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Model 2182/2182A

Nanovoltmeter
Quick Reference Guide

Introduction

This guide is designed to familiarize users with fundamental operation (front panel and
remote) of the Keithley Model 2182 Nanovoltmeter. For comprehensive information on all
aspects of Nanovoltmeter operation, refer to the Model 2182 User’s Manual.

Operation information in this guide is divided into three parts: (1) Basic operation, (2)
Settings to optimize performance, and (3) Features to enhance DUT testing. This format
allows a new user to easily progress from basic simple operation to more complex
procedures.

Remote command programming — For the various Model 2182 operating modes
covered in this guide, the related SCPI commands for remote operation are summarized in
tables. Most commands have a query form, For example, :OUTPut ON turns the analog
output on, while :OUTPut? requests the present state of the analog output, Note that the
Model 2182 must be addressed to talk after sending a query command.,

For operations where command sequence is important, programming examples are
provided. The exact programming syntax will depend on the test program language.

NOTE The Model 2182A and later versions of the Model 2182 (firmware version A19
or higher) can be used with the Model 622x to perform Delta and Differential
Conductance measurements. The Model 2182A can also be used with the
Model 6221 to perform Pulse Delta measurements.

Delta, Pulse Delta, and Differential Conductance are documented in Section 5
of the Model 622x User’s Manual, and Section 5 of the Model 622x Reference
Manual. ‘
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Measurement capabilities

*  Two voltage measurement channels,

*  Measure voltage from 1nVv t0 120V (channej 1); 10nV to 12V (channel 2),
*  Temperature measurements

*  Ratio, delta, mX + b, and percent math Operations,

Front and rear panels

Figure 7
Front panel
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Figure 2
Rear panel

TH AMATOGOUTPUT,
A EAbias
" PROBGCE 2 W GUTRUT |

Pins 7 and 8

DIGITAL COMMON
) ‘
) Pin 2 Pin 1
I CoE EXTERNAL TRIGGER INPUT VOLTMETER COMPLETE QUTPUT
o Trigger Reading Reading
b Complel
| :J[ FTTL H j o re TILHI
2| 1
[ P T T >1Bpsece TTLLO

= Basic connections

= WARNING A hazardous voltage condition exists at or above 42V peak. To prevent
D electric shock that could result in personal injury or death, never make
C or break connections while hazardous voliage is present.
)|
= CAUTION  Maximum Channel 1 voltage measurement is 120V peak. Maximum

Channel 2 measurement is 12V peak.

] Optimizing connections
) . To ensure measurement integrity, observe the following when making connections:

—, «  Use copper-to-copper connections when possible to minimize thermal EMFs.
= + Any solder connections should use silver solder to minimize thermal EMFs.
= . Clean all connector terminals free of oxidation using a small amount of DeoxIT.




Figure 3 shows the fermingg demgnauons of the Supplied Modej 21 07 inpyr cable, This
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an externy] Simulated Teference Junction, The red and black wireg “onnect HY apg LOor
Chanpej s € green an White wireg connect FI 454 LOor Channe] 2

Figure 3

Model 279~ input cape
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120V max
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Voltage measurement connections

Single channel measurement connections

Connections for single channel voltage measurements using a Model 2107 cable to
connect Channel 1 are shown in Figure 4.

Figure 4
Single-channel measurement connections

Cable-to-copper

| 2107b| wire connection
nput cable {one of two)
Red
Hi ©
CH 1 DCV1
LO © Black
0—
Hi Green
CH?2
White
LO O———0

Test circuit




T
rement Connectiong
ments using 5 Model 2197 cable 1o Commnect
are shown iy Figure 5
Cable—to~copper
Wire Connection

(one of four)

Test circyit
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Temperature connections

Figure 6
Internal reference temperature connections

Thermocouple wire
soldered directly to
LEMO connector
{one of two}

Red

TEMP1

2182

Figure 7

Thermocouple

Figure 6 shows connections for temperature measurements using the internal reference
junction, while Figure 7 shows connections that use an ice bath as a simulated reference
junction. Note that the connection points for the input cable and thermocouple wires are
immersed in the ice bath.

External reference temperature connections

2107
input cable

HI o
CH 1

LO O
HI o+

CH2

Green

LO Oy
2182

Thermocouple

o

Cable-to-thermacouple
wire connection (one

Test circuit

Ice bath




Basic Operation
Selecting Operating modeg
Most frong banel keys haye a dual
l'ndif:ate:s its primar

correspondmg key. To funetion, Press SHIFT firgt and then
Or example, pregs DCVi ¢ select the Cp
SHIFT thep MX+B io ch
Making voltage Measurements
The basje

Procedure 1o make voltage measurementg ;
the DUT g alread

the desireg key.
NCtion, Pragg

Y connected o the Mode] 2182
Table 1

Making temperatyye Measurements
The basic Procedure to ma). temperatyre Measurements ig provided in Tapje 2. It assumeg
that the p is already Connected 1 the Mode
Table 2

12182 a5 explained ip Basic Cornections,

—

Temperature Measuremen Procedyre

e
it D Mo
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Measurement considerations

For sensitive measurements, keep these points in mind to maximize measurement accuracy:

» Use only clean, copper-to-copper connections to minimize thermal EMFs,
» Use the REL mode to null out offsets:
—  Connect the circuit, but leave the source disconnected.
—  Select DCV1 or DCV2 as appropriate.
— Press REL to null offsets.
~ Repeat for other channel if needed.
— Connect the source, and make the measurement,
« Keep the Model 2182 and test circuit away from electrical noise sources, and shield

if necessary.

