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WARRANTY

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

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable 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* 342¢
300 mV  100nV 15+ 6 35+ 6 55+ 6 3+2
3 Vv 1uv 10+ 4 30+ 6 50+ 6 3+2
30 V 10pv 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 specifications exclude calibratoraccuracy. 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 nV p-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 6% digits), >1GQ (at 4}z digits), 5nF 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 1k 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 3ms 1mV 100!
3mV 1PLC 1nVv 152
3mV 1PLC 1nV 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 + 1ImV).

OUTPUT RESISTANCE: 1kQ nominal.

GAIN: Adjustable from 103 to 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, EOI, 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.

EMUREI: 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.

¢ 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 —
The Model 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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Getting Started

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
. TALK
Status Line Range 30V LSTN
POWER | ranGge || reL || Tmic ||surrer| SELECTION | INPUT ]
UP AUTO READING| SETUP | STORE MENU A LOCAL CAL
<[]
POWER OUTPUT | MANUAL | RECALL | ENTER W ESC -
O-=OFF 9
1 =ON
RANGE SELECTION INPUT
N - Menu: Filter Low thermal input. Use
UP: Move to higher range Integration Time only clean copper-to-
DOWN: Move to lower range Display Resolution i
AUTO: Enable/Disable Auto-range Roning Rl wzgﬁl‘r@”e ons.
FILTER: Enable/Disable Analog vt . : maximum
and Digital filters utput input 35V continuous,
Setup 120V for 10sec. Maximum
Set IEEE Address common mode: 350V peak
REL Calibrate
A /w Scroll through MENU choice
READING: Enable/Disable Reading move cursor left or right
Relative ENTER: Enter selection, move down menu
OUTPUT: Enable/Disable Analog or sub menu.
Output Relative ESC: Cancel selection, move up menu or
sub menu.
LOCAL: Cancel IEEE-488 Remote
TRIG CAL: Enable Digital Calibration
SETUP: Program trigger source,
mode, interval, delay
MANUAL: Trigger unit NUMERIC ENTRY
0-9,+ ENTER
BUFFER 4. Moves cursor left
W Moves cursor right
STORE: Enable Data Storage
(1-1024 Readings)
RECALL: Display Reading time
Display Statistics
(Maximum, Minimum
Mean, Standard
Deviation)
Figure2-1.  Model 182 Front Panel
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IEEE-488 CONNECTOR

NOTE: Use shielded IEEE-488
cables

4 R
7
-KEITHLEY
WARNING A MADE IN THE U.SA. I]
DISCONNECT LINE CORD, INPUTS CHANGE IEEE
AND OUTPUTS BEFORE SERVICING ADDRESS WITH
FRONT PANEL IEEE-488
MENU 35VA MAX 50-60Hz AC ONLY/\/
r— LINE POWER INPUT
WARNING: Connect to
grounded outlet using
ANALOG EXTERNAL 3-wire power cord
TRIGGER
1k QOUTPUT RESISTANCE  INPUT
o
A (©)
WITH ANALOG OUTPUT \\ =/ LINE FUSE
GAIN SETTO 1:
+FULL SCALE READINGS = = Replace only with
&noouce £3V OUTPUT SLOW BLOW indicated type
\_
I LINE VOLTAGE SWITCH
ANALOG OUTPUT EXTERNAL TRIGGER INPUT METER COMPLETE OUTPUT 105V-125V, 210V-250V (Optional
Provides 3V output Trigger Reading Reading zr;g\s;f;rzr?;/r ;::’:g:nf)oéi?;gﬁy’
W!lh full.scale readings , J Complete operation on improper voltage may
with Gain set to 1 TTLHI 4 TTLHI damage unit.
(Gain selectable)
—|>10usec [€— —3|>10psec |é—
TTLLO TTLLO
W
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 create a
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 uV 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
Range 300mV

NPUT

: ﬂ@"&

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

/—- ~— Red
———_ Voltage being
\—:L— 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.

24.1 MENU Summary

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

MENU  Enters menu.

