanical damage.

Instrument Instrument

Instrument

Controller

Figure 4-22.  Bus Connections

4.6.3 Bus Limitations

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

4.6.4 Contact Designations

Table 4-8 lists contact assignments for the IEEE-488 bus.
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Table 4-8. IEEE-488 Contact Assignments

Contact IEEE-488 Type
Number Designation

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 DIO7 Data

16 DIO8 Data

17 REN (24)* Management
18 Gnd. (6)* Ground

19 Gnd. (7)* Ground

20 Gnd. (8)* Ground

21 Gnd. (9)* Ground

22 Gnd. (10)* Ground

23 Gnd. (11)* Ground

24 Logic Gnd. Ground

* Numbers in parentheses refer to signal ground return of referenced contact number.
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SECTION 5

Performance Verification

5.1 INTRODUCTION

This section contains information on verifying the meas-
urement and analog output accuracy of the Model 182
Sensitive Digital Voltmeter.

WARNING
The information in this section is intended
only for qualified personnel who are famil-
iar with the procedures for using electronics
test equipment. Do not attempt to perform
these procedures unless you are qualified to
do so.

NOTE
If the instrument is still under warranty, and
its performance is not within specified limits,
contact your Keithley representative or the
factory to determine the correct course of ac-
tion.

This section is arranged as follows:

5.2 Environmental Conditions: States the proper tem-
perature and humidity limits for the tests.

5.3 Initial Conditions: Details the correct warm-up
procedure for the tests.

5.4 Recommended Test Equipment: Summarizes the
test equipment required to perform the verification pro-
cedures.

5.5 Verification Limits: Discusses the stated limits de-
fined in this section.

5.6 Verification Procedures: Details the procedures for
checking voltage measurement accuracy, as well as accu-
racy of the analog output.

5.2 ENVIRONMENTAL CONDITIONS

All measurements should be made at 23°+1°C and at less
than 70% relative humidity unless otherwise noted.

5.3 INITIAL CONDITIONS

TheModel 182 should be turned on and allowed to warm
up for at least one hour before beginning the verification
procedures. In addition, the test equipment should be al-
lowed to warm up for the period specified by the manu-
facturer. If any of the equipment has been subjected to
temperature or humidity - extremes, additional time
should be allowed for temperatures to stabilize. Typi-
cally, it takes one additional hour to stabilize a unit that is
10°C (18°F) outside the specified temperature range.

5.4 RECOMMENDED TEST EQUIPMENT

Table 5-1 and Table 5-2 list test equipment recom-
mended for performing the verification procedures.
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Table 5-1. Recommended Test Equipment for Measurement Accuracy Verification

Manufacturer Model Description Specifications*
Datron 4708 DC Calibrator 100mV range: +(7ppm OUTPUT + 0.4uV)
(option 10) 1V range: +(4ppm OUTPUT + 0.8uV)
10V range: +(2.5ppm OUTPUT + 3uV)
Keithley 262 Low Thermal 100:1 division, +35ppm accuracy
Divider @ 23°C +1°C, +5ppm short-term
accuracy @ 23°C +1°C (see text)
Keithley 1507 Low Thermal Cable

* DC calibrator specifications shown include 90-day 23°C +1°C accuracy and calibration uncertainty specifications.
Model 262 error includes a short-term transfer error of +5ppm @ 23°C +1°C.

Table 5-2. Recommended Test Equipment for Analog Output Accuracy Verification

Manufacturer Model Description
Keithley 1507 Low-thermal cable
Keithley 7754-3 BNC to dual alligator clips cable

5.5 VERIFICATION LIMITS

5.5.1 Test Equipment Accuracy Specifi-

cations

The measurement verification limits give in this section
include the accuracy specifications of the specific DC cali-
brator listed in Table 5-1. Note that the stated calibrator
tolerances include both 90-day 23°C +1°C accuracy and
calibration uncertainty specifications.

55.2 Model 182 Accuracy Specifica-

tions

The stated limits for accuracy are based both on 90-day
and one-year Model 182 specifications. Refer the Model
182 specifications located at the front of this manual for
complete details on these specifications.
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5.6 VERIFICATION PROCEDURES
5.6.1 Measurement Accuracy
Verification

The following paragraphs give detailed procedures for
verifying measurement accuracy. Measurement accu-
racy verification procedures for the 300mV-30V and 3mV
and 30mV ranges are given separately because of the dif-
ferent equipment required.

300mV, 3V, and 30V Range Verification

NOTE
The following procedure must be performed
at 23°C +1°C because of DC calibrator accu-
racy specifications.

1. With the power off, connect the Model 182 to the DC
calibrator as shown in Figure 5-1.
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MODE/FREQUENCY ) (

IRE 1.9000000° ]

Note : Set calibrator for (
local sense

I+

®
o

I- Guard

@@

Hi

LO

182 SENSITIVE DIGITAL VOLTMETER

1.900000V
Range 3V

[power]

Model 182

Figure 5-1. Connections for Verification of 300mV, 3V and 30V Ranges

Model

1507 Low
Thermal Cable

Note: Make sure cable lugs

DC Calibrator

are clean and free of
oxides.

CAUTION
Remove all shorting links from between
calibrator terminals.

NOTE
Make sure that the cable connecting lugs are
clean and free of oxides. Use Scotchbrite or
other similar product to remove any oxidation
that might be present.

2. Turn on the Model 182 and the DC calibrator and al-

low the units to warm up for at least one hour before

beginning the verification procedure. Be sure the

calibrator is set up for local sensing.

. Return theModel 182 to factory default conditions as

follows:

A. Press MENU.

B. Press 4\ three times to display the following
message:

SETUP

11.

Press ENTER, then use 4 or' ¥ to display the
following:

Recall Factory

D. Press ENTER to recall the factory defaults.

E. Press ESC to return to normal display after de-
faults have been recalled.

Set the DC calibrator to the 100mV range.

Turn on the DC calibrator output, and set the calibra-

tor output to 0.00000mV.

Set the Model 182 to the 300mV range.

Allow the Model 182 reading to settle, then press

REL READING to null any offsets. Leave REL

READING enabled for the rest of the procedure.

Set the DC calibrator output to 190.000mV, and al-

low the reading to settle. Verify that the Model 182 is

within the 90-day or one-year limits given for step 1

of Table 5-3.

Select the Model 182 3V range.

Select the 1V range on the calibrator, and set the cali-

brator output to 1.900000V.

Allow the reading to settle, then verify that the

Model 182 reading is within the 90-day or one-year

limits for step 2 of Table 5-3.

5-3
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Table 5-3. Measurement Verification Summary (300mV, 3V, and 30V Ranges)

Step | 182 Calibrator Calibrator Allowed Reading Range (23°C +1°C)* _
Range Range Output 90-Day Specifications One-Year Specifications

1 300mV 100mV 190.000mV | 189.9928mV to 190.0072mV | 189.9890mV t0190.0110mV

2 3v 1v 1.90000V 1.899926V to 1.900074V 1.899888V to 1.900112V

3 30V 10V 19.0000V 18.99923V to 19.00077V 18.99885V to 19.00115V

12.
13.

14.

15.

* Reading limits include stated accuracy specifications of DC calibrator listed in Table 5-1 and appropriate Model 182 90-day or one-year
specifications (including factory calibration uncertainty). Stated temperature tolerance is required due to DC calibrator tolerance which is

specified at 23°C +1°C.

Select the Model 182 30V range.

Select the 10V range on the calibrator, and set the
calibrator output to 19.00000V.

Allow the reading to settle, then verify that the
Model 182 reading is within the 90-day or one-year
limits for step 3 of Table 5-3.

Repeat steps 4 through 13 for negative voltages of
the same magnitude. Readings should be within the
limits stated in Table 5-3, except, of course, for the
fact the readings will be negative.

NOTE
Leave the DC calibrator connected to the
Model 182 INPUT for the time being because
the calibrator will be used to establish a refer-
ence for low thermal divider characterization.

3mYV and 30mV Range Verification

1.

5-4

NOTE
The following procedure must be performed
at 23°C +1°C because of DC calibrator accu-
racy specifications. Also make sure the instru-
ment passes the 300mV verification proce-
dure outlined above before performing this
procedure.

Make sure the DC calibrator is still connected to the
Model 182 INPUT jack (Figure 5-1), and that the cali-
brator is still set up for local sensing.

Make sure the Model 182 is still set up for factory de-
faults.

Steps 3 through 7below establish a reference reading
for divider characterization.

No

10.

11

12.

13.

Set the DC calibrator to the 100mV range, and set the
calibrator output to 00.0000mV. Make sure the cali-
brator output is turned on.

Select the 300mV range on the Model 182.

Allow thereading to settle completely, the press REL
READING on the Model 182.

Set the DC calibrator output to 190.0000mV.

Allow the Model 182 reading to settle completely,
then note the displayed Model 182 reading. Record
this reading here: mV.

Turn off the calibrator output, then disconnect the
DC calibrator from the Model 182. Connect the DC
calibrator, Model 262 Low Thermal Divider, and the
Model 182 together as shown in Figure 5-2.

CAUTION
Make certain all shorting links have been re-
moved from the DC calibrator terminals.

NOTE
Make sure all connecting wires and lugs are
clean and free of oxides.

Place the DC calibrator in the remote sensing mode
(the calibrator output must be turned OFF to change
sense modes).

Steps 10 through 15 below characterize the Model
262 Low Thermal Divider to cancel out any gain er-
ror that might be present.

Set the DC calibrator to the 10V range with 0.0000V
output. Turn on the DC calibrator output.

Set the Model 262 divider to POS+ output, and select
a 100:1 (10%1) divider ratio.

Select the 300mV range on the Model 182, and dis-
able REL READING.

Allow the reading to settle completely, then enable
REL READING.
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Figure 5-2.

R
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Model 262:315 cable ider N commostons 6 mmiee obnals.

Connections for 3mV and 30mV Range Verification

Set divider for 100:1 division.

14.

15.

16.

Set the DC calibrator output to approximately 19V,
then adjust the DC calibrator output voltage so that
the Model 182 reading is exactly the same as the
reading you obtained in step 7 above. (This step cor-
rects for gain error in the Model 262 Low Thermal
Divider, thus nulling out divider error terms in the
overall verification procedure.)

For reference purposes, record the exact DC calibra-
tor voltage setting you obtained by performing the
output voltage adjustment procedure in step 14
above. Calibrator voltage setting: V.

Steps 16 through 25 below verify that Model 182
3mV and 30mV range measurements are within re-
quired limits.

NOTE
The steps below should be performed within
20 minutes of low thermal divider characteri-
zation to minimize short-term drift errors.

Set the DC calibrator to the 1V range, and set the cali-
brator output to 0.00000V. Make sure the calibrator
output is turned on.

17.

18.

19.

20.

21.

23.

24.

Select the 30mV range on the Model 182, and disable
REL READING.

Allow the reading to settle completely, then enable
REL READING.

Divide the calibrator voltage value you obtained in
step 15 above by a factor of 10, then set the DC cali-
brator output to that calculated voltage value. For
example, if you obtained a calibrator voltage of
19.002V in step 15, you would set the DC calibrator
output to 1.9002V.

Allow thereading to settle, then verify that the read-
ing is within the 90-day or one-year limits for step 1
(30mV range) of Table 5-4.

Leave the DC calibrator on the 1V range, and set the
calibrator output to 0.00000V.

Select the 3mV range on the Model 182, and disable
REL READING.

Allow the reading to settle, then enable REL READ-
ING on the Model 182.

Divide the calibrator voltage setting you obtained in
step 15 by a factor of 100, then set the DC calibrator
output to that calculated value. For example, if you
obtained a voltage of 19.002V in step 15, you would
now set the DC calibrator output to 0.19002V.

5-5
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25.

26.

5.6.2

Table 5-4. Measurement Verification Summary (3mV and 30mV Ranges)

Step 182 Allowed Reading Range (23°C +1°C)*

Range 90-Day Specifications One-Year Specifications
1 30mV 18.99922mV to 19.00078mV 18.99884mV to 19.00116mV
2 3mV 1.899897mV to 1.900103mV 1.899859 to 1.900141mV

* Reading limits include stated accuracy specifications of DC calibrator listed in Table 5-1, 5ppm short-term low thermal
divider accuracy, and appropriate Model 182 90-day or one-year specifications (including factory calibration uncer-

tainty). Stated temperature tolerance is required due to DC calibrator tolerance which is specified at 23°C *1°C.

NOTE
Keep the DC calibrator on the 1V range. Do
not set the DC calibrator to the 100mV range
because of resulting excessive errors (the out-
put impedance increases to 100Q, and remote
sensing turns off on the 100mV range).

Verify that the Model 182 reading is within the
90-day or one-year limits for step 2 (3mV range) of
Table 5-4.

Repeat steps 4 through 25 for negative voltages of
the same magnitude. Model 182 readings should be
within the limits stated in Table 5-4 except, of course,
for the fact the readings will be negative.

NOTE
For maximum verification accuracy, the entire
procedure (including divider characteriza-
tion) should be repeated for negative volt-
ages.

Analog Output Accuracy
Verification

Use the following procedure to verify the accuracy of the
analog output.

5-6

NOTE
This procedure uses the Model 182 to measure
its own output. Be sure that measurement ac-
curacy is within specified limits before at-
tempting this procedure. This procedure can
be performed at 18°C-28°C ambient tempera-
ture.

. Turn ontheModel 182, and allow it to warm up for at

least one hour before performing the verification
procedure.

. Initially, set up the Model 182 as follows:

RANGE: 3V

FILTER: On

Filter Response: Fast (use MENU FILTER selection
to set)

Display Resolution: 5 1/2-digits (use MENU
DISPLAY RESOLUTION)

REL READING: Off

TRIG: Multiple on Manual (press MANUAL if
necessary to take readings)

. Program the analog output source as follows:

A. Press MENU.
B. Use 4 to scroll to the following message:

CALIBRATE

Press ENTER.
Use A or ¥ 1o scroll to the following message:

gn

Configure Output

E. Press ENTER.
F. Used or'¥ toscroll to the following message:

Output:Source

Press ENTER

Key ina source value of 0.000, then press ENTER.
Press ESC three times to return to normal read-
ing display.

O

. Connect the Model 182 ANALOG OUTPUT jack to

the INPUT jack, as shown in Figure 5-3. The alligator
clips and lugs from the two connecting cables can be
simply clipped together. Be sure to connect INPUT
LOto the outer shell of the ANALOG OUTPUT jack.
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182 SENSITIVE DIGITAL VOLTMETER
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Connect BNC to
rear panel Analog
output

Model 7754 BNC to
Dual Alligator clips

Model 182

Model 1507 Low thermal cable

Connect Alligator
clips to lugs

Connect LO to
BNC shield clip

Figure5-3.  Connections for Analog Output Accuracy Verification
Table 5-5. Analog Output Verification Summary
Step 182 Analog Output Allowed 182 Reading Range*
Range Source Value (18°C to 28°C)
1 3V +3.000V 2.99464 to 3.00536V
2 3V -3.000V —2.99464 to -3.00536V
3 300mV +0.300V 298.54 to 301.46mV
4 300mV -0.300V —298.54 to -301.46mV

* Limits include Model 182 measurement accuracy based on one-year specifications.

. Allow the reading to settle, then press REL READ-
ING to null any offsets.

. Program the analog output source for a value of
+3.000V (see step 3 for procedure).

. After settling, verify that the voltage reading on the

display is within the limits shown for step 1 in
Table 5-5.

- Repeat steps 6 and 7 for the remaining output values

listed in Table 5-5 . Be sure to select the 300mV meas-
urement range where appropriate.
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Theory of Operation

6.1 INTRODUCTION

Section 6 contains detailed electronics operating theory
for the various circuits within the Model 182, and it con-
tains the following information:

6.2 Block Diagram: Gives an overview of instrument.

circuits in block diagram form.

6.3 Analog Circuits: Covers in detail the various analog
circuits.

6.4 Digital Circuits: Describes the digital circuits, in-
cluding the main microprocessor and the IEEE-488 inter-
face.

6.5 Display/Keyboard: Discusses the front panel vac-
uum fluorescent display and keyboard matrix.

6.6 Power Supplies: Covers the power supplies that
supply both the analog and digital circuits within the in-
strument.

6.2 BLOCK DIAGRAM

Figure 6-1 shows the overall block diagram of the instru-
ment. The purpose of each major block is described be-
low.

Digital Board: contains the main processor that super-
vises operation of the instrument with the aid of the A/D
and front panel microcontrollers. The digital board also
includes the IEEE-488 interface, analog output D/ A con-
verter, as well as its own +5V regulator. The +60V and
5VAC filament supplies for the VFD (vacuum fluores-
cent display) are also located on the digital board.

Analog Board: includes signal conditioning circuits, A /D
converter, A /D microcontroller, and power supplies for
most of the circuits in the instrument.

Display Board: includes the front panel microcontroller,
the vacuum fluorescent display module, and keyboard
circuits.

6.3 ANALOG CIRCUITS

The following paragraphs discuss the various analog cir-
cuits. Analog circuits are detailed on drawing number
182-106, located at the end of Section 8.
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6.3.1  Simplified Analog Schematic

Figure 6-2 shows a simplified schematic diagram of the
analog circuits, while Figure 6-3 shows a simplified sig-
nal flow diagram. The analog circuits can be grouped into
five major sections: the nanovolt preamplifier, the 30V
buffer, the A /D converter and its microcontroller, the in-
put protection circuits, and the calibration circuits. Each
of these major sections is covered in detail in the follow-

ing paragraphs

6.3.2 Nanovolt Preamplifier

The nanovolt preamplifier amplifies low-level input
voltages and boosts their amplitudes up to a level suit-
able for the A/D converter to process. Specially-
designed circuits make sure that unwanted noise, ther-
mal EMFs, and offsets are kept to a minimum.

Thenanovolt preamplifier can be broken down into three
sections: the low thermal input circuit, the preamplifier
itself, and the NMRR filter section.

Low-thermal Input Circuit

The low-thermal input circuit is specially designed to
minimize thermal offset generation that would other-
wise degrade low-level measurement accuracy. The ma-
jor components of the low-thermal input circuit include
the input connector (J1009) and input cable, the low-ther-
mal connections (cold weld) on all cables to the PC board,
and the lugs which connect the input cable to the PC
board. Additional components include the protection re-
sistor, R133, and the input multiplexer FETs, Q108 and
Q111.

Thelow-thermal input circuit can be serviced by cleaning
the lugs and copper pads, as discussed in paragraph 7.6
in Section 7.

Preamplifier
The main components of the preamplifier include the

amplifier and its bootstrap, the mux pumpout compensa-
tion circuit, and the drift correction circuit.

The amplifier consist of two low-noise FETs (Q107 and
Q112) in differential configuration, followed by a high-

o +VR
ut14 o VR

A VR102 Q116

* See table 6-1 for values
Bootstrap U112
/133 Q108 Supply +VR Preamp U100C A/D Converter
> A X ; utoin, R Buffer
vy
Q222 U101B —> A,%
Input C314~ 4? 3 c136 U104 Converter
T
> L
6 ZRs* 3-Pole
Bessel
Drift 8Hz
Correct
$J1 05
uiooB 2V

AVR103 A Q115

Micro- ‘ )

Controller  }

30V Buffer
NG

=C125

Input /1]

R101

R100

Protection <
: u106 MUX Pumpout

Compensation

Figure 6-2.  Simplified Analog Schematic Diagram
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Full Range
l Input
30V Buffer
+
Figure 6-3.  Signal Flow Diagram

gain operational amplifier, U112. The differential ampli-
fier is powered from a low-noise bootstrap supply, U114.
Thebootstrap supply keeps the +VR and ~VR supply val-
ues at a constant potential relative to the input signal.

Negative feedback, which sets the overall gain of the am-
plifier, is achieved through low-noise, low temperature
coefficient resistors. The correct resistor(s) are switched
into the feedback circuit depending on the required gain,
as summarized in Table 6-1.

Table 6-1. Preamp Gain Resistors

Range | Preamp Feedback Resistor(s)
Gain Ra Rs
Value | Desig. | Value | Desig.
3V X1 5.62kQ| R121 — None
300mV| X10 18kQ | R156 2kQ | R203
30mV | X100 9.9kQ | R195 100 | R202
3mV | X1000 | 100kQ | R145 1002 | R146

Preamplifier offset is measured on the 3mV and 30mV
ranges using the drift correction circuit (C130, U101A,
and U101C) during the reference or reference zero inte-
gration phases of the measurement cycle. The offset is
- then fed back to the main amplifier by U130 during the

6-4

signal and signal zero phases of the measurement cycle.
This circuit ensures that the preamplifier operates within
therequired range. The mux pump out compensation cir-
cuit, U106, compensates for the charge delivered to input
high from Q108 switching. The compensation charge is
coupled through C125.

Analog Filter

The preamplifier (analog) filter is included to improve
NMRR on all ranges except the 30V range. The first stage
of the filter, made up of C136 and R146, reduces the gain
of the main amplifier by -20dB/decade at 16Hz. The sec-
ond stage, which consists of U105 and U101B, provides a
three-pole Bessel function response at 8Hz. The total re-
jection of the filter including both stages is 35dB at 60Hz.

6.3.3 Input Protection
The input circuits are protected from transients of over
voltage by the protection circuit made up of VR102,
VR103, Q115, and Q116. This circuit clamps INPUT HI to
33V with respect to INPUT LO.

6.3.4  Auto-calibration

Calibration of the 3mV and 30mV ranges is not per-
formed directly because of the difficulty of obtaining an
accurate, stable calibration source at the required low
voltage levels. Calibration of these two ranges is
achieved with the aid of an internal low-noise resistive
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divider which is used to divide a relatively high calibra-
tion voltage down to the levels required for 3mV and
30mV range.

Figure 6-4 shows a simplified diagram of the auto-cali-
bration circuit, which is used for 3mV and 30mV range
calibration. The calibration signal is applied through the
INPUT jack to the 30V buffer. The calibration signal is
then divided by 100 by the low-noise, low-thermal resis-
tive divide, R214 and R217. The divided signal is applied
to the preamp input through mux FET Q130 where it is
amplified and routed to the A/D converter for process-

mg.

Preamp
107, Q112
Input N 30V Buffer Q130 81 A Q
_ L —> To AD
U131 3 Converter

Figure 6-4.  Simplified Auto-calibration Diagram

6.3.5 30V Buffer

The 30V buffer, U131, provides a high-impedance path
around the preamplifier. The 30V buffer is used primar-
ily to buffer the 30V range, but it also aids in determining
and correcting for preamp overflow conditions. In addi-
tion, U131 provides a buffer for the low-thermal auto-
calibration divider, and it also supplies a negative poten-
tial with respect to input high to disable the preamplifier
input when the instrument is on the 30V range.

6.3.6 A/D Converter

A/D Microcontroller

The operation of both the A/D converter and the input
preamplifier is controlled by the 68HCI11 micro-
controller, U127. Control data is optically coupled from
the main processor through U144 to the microcontroller,
which takes the control information, synchronizes the
A/D converter and controls other functions such as pre-

amplifier gain, drift correction, and the analog filter. In a
similar manner, reading data is sent back from the A/D
microcontroller and optically coupled through Ul44.
This optical coupling scheme is used to ensure electrical
isolation between the digital circuits and sensitive analog
circuits, thereby minimizing noise.

U127 is equipped with on-board RAM, but the device re-
quires external ROM to store working code (U125). The
same 7.68MHz clock that synchronizes the A/D con-
verter is used for U127.

A/D Converter Operation

The Model 182 uses a constant-frequency, variable pulse
width analog-to-digital converter. A simplified diagram
of this converter is shown in Figure 6-5.

The charge balance phase begins when the measurement
phase enable/disable line is set high. This occurs at the
end of a software-generated delay period that allows the
signal to settle after the appropriate multiplexer FET is
turned on. Once the input is enabled, the signal from the
buffer amplifier is added to the level shift current applied
through R125 and R123. In this manner, the 3.03V bipolar
signal from the buffer amplifier is converted to a unipolar
signal that can be integrated.

The integrator is made up of U119 and C135. When the in-
put to the integrator is applied, the integrator output
ramps up until its voltage is slightly higher than the volt-
age applied to the inverting input of the duty cycle com-
parator, U122A. The charge balance current, whose duty
cycle is proportional to the input, is fed back to the inte-
grator input through R117 and Q101. 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 until the Q output of U111 goes
low. The microcontroller, U127, then counts the total
number of pulses that occur during the charge balance
phase.

At the end of the charge balance phase, the output of the
integrator is resting at some positive voltage. Since the in-
tegrator output is connected to the non-inverting input of
the final-slope comparator, U122B, the final-slope com-
parator output remains high until the integrator output
ramps in the negative direction. During final-slope, Q101
is turned off, and the feedback is fed through U108 back
to the integrator input. The final-slope comparator out-
put is then gated with the 3.84Mhz clock and counted.
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Clock \ A/D Counts
Uttt
Q Final Slope
Comparator
N
Final Q
inal .
Charge | Siope ‘ 68HC11 Micro
Balance | current Controller
Current u122B
b3 u127
R172 Duty Cycle
R125
Input from o N Q101 Comparator
U104 Buffer Q106
Level W5V U122A
Shift Integrator
Current R123
R251
-10VR R250 —
Reading Data to
Main Processor
Figure 6-5.  Simplified Diagram of A/D Converter
Once the comparator output goes low, the microcontrol- 6.4.2 Main Microprocessor

ler, U127 stops counting, and the reading is computed.

Once computed, readings are serial transmitted to the
main processor for further processing and display or
transmission over the IEEE-488 bus.

6.4 DIGITAL CIRCUITS

The following paragraphs discuss the main digital cir-
cuits, which are located on drawing number 182-146, lo-
cated at the end of Section 8.

6.4.1 Digital Block Diagram

Figure 6-6 shows a block diagram of the main digital cir-
cuits. Key sections include the main microprocessor,
memory circuits, interrupt priority control, the serial
ports, analog output, IEEE~-488 interface, and miscellane-
ous I/O circuits.
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U509 is a 68HCO000 microprocessor, which supervises all
operating aspects of the instrument. This device is a
32/16-bit processor with a 16-bit external data bus and
32-bit internal processing capabilities. The 68HCO000 has
eight 32-bit data registers and eight 32-bit address regis-
ters.

The 10MHz SYSCLK clock signal is provided by Y500
and U510, which also provides the SYSCLK/4 and
SYSCLK /2 clocks for other circuits.

6.4.3 Memory Circuits

U504 and U505 are 27C512 ROMs, which contain instruc-
tion coding for the main microprocessor. Working stor-
age for the MPU is provided by U508 and U513, which are
43256 RAM ICs. Non-volatile storage for calibration con-
stants and setup information is provided by U522, a 2K X
8 serial EEPROM.
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Figure 6-6.  Digital Block Diagram
Address decoding is performed by U524. Figure 6-7 I7: 1msec system tick interrupt
shows the memory map for the Model 182. . ) )
I6: external trigger input interrupt
I5: IEEE-488 control interrupt
6.4.4 Interrupt Priority Control I4: IEEE-488 data interrupt
I3: A/D microcontroller interrupt
Interrupt priority control for the MPU is provided by . . .
U500, a 68HC901 MFP (mult-function peripheral). Inter- 2 {77 panel microcontroller interrupt
rupts are prioritized with I7 having the highest priority I1: serial EEROM control
and I0 having the lowest priority. The I7-10 lines are used
for the following functions: I0: serial EEROM data read/write
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6.4.5 Serial I/0O Ports

Dual serial I/O ports for communications to the front
panel and A /D microcontrollers are provided by U506, a
68681 DUART (dual asynchronous receiver-transmitter).
The TxA (transmit A) and RxA (receive A) lines provide
serial communications to the A/D microcontroller for
control and data information, while the TxB and RxB

,—— 16 BITS ——
Even- Odd
Address Address
000000
Program
ROM
07FFFE
080000
RAM
8FFFE
100000
Not MC68681
Used DUART
17FFFE
180000
Not MC68901
Used MFP
1FFFFE
200000
Not TMS9914A
Used GPIA
27FFFE
280000
110
2FFFFE
300000
Not Used
37FFFE
380000
Not Used
FFFFE
Figure 6-7.  Memory Map
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lines communicate serial display and keyboard data to/
from the front panel display /keyboard microcontroller.

U506 also controls the METER COMPLETE OUTPUT
signal via its OPO line, and it provides line frequency de-
tection through the IP1 line. U506 also generates the
3.84MHz clock for the front panel microcontroller with
the aid of Y501 and U516.

6.4.6 IEEE-488 Interface

The IEEE-488 interface is made up of three ICs. U501 is a
9914A GPIA (general purpose interface adapter) that per-
forms many bus control and data I/O functions such as
handshaking automatically, minimizing MPU overhead.
Bus drive capabilities are provided by U507 and U512.
U507 supports management and handshake lines, and
U512 drives the data lines.

6.4.7 Analog Output

Digital information for the analog output is converted to
an analog voltage by U534, a 14-bit D/A converter. The
analog signal is buffered by U533 and fed to the rear
panel ANALOG OUTPUT jack. Maximum nominal out-
put voltage is +3.3V, and maximum current is 5SmA.

6.5 DISPLAY/ KEYBOARD

The display/keyboard circuits are covered in the follow-
ing paragraphs. A schematic diagram for the display
board is located on drawing number 182-116. located at
the end of Section 8.

6.5.1 Display Board Block Diagram

Figure 6-8 shows the overall block diagram of the display
board. Major components include the display micro-
controller, dotand digit drivers, the VFD, key matrix, and
the LED drive circuits.

6.5.2 Display Microcontroller

U404 is the display microcontroller that controls the VFD
and LEDs and interprets key data. The microcontroller
has four peripheral I/O ports that are used for the vari-
ous control and read functions.
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Drive
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Figure 6-8.  Display Board Block Diagram

Display data is serially transmitted to the microcontroller
from the digital board via the TxB line to the
microcontroller PD0 terminal. In a similar manner, key
data is serially sent back to the digital board through the
RxB line via PD1. Transmission parameters are as fol-
lows:

Baud rate: 120kB
Parity: none
Data bits: 8

Start bits: 1

Stop bits: 1

Note that the 3.84MHz display microcontroller clock is
generated on the main digital board.

6.5.3 Vacuum Fluorescent Display

DS401 is the VFD (vacuum fluorescent display) module,
which can display up to 49 characters. Each character is
organized asa5 X7 matrix of dots or pixels and includes a
long under bar segment to act as a cursor.

The display uses a common multiplexing scheme with
each character refreshed in sequence. U401-U403 are the
digit drivers, while U407 and U408 are the dot drivers.

Note that dot driver and digit driver data is serially trans-
mitted from the microcontroller PD3 line using the PD4
line as a clock signal.

The VFD requires both +60VDC and 5VAC for the fila-
ments. These VFD voltages are supplied by U535, which
is located on the digital board.

6.5.4 Key Matrix

The front panel keys (S402-5420) are organized into a
row-column matrix to minimize the number of
microcontroller peripheral lines required to read the key-
board. A key is read by strobing the columns and reading
all rows for each strobed column. Key down data is inter-
preted by the display microcontroller and sent back to the
main microprocessor using proprietary encoding
schemes.

6.5.5 LED Drive Circuits

Many front panel keys such as FILTER and STORE use an
integral LED to indicate when that particular function is
active. U405 provides drive capabilities for the
microcontroller LED on signals, while the resistive ele-
ments of R403 limit LED drive current to the required val-
ues. Since the LED cathodes are connected to digital com-
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mon, an LED is turned on by setting the appropriate con-
trol line high.

6.6 POWER SUPPLIES

The various power supplies are discussed below. Most of
the power supply circuits are located on the analog
board, drawing number 182-106. The digital board regu-
lator and VFD supply are located on the digital board,
drawing number 182-146.

6.6.1 Power Supply Block Diagram

Figure 6-9 shows an overall block diagram of the power
supply circuits. Key areas include the AC line input, two
power transformers, analog supplies, reference supply,
and the separate digital regulator and VFD supplies lo-
cated on the digital board.

6.6.2 AC Line Input

AC power is applied to J1, which is located on the rear
panel, through the line fuse F1001, to the line voltage se-
lection switch, S1001. S1001 is used to select between
115V (nominal) and 230V operation.

After being stepped down by power transformer, T1001,
ACpowerisapplied torectifiers CR110and CR100 and to
a second transformer, T1002. This second transformer is
used exclusively to power analog circuits and is included
to maintain common mode currents lower than 50nA

PP

6.6.3 +7V Unregulated and Analog

Output Supplies

The +7V supply provides an unregulated voltage for the
+5V regulator on the digital board. CR100 provides recti-
fication for this supply, while C137 filters the supply.

The +5V supplies power to the analog output circuits also
located on the digital board. CR110 rectifies the incoming
AC, while U135 and U138 regulate the supply voltages to
+5V. Capacitors C149, C151, C153, and C154 provide fil-
tering. .
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6.6.4 Analog Supplies

The three analog supplies include the +40V, +15V, and
+5V supplies. The +40V supplies are used for the protec-
tion circuits, the +5V supply powers the digital circuits
located in the analog section, while the +15V supplies
power the bulk of the analog circuits. Note that all three
supplies include an RC network across the respective
transformer secondaries for noise suppression.

+40V Supplies

Rectification for the +40V supplies is performed by
CR109, while input filter is done by C150 and C152. Sup-
ply regulation is performed by U137 and U140 and asso-
ciated components. VR109 and VR110 protect the regula-
tors in over voltage situations during power-up.

+15V Supplies

CR107 rectifies incomming AC for the +15V supplies,
while C141 and C142 provide input filtering. U134 and
U136 regulate the output voltages to -15V and +15V re-
spectively, and C145 and C148 filter the regulator out-
puts.

+5V Supply

CR111 provides rectification, while U139 is the +5V regu-
lator. Input and output filtering are performed by C138
and C155 respectively.

6.6.5 Reference Supplies

Stable +6.95V and +2.1V reference voltages are generated
by U109, U113, and associated components. The +2.1V
signalis used as a reference voltage by the A /D converter
during its measurement cycle. The +6.95V signal is used
by other analog circuits to derive stable +5V and 10V ref-
erence signals.

U109is a highly-stable, temperature-controlled zener ref-
erence. U113 and R188 provide a stable, constant current
to minimize reference voltage variations. The +6.95V
source is divided by R113 and R130 to obtain the final
+2.1V value.
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Figure 6-9.  Power Supply Block Diagram

6.6.6 Digital Board Regulator and VFD
Supplies

The +7V supply voltage applied to the digital board is
regulated to +5V by U514. This supply voltage is used to
power most of the circuits on the digital board. Output
filtering for U514 is provided by C535.

U535 supplies the +60VDC and 5VAC voltages required
by the VDF module. VR500, R527, and R528 provide ref-
erence regulation for U535.
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Service Information

7.1 INTRODUCTION

This section contains information on servicing the Model
182.

WARNING
The information in this section is intended
only for qualified service personnel. Some
of these procedures may expose you to haz-
ardous voltages. Do not perform these proce-
dures unless you are qualified to do so.

Section 7 includes the following:

7.2 Line Fuse Replacement: Covers the procedure for
replacing the line fuse.

7.3 Calibration: Describes the procedures to calibrate
measurement and analog output functions.

74 Special Handling of Static-Sensitive Devices: Out-
lines precautions that should be taken when handling
static-sensitive parts.

7.5 Disassembly: Details the disassembly and assem-
bly procedures for the instrument.

7.6 Low-thermal Circuit Cleaning: Discusses cleaning
procedures for the low-thermal input circuits.

7.7 Troubleshooting: Gives troubleshooting proce-
dures for the various circuits within the unit.

7.8 AC Pumpout Adjustment: Outlines the procedure
to minimize AC pumpout.

7.9 Input Bias Current and Input Impedance Tests:
Describes test procedures for measuring input bias cur-
rent and input impedance.

7.2 LINE FUSE REPLACEMENT

Therear panel line fuse protects the power line input. Use
the procedure below to replace this fuse.

WARNING
Disconnect the instrument from the power
line and from all other equipment before re-
placing the line fuse.

1. With the power off, place the end of a flat-blade
screwdriver into the slot in the line fuse holder. Push
in gently, and rotate the fuse carrier one-quarter turn
counter-clockwise. Release pressure, and the inter-
nal spring will push the fuse and carrier partially out
of the holder. Grasp the fuse carrier, and pull the fuse
completely free of the holder.

2. Remove the fuse from the carrier, and replace it with
a good fuse of the type recommended in Table 7-1.
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CAUTION
Use only the specified fuse type, or instru-
ment damage may occur.

3. Install the new fuse and carrier into the holder by re-
versing the above procedure.

Table 7-1. Line Fuse Replacement

Line Voltage | Fuse Type Keithley Part No.
90-125V 3/8A 250V FU-18

slow blow
180-250V 3/16A 250V FU-29

slow blow

7.3 CALIBRATION

The following paragraphs give the procedures for cali-
brating voltage measurement accuracy and the analog
output.

7.3.1 Recommended Test Equipment

Table 7-2 summarizes the test equipment required for the
voltage measurement calibration, and Table 7-3 lists rec-
ommended equipment for analog output calibration.

7.3.2 Environmental Conditions

Calibration should be performed at an ambient tempera-
ture of 23° + 1°C and at a relative humidity of less than
60%.

7.3.3 Initial Conditions

TheModel 182 should be turned on and allowed to warm
up for at least one hour before performing calibration.
The test equipment should also be allowed to warm up
for the minimum period recommended by the manufac-
turer.

7.3.4 Calibration Lock

Before attempting calibration, you must disable the cali-
bration lock by pressing the recessed front panel CAL
switch. The instrument will display a front panel CAL
UNLOCKED message to indicate calibration is unlocked.

Table 7-2. Test Equipment Recommended for Measurement Calibration

Description Manufacturer and Model Specifications *
DC calibrator Datron 4708 1V range: +(4ppm OUTPUT + 0.8uV)
(with option 10, DCV) 10V range: +(2.5ppm OUTPUT + 3uV)
100V range: +(4ppm OUTPUT + 50uV)
Low-thermal cable Keithley 1507
Low-thermal shorting plug Keithley 1488

*DC Calibrator specifications include 90-day 23°C +1°C accuracy and calibration uncertainty specifications.

Table 7-3. Test Equipment Recommended for Analog Output Calibration

Description Manufacturer and Model Specifications

DMM Keithley 199 300mV range, +0.012%
3V range, +0.007%

BNC cable Keithley 7051

BNC-dual banana adapter Pomona 1269
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When calibration has been completed, you must lock out
calibration by pressing the CAL switch in order torestore
normal operation. The instrument will display CAL
LOCKED toindicate that calibration has been locked out.

NOTE
The instrument will not operate normally un-
less calibration is locked out.

7.3.5 Measurement Calibration

Measurement calibration consists of a three-point cali-
bration for each range: positive full scale, negative full
scale, and shorted input. The 300mV, 3V, and 30V ranges
are calibrated directly with full-range voltage values, but
the 3mV and 30mV ranges are calibrated using an inter-
nal voltage divider, which must first be calibrated before
calibrating the 3mV and 30mV ranges.

Calibration can be performed either from the front panel
or over the IEEE-488 bus. When calibrating from the front
panel, you must calibrate all three points for a given
range before moving on to the next range. Bus calibration
is more flexible in that you can calibrate all zero and full
scale points separately.

When calibrating from the front panel, the instrument
will provide prompts as to the correct calibration signal
to apply to the instrument. The full-scale prompts will be
at the maximum positive and negative values for a given
range. For example, the full scale prompts for the 3V
range are at +3.00000V and —3.00000V. You can enter and
use other calibration points if desired; however, it is
strongly recommended that you use the prompted cali-
bration values (which are the same as those given in this
procedure) to assure rated measurement accuracy.

NOTE
Measurement accuracy values stated in the
specifications cannot be guaranteed for cali-

“bration points other than those recommended
by this procedure.

For all ranges, the instrument will prompt you to short
the input when appropriate. For the 3mV and 30mV
ranges, you must connect the low thermal shorting plug
to the INPUT. For the 300mV-30V ranges, you can either
set the calibrator to OV or connect the low thermal short-
ing plug to the INPUT.

NOTE
The DC calibrator offset at 0V output must be
less than that indicated below:

182 Range Calibration Offset
300mV 100nV
3V 1uv
30V 10pv
Test Connections

Figure 7-1 shows the equipment connections for the
measurement calibration procedure. Note that the Model
182 INPUT jack is to be connected to the calibrator output
terminals using a Model 1507 low-thermal cable. Be sure
to connect calibrator HI to INPUT HI and calibrator LO to
INPUT LO. Also, make certain the calibrator is set up for
local sensing.

NOTE
Make sure cable lugs are clean and free of ox-
ides.

Front Panel Calibration

Follow the procedures below in the order presented to
calibrate the Model 182 from the front panel. The proce-
dure must be carried out in the order presented: (1)
300mV-30V range calibration, (2) divider calibration, and
(3) 3mV and 30mV range calibration.

300mV-30V Range Calibration

Perform the steps below to calibrate the 300mV through
30V ranges. The procedure is summarized in Table 7-4.

NOTE
The Model 1488 Low Thermal Shorting Plug
can be connected to the INPUT JACK for
shorted input calibration points instead of us-
ing a OV calibration signal.

1. Connect the Model 182 to the DC calibrator as de-
scribed above.

2. Turn onthe Model 182 and the DC calibrator, and al-
low them to warm up for at least one hour before
calibrating the instrument.