A o:'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

24.2 Accessing MENU ltems

—

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 menu levels with a list of choices (for exam-
ple, resolution), use the AV 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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cal functions such as mean, minimum, maximum, and
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. Press the 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 bulffer 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 the location number on thereading line, and the

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

4. Press the 4 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 anumber 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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Table2-2 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 command 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
NO Filters off
N1* Filters on
2.6.5 Programming Examples

oo* 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.

2-8

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
E2ROM 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 AO1 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 30V

3.2.3 Deiault 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 6 1/2 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 SENSITIVE DIGITAL VOLTMETER l__ ______ —l
1.823165 mV = | [Red _wi, 1]
TAK
fonee o | : }4— Noise shield
e ] e | |  (Optional)

z a ® o~ N l | . | |
M | DOWN FLTER | QUTPUT | MANUAL G[ef | I ‘% | |

‘0-n o a Q-ﬂ = e I } I l=— Safety shield
I
I L
Low thermal cable | l—Blik—l LO— —-I ]
(Model 1506 or Equivalent) '—-—7—————;—'

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 with31/2,41/2,5
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).

Thereading 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 s 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.



SECTION 3
Operation

Reading Line Reading Triggered
Indicator
KEITHLEY| 182 SENSITIVE DIGITAL VOLTMETER
TRG |
182.3165 mV SR |
REM
TALK
|—Range 300mV LN | |
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 IEEE-488 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

¢ 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 wusable 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 | 4V2d | 5V2d | 612d
3mV 1uv 100nV | 10nV | 1nV

30mV | 10pV | 1uv | 100nV | 10nV
300mV| 100pV | 104V | 1uv | 100nV
3V ImV | 100uV | 10pV | 1uv
30V 10mV | ImV | 100pV | 10uV

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

e External trigger pulse applied to EXTERNAL TRIG-
GER INPUT

o IEEE-488 bus trigger commands (X, talk, and GET)

e TEEE-488 bus manual (HO) 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’ TEEE-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.



SECTION 3
Operation

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 M or V¥ 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'W 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 press4h 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) |le_ 2us —>
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 -————J’ '
(3.4V Typical)
LS TTL Low
(0.25V Typical)

Figure 3-4.  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. PressENTER, then use4h 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
to its 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 | £1.5pV | #150nV | £2.5uV | £250nV
30mV | £15uV | +400nV | #25uV | +600nV

300mV | £150pV | +4pV [ #250uV | +6pV

3V | £1.5mV | #40uV |[+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 4 or'¥ 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. PrZss 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 valueis stored, thenit
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. Turnoninstrument 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 1nV resolution. The default
value is OV.

Program the reading relative value as follows:

1. Press the MENU key, then use A 'V 1o 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. Keyin the desired 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 to return 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.
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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, whichislocated 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
V

T

Recording Device
(E.G. Chart Recorder)

Coaxial Cable

Figure 3-5.  Typical Analog Output Connections
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1. Pressthe MENU key then use 4\ 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'¥ to select 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 & 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 = Gmvrernat Guser (ViN- VreL)
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Where:Vour = analog output voltage

Vv = signal voltage applied to INPUT jack
VreL = 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. Iftheinstrumentisin 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: ‘

—
.

Press MENU to enter the main menu.
. Use M or'¥ toscroll to the following display:

N

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, 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

The Model 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 orV  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'¥ 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 A 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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RECALL button
— Recl:all - Loc. and Time
ENTER
L #0123: +1.823169mV
Time = 000000.000s Press &, ¥, or Esc
PNCIS 4 [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)]
— Re(lzall - statistics
ENTER
— SAMPLES = 0123
—— AVG +1.823169mV
I
ENTER
|— 0123 Samples
—— STD - 1.82316SmV
|
ENTER
0123 Samples
— MIN -1.823169mV
|
ENTER
Aorwvw Time = 000000.000 sec
Location 0001
0123 Samples Good
—— MAX -1.823169mV
|
ENTER
A orw Time = 000000.250 sec
Location 0002
0123 Samples Good
Figure3-6.  RECALL Menu Tree
3. To sequentially scroll through buffer locations, use 5. Key in the desired location number (1 to 1024). After
theA o 4 key PressingA increments buffer lo- keymg in all the d1g1ts, press ENTER to access that
cations, and pressing W decrements buffer loca- location (or press ESC to cancel the entry). You can
tions. then continue to scroll through locations using
4. Torandomly access a specific buffer location, press a AV,
number key to bring up the following prompt: 6. Press ESC twice to exit the recall mode and return to
normal display.