3. Pressin on therecessed front panel CAL button, and
verify that the following message is displayed:
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( MODE/FREQUENCY

ouTPUT )

*30.00000 ¥

e

HI

182 SENSITIVE DIGITAL VOLTMETER

30.00000V
Range 30V

INPUT

'Model 1507 Low
Thermal cable

[:]

DC Calibrator

® NOTE : Make sure cable lugs are
priiicg) ““‘ :‘ "‘ ‘Q_ clean and free of oxides.
Model 182
Figure7-1.  Measurement Calibration Test Connections
Table 7-4. 300mV-30V Range Calibration Summary
Step 182 Range Calibration Signal * Comments
1 30V +30.0000V Positive full scale
2 30V -30.0000V Negative full scale
3 30V 0.00000V * Zero cal point
4 3V +3.00000V Positive full scale
5 3V -3.00000V Negative full scale
6 3V 0.00000V * Zero cal point
7 300mV +300.000mV Positive full scale
8 300mV -300.000mV Negative full scale
9 300mV 0.00000mV * Zero cal point
*Model 1488 Low Thermal Shorting Plug can be connected to INPUT instead of calibrator if desired
CAL UNLOCKED Calibrate 182
4. Enter the front panel calibration program as follows: E. Press ENTER.
A. Press the MENU button. F. Used or'¥ to display the following message:
B. Use the & key to scroll to the following mes-
Sage: Calibrate Input
CALIBRATE G. Press ENTER. The instrument will display the
present range to calibrate:
C. Press ENTER.
D. Use or'¥ to scroll to the following message: Select range: 30 V

7-4



SECTION 7
Service Information

10.
11.

12.

13.

14.
15.

You can use the 4 or ¥ key to choose the range to
calibrate.

From the Select range prompt, make sure that the
30V range is selected for calibration (use 4 or ¥ to
choose the range).

Press ENTER. The instrument will prompt you to
apply the positive full scale value:

Input = +30.0000

Set the DC calibrator output to exactly 30.0000V.
Press ENTER to calibrate the positive full scale cali-
bration point. (or press ESC to abort the process and
return to the range selection prompt). During the
process, the instrument will display the following:

Measuring...

The instrument will then prompt for a negative full
scale input value:

Input = -30.0000

Set the calibration output to exactly -30.0000V.
Press ENTER. The instrument displays the follow-

ing:
Measuring...

Next, the unit will display the following:
Short the input

NOTE
Up to this point, you can abort the calibration
procedure without changing previously
stored calibration constants for the present
range by pressing ESC.

Set the calibrator output to 0.00000V (or connect the
low thermal short to INPUT).

Press ENTER.

The unit will display the following:

Measuring...

16.

17.

NOTE

If the applied signal is outside the allowed
range for the prompted calibration voltage,
the instrument will abort the procedure and
display a CAL ERROR message. If this mes-
sage occurs, check to see that the applied cali-
bration voltage is the same as the prompted
value.

The new calibration constants for the present range
will be stored in EEROM at this point, assuming no
errors were detected.

Repeat steps 5 through 15 for the 3V and 300mV
range using the parameters summarized in Table
7-4. Be sure to apply the correct positive and nega-
tive full scale values where indicated. Set the calibra-
tor output to 0.0000V to calibrate the shorted input
calibration points.

Leave the instrument set at the Select range prompt,
then proceed to the divider procedure calibration be-
low.

Divider Calibration

Follow the steps below to calibrate the internal voltage
divider, which is used to calibrate the 3mV and 30mV
ranges. The divider must be calibrated no more than 10
minutes before calibrating the 3mV and 30mV ranges.

Table 7-5 summarizes the divider calibration procedure.

Table 7-5. Divider Calibration Summary

Step Calibration Comments
Signal
1 +30.0000V Positive full scale
2 0.00000V Zero divider cal point

*Model 1488 Low Thermal short can be connected to INPUT instead

Make sure the Model 182 is still properly connected
to the DC calibrator.

From the Select range prompt, press ESC, then use
A o:'V 1o display the following message:

Calibrate Divider

Press ENTER. The instrument will prompt you to
apply the positive full scale value:

Input = +30.0000
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4. Set the DC calibrator output to exactly 30.0000V. 10. Following divider calibration, the unit will return to
5. Press ENTER to calibrate the divider full scale cali- the Calibrate Divider message. Proceed immediately
bration point. (or press ESC to abort the process and to the 3mV and 30mV range calibration procedure
return to the range selection prompt). During the below.
process, the instrument will display the following;:
Measuri ng... 3mV and 30mV Range Calibration
6. Next, the unit will display the following: Perform the steps below to calibrate the 3mV and 30mV
ranges. Table 7-6 summarizes 3mV and 30mV range cali-
Short the input bration.
NOTE

NOTE
The 300mV range and the divider must be
calibrated before performing the following
procedure. The maximum allowed time pe-
riod between divider calibration and 3mV
and 30mV range calibration is 10 minutes.

Up to this point, you can abort the divider cali-
bration procedure without altering previ-
ously-stored divider calibration constants by
pressing ESC.

7. Set the calibrator output to 0.00000V (or connect the
low thermal short to INPUT).

NOTE
8. Press ENTER. .
9. The unit will display the following: The Model 1488 Low Thermal Shorting Plug

must be used for the shorted input calibration

Measuring... points on the 3mV and 30mV ranges.

NOTE 1

. From the Calibrate Divid t,use M or ¥
If the applied signal is outside the allowed e o VIGEE prompt, use SR or T 10

display the following;:

range for the prompted calibration voltage, ispray the fofowing

the instrument will abort the procedure and .

display a CAL ERROR message. If this mes- Calibrate Input

sage occurs, check to see that the applied cali- . .

bration voltage is the same as the prompted 2. Press ENTER to display the following:

value.

Select range: 30V

The new divider calibration constants will be stored 3. Use 4 or'¥ to select the 30mV range, then press
in EEROM at this point, assuming no errors. ENTER. The unit will display the following prompt:

Table 7-6. 3mV and 30mV Range Calibration Summary

Step 182 Range Calibration Comments
Signal

1 30mV +3.00000V Positive full scale
2 30mV -3.00000V Negative full scale
3 30mV Low-thermal short* Shorted input

4 3mV +0.300000V Positive full scale
5 3mV -0.300000V Negative full scale
6 3mV Low-thermal short* Shorted input

*Model 1488 Low Thermal Shorting Plug must be connected to Model 182 INPUT jack for these calibration points.
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10.

11.
12.

Input = +3.00000

Set the DC calibrator output to exactly +3.00000V
Press ENTER to calibrate the positive full scale cali-
bration point. (or press ESC to abort the process and
return to the range selection prompt). During the
process, the instrument will display the following:

Measuring...

The instrument will then prompt for a negative full
scale input value:

Input = -3.00000

Set the DC calibrator output to exactly —3.00000V.
Press ENTER. The instrument displays the follow-

ing:
Measuring...
Next, the unit will display the following:

Short the input

NOTE
Up to this point, you can abort the calibration
procedure without changing previously-
stored calibration constants for the present
range by pressing ESC.

Disconnect the low-thermal cable from the INPUT
jack, and connect the low-thermal shorting plug in
its place.

NOTE
Allow one minute for thermals to settle before
proceeding.

Press ENTER.
The unit will display the following;:

Measuring...

The new calibration constants for the present range
will be stored in EEROM at this point (if no error oc-
curs).

13.

14.

15.

NOTE

If the applied signal is outside the allowed
range for the prompted calibration voltage,
the instrument will abort the procedure and
display a CAL ERROR message. If this mes-
sage occurs, check to see that the applied cali-.
bration voltage is the same as the prompted
value.

Remove the low-thermal shorting plug from the IN-
PUT jack, and reconnect thelow-thermal cable thatis
connected to the DC calibrator in its place.

Repeat steps 3 through 12 for the 3mV range using
the parameters summarized in Table 7-6. Be sure to
use the correct positive and negative full scale values
(0.300000V) where indicated. Also be sure to use the
low-thermal shorting plug for the shorted input cali-
bration point.

Press ESC as necessary to return to normal display,
then press the front panel recessed CAL button to
lock out calibration and restore normal operation.
The instrument will display the following message:

CAL LOCKED

IEEE-488 Bus Calibration

Use the steps below and the appropriate controller pro-
gram in Appendix D to calibrate the instrument over the
IEEE-488 bus. The procedure must be performed in the
order given here. Table 7-7 summarizes the bus calibra-
tion procedure.

Connect the Model 182 to the calibrator output (see
Figure 7-1) and to the IEEE-488 bus of the controller.
Turn on the power, and allow the Model 182 and the
DC calibrator to warm up for at least one hour before
beginning the calibration procedure.

Press in on the front panel recessed CAL switch and
verify that the instrument displays the CAL UN-
LOCKED message.

Follow the steps below to calibrate the 300mV-30V
ranges.

e~

WRNNG

Send the command “R5X” over the bus to place the
instrument on the 30V range.

Set the DC calibrator output to +30.0000V.

Send the command “C0,30X” over the bus.

Set the DC calibrator output to -30.0000V.

Send the command “C1,-30X”.

Set the DC calibrator output to 0.00000V (or connect
the low thermal short to INPUT).
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Table 7-7. TEEE-488 Bus Calibration Summary
Step Action Comments
1 Send “R5X” Select 30V range.
2 Apply +30.0000V 30V range positive full scale.
3 Send “C0,30X” Calibrate 30V positive point.
4 Apply -30.0000V 30V range negative full scale.
5 Send “C1,-30X” Calibrate 30V range positive point.
6 Apply 0.00000V * 30V range zero calibration point.
7 Send “C2X" Calibrate 30V range zero point
8 Send “R4X” Select 3V range.
9 Apply +3.00000V 3V range positive full scale.
10 Send “C0,3X” Calibrate 3V range positive point.
11 Apply -3.00000V 3V range negative full scale.
12 Send “C1,-3X” Calibrate 3V range negative point.
13 Apply 0.00000V * 3V range zero calibration point.
14 Send “C2X” Calibrate 3V range zero point.
15 Send “R3X” Select 300mV range.
16 Apply +300.000mV 300mV range positive full scale.
17 Send “C0,300E-3X" Calibrate 300mV positive full scale.
18 Apply -300.000mV 300mV range negative full scale.
19 Send “C1,-300E-3X” Calibrate 300mV negative full scale.
20 Apply 0.00000mV * 300mYV range zero calibration point.
21 Send “C2X” Calibrate 300mV zero point.
22 Send “R5X” Select 30V range.
23 Apply +30.0000V Divider full scale point.
24 Send “C3,30X” Calibrate divider full scale.
25 Apply 0.00000V * Divider zero calibration point.
26 Send “C4X” Calibrate divider zero.
27 Send “R2X” Select 30mV range.
28 Apply +3.00000V 30mV range positive full scale point.
29 Send “C0,3X” Calibrate 30mV positive point.
30 Apply -3.00000V 30mV range negative full scale point.
31 Send “C1,-3X” Calibrate 30mV negative point.
32 Send “R1X” Select 3mV range.
33 Apply +0.300000V 3mV range positive full scale point.
34 Send “C0,0.3X” Calibrate 3mV positive full scale.
35 Apply -0.300000V 3mV range negative full scale point.
36 Send “C1,-0.3X” Calibrate 3mV negative full scale.
37 Connect low-thermal short Low-thermal short must be used for
to INPUT jack. 3mV and 30mv range zero calibration.
38 Send “C2X" Calibrate 3mV range zero point.
39 Send “R2X” Select 30mV range.
40 Send “C2X” Calibrate 30mV range zero point.

*Model 1488 Low Thermal Shorting Plug can be connected to INPUT instead of setting calibrator output to OV.
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10. Send the command “C2X".

11. Send the command “R4X” to place the instrument on
the 3V range.

12. Set the DC calibrator output to +3.00000V.

13. Send the command “C0,3X” over the bus.

14. Set the DC calibrator output to —3.00000V.

15. Send the command “C1,-3X” over the bus.

16. Set the DC calibrator output to 0.00000V (or connect
the low thermal short to INPUT).

17. Send the command “C2X” over the bus.

18. Send the command “R3X” to place the Model 182 on
the 300mV range.

19. Set the DC calibrator output to +300.000mV.

20. Send the command “C0,300E-3X” over the bus.

21. Set the DC calibrator output to -300.000mV.

22. Send the command string “C1,-300E-3X".

23. Set the DC calibrator output to 0.00000mV (or con-
nect the low thermal short to INPUT).

24. Send the command string “C2X" over the bus.

The following steps calibrate the internal divider, which
is used to calibrate the 3mV and 30mV ranges.

NOTE

The divider must be calibrated before calibrat-
ing the 3mV and 30mV ranges, which must be
calibrated within 10 minutes of divider cali-
bration. Also note that the Model 1488 Low
Thermal Shorting Plug must be used for
shorted input calibration of the 3mV and
30mV ranges.

25. Send the command “R5X” to place the instrument on
the 30V range.

26. Set the DC calibrator output to +30.0000V.

27. Send the command “C3,30X” over the bus.

28. Set the DC calibrator output to 0.00000V (or connect
the low thermal short to INPUT).

29. Send the command “C4X” to the unit.

The following steps calibrate the 3mV and 30mV ranges.

30. Send the command “R2X” to put the Model 182 on
the 30mV range.

31. Set the DC calibrator output to +3.00000V.

32. Send the command “C0,3X” over the bus.

33. Set the DC calibrator output to -3.00000V.

34. Send the command “C1,-3X” over the bus.

35. Send the command “R1X” to place the instrument on
the 3mV range.

36. Set the DC calibrator output to +0.300000V.

37. Send the command “C0,0.3X” over the bus.

38. Set the DC calibrator output to —0.300000V.

39. Send the command “C1,-0.3X” over the bus.

40. Disconnect the low-thermal input cable from the
Model 182 INPUT jack, and connect the low-thermal
shorting plug to the INPUT jack in its place.

NOTE
Allow at least one minute for thermals to set-
tle before proceeding.

41. Send the command “C2X" over the bus.

42. Send the command “R2X” to put the unit on the
30mV range.

43. Send the command “C2X” over the bus.

44. Disconnect the low-thermal short from the input
jack; bus calibration is now complete.

45. Press the front panel recessed CAL button tolock out
calibration and restore normal operation. The instru-
ment will display the following message:

CAL LOCKED

7.3.6  Analog Output Calibration

Test Connections

Figure 7-2 shows the test connections for analog output
calibration. Note that the ANALOG OUTPUT jack of the
Model 182 is connected to the VOLTS/OHMS terminal of
the DMM using a BNC cable and a BNC-to-dual banana
jack adapter. Be sure that the BNC shell is connected to
DMM LO.

Front Panel Analog Output Calibration

Perform the steps below in the order given to calibrate
the analog output from the front panel. Table 7-8 summa-
rizes the front panel analog output calibration procedure.

1. Turn on the Model 182 and the DMM and allow
them to warm up for one hour before beginning cali-
bration. Set up the DMM as follows:

Function: DCV

Range: auto
Resolution: 5 1/2 digits
Zero: off
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Temporarily disconnect the DMM from the Model
182, then short the end of the input cable. Enable
DMM zero with the cable shorted.

Press ENTER, then use 4 or ¥ to display:

Calibrate Output

3. Remove the short, then make sure the Model 182 is ) _
girggf;?' zconnected to the DMM as shown in 8. Press ENTER, and note the instrument displays the
- followi t: :
4. From normal display, press the recessed CAL but- oflowing promp
ton. .
5. Press MENU, then use 4 to display the following: Enter V: +3.3000V
9. Note the voltage reading on the DMM, and key in
CALIBRA the DMM reading value at the above prompt.
TE 10. Press ENTER, and note the instrument displays the
following:
6. Press ENTER, then use 4 or ¥ to display the fol-
lowing: Enter V: +0.0000V
. 11. Note the DMM reading, and key in that value at the
Calibrate 182 above prompt.
BNC-to-Dual
Banana Adapter N
/ WARNING A\ )
, m—
0 o o oo eren
OooOoOoo| 43 o
a N
ooood|joel|| [ ©
Model 199 DMM ~
Model 182
7051 BNC
Coax Cable
Figure7-2.  Connections for Analog Output Calibration
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Table 7-8. Front Panel Analog Output Calibration Summary

Step Action Comments

1 Output +3.30000V Unit automatically outputs 3.3V.
2 Key in DMM reading Actual reading entered at prompt.
3 Output +0.00000V Unit automatically outputs OV.

4 Key in DMM reading Actual reading entered at prompt.




SECTION 7
Service Information

Table 7-9. IEEE-488 Bus Analog Output Calibration Summary

Step Action Comments

1 Send “C5X” Output +3.3V. :
2 Note and record DMM reading. Reading used as calibration point.
3 Send “C6,valueX” with value obtained in step 2 above. Send actual reading to Model 182.
4 Send “C7X” Output OV.

5 Note and record DMM reading. Reading used as calibration point.
6 Send “C8,valueX” with value obtained in step 5 above. Send actual reading to Model 182.

12. Press ENTER to complete calibration of the analog
output.

13. Press ESC as necessary to return to normal display
after calibration is complete.

14. Press the front panel recessed CAL button to lock out
calibration and restore normal operation. The instru-
ment will display the following message:

CAL LOCKED
IEEE-488 Bus Analog Output Calibration

Perform the steps below using the appropriate controller
program listed in Appendix D to calibrate the Model 182
analog output over the IEEE-488 bus. Table 7-9 summa-
rizes the bus calibration procedure.

1. Turn on the Model 182 and the DMM and allow
them to warm up for one hour before beginning cali-
bration. Set up the DMM as follows:

2.  Function: DCV
Range: auto
Resolution: 5 1/2 digits
Zero: off

3. Temporarily disconnect the DMM from the Model
182, then short the end of the cable. Enable DMM
zero with the cable shorted.

4. Remove the short, then make sure the Model 182 is
connected to the DMM as shown in Figure 7-2. Also
make sure the instrument is connected to the
TEEE-488 bus of the controller.

5. Press in on the recessed CAL switch to unlock cali-

bration.

Send the command “C5X” over the bus.

Note and record the voltage reading on the DMM.

Send the command “C6,valueX”, where value is the

DMM reading you obtained in step 6. For example, if

you obtained a reading of 3.29V, send “C6,3.29X".

® N

9. Send the command “C7X” over the bus.

10. Note and record the voltage reading on the DMM.

11. Send the command “C8,valueX”, where value is the
DMM reading you obtained in step 9. For example, if
the DMM reading was 10mV, send “C8,10E-3X".

12. Disconnect the DMM from the Model 182 when the
above procedure has been completed.

13. Press the front panel recessed CAL button tolock out
calibration and restore normal operation. The instru-
ment will display the following message:

CAL LOCKED

7.4 SPECIAL HANDLING OF STATIC-
SENSITIVE DEVICES

CMOS and other high-impedance devices can be dam-
aged by static discharge. When handling such devices,
use the following precautions:

1. Such devices should be transported only in contain-
ers specially designed to prevent or dissipate static
build-up. Typically, these devices will be stored in
anti-static containers made of specially-treated plas-
tic or foam. Keep these parts in their original contain-
ers until ready for installation.

2. Remove the devices from their protective containers
only at a properly-grounded workstation. Also
ground yourself with a suitable wrist strap while
working with such devices.

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 first be grounded to the bench or ta-
ble.

5. Use only anti-static type de-soldering tools and
grounded-tip soldering irons.

7.5 DISASSEMBLY

The following paragraphs outline the basic procedures
for disassembling the Model 182. In general, the proce-
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dures should be carried out in the order presented here.
Figure 7-3 shows an exploded view of the instrument
that can be used as an aid in disassembling and reassem-
bling the unit.

7.51 Handle Removal

Rotate the handle to align the arrows, then pull out on the
handle on each side, and remove the handle. Remove the
screw that secures each handle-mounting ear, then re-
move the ears by sliding them down slightly.

7.5.2 Cover Removal

To remove the cover, first remove the rear bezel, then re-
move the screw that secures the cover to the chassis. Slide
the cover off the chassis to the rear after removing the
screw.

WARNING
Disconnect the line cord and all other instru-
ments from the Model 182 before removing
the case cover.

To install the cover, slide the cover over the chassis until
the front edge is flush with the front panel, then install
the bottom screw to secure the cover. Install the rear
bezel, and secure it with the screws removed earlier.

WARNING
The screw that fastens the cover to the chas-
sis must be installed and secured to electri-
cally connect the cover to the chassis and en-
sure protection against a possible shock haz-
ard.

7.5.3 Shield Removal

The top and bottom analog shields can be removed as fol-
lows:

NOTE
Be careful not to touch the surface areas of the
mother board with your hands after the
shields are removed.
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1. Remove all the screws that secure the two shields to
the mother board (five in the top shield, and two in
the bottom shield).

2. Remove the bottom shield by prying out the stand-
offs from the mother board, and set it aside.

3. Disconnect the ribbon cable between the mother
board and digital board. Route the cable out of the
way to allow clearance between the digital board
mounting tray and the top shield.

4. Lift out the top shield from the bottom of the mother
board. NOTE: it may be necessary to loosen or re-
move the digital board mounting tray to gain suffi-
cient clearance to remove the top shield.

5. Install the shields by reversing the above procedure.
Be sure to seat the standoffs in the mother board be-
fore securing the shield screws.

7.5.4 Front Panel Removal

Remove the front panel as follows:

1. Disconnect the display board ribbon cable from the
digital board.

2. Pry the front panel tabs out away from the side pan-
els slightly until the tabs clear the side mounting
screw shoulders. As you pry each tab clear, push for-
ward on the front panel so that the tab does not slip
back into place.

3. Once all four tabs are clear, slide the front panel for-
ward until it is clear of the chassis.

4. Guide the ribbon cable and plug through the slot,
then pull the front panel assembly completely free of
the chassis.

5. To remove the display board, displace the locking
tabs, then remove the circuit board from the front
panel.

6. Replace the front panel by reversing the above pro-
cedure.

7.5.5 Circuit Board Removal

Digital Board Removal

Remove the digital board as follows:

1. Make sure all cables are disconnected from the digi-
tal board.

2. Remove the two screws that secure the IEEE-488
connector to the rear panel.

3. Remove the screws that secure the digital board to
the digital shield, then remove the board by sliding
the board forward until the slots clear the side tabs.
Pull the board clear of the shield.



SECTION 7

Service Information

Figure 7-3

Analog Top Shield

Mother Board

Digital Board

Support Tray

Model 182 Exploded View

Rear Bezel

Display Board
(Not shown)

[
c
©
a.
-
c
o
=
w

Handle Mounting Ear

7-13



SECTION 7
Service Information

Mother Board Removal

1. Remove the front panel, digital board, and shields as
previously described.

2. Remove the screws that secure the digital board sup-
port tray, then remove the tray. Two screws secure
the tray to the side of the case and one screw secures
the tray to the standoff.

3. Remove the plastic cover from the mother board.

4. Note the positions of the red and black wires of the
input cable where connected to the mother board.
Remove the screws that secure the input cable to the
mother board, then remove the cable lugs from the
board.

5. Disconnect the cable from the power line input mod-
ule.

6. Remove the nuts that attach the power line input
module to the rear panel and the ground wire, then
remove the module.

7. Remove the screw that secures the mother board to
the front part of the chassis, then remove the plastic
spacer.

8. Slide the mother board forward so that the slots in
the board clear the side tabs.

9. Pull the mother board free of the chassis.

10. When reinstalling the board, be sure that the input
cable lugs and connecting pads are clean and free of
oxides. (See paragraph 7.6 below).

WARNING
The power line receptacle ground wire must
be firmly connected to the chassis.

7.6 LOW-THERMAL CIRCUIT CLEANING

Copper-to-copper oxide junctions generate substantially
larger thermal EMFs than clean copper-to-copper junc-
tions. For that reason, the input cable lugs and copper
pads on the PC board should be cleaned before recon-
necting them, or if substandard instrument performance
caused by excessive thermal EMF generation is sus-
pected.

The surfaces of both lugs and the copper pads should be
carefully cleaned with Scotchbrite® before assembly. Af-
ter cleaning, lugs should be tightly secured to prevent the
future development of copper oxide, which could de-
grade instrument performance. A gas-tight connection
assures no oxides can form on copper.
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7.7 TROUBLESHOOTING

7.71 Recommended Troubleshooting

Equipment

Table 7-10 summarizes recommended troubleshooting
equipment.

Table 7-10. Recommended Troubleshooting

Equipment

Description Application

Keithley Model 199 DMM Measure AC and DC
voltages, resistors

DC Calibrator Apply accurate signal
voltages to input

100MHz oscilloscope | View digital signals, logic
levels

7.7.2  Display Test

The display test allows you to verify that each pixel and
annunciator in the vacuum fluorescent display is work-
ing properly. You can perform the display test as follows:

-
.

From normal display, press MENU.
2. Usethe 4 key to scroll to the following message:

CALIBRATE

3. Press ENTER, and note that the instrument displays
the following:

Display Test

4. Press ENTER to perform the test (or press ESC to
cancel without performing the test).

5. Observe the display to make sure that all elements
are working properly. Press ENTER to sequence
through the various parts of the test, which includes
all pixels on, digit sequencing, and a checkerboard
pattern with alternate pixels on. You can also press
ESC to go on to the next part of the test, if desired. Af-
ter all test types, the unit will return to the Display
Test prompt.

6. Press ESC twice from the Display Test prompt to re-
turn to normal display.
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7.7.3 Memory Test

You can perform a self-test of NVRAM and RAM ICs by
sending the command “H1X” over the bus. The results of
these tests are reported on the front panel and in bits 7
and 8 of the U1 error word, which is covered in detail in
paragraph 4.2.20.

7.7.4  Troubleshooting Mode

The Model 182 has a troubleshooting mode which allows
you to “freeze” the measurement phases to allow signal
tracing through the unit and verify the operation of vari-
ous circuits. To enter the troubleshooting mode, press the
troubleshooting mode switch (5500) located on the dig’-
tal board near the front edge. You can then use 4 or

to cycle through the four measurement phases, which are

called N modes. Circuit configurations for various N
modes and ranges are summarized in Table 7-11. Press
ESC to exit the troubleshooting mode and return to nor-
mal operation.

NOTE
The unit must be in one-shot trigger mode for
N-modes to operate properly.

7.7.5 Troubleshooting Procedures

Tables 7-12 through 7-16 summarize the troubleshooting
procedures for the various circuits within the instrument.
In general, the procedures should be performed in the or-
der given, with the power supplies being checked first,
the digital board second, and so on. Figure 7-4 shows the
various test points for the troubleshooting procedures.

Table 7-11. Troubleshooting Mode

Function N-Mode Gain Switches Closed
and Range
30V DC SIGNAL 0.1 U101A, Q111, Q117

REF 1 U100B, Q117, Q111

REF ZERO 1 U100D, Q117, Q111
3V DC SIGNAL 1 Q108, Q117

SIG ZERO 1 Q111, Q117

REF 1 U100B, Q117

REF ZERO 1 U100D, Q117
300mV DC SIGNAL 10 Q108, Q117

SIG ZERO 10 Q111.Q117

REF 1 U100B, Q117

REF ZERO 1 U100D, Q117
30mV DC SIGNAL 100 Q108, Q117

SIG ZERO 100 Q111, Q117

REF 1 U100B, Q117

REF ZERO 1 U100D, Q117
3mV DC SIGNAL 1000 Q108, Q117

SIG ZERO 1000 Q111,Q117

REF 1 U100B, Q117

REF ZERO 1 U100D, Q117
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Figure 7-4 Test Point Locations
Table 7-12. Power Supply Checks
Step | Item/Component Required Condition Remarks
1 $1001 line voltage Set to 115 or 230V Line voltage selection
switch as required
2 F1001 line fuse Check continuity Remove to check
3 Line power Plugged into live Check for correct
receptacle, power on power up sequence
4 U138, pin 3 +5V, +5% Referenced to digital common
5 U135, pin 3 -5V, +5% Referenced to digital common
6 P1011, pin1 +7V, +20% Referenced to digital common
7 U140, pin 2 +40V, +5% Referenced to signal common
8 U137, pin 2 —40V, +5% Referenced to signal common
9 U136, pin 3 +15V. +5% Referenced to signal common
10 U134, pin 3 -15V, +5% Referenced to signal common
11 U139, pin 3 +5V, +5% Referenced to signal common
12 TP103 +6.95V, +1% Referenced to signal common
13 Junction of R113, R130 | +2.1V, +1% Referenced to signal common
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Table 7-13. Digital Circuitry Checks

Step | Item/Component Required Condition Remarks
1 Power on No failures reported UNCALIBRATED error: check U522
2 Reference point All signals referenced to digital common
3 U514, pin 1 +7V, +20% Unregulated DC supply voltage
4 U513, pin 3 +5V, +5% +5V supply
5 U509, pin 20 Stays low briefly on MPU RESET line
power up, then goes high
6 U519, pin 11 10MHz square wave 10MHz system clock
7 U519, pin 10 5MH2z square wave system clock/2
8 U519, pin 9 2.5MHz square wave system clock/4
9 U509, pins 32-55 Check for latched lines Address bus A1-A23
10 U509, pins 1-5,58-68 | Check for latched lines Data bus D0-D15
11 | J1010, pins 9 and 11 +60V, +5% VFD DC supply
12 | J1010, pins 4 and 14 5VAC VFD filament supply
13 | U506, pin 13 Pulse train every 1msec Display data to front panel
14 | U506, pin 11 Brief pulse train when Key data from front panel
front panel key is pressed
15 | U516, pin 4 Brief pulse bursts Data pulses from A /D microcontroller
16 U516, pin 2 Brief pulse bursts Control pulses to A /D microcontroller
17 | U516, pin 12 3.84MHz square wave Front panel microcontroller clock
18 | U500, pin 32, 1kHz square wave Imsec system interrupt
19 | U500, pin 30 Brief pulse bursts IEEE-488 data interrupt
during bus activity
20 | U500, pin 29 Brief pulse bursts IEEE-488 control interrupt
during bus activity
21 | U500, pin 28 Pulse bursts A/D controller interrupt
22 | U500, pin 27 Pulse bursts Front panel controller interrupt
23 | U507, pin 8 Goes low when bus IEEE-488 ATN line
command is sent
24 | U507, pins 4,5 and 6 | Refer to Fig. E-2 for Handshake sequence for
required conditions DAYV, NRFD, and NDAC
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Table 7-14. Display Board Checks

Required Condition

Remarks

Step| Item/Component

1 Display Test

2 Reference point

3 P1010 pins 4 and 14
4 P1010, pin 5

6 P1010, pin 9

7 P1010, pin 12

8 P1010, pin 2

9 P1010, pin 8

10 | P1010, pin 10

Verify all pixels operate
Digital common

5VAC

+5V, +5%

+60V, +10%

Goes low briefly on power-up,
then goes high

3.84MHz square wave

Pulse train every 1msec

Brief pulse train when front
panel is pressed

Use MENU CALIBRATE selection

All signals except 5VAC referenced
to digital common

VED filament

Digital +5V supply

VED +60V supply
Microcontroller

RESET line

Controller 3.84MHz clock
Control from main processor
Key down data sent

to main processor
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Table 7-15. Analog Circuitry Checks

Step| Item/Component Required Condition Remarks

1 Reference point Connect DMM LO or scope LO | All voltages referenced to
to analog common (INPUT LO) | analogcommon

2 Range Select 3V range

3 Trigger mode Select one-shot trigger Use SETUP to select

4 Diagnostic mode Select N MODE SIGNAL Press S500 to enter, use front panel keys

to select signal phase of N mode

5 INPUT connector Apply +0.0000V

6 TP104 0V +10mV Preamp output

7 TP105 0V £10mV A/D buffer output

8 INPUT connector Apply +3.0000V

9 TP104 +3V +10mV Preamp output

10 TP105 +3V +10mV A /D bulffer output

11 | INPUT connector Apply -3.0000V

12 | TP104 -3V +10mV Preamp output

13 TP105 -3V +10mV A/D bulffer output

14 | Repeat steps 4-13 for Range Input Measured voltages

listed ranges and input at TP104 and TP105 voltages

300mV  +300mV should be -3V or +3V
30mV +30mV
3mV +3mV

15 | Range 30V range

16 | Diagnostic mode Select N MODE SIGNAL Use S500 to select

17 | INPUT connector Apply 0.0000V

18 | TP105 ov A/D buffer output

19 | INPUT connector Apply +30.0000V

20 TP105 +30V A /D buffer output

21 | INPUT connector Apply -30.0000V

22 | TP105 =30V A/D buffer output

23 | Trigger mode Select multiple mode, Use SETUP to select
then press MANUAL ’

24 Q113 emitter +5V +5V reference

25 Q125 emitter -10V ~10V reference

26 | TP100 +5V +5V reference

27 U113, pin 13 3.84MHz square wave A/D 3.84MHz clock

28 | TP101 Ramp, charge balance waveform | Integrator output

29 | TP102 Negative-going pulse Final slope comparator
every 10msec output

30 U121, pin 13 Variable pulse train A/D counts from A /D converter

31 U127, pin 6 7.68MHz square wave A/D controller clock

32 | U127, pin 28 Brief pulse bursts A/D controller control

33 | U127, pin 29 Brief pulse bursts A/D controller data

34 | U127,pin17 Stays low briefly A/D controller reset
on power-up, then goes high
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Table 7-16. Analog Output Checks

Step | Item/Component Required Condition Remarks

1 Front panel programming| Program 0V analog Use MENU CALIBRATE Configure Output
output value selection to program analog output value

2 Reference point Digital common All voltages referenced to digital common

3 U534, pin 24 ov DAC output

4 U533, pin 6 ov Buffer output

5 Front panel Program +3.3V analog | Use MENU to program output value

6 U534, pin 24 -3V DAC output

7 U533, pin 6 +3.3V Buffer output

8 Front panel Program -3.3V analog Use MENU to program
output value

9 U534, pin 34 +3V DAC output

10 | U533, pin6 A -3.3V Buffer output

7.8 AC PUMPOUT ADJUSTMENT

The AC pumpout adjustment is performed at the factory
and need not normally be performed in the field unless
parts in the input circuit are replaced. The paragraphs be-
low detail the necessary equipment and AC pumpout ad-
justment procedure.

7.8.1 Recommended Pumpout Adjust-

ment Equipment

Table 7-17 summarizes the equipment required for the
AC pumpout adjustment

Table 7-17. AC Pumpout Adjustment
Equipment

Description

Ithaco Model 1201B Voltage Amplifier
Storage oscilloscope

BNC to low thermal connector cable
BNC to BNC connector cable

7.8.2 Pumpout Adjustment Procedure

1. Using the BNC to low thermal connector cable, con-
nect the Model 182 INPUT connector to the amplifier
BNC input jack.
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. Connect the amplifier BNC output jack to the BNC

input jack of the oscilloscope using the BNC to BNC
cable.

. Turn the test equipment and the Model 182 on, and

allow them to warm up for one hour before proceed-
ing

X Set.up the Model 182 as follows:

REL READING: Off
FILTER: Off
RANGE: 3V

. Setup the Ithaco 1201B amplifier as follows:

Input A: GND
Input B: AC
High Pass: 1
Low Pass: 1k
Gain: 100

. Set up the oscilloscope as follows:

Amplitude/Division: 0.2V/Div
Time/Division: 0.2sec/Div
Input coupling: DC

. Adjust R120 (AC pumpout) on the Model 182 analog

board (see Figure 7-4) for an oscilloscope reading of
less than one vertical division (200mV shown on the
scope equals 2mV from the Model 182).

NOTE
R120 can be accessed through the hole in the

analog board shield. It is not necessary to re-
move the shield.
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7.9 INPUT BIAS CURRENT AND INPUT IM-
PEDANCE TESTS

The following paragraphs discuss input bias current and
input impedance tests, which can be wused as
troubleshooting aids, or to verify that these characteris-
tics are within nominal limits.

7.9.1 Recommended Input Test

Equipment

Table 7-18 summarizes the equipment recommended for
the input bias current and impedance tests.

7.9.2 Input Test Procedure

1. Construct the test fixture shown in Figure 7-5.
NOTE: The 1GQ resistor is required to prevent elec-
trometer circuit oscillations. Also make sure that the
fixture is properly shielded (use a metal box).

2. Connect the Model 182, Model 617, and test fixture
together, as shown in Figure 7-6. Connections
should be made as follows:

A. Connect the test fixture low thermal connector to
the Model 182 INPUT jack using the 262-315 low
thermal cable.

B. Connect the test fixture triax connector to the
Model 617 INPUT jack using the Model 7024-3
triax cable.

C. Connect the Model 617 V-SOURCE LO terminal
to the banana jack on the test fixture using a ba-
nana plug jumper.

D. Likewise connect the Model 617 V-SOURCE HI
terminal to the Model 617 COM terminal using a
banana plug jumper.

10.

11.

Turn on the power, and allow both the Model 182
and the Model 617 to warm up for one hour before
performing the tests.

Select Model 182 factory default conditions as fol-
lows:

A. Press MENU. )

B. Press4 three times to display the following:

SETUP

C. Press ENTER, then use 4 or ¥ to display the
following;:

Recall Factory

D. Press ENTER to recall factory defaults.

E. Press ESC to return to normal display.

Select the 3V range on the Model 182.

Select the Model 617 coulombs function, and place
the unit in the auto-range mode. Place the V-Q
GUARD switch in the guarded position.

Enable zero check on the Model 617, then zero cor-
rect the instrument by pressing the ZERO CORRECT
button. Note that enabling zero check will clear out
the old reading.

Program the Model 617 voltage source for a value of
0V (V1), and place the voltage source in the operate
mode (OPERATE on).

Measure charge by disabling zero check. After 60
seconds, record the charge reading Q: in line 1 of
Table 7-19.

Program the Model 617 voltage source for a value of
-2.5V (V2), and make sure the voltage source is in op-
erate.

Enable Model 617 zero check.

Table 7-18. Test Equipment Recommended for Input Impedance and Input
Bias Current Tests

Equipment Type Description

Measuring Instrument
Cables

Test Fixture Parts

Keithley Model 617 Electrometer/Source

Low thermal cable, Keithley part number 262-315
Triax cable, Keithley Model 7024-3

Banana jack jumpers (2), using Keithley BJ-5
banana jacks and #18AWG stranded, insulated wire

Aluminum Pomona component box

1GQ resistor, Keithley part number R-289-1GQ
2-lug Triax connector, Keithley Model 7023

Female low thermal connector, Keithley Model 1485
Binding post, Keithley part number BP-11-0

7-21



SECTION 7

Service Information
Shielded
BP-11-0 —» Pomona Box
Binding Post
jite) Hi
HI H :l
i R-289-1G f
Resistor Model 7023
2-Lug Triax
Bulk Head
Connector
|
—— Model 1485 Female
Low Thermal Connector
Figure 7-5.  Test Fixture Construction
Model 617
Electrometer/Source
Banana Jack Jumpers - _]n. - !jnplll:
using BJ-5 Jacks I_.l acl
Lo [ THN | <
4 I_H_IK\ i Guard E ’7;
Input Bf:;?a V-Source Com !_____l'-"
A Section Electrometer
Jack Ly ™ Section
NN 1 A
LO Ty >y | A = Model 7024-3
> >+H AM——— Triax Cable
_____ _\! I 1GQ & \\-’/
_____ ‘ <I Ser
Model 182 f Test Fixture \
Voltmeter .
262-315 Low Thermal Triax
Low Thermal Cable Connector Connector

Test Connections

Figure 7-6.
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12.

13.

14.

Where:

Disable Model 617 zero check in order to perform a
second charge measurement. After 60 seconds, re-
cord charge Q. in line 2 of Table 7-19.

Place the Model 617 in zero check, and turn off the
voltage source output.

Calculate the current values in Table 7-19 as follows:

Q

60

I = calculated current (I: or I2)
Q = charge measurement (Q: or Q)
60 = time of charge measurement in seconds

15.

16.

17.

Calculate the input impedance, Zw, from the voltage
and current values:
Vi-V2
Zn=
L-I

Verify that the input impedance calculated in step 15
is >10GQ2.

The input bias current is simply the calculated cur-
rent (I:) from line 1 of Table 7-19. Verify that this in-
put bias current value is <50pA.

Table 7-19. Input Tests Parameter Summary

Step Voltage Charge (Measured) Current (Calculated)*
1 Vi=0V Qi= L=
2 VZ = '2.5V QZ = Iz =

*I1 = Input bias current
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Replaceable Parts

8.1 INTRODUCTION

This section contains replacement parts information,
schematic diagrams, and component layout drawings for
the Model 182.

8.2 PARTS LISTS

Parts lists for the various circuit boards are included in ta-
bles integrated with schematic diagrams and component
layout drawings for theboards. Parts are listed alphabeti-
cally in order of circuit designation.

8.3 ORDERING INFORMATION

Keithley Instruments, Inc. maintains a complete inven-
tory of all normal replacement parts. To order a part, or to
obtain information concerning parts, contact your Keith-
ley representative or the factory. When ordering parts,
include the following information:

e Instrument model number

Instrument serial number

Part description

Circuit designation, where applicable
Keithley part number

8.4 FACTORY SERVICE

If the Model 182 is to be returned to the factory for serv-
ice, carefully pack the unit, and include the following:

e Complete the service form at the back of this manual,
and return it with the instrument.

e Advise as to the warranty status of the instrument.

e Write the following on the shipping label: ATTEN-
TION REPAIR DEPARTMENT.