Enter location: 0100
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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
storage is 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. Duringrecall, 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 182.345mV

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
notbe 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
51/2,0or 6 1/2 digits

READING REL Program reading relative value 3.114

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:

Press the MENU key to enter the main menu
sequence. Pressing MENU will display the
first menu item in Table 3-10.

A o:'V  Use or toscroll through menuselections. 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

D FIL'II‘ER

ENTER = Digital Filter
|

ENTER — Filt Resp : Off

Filt Resp : Fast
“ry Filt Resp : Medium A4
Filt Resp : Slow
Analog Filter
|
ENTER — Analog Filter: Off
Analog Filter: On F-a~

—— INTEGRATION TIME
|

Integration: 16.6ms

ENTER — Integration: 100ms
3— PNL 4
Integration: 3ms

—— DISPLAY RESOLUTION
|
4 ENTER — Disp Digits: 6 1/2
Disp Digits: 5 1/2 /v
A4 Disp Digits: 4 1/2
* Disp Digits: 3 1/2

READING REL
EN'II'ER — Rel: +00.000000000V
OU‘:‘PUT
ENTER —= Gain
P NA 4 { L ENTER— Gain : +000001.000

Rel
(- ENTER — Rel: +00.000000000V
SETUP
|
ENTER — Save User
Recall User 3— P4

Recall Factory

SET IEEE ADDRESS
|
ENTER — IEEE Address : 07

CALIBRATE
|
ENTER == Display Test
Calibrate 182
|
ENTER — Calibrate Divider
Calibrate Input A4
Calibrate Output

alv

Configure Output
|
ENTER —  Output: Normal Al
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 4 or'¥ to 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 4 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
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Table 3-11. Integration Periods

Integration Period Usable Resolution Reading Rate Noise
3msec 41/2 digits Fastest Maximum
Line cycle* 6 1/2 digits Medium Medium
100msec 6 1/2 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 4 or'W to select 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 therange 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 1nV
resolution.

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

=

Press MENU to enter the main menu.
2. Use or'¥ 1o scroll to the following display:

OUTPUT

3. Press ENTER, then use 4 or' W 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, P:
which also lists factory default conditions for each oper- A 5
ating state. The instrument will then assume the saved re you sure«
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 P|ea_S€ 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 A or'¥ to scroll to the following display:

SETUP

3. Press ENTER, then use 4 or'W¥ 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 IEEE-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. Use the4 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
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.

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 4 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 ¥ to select 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 asa 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/°C
Copper-Silicon 400uVv/°C
Copper-Copper Oxide 1000 uv/°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 T1 and T>.
To determine the thermal EMF generated, the following
relationship may be used:

Er=Qas (T: -T2

Where: Er= Generated thermal EMF

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

T1 = Temperature of B junction (°K or °C)

T2 = 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=Qap(T1- T2)
1
A
HI &
4
Er
LO @ L T,
Model 182 P
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 REL READING
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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Erwms = 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 (chms)

F = Noise bandwidth (Hz)

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

Erms = 1.27 x 10y RF

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:

Epr=6.35x 10 yRF

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

Err = 6.35 x 10 (10 x 10°)(0.5)

Erpr =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 ofa
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
can be particularly troublesome at low signal levels, but it
can also affect measurements at high levels if the fields
are of sufficient magnitude.

RFI can be 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 INSTRUMENT 2 INSTRUMENT 3
O ' O O
»>— > —
/ GROUND |
I LOOP
R cumRENT ¥ .

POWER LINE GROUND

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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