8.5 COMPONENT LAYOUTS AND
SCHEMATIC DIAGRAMS

Component layout drawings and schematic diagrams
are included on the following pages integrated with the
parts lists.
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MODEL 182 ANALOG BOARD PARTS LIST

Circuit Keithley
Design. Description Part No.
AT100,101,103..105 IC,FET OPTP ISOLATOR,H11F1 IC-524
C100...102 CAP,.47UF,10%,100V,POLYPROPYLENE C-306-.47
C125 CAP,22PF,5%,500V,POLYSTYRENE C-138-22P
C126..129 CAP,10UF,20%,20V,TANTALUM C-179-10
C130 CAP,1UF,20%,50V,POLYCARBONATE C-215-1
C131,185,191,192 CAP,1UF,20%,50V, CERAMIC C-237-1
C132..135,184 CAP,.0047UF,10%,100V,POLYPROPYLENE C-306-.0047
C136 CAP,.1UF,10%,100V,POLYPROPYLENE C-306-.1
C137,138 CAP,10,000UF,-20+100%,16V ALUMINUM C-313-10000
C139,176,186,190,194 CAP, 10UF,-20+100%,25V,ALUM ELEC C-314-10
C141,142 CAP,2200UF,-20+100%,25V,ALUM ELEC C-314-2200
C143,144 CAP,10UF,20%,63V,ALUM ELEC C-403-10
C145..148 CAP,100UF,20%,63V,ALUM ELEC C-403-100
C149..152 CAP,330UF,20%,63VDC,ALUM ELECTROLYTIC C-412-330
C153..155 CAP,100UF,20%,25V,ALUM ELEC C-413-100
C158 CAP,15PF,10%,1000V,CERAMIC C-64-15P
C159,171 CAP,22PF,10%,1000V,CERAMIC C-64-22P
C160 CAP,330PF,10%,1000V,CERAMIC C-64-330P
Ci161 CAP,47PF,10%,1000V,CERAMIC C-64-47P
C163 CAP,82PF,10%,1000V,CERAMIC C-64-82P
C172 CAP,1000PF,10%,1000V,CERAMIC C-64-1000P
C174 CAP,.10UF,10%,63V,POLYCARBONATE C-432-10
C188,189 CAP,.01UF,20%,50V,CERAMIC C-365-.01
C200..227 CAP,.1UF,20%,50V,CERAMIC C-365-.1
CR102..104,114,115 DIODE,SILICON,IN4148 (DO-35) RF-28
CR107,109..111 DIODE,BRIDGE,VM18 RE-52
CR108 DIODE,SILICON,W04M (CASE WM) RF-46
CR112,113 DIODE,SILICON,IN4006 (D0-41) RF-38
F1001 FUSE, .375A,250V, 3AG, SLO-BLO FU-18
J1002, AC POWER MODIFIED CONNECTOR 236-329A
J1004..1006 CONN, BNC CS-547
L101,102 CHOKE, SHIELD BEAD CH-52
P1011 CABLE ASSEMBLY, 20 CONDUCTOR CA-27-9B
Q100 TRANS,P CHANNEL JFET,J270 (TO-92) TG-166
Q101 TRANS,N CHANNEL JFET,PN5434 (TO-92) TG-174
Q102 TRANS, LOW NOISE/DRIFT DUAL FET MP841

Q103 TRANS,NPN SIL,2N5210 (TO-92) TG-143
Q106,108,111,117,119,128,129,130 TRANS,N CHANNEL FET,2N4392 (TO-92) TG-128-1
Q107,112 SELECTED, TG-225 182-600A
Q109,110 DIODE, CURRENT REG,J505 (T0-92) TG-140
Q113 TRANS,NPN SILICON,2N3904 (T0-92) TG-47
Q115,116,121 TRANS,NPN COMP SILICON AMP,MPS8099 TG-157



Q118,120,126,127
Q122

Q123,124

Q125

R100,101
R103,149,207,265
R104,105
R106,165
R107,223,224,226,227
R108

R110

R111
R113,130
R114,161,204,222
R115

R117

R118

R119

R120

R121

R122

R123

R124

R125
R128,129
R131,137
R132

R133
R134,135
R143
R145,146
R154,155,219
R156,203
R157
R158,160,220,221
R163,213
R166,211
R167
R168,169
R170,171
R172

R173
R174,218,269
R176,182,199
R178,181
R180
R183,186
R184,185,196
R188

R189

R190

R191

R192

TRANS,NPN SILICON,5818 (TO-92)
TRANS,PNP COMP SILICON AMP,MPS8599
DIODE, CURRENT REG,J511 (TO-92)
TRANS,PNP SILICON 2N3906 (TO-92)

RESISTOR SET, MATCHED
RES,10K,5%,1/4W,COMPOSITION OR FILM
RES,2K,.1%,WIREWOUND
RES,4.99K,1%,1/8W,METAL FILM
RES,1K,1%,1/8W METAL FILM
RES,996K,.1%,1/4W,METAL FILM
RES,9.76K,1%,1/8W,METAL FILM
RES,23.2K,1%,1/8W METAL FILM
RESISTOR SET, MATCHED
RES,2.2M,5%,1/4W,COMPOSITION OR FILM
RES,100,1%,1/8W,METAL FILM
RES,7.78K,.1%,1/8W, METAL FILM
RES,142.8K,.1%,1/8W,METAL FILM
RES,32.4K,1%,1/8W METAL FILM

POT, 100K, 10%, .5W, NON-WIREWOUND
RES,5.62K,1%,1/8W METAL FILM

RES, 12.7K, 1%, 1/8W, METAL FILM
RES,26.7K,1%,1/8W METAL FILM
RES,21K,1%,1/8W,METAL FILM
RES,15.8K,1%,1/8W,METAL FILM
RES,20K,.1%,1/10W,METAL FILM
RES,56.2K,1%,1/8W METAL FILM
RES,200K,1%,1/8W,METAL FILM
RES,500,1%,2W,WIREWOUND
RES,10,1%,1/8W,METAL FILM
RES,7.87K,1%,1/8W,METAL FILM
RESISTOR SET, MATCHED
RES,75K,1%,1/8W METAL FILM

RESISTOR SET, MATCHED
RES,30.1K,1%,1/8W,METAL FILM
RES,220,5%,1/4W, COMPOSITION OR FILM
RES,100K,1%,1/8W,METAL FILM
RES,499,1%,1/8W,METAL FILM
RES,1.33K,1%,1/8W METAL FILM
RES,10,5%,1/4W,COMPOSITION OR FILM
RES,4.53K,1%,1/8W,METAL FILM

RES, 24.9K, 1%, 1/8W, METAL FILM
RES,560K,5%,1/4W,COMPOSITION OR FILM
RES,1M,1%,1/8W METAL FILM
RES,1K,5%,1/4W,COMPOSITION OR FILM
RES,270,5%,1/4W,COMPOSITION OR FILM
RES NET,10K,2%,1W

RES,237,1%,1/8W METAL FILM
RES,7.15K,1%,1/8W,METAL FILM
RES,1.24K,1%,1/8W METAL FILM

RES, 6.49K,1%,1/8W, METAL FILM
RES,14.3K,1%,1/8W, METAL FILM
RES,100,1%,1/8W,METAL FILM
RES,20K,1%,1/8W METAL FILM

TG-138-1
TG-158
TG-226
TG-84

R-395
R-76-10K
R-291-2K
R-88-4.99K
R-88-1K
R-264-996K
R-88-9.76K
R-88-23.2K
R-293
R-76-2.2M
R-88-100
R-176-7.78K
R-176-142.8K
R-88-32.4K
RP-104-100K
R-88-5.62K
R-88-12.7K
R-88-26.7K
R-88-21K
R-88-15.8K
R-263-20K
R-88-56.2K
R-88-200K
R-290-500
R-88-10
R-88-7.87K
R-379
R-88-75K
R-381
R-88-30.1K
R-76-220
R-88-100K
R-88-499
R-88-1.33K
R-76-10
R-88-4.53K
R-88-24.9K
R-76-560K
R-88-1M
R-76-1K
R-76-270
TF-183-5
R-88-237
R-88-7.15K
R-88-1.24K
R-88-6.49K
R-88-14.3K
R-88-100
R-88-20K



R193
R194
R195,202
R197
R198
R201
R206
R214,217
R225
R228..230
R250..264
R266
R268
R270

51001
51002

T1001
T1002
TP100..105

U100,101,118
U102
U103,122,128
U104
U105,112
U106

U107

U108

U109
U110,111
U113,120,123
Ul14

U115

Ul16
U117,130,131
U119

U121
U124,143
U125

U127

U129

U134

U135

U136

U137
U138,139
U140

U142
U144,145

VR100,101,104..106

VR102,103

RES, 1.07K,1%,1/8W METAL FILM

RES, 14K, 1%, 1/8W, METAL FILM
RESISTOR SET, MATCHED

RES, 2.8K,1%,1/8W METAL FILM
RES,2K,5%,1/4,COMPOSITION OR FILM
RES, 499K,1%,1/8W, METAL FILM
RES,715K,1%,1/8W METAL FILM

RESISTOR SET, MATCHED
RES,100,5%,1/4W,COMPOSITION OR FILM
RES, 750,5%,1/4W, COMPOSITION OR FILM
RES,10K,1%,1/8W ,METAL FILM
RES4.7K,5%,1/4W,COMPOSITION OR FILM
RES,44.2K,1%,1/8W,METAL FILM
RES,680,5%,1/4,COMPOSITION OR FILM

VOLTAGE SELECT SWITCH,SLIDE (DPDT)

LINE SWITCH SWITCH,PUSHBUTTON (6 POLE)

TRANSFORMER (90-110V, 180-220V)
TRANSFORMER (105-125V, 210-250V)
CONN,TEST POINT

IC,SPST CMOS ANALOG SWITCH, (DG411)
IC,QUAD 2 INPUT NAND,74HC00

IC, DUAL COMP,LM393

1C,OP-AMP,AD707

IC,15V OP-AMP, 1007

IC,JFET OP-AMP,LF411

IC,TRIPLE 2 CH MULTI/DEMUX 4053

IC, TRIPLE 2CH MULTI/DEMUX, 4053
IC,PRECISION REFERENCE,LM399
IC,DUAL D-TYPE FLIP FLOP,74HC74
1C,22V OP-AMP,0P02

IC,DUAL JFET OP-AMP,412

IC,DUAL 4 BIT DECADE COUNTER,74HC390
IC,QUAD 2 INPUT NOR, 74HC7002
IC,OP-AMP,OPA602AP

1C,20V OP-AMP, MP5501CP

IC,DUAL 4 BIT COUNTER,74HCT393
IC,DUAL POWER MOSFET DRIVER,TSC428
PROGRAMMED ROM

IC,8-BIT MICROCONTROLLER,MC68HC11F1
IC,DUAL LOW NOISE OP-AMP,NE5532
IC,NEG VOLTAGE REG -15V,500MA,79M15
IC, VOLTAGE REGULATOR, 7905

IC,POS VOLTAGE REG +15V,500MA,7815
IC,VOLTAGE REGULATOR,LM337MP
IC,+5V VOLTAGE REGULATOR, 7805
IC,VOLTAGE REGULATOR,LM317MP
IC,UNDERVOLT SENSOR, MC34064
IC,OPTOCOUPLER,TLP582

DIODE,ZENER 6.4V, IN4571 (D0-7)
DIODE,ZENER,33V,IN5364A (CASE 17)

R-88-1.07K
R-88-14K
R-380
R-88-2.8K
R-76-2K
R-88-499K
R-88-715K
R-387
R-76-100
R-76-750
R-88-10K
R-76-4.7K
R-88-44.2K
R-76-680

SW-476
SW-466

TR-269A
TR-270A
CS-553

IC-667
IC-351
IC-343
IC-706
IC-422
I1C-453
1C-283-1
31847-1A
I1C-527
I1C-337
IC-413
IC-504
IC-500
I1C-697
IC-703
IC-414
IC-462
IC-704
182-802
LSI-98B
IC-501
IC-195
IC-505
IC-194
IC-309
1C-93
IC-308
IC-716
1C-689

DZ-60
DZz-84



VR107,108
VR109
VR110
w1

Y101

DIODE, ZENER 5.1V,IN751(DO-7)
DIODE, ZENER 30V IN4751 (DO-35)
DIODE, ZENER 30V IN4751 (DO-35)
CONN,3 PIN

CRYSTAL, 7.68MHZ

DZ-59
DZz-78
Dz-78
CS-339-3

CR-31
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Command Summary

Table A-1. Device-Dependent Command Summary

Mode Command Description Para.
Display ASCI A0 Restore display to normal 421
String Al,string Display string
A2 string Display string and store in EEROM
A3 Display string stored in EEROM
Display BO 5 1/2-digit resolution 422
Resolution B1 6 1/2-digit resolution
B2 3 1/2-digit resolution
B3 4 1/2-digit resolution
Measure and CO0,value Calibrate measure positive full scale 423
Analog Output C1,value Calibrate measure negative full scale
Source c2 Calibrate measure zero offset
Calibration C3,value Calibrate divider full scale
C4 Calibrate divider zero
C5 Select positive full scale output
Cé,value Calibrate positive full scale output
c7 Select zero output value
C8,value Calibrate zero output with value
Filter Damping DO Configure filter damping off (same as P2) 4.2.4
D1 Configure filter damping on (same as P3)
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Command Summary
Device-Dependent Command Summary (Cont.)

Mode Command Description Para.
Reading FO Latest reading from A /D converter 425
Source F1 One reading from buffer

F2 All readings in buffer

F3 Maximum value in buffer

F4 Minimum value in buffer
Reading GO Reading only 426
Format Gl Reading with prefix

G2 Reading with buffer location

G3 Reading with buffer location and prefix

G4 Reading with time stamp

G5 Reading with time stamp and prefix

Gé6 Reading with time stamp and location

G7 Reading with time stamp,location,and prefix
Immediate HO Initiate manual trigger 427
Trigger and Hi1 Perform memory test
Self-test
Buffer 10 Disable buffer 428
Configuration I1,value Buffer on, linear length=value

2 Buffer on, circular length=1024
Analog Output Jo Disable analog output relative 429
Relative J1 Enable analog output relative using next reading

J2,value Enable analog output relative using value (x1E-9 to +30.3)

J3 Enable analog output relative, use present value
EOI], Bus KO0 Enable EQI, enable bus hold-off on X 42.10
Hold-off K1 Disable EQI, enable bus hold-off on X

K2 Enable EQ], disable bus hold-off on X

K3 Disable EOI, disable bus hold-off on X
Save/Recall Lo Save current setup as power-on 4211
Setup L1 Recall factory default setup

L2 Recall power-on setup
SRQ Mask MO Disable SRQ 4212

M1 Reading done

M2 Buffer half full

M4 Bulffer full

M8 Reading overflow

M1é6 Ready for command

M32 Error

M128 Ready for trigger
Enable/Disable | NO Filters off 4213
Filters N1 Filters on
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Command Summary
Device-Dependent Command Summary (Cont.)

Mode Command Description Para.
Analog Filter o0 Configure analog filter off 42.14
Configuration 01 Configure analog filter on
Digital Filter PO Configure digital filter off 42.15
Configuration P1 Configure fast response

P2 Configure medium response

P3 Configure slow response
Trigger Interval | Qvalue Interval=value in msec (10-999 999msec) 42.16
Range RO Enable auto-range 4217

R1 3mV range

R2 30mV range

R3 300mV range

R4 3V range

R5 30V range

R6 No function

R7 No function

R8 Disable auto-range
Integration SO Line cycle integration period 4.2.18
Period S1 3msec integration period

52 100msec integration period
Trigger Mode T0 Multiple on talk 4.2.19
and Source T1 One-shot on talk

T2 Multiple on GET

T3 One-shot on GET

T4 Multiple on X

T5 One-shot on X

T6 Multiple on external

T7 One-shot on external

T8 Multiple on manual (MANUAL key) or bus HOX

T9 One-shot on manual (MANUAL key) or bus HOX

T10 Disable all triggers
Alternate uo Send machine status 4.2.20
Output Ul Send error conditions

U2 Send firmware revision

us Send buffer length

U4 Send buffer average

uUs Send buffer standard deviation

Ué Send reading relative value

u7 Send analog output relative value

U8 Send analog output gain value

U9 Send trigger interval

U10 Send trigger delay

Ul Send calibration constants

U12 Send calibration lock status

U13 Send Model 181-like machine status

Ul4 Send ASCII text string
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Command Summary
Device-Dependent Command Summary (Cont.)

Mode Command Description Para.
Analog Output V0,gain Normal mode, gain (.001 to 999 999.999) 4.2.21
Mode, Gain,and | V1,value Source mode, output = value (-3.3 to +3.3)
Output Value
Trigger Delay WO Disable trigger delay 4222

Wvalue Enable trigger delay, delay=value

(Imsec to 999 999 msec)

Execute X Execute other device-dependent commands 4223
Terminators YO <CRLF> 4224

Y1 <LF CR>

Y2 <CR>

Y3 <LF>

Y10 <CRLF>

Y13 <LF CR>
Reading Z0 Disable reading relative 4225
Relative Z1 Enable reading relative using next reading

Z2,value Enable reading relative using value (+1E-9 to +£30.3)

Z3 Enable reading relative, use present value

NOTE: Corresponding lower-case letters may be used instead of upper-case letters.
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APPENDIX B

Interface Function Codes

The interface function codes, which are part of the
IEEE-488 standards, define an instrument’s ability to
support various interface functions and should not be
confused with programming commands found else-
where in this manual. The interface function codes for the
Model 182 arelisted in Table B-1. The codes define Model
182 capabilities as follows:

SH (Source Handshake Function) — SH1 defines the
ability of the instrument to initiate the transfer of mes-
sage/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 data over the bus to other devices is provided by the
T function. Instrument talker capabilities (T6) exist only
after the instrument has been addressed to talk.

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. Listener capabili-
ties (L4) of the instrument exist only after it has been ad-
dressed to listen.

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

RL (Remote-Local Function) — RL1 defines the ability of
the instrument to be placed in the remote or local modes.

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 Function) — DTI defines the ability
of the Model 182 to have readings triggered.

C (Controller Function) — The instrument does not have
controller capabilities (CO0).

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

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

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

Table B-1. Model 182 Interface Function Codes

Code | Interface Function

SH1 | Source Handshake capability

AHI1 | Acceptor Handshake capability.

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

14 Listener (basic listener, unaddressed to listen
on TAG)

SR1 | Service Request capability

RL1 | Remote/Local capability

PPO | No Parallel Poll capability

DC1 | Device Clear capability

DT1 | Device Trigger capability

Co No Controller capability

El Open Collector Bus Drivers

TEO | No Extended Talker capabilities

LEO | No Extended Listener capabilities
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ASCII Character Codes and IEEE-488

Multiline Interface Command Messages

IEEE-488

Decimal Hexadecimal ASCII Messages*

0 00 NUL

1 01 SOH GTL

2 02 STX

3 03 ETX

4 04 EOT SDC

5 05 ENQ PPC

6 06 ACK

7 07 BEL

8 08 BS GET

9 09 HT TCT

10 0A LF

11 0B VT

12 oC FF

13 0D CR

14 OE SO

15 OF SI

16 10 DLE

17 11 DC1 LLO

18 12 DC2

19 13 DC3

20 14 DC4 DCL

21 15 NAK PPU

22 16 SYN

23 17 ETB

24 18 CAN SPE

25 19 EM SPD

26 1A SUB

27 1B ESC

28 1C FS

29 1D GS

30 1E RS

31 1F Us

* Message sent or received with ATN true.
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Muiltiline Interface Command Messages

IEEE-488
Decimal Hexadecimal ASCII Messages*

32 20 SP MLAO
33 21 ! MLA1
34 22 ” MLA 2
35 23 # MLA3
36 24 $ MLA 4
37 25 % MLAS5
38 26 & MLAG6
39 27 ’ MLA7
40 28 ( MLAS8
41 29 ) MLA9
42 2A * MLA 10
43 2B + MLA 11
44 2C ’ MLA 12
45 2D - 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
59 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).

C-2
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Multiline Interface Command Messages

Decimal Hexadecimal ASCII Messages*

IEEE-488

64
65
66
67
68
69
70

71
72
73
74
75
76
77
78
79

40
41
42
43
44
45
46

47
48
49
4A
4B
4C
4D
4E
4F

50
51
52
53
54
55
56
57

58
59
5A
5B
5C
5D
5E
5F

| D—=——NKX S<cHOION OZZrR—=—TO THUOAWP>EO

MTAO
MTA1
MTA?2
MTA 3
MTA 4
MTA5
MTA 6

MTA7
MTA 8
MTA 9
MTA 10
MTA 11
MTA 12
MTA 13
MTA 14
MTA 15

MTA 16
MTA 17
MTA 18
MTA 19
MTA 20
MTA 21
MTA 22
MTA 23

MTA 24
MTA 25
MTA 26
MTA 27
MTA 28
MTA 29
MTA 30
UNL

* Message sent or received with ATN true. Numbers shown are
primary address resulting in MTA (My Talk Address).
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Multiline Interface Command Messages

IEEE-488
Decimal Hexadecimal ASCII Messages*

96 60 N MSA 0,PPE
97 61 a MSA 1,PPE
98 62 b MSA 2,PPE
99 63 c MSA 3,PPE
100 64 d MSA 4,PPE
101 65 e MSA 5,PPE
102 66 f MSA 6,PPE
103 67 g MSA 7,PPE
104 68 h MSA 8,PPE
105 69 i MSA 9,PPE
106 6A j 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
111 6F o MSA 15,PPE
112 70 P MSA 16,PPD
113 71 q MSA 17,PPD
114 72 r MSA 18,PPD
115 73 s MSA 19,PPD
116 74 t MSA 20,PPD
117 75 u MSA 21,PPD
118 76 v MSA 22,PPD
119 77 w MSA 23,PPD
120 78 X MSA 24, PPD
121 79 y MSA 25,PPD
122 7A z MSA 26,PPD
123 7B { MSA 27, PPD
124 7C | MSA 28,PPD
125 7D } MSA 29,PPD
126 7E ~ MSA 30,PPD
127 7F DEL

* Message sent or received with ATN true. Numbers represent secondary
address values resulting in MSA (My Secondary Address).
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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 to send a device-dependent
command string to the instrument and obtain and dis-
play a string from the instrument.

Programs for the following controllers are included:

e A BASIC program for an IBM PC/XT/AT with a
Capital Equipment Corporation PC<>488 Interface

(Keithley Model PC-488-CEC IEEE-488 Interface
Card).

A program written with the ASYST software package
(available from Keithley Instruments) for an IBM PC/
XT/AT with a Capital Equipment Corporation
PC<>488 Interface.

ABASIC program for an IBM PC/XT /AT with IOtech
Driver488 Software.

A BASIC program for an IBM PC/XT/AT with a Na-
tional GPIB PC Interface.

A BASIC program for a Hewlett-Packard Model 9000
Series 200/300 computer.
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IBM PC/XT/AT with Capital Equipment Corporation PC<>488 Interface
(Keithley PC-488-CEC)

Introduction

General information about controlling a Model 182 with
an IBM PC/XT/AT computer and Capital Equipment
Corporation PC<>488 interface is given here. Refer to the
CEC PC<>488 Programming and Reference Manual for
complete information.

Initializing the System

The first step in any program is to initialize the system us-
ing the INITIALIZE routine. This routine sets the pri-
mary IEEE-488 bus address of the PC<>488, specifies the
type of controller to be used, and sends an interface clear
(IFC) to the other devices on the bus.

After booting up the IBM using DOS and entering
BASICA, the statements of program 1 can be used at the
start of any program to initialize the system:

Line 30 sets the address of the PC<>488 to 21, however,
any other valid address could be used as long as it does
not conflict with the address of any other device on the
bus.

Interface Basic Programming Statements

This paragraph covers the PC<>488 statements that are
essential to Model 182 operation. A partial list of pro-

gramming statements is contained in Table D-1. The IBM
BASIC CALL statement is used to execute the desired ac-
tion. Before a CALL routine can be used, BASIC needs to
know the offset address of the routine. In the table, the
first statement of each programming sequence defines
the offset address of the CALL routine.

Example Program

The following program sends a command string from an
IBMPC/XT /AT computer to the Model 182 and displays
the response on the CRT. The computer must be
equipped with a CEC interface card and DOS 2.0 (or later
revision) operating system.

Directions

1. Using the front panel MENU key, set the primary
IEEE-488 address of the Model 182 to 7.

2. With the power off, connect the Model 182 to the
IEEE-488 interface card installed in the IBM com-
puter.

3. Type in BASICA on the computer keyboard to get
into interpretive BASIC language.

4. Enter the lines of Program 2 using the return key af-
ter each line.

5. Run the program and type in the desired command
string at the ENTER COMMAND STRING? prompt.
For example, to select the 3V range, type in R4X and
press the return key. The Model 182 reading will
then appear on the computer display. A typical ex-
ample is: NDCV+1.234000E+00.

PROGRAM COMMENTS

10 DEF SEG=&HC400 " Memory offset.

20 INITIALIZE=0 ” Offset address of routine

30 MY.ADDRESS%=21 ’ Set PC<>488 address.

40 CONTROLLER%=0 ” Set for system control.

50 CALL INITIALIZE (MY.ADDRESS%, ’ Execute INITIALIZE routine.
CONTROLLER%)

Program 1
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PROGRAM COMMENTS
10 DEF SEG=&HC400 ’ Memory address
20 INITIALIZE=0 ’ Define call offsets
30 SEND=9:ENTER=21
40 MY.ADDRESS%=21 ’ Set PC<>488 address
50 INST.ADDRESS%=7 ’ Set 182 address
60 CONTROLLER%=0 ’ Set for system control
70 CALL INITIALIZE (MY.ADDRESS%, ” Initialize system
CONTROLLER%)
80 LINE INPUT “ENTER COMMAND ’ Prompt for string
STRING:”;CMD$
90 CALL SEND (INST.ADDRESS%,CMD$, ’ Send command string
STATUS%)
100 RESPONSE$=SPACE$(80) ’ Make room for data
110 CALL ENTER (RESPONSE$,LENGTH%, ’ Get response from 182
INST.ADDRESS%,STATUS%)
120 PRINT RESPONSE$ " Display response
130 GOTO 80 ” Repeat
140 END
Program 2

Table D-1. BASIC Statements Necessary to Send Bus Commands

Action PC<>488 Statements
Transmit command string (CMD$) | SEND=9
to device 7. ADDRESS%=7
CALL SEND(ADDRESS%,CMD$,STATUS%)
Obtain string from device 7. ENTER=21
ADDRESS%=7
RESPONSE$=SPACE$(50)
CALL ENTER(RESPONSE$,LENGTH%,ADDRESS%,STATUS%)
Send GTL to device 7. TRANSMIT=3
CMD$="LISTEN 7 GTL”
CALL TRANSMIT(CMD$,STATUS%)
Send SDC to device 7. TRANSMIT=3
CMD$=“LISTEN 7 SDC”
CALL TRANSMIT(CMD$,STATUS%)
Send DCL to all devices. TRANSMIT=3

Send remote enable.

Serial poll device 7.

CMD$="LISTEN 7 DCL”
CALL TRANSMIT(CMD$,STATUS%)

TRANSMIT=3
CMD$="REN LISTEN 7”
CALL TRANSMIT(CMD$,STATUS%)

SPOLL=12
ADDRESS%=7
CALL SPOLL%(ADDRESS%,POLL%,STATUS%)
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IBM PC/XT/AT with CEC PC<>488 Interface and ASYST Software Package

Introduction

ASYST contains data acquisition, analysis, and graphing
software in three integrated modules. Minimum require-
ments for ASYST include: 512K RAM (640K recom-
mended), math coprocessor, parallel port, hard drive,
and DOS 2.0 (or later version) operating system.

For this example, an optional software module is re-
quired for IEEE-488 interfacing. The computer must also
be equipped with a CEC interface card (PC<>488 Model
300 or 310, or 4x488).

The ASYST program listed here sends a command string
from an IBM PC/XT/AT computer to the Model 182 and
displays the response on the computer’s CRT.

Directions

This procedure will help an ASYST user through the
steps necessary for GPIB configuration, program entry,
and program execution. Refer to the ASYST documenta-
tion for more detailed instructions.

1. Usingthe front panel MENU key, set the primary ad-
dress of the Model 182 to 7.

2. With the power off, connect the Model 182 to the
IEEE-488 interface card installed in the IBM com-
puter.

D-4

10.

Boot ASYST software from DOS. You will get an OK
prompt. ‘ '

Use the <F2> key to enter the Main Configuration
Menu. In addition to the usual configuration re-
quirements of ASYST, the GPIB must be configured.

From the Overlay Configuration Menu, select over-
lays GPIB Master and Type 1 NEC GPIB Driver.

From the GPIB Configuration Menu, select a bus
number, board type (National GPIB-PC1 or GPIB-
PC2 for ASYST 2.0, Capital — NEC uPD7210 model
for ASYST 3.0), memory address (2B8), primary ad-
dress (0), and interrupt line.

Save your changes and return to the OK prompt.
Use the command line editor (EDIT 182.DMO) to en-
ter the following program. Save the program and
exit the editor.

When prompted, load the program with the L key, or
type LOAD 182.DMO from the OK prompt.

When the program loads properly, type MAIN from
the OK prompt to start execution.

Type in the desired command string at the “Enter
command string:” prompt. For example, to select the
3V range, type in R4X and press the return key. The
Model 182 reading will then appear on the computer
display.

Type <Control-Break> to exit the program loop of
182.DMO and return to the OK prompt. The pro-
gram-defined words can be removed from the
ASYST dictionary by typing FORGET 182.
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PROGRAM COMMENTS
BUS.INIT \ Initialize bus
SEND.INTERFACE.CLEAR \ Take control of bus
REMOTE.ENABLE.ON \ Allow remote operation
SYNCHRONOUS.GPIB \ Make sure ASYST is in sync. mode
?GPIB.DEVICES \ List controller parameters
7 GPIB.DEVICE 182 \ Set 182 address and name
EOLON \ Enable end or identify
EOS.ON \ Enable end of string terminator
10 EOS.CHARACTER \ Use LF terminator
1000 TIMEOUT \ Set timeout of 1sec
?GPIB.DEVICE \ List 182 parameters
100 STRING COMMAND \ Allocate 100 bytes for user input
100 STRING RESPONSE \ Allocate 100 bytes for 428 response
: GET.INPUT \ Definition for user input
CR.” ENTER COMMAND STRING:” \ Prompt user
“INPUT COMMAND ":= \ Get DDCs
: MAIN \ Definition for main program
BEGIN \ Start loop
ME \ Make controller current device
GET.INPUT \ Get DDCs from user
182 \ Make 182 current device
COMMAND GPIB.WRITE \ Send DDCs to 182
RESPONSE GPIB.READ \ Get response
CR RESPONSE “TYPE \ Display response
AGAIN \ Return for more commands

D-5
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IBM PC/XT/AT or PS/2 with 10tech Driver488 Software

Introduction

Driver488 software is an IEEE-488 driver for IBM PC and
compatible computers. When combined with an
IEEE-488interface board, the package can control devices
from languages including BASIC, Pascal, Fortran, and C.
Driver488 software is compatible with:

e IOtech GP488B or GP488/2 boards

e National Instruments GPIB-PC, PCII, PCIIA, or PCIII
boards

e Capital Equipment #01000-00300 board

e IBM GPIB Adapter

The following GW-BASIC program sends a command
string to the Model 182 and displays the instrument re-
sponse on the CRT. The computer must be equipped with
an IEEE-488 interface board, the DOS 3.00 (or later) oper-
ating system, and a language with DOS I/O capability.
Driver488 controller software must be installed and con-
figured as described in the instruction manual.

Directions

. Usingthe front panel MENU key, set the primary ad-

dress of the Model 182 to 7.

. With power off, connect the Model 182 to the

IEEE-488 interface installed in the IBM computer.

. Type in GWBASIC on the computer and get into the

Microsoft interpretive BASIC language.

. Enter the lines below using the return key after each

line.

. Run the program and type in the desired command

string at the COMMAND STRING prompt. For ex-
ample, to select the 3V range, type in R4X and press
the return key. The Model 182 reading will then ap-
pear on the computer display. A typical example is:
NDCV+1.234000E+00.

PROGRAM COMMENTS

10 OPEN “\DEV\IEEEOUT” FOR OUTPUT AS#1  ’ Open file for output

20 IOCTL#1, “BREAK” ’ Reset

30 PRINT#1,“RESET”

40 OPEN “\DEV\IEEEIN” FOR INPUT AS #2 ” Open file for input

50 PRINT#1,“FILL ERROR” ’ Enable SEQUENCE error detect
60 LINE INPUT “COMMAND STRING: ”;A$ ’ Prompt for and get DDCs

70 IFLEN(A$)=0 THEN 130 ’ Check for null

80 PRINT #1,“OUTPUT 07;”+A$ ” Address 182 to listen, send DDCs
90 PRINT #1,“ENTER 07” ’ Address 182 to talk

100 LINE INPUT#2,B$ " Get response

110 PRINT B$ " Display response string

120 GOTO 60 " Repeat

130 END
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Introduction

The following program sends a command string to the
Model 182 from an IBM PC/XT/AT computer and dis-
plays the instrument reading string on the CRT. The com-
puter must be equipped with the National GPIB PC Inter-
face and the DOS 2.00 (or later revision) operating sys-
tem. Interface software must be installed and configured

IBM PC/XT/AT with National GPIB PC Interface

as described in the instruction manual.

Directions

1. Usingthe front panel MENU key, set the primary ad-

. With the power off, connect the Model 182 to the

IEEE-488 interface installed in the IBM computer.

. Type in BASICA on the computer keyboard to get

into the IBM interpretive BASIC language.

. Place the interface software disk in the default drive,

type LOAD“DECL”, and press the return key.

. Add the lines below to lines 1-6 which are now in

memory. Modify the address in lines 1 and 2, as de-
scribed in the National instruction manual.

. Run the program and type in the desired command

string. For example, to select the 3V range, type in
R4Xand press the return key. The Model 182 reading
will then appear on the computer display. A typical

dress of the Model 182 to 7. example is: NDCV+1.234000E+00..
PROGRAM COMMENTS
10 CLS Clear screen.
20  NA$="GPIB0”":CALLIBFIND(NA$,BRD0%) Find board descriptor.
30 NA$="DEV1”:CALLIBFIND(NA$,M182%)  Find instrument descriptor.
40  V%=7:.CALLIBPADM182%,V%) Set primary address to 7.
50  V%=&H102:CALL IBPOKE(BRD0%,V%) Set timeouts.
60  V%=1:CALL IBSRE(BRD0%,V%) Set REN true.
70  INPUT “COMMAND STRING”;CMD$ Prompt for command.
80  IF CMD$="EXIT” THEN 150 See if program is to be halted.
90  IF CMD$="" THEN 70 Check for null input.
100 CALL IBWRT (M182%,CMD$) Address 182 to listen, send string.
110 RD$=SPACE$(100) Define reading input bulffer.
120 CALL IBRD(M182%,RD$) Address 182 to talk, get reading.
130 PRINT RD$ Display the string.
140 GOTO70 Repeat.
150 V%=0:CALL IBONL(M182%,V%) Close the instrument file.
160 CALL IBONL(BRD0%,V%) Close the board file.
170 END
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Introduction

Hewlett-Packard Model 9000 Series 200/300

The following program sends a command string to the
Model 182 from a Hewlett-Packard Model 9000 Series
200/300 computer and displays the response on the com-
puter CRT. The computer must be equipped with HP BA-

SIC 4.0.

Directions

2. With the power off, connect the Model 182 to the
IEEE-488 interface card installed in the HP com-

puter.

3. Enter the lines in the program below, usmg the EN-

TER/RETURN key after each line.

4. Pressthe RUN key and type in the desired command
string at the COMMAND STRING prompt. For ex-
ample, to select the 3V range, type in R4X and press
the return key. The Model 182 reading will then ap-
pear on the computer display. A typical example is:

1. Using the front panel MENU key, set the primary NDCV+1.234000E+00.
IEEE-488 address of the Model 182 to 7.

PROGRAM COMMENTS
10 DIM A$[50],B$[50]
20 REMOTE 707 ! Place 182 in remote.
30 LINPUT “COMMAND STRING:”,A$ !Prompt for and input command.
40 OUTPUT 707;A$% ! Address 182 to listen, send string.
50 ENTER707;B$ ! Address 182 to talk, input response.
60 PRINT B$ ! Display response string.
70 GOTO30 ! Repeat
80 END

D-8
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Introduction

Basically, the IEEE-488 bus is simply a communication
system between two or more electronic devices. A device
can be either an instrument or a computer. When a com-
puter is used on the bus, it serves to supervise the com-
munication exchange between all the devices and is
known as the controller. Supervision by the controller
consists of determining which device will talk and which
device will listen. As a talker, a device will output infor-
mation and as a listener, a device will receive informa-
tion. To simplify the task of keeping track of the devices, a
unique address number is assigned to each one.

On the bus, only one device can talk at a time and is ad-
dressed to talk by the controller. The device that s talking
is known as the active talker. The devices that need to lis-
ten to the talker are addressed to listen by the controller.
Each listener is then referred to as an active listener. De-
vices that do not need to listen are instructed to unlisten.
The reason for the unlisten instruction is to optimize the
speed of bus information transfer since the task of listen-
ing takes up bus time.

Through the use of control lines, a handshake sequence
takes place in the transfer process of information from a
talker to a listener. This handshake sequence helps en-
sure the credibility of the information transfer. The basic
handshake sequence between an active controller
(talker) and a listener is as follows:

1. The listener indicates that it is ready to listen.

2. The talker places the byte of data on the bus and
indicates that the data is available to the listener.

3. The listener, aware that the data is available, ac-
cepts the data and then indicates that the data has
been accepted.

4. The talker, aware that the data has been accepted,
stops sending data and indicates that data is not
being sent.

5. The listener, aware that there is no data on the bus,
indicates that it is ready for the next byte of data.

IEEE-488 Bus Overview

Bus Description

The IEEE-488 bus, which is also frequently referred to a
the GPIB (General Purpose Interface Bus), was designed
as a parallel transfer medium to optimize data transfer
without using an excessive number of bus lines. In keep-
ing with this goal, the bus has only eight data lines that
are used for both data and with most commands. Five
bus management lines and three handshake lines round
out the complement of bus signal lines.

A typical set up for controlled operation is shown in Fig-
ure E-1. Generally, a system will contain one controller
and a number of other instruments to which the com-
mands are given. Device operation is categorized into
three operators: controller, talker and listener. The con-
troller does what its name implies; it controls the instru-
ments on the bus. The talker sends data while a listener
receives data. Depending on the type of instrument, any
particular device can be a talker only, a listener only or
both a talker and listener.

There are two categories of controllers: system controller,
and basic controller. Both are able to control other instru-
ments, but only the system controller has the absolute
authority in the system. In a system with more than one
controller, only one controller may be active at any given
time. Certain protocol is used to pass control from one
controller to another.

The IEEE-488 bus is limited to 15 devices, including the
controller. Thus, any number of talkers and listeners up
to that limit may be present on the bus at one time. Al-
though several devices may be commanded to listen si-
multaneously, the bus can have only one active talker, or
communications would be scrambled.

A device is placed in the talk or listen state by sending an
appropriate talk or listen command. These talk and listen
commands are derived from an instrument’s primary ad-
dress. The primary address may have any value between
0 and 31, and is generally set by rear panel DIP switches
or programmed in from the front panel of the instrument.
Theactuallisten address value sent out over the bus is ob-
tained by ORing the primary address with $20. For exam-

E-1
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Figure E-1.  IEEE-488 Bus Configuration

ple, if the primary address is 22 decimal ($07), the actual
listen addressis $27 ($27 = $07 + $20). In a similar manner,
the talk address is obtained by ORing the primary ad-
dress with $40. With the present example, the talk ad-
dress derived from a primary address of 7 decimal would
be $47 ($47 = $07 + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses
lie in the range of $60-$7F. Note, however, that many de-
vices, including the Model 182, do not use secondary ad-
dressing.

E-2

Once a device is addressed to talk or listen, the appropri-
ate bus transactions take place. For example: if the instru-
ment is addressed to talk, it places its data string on the
bus one byte at a time. The controller reads the informa-
tion and the appropriate software can be used to direct
the information to the desired location.

Bus Lines

The signal lines on the IEEE-488 bus are grouped into
three different categories: data lines, management lines
and handshake lines. The data lines handle bus data and
commands, while the management and handshake lines
ensure that proper data transfer and operation takes
place. Each bus line is active low, with approximately
zero volts representing a logic 1 (true). The following
paragraphs describe the operation of these lines.

Data Lines

The IEEE-488 bus uses eight data lines that transfer data
one byte at a time. DIO1 (Data Input/Output) through
DIO8 (Data Input/Output) are the eight data lines used
to transmit both data and multiline commands and are
bidirectional. The data lines operate with low true logic.

Bus Management Lines

The five bus management lines help to ensure proper in-
terface control and management. These lines are used to
send the uniline commands.

ATN (Attention) — The ATN line is one of the more im-
portant management lines in that the state of this line de-
termines how information on the data bus is to be inter-
preted.

IFC (Interface Clear) — As the name implies, the IFC line
controls clearing of instruments from the bus.

REN (Remote Enable) — The REN line is used to place the
instrument on the bus in the remote mode.

EOI (End or Identify) — The EOI is usually used to mark
the end of a multi-byte data transfer sequence.

SRQ (Service Request) — This line is used by devices
when they require service from the controller.



APPENDIX E
IEEE-488 Bus Ouverview

Handshake Lines

The bus handshake lines that operate in an interlocked
sequence. This method ensures reliable data transmis-
sion regardless of the transfer rate. Generally, data trans-
fer will occur at a rate determined by the slowest active
device on the bus.

One of the three handshake lines is controlled by the
source (the talker sending information), while the re-
maining two lines are controlled by accepting devices
(the listener or listeners receiving the information). The
three handshake lines are:

DAYV (DATA VALID) — The source controls the state of
the DAYV line to indicate to any listening devices whether
or not data bus information is valid.

NRFD (Not Ready For Data) — The acceptor controls the
state of NRFD. It is used to signal to the transmitting de-
vice to hold off the byte transfer sequence until the ac-
cepting device is ready.

NDAC (Not Data Accepted) — NDAC is also controlled
by the accepting device. The state of NDAC tells the
source whether or not the device has accepted the data

byte.

The complete handshake sequence for one data byte is
shown in Figure E-2. Once data is placed on the data
lines, the source checks to see that NRFD is high, indicat-
ing that all active devices are ready. At the same time,
NDAC should be low from the previous byte transfer. If
these conditions are not met, the source must wait until
NDAC and NRFD have the correct status. If the source is
a controller, NRFD and NDAC must be stable for at least
100nsec after ATN is set true. Because of the possibility of
a bus hang up, many controllers have time-out routines
that display messages in case the transfer sequence stops
for any reason.

Once all NDAC and NRFD are properly set, the source
sets DAV low, indicating to accepting devices that the
byte on the data lines is now valid. NRFD will then go
low, and NDAC will go high once all devices have ac-
cepted the data. Each device will release NDAC at its
own rate, but NDAC will not be released to go high until
all devices have accepted the data byte.

The sequence just described is used to transfer both data,
talk and listen addresses, as well as multiline commands.
The state of the ATN line determines whether the data
bus contains data, addresses or commands as described
in the following paragraph. \ '

DATA X Xi)URCE

DAV SOURCE

VALID

+—ALLREADY  ACCEPTOR

NRFD

o~ ALL ACCEPTED

NDAC | | ACCEPTOR

Figure E-2.  IEEE-488 Handshake Sequence

Bus Commands

The instrument may be given a number of special bus
commands through the IEEE-488 interface. This section
briefly describes the purpose of the bus commands
which are grouped into the following three categories.

1. Uniline Commands — Sent by setting the associ-
ated bus lines true. For example, to assert REN (Re-
mote Enable), the REN line would be set low
(true).

2. Multiline Commands — General bus commands
which are sent over the data lines with the ATN
line true (low).

3. Device-dependent Commands — Special com-
mands whose meanings depend on device configu-
rations; sent with ATN high (false).

These bus commands and their general purpose are sum-
marized in Table E-1.

Uniline Commands

ATN, IFC and REN are asserted only by the controller.
SRQ is asserted by an external device. EOI may be as-
serted either by the controller or other devices depending
on the direction of data transfer. The following is a de-
scription of each command. Each command is sent by set-
ting the corresponding bus line true.

E-3
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Table E-1. IEEE-488 Bus Command Summary
State of
Command ATN
Type Command Line* Comments
Uniline REN (Remote Enable) X Sets up devices for remote op-
eration.
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.
Multiline
Universal LLO (Local Lockout) Low Locks out local operation.
DCL (Device Clear) Low Returns device to default condi-
tions.
SPE (Serial Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling.
Addressed SDC (Selective Device Clear) | Low Returns unit to default condi-
tions.
GTL (Go To Local) Low Returns device to local.
Unaddressed | UNL (Unlisten) Low Removes all listeners from bus.
UNT (Untalk) Low Removes any talkers from bus.
Device- High Programs Model 182 for various
dependent modes.

* X =Don’t Care

REN (Remote Enable) — REN is sent to set up instru-
ments on the bus for remote operation. When REN is
true, devices will be removed from the local mode. De-
pending on device configuration, all front panel controls
except the LOCAL button (if the device is so equipped)
may be locked out when REN is true. Generally, REN
should be sent before attempting to program instruments
over the bus.

EOI (End or Identify) — EOl is used to positively identify
the last byte in a multi-byte transfer sequence, thus al-
lowing data words of various lengths to be transmitted
easily.

IFC (Interface Clear) — IFC is used to clear the interface
and return all devices to the talker and listener idle states.

ATN (Attention) — The controller sends ATN while
transmitting addresses or multiline commands.

E-4

SRQ (Service Request) — SRQ is asserted by a device
when it requires service from a controller.

Universal Multiline Commands

Universal commands are those multiline commands that
require no addressing. All devices equipped to imple-
ment such commands will do so simultaneously when
the commands are transmitted. As with all multiline
commands, these commands are transmitted with ATN
true.

LLO (Local Lockout) — LLO is sent to the instrument to
lock out the LOCAL key and thus all their front panel
controls.

DCL (Device Clear) — DCL is used to return instruments
to some default state. Usually, instruments return 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 de-
vice has requested service.
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SPD (Serial Poll Disable) — SPD is used by the controller
toremove all devices on the bus from the serial poll mode
and is generally the last command in the serial polling se-
quence.

Addressed Multiline Commands

Addressed commands are multiline commands that
must be preceded by the device listen address before that
instrument will respond to the command in question.
Note that only the addressed device will respond to these
commands. Both the commands and the address preced-
ing it are sent with ATN true.

SDC (Selective Device Clear) — The SDC command per-
forms essentially the same function as the DCL command
except that only the addressed device responds. Gener-
ally, instruments return to their power-up default condi-
tions when responding to the SDC command.

GTL (Go To Local) — The GTL command is used to re-
move instruments from the remote mode. With some in-
struments, GTL also unlocks front panel controls if they
were previously locked out with the LLO command.

GET (Group Execute Trigger) — The GET command is
used to trigger devices to perform a specific action that
depends on device configuration (for example, take a
reading). Although GET is an addressed command,
many devices 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. The commands in-
clude:

LAG (Listen Address Group) — These listen commands
are derived from an instrument’s primary address and
are used to address devices to listen. The actual com-
mand byte is obtained by ORing the primary address
with $20.

TAG (Talk Address Group) — The talk commands are
derived 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 182) do not use these com-
mands.

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 the UNL command.

UNT (Untalk) — Any previously commanded talkers
will be placed in the talker idle state by the UNT com-
mand.

Device-dependent Commands

The purpose of the device-dependent commands will de-
pend on the configuration of the instrument. Generally,
these commands are sent as one or more ASCII characters
that tell the device to perform a specific function.

The IEEE-488 bus actually 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 E-3. Hexadecimal
and the decimal values for the various commands are
listed in Table E-2.
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Table E-2. Hexadecimal and Decimal
Command Codes

Command | Hex Value | Decimal Value
GTL 01 1
SDC 04 4
GET 08 8
LLO 11 17
DCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 32-63
TAG 40-5F 64-95
SGG 60-7F 96-127
UNL 3F 63
UNT 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 com-
mands. Table E-3 lists a typical bus sequence for sending
the addressed multiline commands. 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 listen command and the SDC command byte
itself.

Table E-4 gives a typical device-dependent command se-
quence. In this instance, ATN is true while the instru-
ment is being addressed, but it is set high while sending
the device-dependent command string.

IEEE Command Groups

Command groups supported by the Model 182 are listed
in Table E-5. Device-dependent commands are not in-
cluded in this list.

Table E-3. Typical Addressed Command Sequence

DataBus |
Step | Command | ATN State ASCII Hex | Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low 0 27 39
3 SDC Stays low EOT 04 4
4 Returns high

*Assumes primary address =7.

Table E-4. Typical Device-dependent Command Sequence

DataBus |
Step | Command | ATN State ASCII Hex | Decimal
1 UNL Set low ? 3F 63
2 LAG* Stays low 0 27 39
3 Data Set high F 52 82
4 Data Stays high 0 30 48
5 Data Stays high X 58 88

*Assumes primary address = 7.
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Table E-5. IEEE Command Groups

HANDSHAKE COMMAND GROUP
NDAC = NOT DATA ACCEPTED
NRFD = NOT READY FOR DATA
DAV = DATA VALID
UNIVERSAL COMMAND GROUP
ATN = ATTENTION
DCL = DEVICE CLEAR
IFC = INTERFACE CLEAR
REN = REMOTE ENABLE
SPD = SERIAL POLL DISABLE
SPE = SERIAL POLL ENABLE
ADDRESS COMMAND GROUP
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
GTL =GO TOLOCAL
SDC = SELECTIVE DEVICE CLEAR
STATUS COMMAND GROUP
RQS = REQUEST SERVICE
SRQ = SERTAL POLL REQUEST
STB = STATUS BYTE
EOI = END




APPENDIX F

Timing Information

This section of the appendix includes information on bus hold-off times, trigger to first-byte-out times, the number of
readings per second that can be stored in the buffer, and maximum external trigger rates. Note that all times are typical.

Table F-1 summarizes the length of time that IEEE-488 bus activity will be held off via the NRFD line for various bus
commands. Note that these times apply only if NRFD hold-off is enabled (KO or K1).

Table F-2 lists typical trigger to first-byte-out times for bus data transmission. Note that data formats G0-G7 differ in the
total number of bytes sent. Add 125pusec per byte to these times to determine total bus times.

Table F-3 lists the number of readings per second that can be stored in the buffer for the multiple trigger mode. These
times apply regardless of the selected trigger source.

Table F4 lists external trigger reading times (in seconds) for slow, medium, and fast digital filter settings. Applying ex-
ternal trigger pulses more rapidly than listed times will result in a TRIGGER OVERRUN error.
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Table F-1. Typical Bus Hold-off Times

Description Command Hold-off Time (msec)
Display ASCII string AO0X 3.9
A1'M'X 6.6
A2'M'X 700
A3X 712
Display Resolution BOX 5.9
B1X 5.8
B2X 5.8
B3X 5.6
Damping DO0X 5.7
D1X 5.5
Reading Source FoX 34
F1X 3.4
F2X 44
F3X 3.5
F4X 3.7
Reading Format GOX 3.6
G1X 3.8
G2X 3.9
G3X 3.3
G4X 3.6
G5X 3.4
G6X 3.4
G7X 3.4
Manual Trigger/ HOX 4.5
Memory Test Hi1X 1100
Buffer Configuration 10X 52
11,100X 30.6
2X 29.1
Analog Output Relative JoxX 54
J1X 52
J2,0X 6.7
J3X 5.2
EOI Ko0X 3.6
K1X 3.4
Save/Recall Setup LoX 330
L1X 3.8
L2X 3.9
SRQ Mi6X 3.9
Filters On/Off NO0X 8.5
N1X 8.8
Analog Filter 00X 53
01X 5.2
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Table F-1. Typical Bus Hold-off Times (Continued)

Description Command Hold-off Time (msec)
Digital Filter POX 6.6
P1X 6.0
P2X 5.9
P3X 6.6
Trigger Interval Q250X 4.2
Range ROX 5.2
R1X 7.8
R2X 77
R3X 8.4
R4X 7.4
R5X 7.5
R8X 5.2
Integration Period S0X 6.0
S1X 5.8
S2X 6.0
Trigger Mode/Source TOX 5.7
T1X 5.3
T2X 5.4
T3X 5.4
T4X 5.8
T5X 5.8
T6X 5.3
T7X 5.3
T8X 5.4
T9X 5.9
T10X 5.9
Analog Output V0,1.0X 11.1
V1,1.0X 9.8
Trigger Delay WoX 5.3
W100X 6.0
Terminator YOX 3.5
Y1X 34
Y2X 3.5
Y3X 3.4
Y10X 4.0
Y13X 3.7
Reading Relative ZoX 5.2
Z1X 5.3
Z2,0X 6.9
Z3X 5.3

NOTE: Times applicable only with bus hold-off enabled (K0 or K1).
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Trigger Source: IEEE-488 talk command

Table F-2. Trigger to First-Byte Out Times

Trigger Mode: One-shot

Filters: Off

Analog Output: Normal

Range Integration Period Time to First Byte Out (msec)
30V 3msec 19
16.7msec 35
100msec 119
3V 3msec 24
16.7msec 59
100msec 225
300mV 3msec 23
16.7msec 58
100msec 225
30mV 3msec 33
16.7msec 58
100msec 225
3mV 3msec 33
16.7msec 58
100msec 225

NOTE: Data formats G0-G7 differ in total number of bytes sent. Add 125usec/byte to above times to determine total
bus time (reading completely sent).
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Table F-3. Typical Number of Readings Per Second Stored in Buffer (Multiple Trigger Mode)

Range Integration Readings Per Second Stored In Buffer :
Period Digital Filter: Fast Filters:Off Filters:Off
Analog Filter:Off Output:Normal Output:Source
Output:Normal
30V 3msec 58 80 100
16.7msec 24 25 26
100msec 4.6 5 5
3V 3msec 50 60 70
16.7msec 15 15 15
100msec 3.1 3.2 3.2
300mV 3msec 50 60 70
16.7msec 15 15 15
100msec 3.1 3.2 32
30mV 3msec 33 40 45
16.7msec 15 15 15
100msec 3.1 3.2 32
3mV 3msec 33 40 45
16.7msec 15 15 15
100msec 3.1 32 32

NOTE: Rates apply to all trigger sources.
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Table F-4. External Trigger Reading Times

Trigger Source: External
Trigger Mode: One-Shot

Analog Output: Normal
Analog filter: Off
Range Integration External Trigger Reading Time (seconds)
Period Digital Filter: Slow Medium Fast
30V 3msec 1.6 0.29 0.12
16.7msec 16 2 0.91
100msec 74 8 4
3V 3msec 21 0.39 0.16
16.7msec 26 3.2 1.5
100msec 105 12 6
300mV 3msec 21 0.39 0.16
16.7msec 26 3.2 1.5
100msec 105 12 6
30mV 3msec 32 0.5 0.23
16.7msec 26 3.2 1.5
100msec 105 12 6
3mV 3msec 8 0.5 0.23
16.7msec 26 6.2 2
100msec 111 29 9

NOTE: All times in seconds. Applying external triggers at intervals shorter than above times will result in TRIGGER OVERRUN

error.
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Filtering and Noise Reduction

G.1 Introduction

This appendix contains additional information on using
the Model 182 analog and digital filters, which are in-
tended for reducing reading noise. The filters are con-
trolled by selections in the FILTER menu, which is ac-
cessed with the MENU key. See paragraph 3.11.1 in Sec-
tion 3 for detailed procedures to control the filters from
the front panel.

Topics discussed in this appendix include:

e Overview on measurements and types of noise that
may occur.

Analog and digital filter characteristics.

Other factors that may affect noise.

Overall instrument bandwidth.

Choosing optimum Model 182 operating modes to
minimize noise.

G.2 Noise Overview
What is Noise?

Electrical noise is simply any undesired signal which cor-
rupts a desired signal to produce an erroneous measure-
ment. Noise can cause a steady-state offset that results in
inaccurate readings, or it can result in erratic measure-
ments that are difficult to read. In either case, noise can
seriously degrade the accuracy of Model 182 measure-

ments unless steps are taken to minimize or eliminate
noise effects.

Noise Sources

A typical measurement situation is shown in Figure G-1.
Here, the Model 182 is connected to the DUT (device un-
der test) using a low-thermal connecting cable. (The DUT
itself may or may not be shielded, although better noise
performance can generally be expected if the device is
shielded.) The DUT may be a simple voltage source, or it
may represent a complex circuit with additional instru-
ments and sources added for various test functions.

In a measurement situation like the one shown in Figure
G-1, noise can enter the test system in several ways. Typi-
cally, noise can be:

¢ Generated by the DUT or induced into the DUT.
¢ Induced into the connecting cables or test leads.
¢ Introduced by the instrument itself.

Noise Generated by DUT

Very often, noise generated by the DUT itself can be a fac-
tor. Such noise can be induced into the DUT from outside
sources because of inadequate shielding, or it can be cou-
pled from other instruments in the test system. In addi-
tion, noise signals generated by the DUT itself may be
sufficient in amplitude to affect low-level measurements.
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Two examples of DUT-generated noise are thermal noise
in resistors and 1/f noise present in semiconductors.

Noise Induced into Cables

Noise can be induced into test cables from outside
sources such as power lines. While shielding usually
minimizes such noise pickup, noise induction may still
be a problem with strong noise sources.

Instrument Noise

Even a well-designed instrument like theModel 182 has a
small amount of inherent noise that may affect a meas-
urement. Internal noise sources include internal resis-
tance as well as semiconductor noise from the input pre-
amplifier.

Types of Noise

Thermal Noise

Thermal noise is the noise generated in a resistor. Such
noise results from the summation of random current

pulses produced by electrons as they flow and collide
with one another. Thermal noise is often referred to as
white noise because of its flat power spectrum, although
it is by no means the only means by which white noise
can be generated.

The amount of thermal noise present in a given resistance
is defined by the Johnson noise equation as follows:

Egms = ~AKTRF

Where: Erms = RMS value of the noise voltage
k = Boltzman’s constant (1.38 x 10-2J/K)
T = Temperature (K)
R = Source resistance (ohms)
F = Noise bandwidth (Hz)

From the above equation, we can see that thermal noise
can be reduced by lowering the temperature, reducing
the source resistance, or by restricting the bandwidth.
Since reducing the source resistance is often impractical,
restricting the measurement bandwidth with filtering
may be the only available option for reducing thermal
noise.

Instrument
Noise

Noise in Noise in
Cables DUT

I I

182 SENSITIVE DIGITAL VOLTMETER

182.3165mV &
Range 300mV =

[Power]

WP AUT
LR

ol
R

—_————————————
[rer [ o ][surren]
0 READING| SETUP | STORE MENU A& LOCAL CAL
£ |8 |8
DOWN FILTER | OUTPUT | MANUAL | RECALL ENTER W ESC
s of '8 |8 B —

DUT

Model 182

Figure G-1.  Noise in a Typical Measurement Situation
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1/f Noise

In contrast to thermal or white noise, the spectral density
of 1/f noise varies inversely with frequency. Although
1/fnoiseis present in all conductors, it is most often asso-
ciated with semiconductor devices. Since 1/f noiseis ata
maximum at low frequencies, this type of noise may seri-
ously affect Model 182 measurements.

Often, 1/f noise power is defined ata ”corner” frequency
where 1/f noise and thermal noise are equivalent. Below
this point, the noise varies inversely with frequency. The
typical 1/f corner frequency for FETs is about 100Hz,
with frequencies as high as 50kHz in some GaAs devices.

50/60 Hz Interference

50 or 60Hz interference is a noise signal from power line
sources that finds its way into the measurement system.
In most cases, these noise signals are magnetically cou-
pled from such sources as power transformers into con-
necting cables and the DUT. 50/60Hz noise may also be
coupled to the test signal from other equipment in the
measurement system.

Reducing Noise

Eliminating Noise Sources

The best way to reduce reading noise caused by external
sources is to eliminate or reduce the effects of the noise
source whenever possible. Ways to minimize noise in-
clude:

e Avoid operating the Model 182 and the associated test
system in electrically noisy environments.

e KeeptheModel 182, connecting cables, and DUT as far
away as possible from noise sources such as power ca-
bles and power transformers.

e Use only shielded cables for test connections.

e Shield the DUT with a suitable metal test fixture, and
connect the shield to Model 182 INPUT LO.

¢ In extreme cases, operate the Model 182 test system in
ascreen room which is specially designed to attenuate
external noise signals.

Using Filtering to Reduce Noise

Even with careful shielding and test methods, external
noise may still be a problem. Also, noise generated by the
DUT itself such as thermal and 1/f noise may be a factor.
In such cases, it may be necessary to use the Model 182
analog or digital filter to reduce noise to an acceptable
level.

Although filtering reduces reading noise, there are cer-
tain disadvantages to using it: reading rates may be re-
duced, and instrument step response times (response to
sudden changes in input signal) are increased when fil-
tering is used. In general, increasing the amount of filter-
ing slows down overall measurement speed because of
lower reading rates and increases in step response times.

Often, some compromise between acceptable noise lev-
els and reading rates and settling times is required. Some
experimentation may be required to determine the opti-
mum amount of filtering that sufficiently reduces noise
with minimal effects on measurement speed.

G.3 Analog Filter

The Model 182 has an analog filter, which can be used to
improve noise performance in many cases. The following
paragraphs discuss important aspects of using the analog
filter.

Analog Filter Circuitry

Figure G-2is ablock diagram of the Model 182 that shows
the location of the analog filter. Note that the filter is lo-
cated at the output of the input preamplifier before the
A/D converter. Thus, the analog filter will affect read-
ings displayed on the front panel, those sent over the
IEEE~488 bus, and data stored in the buffer. Analog out-
put data is also affected by the analog filter.
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Analog Filter Characteristics

The analog filter is made up of two stages. The first stage
is a single-pole, low-pass RC network that rolls off the re-
sponse of the input preamplifier at a rate of 20dB per dec-
adeabove a cutoff frequency of 16Hz. The second stage is
an active filter with 3-pole, low-pass, Bessel (constant
time delay) response and has an upper cutoff frequency

of 8Hz. Above 16Hz, the compound filter exhibits 4-pole,
low-pass response, and attenuation of noise signals in-
creases at 24dB per octave (80 dB per decade) of fre-
quency. Total filter attenuation at 60Hz is approximately
35dB; Figure G-3 shows the general frequency response
of the analog filter.

Input AD Digital | Front Panel Display
ifi |IEEE-488 B
DCV >—— Preamplifier Converter Fiter [ Analog Out;;:.ust
Buffer
3msec Off
16.67/20msec Fast
100msec Medium
Slow
Figure G-2.  Model 182 Block Diagram Showing Location of Analog Filter
3-pole R nse
0 /—— pole Respo
I
| | \=—4- pole Response
Gain | |
(dB) ||
||
-35 + |
P
8Hz 16Hz 60Hz
Frequency
Figure G-3.  Analog Filter Frequency Response

G4



APPENDIX G
Filtering and Noise Reduction

Triggering and the Analog Filter

When the instrument is in the multiple trigger mode, the
time period between readings is determined by the pro-
grammed trigger interval. Note, however, that the maxi-
mum possible reading rate when the analog filter is en-
abled is four readings per second regardless of the trigger
interval setting. '

The 4 reading/sec limitation with the analog filter en-
abled also applies when the instrument is in the one-shot
trigger mode. If you apply external triggers ata rate faster
than 4/sec, the instrument will generate a TRIGGER
OVERRUN error message.

Using the Analog Filter

The main purpose of the analog filter is to reduce 50 and
60Hz interference by increasing the NMRR (normal-
mode rejection ratio) of the instrument. NMRR, which is
specified at 50 and 60Hz, defines how well the instru-
ment rejects 50 or 60Hz interference present between the
HI and LO INPUT terminals. Noisy and erratic readings
may be caused by power line interference, and you
should try enabling the analog filter to see if filtering
helps the situation. As noted previously, turning on the
analog filter will attenuate 60Hz interference by 35dB.

Although the analog filter is intended primarily for re-
ducing 50/60Hz noise, it may also help to prevent satura-
tion of the input preamplifier caused by strong high-fre-
quency interference. Such interference is often indicated
by the presence of a constant reading offset. Changes in
offset as the analog filter is enabled and disabled is a good
indication that some form of interference may be present.

G.4 Digital Filter

In addition to the analog filter, the Model 182 also has a
digital filter, which can be used to reduce various types of
noise. The digital filter is more versatile than the analog
filter in that it has three user-selectable response curves,
which allow you to tailor the required amount of filtering
to your application without excessively affecting instru-
ment response times. Depending on the reading rate, the

digital filter may also have a lower frequency cutoff
point, making it more suitable than the analog filter for
reducing very low-frequency noise.

Digital Filter Location

The digital filter, which is implemented in firmware, is
functionally located immediately after the A/D con-
verter in the signal path, as shown in Figure G-4. Allread-
ings displayed on the front panel and sent over the
IEEE-488 bus are affected by the digital filter. Data stored
in the buffer and analog output data are also affected by
the digital filter when enabled.

Digital Filter Frequency Response and Noise
Reduction

The digital filter is designed to attenuate noise signals
above specific frequencies. Rolloff characteristics at a
givenreading rate depend primarily on the selected filter
response: Fast, Medium, or Slow. The Fast response filter
provides the least noise attenuation, while the Slow re-
sponse filter yields the most noise reduction. The Me-
dium response filter, of course, falls within those two ex-
tremes.

Digital filter characteristics also depend on other factors:
measurement range, the selected integration period, and
the selected reading rate (when using the multiple trigger
mode). With the Fast and Medium response filters, more
filtering is applied to the signal when measuring on the
3mV range than with the remaining ranges. Also, less fil-
tering is used with the 3msec integration period than
with the 1 PLC (power line cycle) and 100msec integra-
tion periods.

Figure G-5 shows normalized frequency response of the
five possible filter curves (based on selected response, in-
tegration period, and measurement range as previously
discussed). Here we have labelled the filter curves Filter 1
through Filter 5, and these numbers correlate with the fil-
ter parameters summarized by curve number in Table
G-1. Note that the response curves shown are for steady-
state sinusoidal noise signals that stay within the filter
window.
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Table G-1. Digital Filter Response Curve Summary

Integration Filter Response*
Period Range FAST MEDIUM SLOW
3msec All 2 3
1PLC, 30mV-30V 3 5
100msec
3mV 4

*Filter response numbers correspond to filter numbers in Figure G-5.

How the Reading Rate Affects Digital Filter Frequency
Response

It is important to note that digital filter frequency charac-
teristics depend on the selected reading rate. The fre-
quency values shown along the horizontal axis of Figure
G-5 are normalized frequency values that correspond to
the reading rate. To convert the normalized frequencies
to filter response frequencies, simply multiply each nor-
malized frequency by the reading rate. (The reading rate
is simply the reciprocal of the trigger interval.)

For example, with the default reading rate of 4 rdgs/sec
(0.25sec trigger interval), the 10~ frequency point on the
graph corresponds to a frequency of 0.4Hz. Table G-2
lists actual vs. normalized frequencies for a number of
reading rates.

Note that digital filter frequency response characteristics
are valid for frequencies up to one-half thereading rate as
follows:

Where: f = frequency of interest
fs = reading rate (readings per second)

For frequencies above fs/2, aliasing occurs, and digital
filter response characteristics discussed here do not ap-

ply.

For example, at the defaultrate of 4/sec, the highest valid
frequency response point is 2Hz.

Digital Filter Window

The digital filter uses a window with Fast and Medium
response levels to define the filter threshold (see Table
G-3). As long as the input signal remains within the de-
fined window limits, the filter continues to process read-
ings normally, and the instrument updates the display,
buffer, analog output, and IEEE488 bus with filtered

f< fs/2 readings.
Table G-2. Normalized Frequency Conversion
Normalized Readings Per Second
Frequencies* 1 2 6 8 10
101 0.1Hz 0.2Hz 0.4Hz 0.6Hz 0.8Hz 1Hz
1072 0.01Hz 0.02Hz 0.04Hz 0.06Hz 0.08Hz 0.1Hz
102 0.001Hz 0.002Hz 0.004Hz 0.006Hz 0.008Hz 0.01Hz

*Normalized frequencies shown on X axis of Figure G-5. Multiply normalized frequencies by reading rate to obtain actual frequencies.
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Table G-3. Filter Window Summary
FAST MEDIUM
Range 3msec 1 PLC, 100msec 3msec 1 PLC, 100msec
3mV +1.5uV +150nV +2.5uvV +250nV
30mV +15uV +400nV 25uv +600nV
300mV +150uvV +Huv +250uV 6uV
3V +1.5mV +40uV +2.5mV +60uV
30V +15mV +400pV +25mV +600uV

NOTE: No window is used with the Slow response filter.

Digital Filter Settling Times

If the input signal changes to a value outside the defined
window, filter constants change to allow more rapid re-
sponse than would otherwise be possible if no window
were used. Outside the window, the Fast and Medium re-
sponse filters settling times are non-linear, with the re-
sponse curves summarized in Figure G-6, which shows
settling times for all five filters.

The vertical axis of Figure G-6 is marked with the Initial
Value, the Final Value, and a percentage scale between
the two extremes. The Final Value is simply the value of
the final, settled reading after the step change in input
voltage. The Initial Value definition depends on whether
or not a filter window is involved. For filters with a win-
dow (Fast and Medium response), the worst case Initial
Value is defined as follows:

Initial Value = Final Value — Window
For example, if the Final Value is 3V, and the filter win-
dow is 2.5mV, the Initial Value is:

Initial Value = 3 -0.0025
Initial Value = 2.9975V

For the Slow response filter, which uses no window, the
Initial Value is simply the present input voltage value be-
fore the step change takes place. For example, if the input

G-8

voltage steps from 2V to 3V, the Initial Value is 2V, and
the Final Value is 3V.

See the examples below for further clarification of how to
determine Initial and Final Values.

Determining Settling Times

In order to determine digital filter settling times for spe-
cific instrument operating modes, follow the general
steps below:

1. Mark the Final Value as indicated on the graph. For
example, if the input voltage is stepping from 1V to
2V, the Final Value is 2V.

2. If you are using a Fast or Medium response filter,
look up the filter window size for current operating
modes listed in Table G-3. Compute the Initial Value
as outlined above, and mark it on the graph. (With
the Slow response filter, simply mark the input volt-
age before the step change as the Initial Value.)

3. Find the filter number from Table G-1 based on se-
lected response, range, and integration period, then
note the corresponding curve number in Figure G-6.

4. Determine the number of readings required for set-
tling to the desired percent of Final Value - Initial
Value from the graph.

5. To calculate settling time in seconds, multiply the
number of readings obtained in step 4 by the trigger
interval.
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Final Value 100% 1 F":er
90% T Filter
3 Filter
80% 4 Filter
70% >
Percent 60%
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Final 50%
Value- °
Initial 40%
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Number of Readings
Notes: 1. Curve numbers correspond to filter response numbers
summarized in Table G-1.
2. Multiply number of readings by trigger interval to
obtain settling times.
3. Finale value = Final settled reading after step change.
4. Initial value = Finale value - window
(Fast, Medium filters)
Initial value = Value before step change
(Slow filter)
Figure G-6.  Digital Filter Settling Times

Example 1: Filter with Window Filter response curve: 3
Filter window: £60uV

As an example of how to determine settling time of a fil-

ter that uses a window, assume the following conditions:

Digital filter response: Medium
Integration period: 1 PLC
Range: 3V

Trigger interval: 0.25sec

Input step response: 1V to 2V

From Tables G-1 and G-3, the following characteristics
can be obtained:

Also,

Final Value: 2V
Initial Value: 2V - 60uV = 1.99994V

Figure G-7 shows the resulting graph, including Initial
Value and Final Value. X axis values are calculated from
the trigger interval (0.25sec). In this example, the settling
time to within 90% of Final Value from Initial Value is
about nine seconds.
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Example 2: Filter without Window

Filter response curve: 5
Filter window: none

In a similar manner, we can demonstrate how to deter-
mine the settling time for a filter without a window with And,

the following conditions:

Digital filter response: Slow
Integration period: 100msec

Range: 30mV

Trigger interval: 0.5sec

Input step response: 20mV to 25mV

Final Value: 256mV
Initial Value: 20mV

Figure G-8 shows the graph using this information.
Again, Initial Value, Final Value, and X axis times calcu-
lated from the reading interval (0.25sec) and number of
readings are included on the graph. In this example, the
settling time to within 90% of Final Value from Initial

From Tables G-1 and G-3, filter characteristics are: Value is about 53 seconds.
2 e
480%

1.99999 1+

T 80%

-+ 70%
1.99998 1~

Reading =+ 60%

(Volts)

1.99997 1 50%

1.99995

1.99994

T 40%

1.99996 +
T 30%

-+ 10%

L) ]
25 5 7.5 10 125 15 175 20 225

Settling Time (Seconds)

Operating Modes,
Filter response : Medium, Filter 3

Integration period : 1 PLC

Range : 3V

Reading interval : 0.25sec

Input step response : 1V to 2V

Settling time to with 90% : = 9 seconds

Figure G-7.  Settling Time Example with Window
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Reading
(mV)

Figure G-8.  Settling Time Example without Window

Settling Time (Seconds)

Operating Modes

Filter response : Slow, Filter 5
Integration period : 100msec

Range : 30mV

Reading interval : 0.5sec

Input step response : 20mV to 25mV
Settling time to with 90% = 53 seconds

Using the Digital Filter

The digital filter reduces noise by restricting the
bandwidth of the instrument as previously discussed.
Even with input voltage changes that fall outside the fil-
ter window threshold, however, using digital filtering
will increase instrument response time to sudden
changes in input signal-an important consideration in
many applications.

Table G4 compares general filter characteristics for the
three available digital filter responses. Keep in mind that
certain characteristics such as frequency response and fil-
ter window are also affected by selected range and inte-
gration period (see Table G-1). Also, the rolloff character-
istics of the digital filter are affected by the selected read-
ing rate as previously discussed.
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Table G-4. Comparison of Digital Filter Characteristics Based on Selected Response

Filter Frequency | Noise Step
Response* | Response Reduction | Response Window
Fast Maximum | Minimum Fastest Smaller
Medium Medium Moderate Medium Larger
Slow Minimum Maximum | Slowest None
*Filter response selected with front panel menu.

In many cases, the optimum digital filter response selec- Trigger Modes

tion for a given application must be determined by trial
and error. However, there are a number of general guide-
lines to use when making your digital filter selection.
These include:

¢ Use thedigital filter instead of the analog filter for gen-
eral noise reduction. Note, however, that the analog
filter may be a better choice for certain types of noise
(50/60Hz noise reduction, for example), or to prevent
preamplifier saturation. Remember that the maxi-
mum reading rate is 4/sec with the analog filter en-
abled.

e Use the minimum amount of filtering possible while
achieving the desired amount of noise reduction.

e Since the reading rate affects overall filter response,
choose your reading rate carefully based on the de-
sired filter response.

e If step response time is a consideration, use the Fast or
Medium response filters, if possible, to take advantage
of the filter window, which will reduce step response
times. When using the Slow response filter, it may be
necessary to temporarily disable the digital filter to al-
low the reading to settle more rapidly with a step
change in input signal.

Triggering and the Digital Filter

The selected trigger mode can affect the way the instru-
ment internally processes readings when the digital filter
is enabled. The following paragraphs briefly discuss how
the instrument processes readings under various trigger
and digital filter conditions.

For complete details on triggering, see paragraph 3.6 in
Section 3.
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Briefly, available Model 182 trigger modes include:

Multiple Trigger Mode: The instrument processes a con-
tinuous series of readings without requiring a separate
trigger for each reading. The time period between each
reading is determined by the programmed trigger inter-
val.

One-shot Trigger Mode: A separate trigger stimulus is re-
quired for each reading. The stimulus depends on the se-
lected trigger source and may be any of the following:
MANUAL key, a pulse applied to the EXTERNAL TRIG-
GERINPUT jack, or the IEEE-488 “X”, GET, or talk com-
mands.

Digital Filter Disabled

When the digital filter is disabled, each trigger stimulus
will initiate a single reading conversion whether the in-
strument is in the one-shot trigger mode, or in the multi-
ple trigger mode. There is essentially no difference be-
tween multiple and one-shot trigger modes in the way
the instrument internally processes readings when the
digital filter is disabled.

Multiple Trigger Mode, Digital Filter Enabled

When the digital filter is enabled, and the instrument is in
the multiple trigger mode, each internally generated trig-
ger will start an integration, and each processed reading
will be displayed on the front panel and sent over the
IEEE-488 bus as available. Readings will be displayed
while the digital filter is settling, and you can observe
these readings to determine when the filter has settled to
the desired value. (See the previous discussion for infor-
mation on determining digital filter settling times.)
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One-shot Trigger Mode, Digital Filter Enabled

The instrument operates differently when the digital fil-
ter is used with the one-shot trigger mode. In this case,
each external trigger stimulus generates as many internal
triggers and subsequent A/D conversions as necessary
for the filter to settle to within the instrument noise floor
(5ppm or less, depending on range).

Updated readings will not be available for display or
transmission over the bus until the filter has fully settled
to the noise floor. Thus, unlike the multiple trigger mode,
you cannot directly observe digital filter settling when
using the one-shot trigger mode.

You can, however, determine the number of readings to
settle to a specific value from the curves in Figure G-6. In
this case, the Initial Value is the value of the first reading
taken after the external trigger occurs. Also, Table G-5
summarizes the number of A/D conversions required
for settling to the noise floor for various filters and oper-
ating conditions.

Table G-5. Filter One-shot Settling Count

Number of Conversions
3msec 1PLC, 100msec
Filter Integration | Integration
Off 1 1
Fast 8 30 (3mV range)
21 (All other ranges)
Medium | 19 93 (3mV range)
43 (All other ranges)
Slow 113 370 (All ranges)

Keep in mind that the programmed trigger interval does
not apply to the one-shot trigger mode. To convert a
given number of one-shot conversions to approximate
settling times, multiple the number of conversions by the

reciprocal of the example reading rates listed in the in-
strument specifications at the front of the manual. (Note
that the specified rates are maximum reading rates.)

G.5 Integration Period and Instrument

Bandwidth

Although the choice of filtering is the primary factor for
beneficial noise reduction, there are other factors that
may also affect noise performance. The following para-
graphs briefly discuss other noise related factors includ-
ing instrument bandwidth and integration period.

Overall instrument bandwidth to noise signals depends
on the following three factors:

e Analog filter state (on or off).
¢ Integration period (3msec, 1 PLC, or 100msec).
e Digital filter response and reading rate.

Table G-6 summarizes —3dB bandwidth points for vari-
ous filter settings and integration periods. Because the in-
tegration period affects instrument bandwidth, noise re-
duction depends on the selected integration period, as
summarized in the table. Note that the selected integra-
tion period has minimal effects on 1/f noise. Selecting a
longer integration period may help to reduce thermal
noise. Also, the 1 PLC integration period will provide an
additional 50/60Hz interference attenuation of 60dB.

Keep in mind that the —-3dB bandwidth points listed in
Table G-6 are for each individual component. Overall in-
strument bandwidth will depend on the combined char-
acteristics of these components. For example, Figure G-9
shows the overall instrument bandwidth for the follow-
ing conditions:

Analog filter on.

3mV range.

Medium response digital filter.
0.25sec trigger interval (4/sec rate).
100msec integration period.
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Table G-6. Instrument Bandwidth Summary
Operating Mode
Operating Mode —-3dB Bandwidth | Pole (s)
Analog filter on 8Hz 3 (8-16Hz);
4 (>16Hz)

Analog filter off S5kHz 1

3msec integration period 66Hz 1

1 PLC integration period, 60Hz | 12Hz 1

1 PLC integration period, 50Hz | 10Hz 1
100msec integration period 2Hz 1

Digital filter on See Figure G-5 3

0

-38 4

Gain 75T
(dB)

13 1+

-150 +

Analog Filter : ON

Range : 3mV

Digital Filter : Medium

Figure G-9.

.024

Example of Overall Instrument Bandwidth

Frequency (Hz)

Reading Interval : 0.25sec
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G.6 Selecting Optimum Operating Modes

Operating modes must be carefully chosen in order to ob-
tain the required noise reduction. The following para-
graphs discuss the basics of setting operating modes and
suggest the best operating configurations to reduce noise
in typical measurement situations.

Operating Mode Summary

Analog Filter: In general, leave the analog filter turned off
unless 50/60Hz interference or noise saturation of the in-
put preamplifier is a problem.

Digital Filter Response: The digital filter response should
be selected based on the required noise reduction and de-
sired instrument settling times.

Range: For best accuracy, use the lowest range possible
without causing a reading overflow. In most cases, the in-
strument can be operated in the auto-range mode for con-
venience. Remember, however, that digital filter charac-
teristics are affected by the selected range.

Integration Period: The 1 PLC integration period can be
used for most measurement situations. For faster reading
rates, it may be necessary to use the 3msec integration pe-
riod. (Keep in mind that noise will increase and usable
resolution will decrease when using the 3msec period.)
The 100msecintegration period may help to reduce white
noise. Again, digital filter characteristics are affected by
the selected integration period.

Trigger Interval: Remember that the trigger interval af-
fects the overall digital filter frequency response when
the instrument is in the multiple trigger mode.

Typical Measurement Examples

The measurement examples outlined below suggest ba-
sic operating modes for typical noise situations. Some ex-
perimentation may be required to optimize instrument
settings for specific requirements.

Example 1: White Noise Reduction

The following instrument settings are recommended for
reducing white noise:

Analog filter: Off

Integration period: 1 PLC or 100msec

Reading rate: 4/sec (3/sec maximum with 100msec pe-
riod)

Digital filter response: Medium

The analog filter should be off since it is normally used
for line cycle interference reduction. The 100msec inte-
gration period will help to reduce noise somewhat, while
the selected reading rate of 3-4/sec should be fast enough
for most measurements. The Medium response digital
filter should provide adequate white noise reduction in
most cases while still allowing fairly rapid settling times
with changes in input signal.

Example 2: Line-cycle Interference Reduction

To reduce 50/60Hz interference, select the following op-
erating modes.

Analog filter: On

Integration period: 1 PLC or 100msec
Reading rate: 4/sec

Digital filter response: Fast

The analog filter should be on in order to reduce 50/60Hz
noise, and the 1 PLC integration period will attenuate
line cycle interference by an additional 60dB. The Fast re-
sponse digital filter setting will also help in reducing

noise.
Example 3: Optimizing Measurement Speed
The following settings are recommended to maximize

measurement speed while at the same time providing
some filtering:

Integration period: 3msec
Reading rate: 40/sec
Digital filter response: Fast

The digital filter Fast response setting will provides mini-
mal filtering without significantly affecting measure-
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ment speed. The 3msec integration period assures that
the instrument will be able to operate at the fasted read-
ing rate possible. (Note that the analog filter is automati-
cally disabled when using the 3msec integration period.)

Example 4: Maximum Noise Reduction

In order to provide maximum noise reduction, the analog
and digital filters can be use together as follows:

G-16

Analog filter: On
Integration period: 100msec
Reading rate: 3/sec or less
Digital filter response: Slow

Note that the analog filter is on, and the digital filter re-
sponse is Slow to provide maximum filtering. Again, the
100msec integration rate provides a small amount of ad-
ditional filtering, while the 3/sec reading rate is the fast-
est rate possible with the 100msec integration period.
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SPECIAL HANDLING OF STATIC-SENSI-
TIVE DEVICES,[7-1]

SPECIFICATIONS,[I2]

SRQ Mask and Statue Byte Format,[4-25]
Status Line[3-4]

Stored ASCII Text String,[444]

Storing Baseline Values[3-15]

Storing Data,[2-6]

T
TEST CONNECTIONS,[3-3]
Terminator,[4-49]

Thermoelectric Potentials, 3-31]
Thermal EMFs[2-5]
Thermoelectric Coefficients,[3-31]
Thermoelectric Generation,|3-31

Timing Information,m

TRIGGER NOT READY Error,[4-55]
TRIGGERING,[39]
TROUBLESHOOTING,7-14]

Trigger Delay,[3-11][447]

Trigger Interval [3-10J4-31]

Trigger Interval and Trigger Delay,[4-41]
Trigger Mode and Source,[4-34]

Trigger Modes/3-10]

Trigger Overrun,

Trigger Sources/[3-9]

Troubleshooting Mode/7-15]
Troubleshooting Procedures[7-15]
Typical Connections,

Typical Low-Resistance Test System,[3-36]
Typical Test Connections,[3-36]

U
UNPACKING AND INSPECTION [1-2]

\'}
Vacuum Fluorescent Display,
VERIFICATION LIMITS[5-2]
VERIFICATION PROCEDURES,[5-2]

W
WARRANTY INFORMATION,
Warm-up Period[3-3]
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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.

Ointermittent O Analog output follows display [JParticular range or function bad; specify

CJIEEE failure OObvious problem on power-up [Batteries and fuses are OK
OFront panel operational [JAIl ranges or functions are bad [[JChecked all cables

Display or output (circle one)

ODrifts OUnable to zero

OJUnstable OWill not read applied input
OOverload

OcCalibration only OCertificate of Calibration required
[OData required

(attach any additional sheets as necessary.)

Show a block diagram of your measurement system including all instruments connected (whether power is turned 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? °F

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.