Remote command programming

Data string

The :READY? command is typically used to trigger a reading and request the data string.
The data string is sent to the computer when the Model 2182 is addressed to talk.The data
string can be made of up to three elements separated by commas. The first element is the
voltage or temperature reading, the second is the channel, and the third is the units. A
single element (reading-only) data string is the default condition. See Section 14, FORMat
subsystem, of the Model 2182 User’s Manual for details on all aspects of the data format.

SCPI commands

SCPI commands to measure voltage and temperature are provided in Table 3.

Table 3

SCPI commands for voltage and temperature measurements

Command Description

:SENSe:FUNCtion <name>> Select function: “VOLTage’ or ‘TEMPerature’.

:SENSe:CHANnel <chan>

:SENSe: VOLTage:CHANDe LLRANGe <n>
:SENSe:VOI Tage:CHANnel LRANGe: AUTO <b>
:SENSe:VOLTage:CHANRel2:RANGe <>
:SENSe: VOLTage:CHANDel2:RANGe: AUTO <b>
:SENSe: TEMPerature: TR ANsducer <name>
:SENSe: TEMPerature:RTUNction:RSELect <name>>
:SENSe: TEMPerature:RYUNction: SEMulated <n>
:SENSe: TEMPerature: TCouple <type>
UNIT-TEMPerature <name>

:READ?

Select channel: 0 (internal temperature sensor), 1, or 2.
Select channel I measure range; <n> = range.
Enable/disable channel 1 auto range; (ON or OFF).
Select channel 2 measure range; <n> = range.
Enable/disable channel 2 auto range; (ON or OFF).
Choose sensor type: TCouple or INTernal.

Select reference: SIMulated or INTernat.

Set simulated reference temperature in °C: 0 to 60.
Set thermocouple type: I, K, T, E, R, 5, B, or N.
Set temperature uniis: C, E or K.,

Trigger and acquire one data siring.




Programming examples

Voltage Mmeasnre,

Restore GPIR defaylts,
Select voltage

measurement function,
Select channe]

Restore GPIB defaylts,
Select lemperatyye measuremen fonction,
Select channe] 1 for mMeasurement,
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Rate

Digits

The DCV1 function has five measurement ranges: 10mV, 100mV, 1V, 10V, and 100V, The
DCV2 function has three measurement ranges: 100mV, 1V, and 10V. The range setting
(fixed or AUTO) is remembered by each voltage function. There is no range selection for
temperature (TEMP1 and TEMP2) measurements. Temperature measurements are
performed on a single, fixed range.

The RANGE 4 and ¥ keys are used for manual range selection. Note that pressing either
of these keys disables anto range.

The RATE key selects the integration time of the A/D converter. This is the period of time
the input signal is measured (also known as aperture). The integration time affects the
amount of reading noise, as well as the ultimate reading rate of the instrument. The integra-
tion time is specified in parameters based on a number of power line cycles (NPLC), where
1 PLC for 60Hz is 16.67msec (1/60) and 1 PL.C for 50Hz (and 400Hz) is 20msec (1/50).

Front panel RATE selections are explained as follows:

» 0.1 PLC — Selects the fastest front panel integration time. Select 0.1 PLC (fast) if
speed is of primary importance (at the expense of increased reading noise).

« 1 PLC — Selects a medium integration time. Select 1 PL.C (medium) when a com-
promise between noise performance and speed is acceptable.

« 5 PLC — Selects the slowest front panel integration time. Selecting 5 PLC (slow)
provides better noise performance at the expense of speed.

The DIGITS key sets display resolution for the Model 2182. Display resolution for voltage
readings can be set from 3% to 7% digits. For temperature readings, resolution can be set
from 4 to 7 digits.

You can have a separate digits setting for voltage and temperature functions. The digits set-
ting for a voltage function applies to the other voltage function. For example, if you set
DCV1 for 5% digits, DCV2 will also be set for 532 digits. Similarly, the digits setting for a
temperature function applies to the other temperature function. Setting TEMP1 for 6 digits,
also sets TEMP?2 for 6 digits.

Digits has no effect on the remote reading format. The number of displayed digits does not
affect accuracy or speed. Those parameters are controlled by the RATE setting.
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2. Press REL. The REL annunciator turns on and subsequent readings will be the dif-
ference between the actual input and the rel value.

3. To disable REL, press the REL key a second time. The REL annunciator turns off,

Remote command programming

The SCPI commands for speed, digits, filter, and rel are listed in Table 6. The commands

for ranging are listed in Table 3.

Table 6
Rate, digits, filter, and rel SCPI commands

Command

Description

Rate commands:
:SENSe: VOLTage:NPLCycles <n>
:SENSe:VOLTage: APERture <n>
:SENSe:TEMPerature:NPLCycles <>
:SENSe: TEMPerature: APERure <n>

Digits commands.
:SENSe:VOLTage: DIGits <n>
:SENSe: TEMPerature DIGits <n>

Filter commands?
:SENSe:VOLTage[:CHANnell ]:LPASs <b>
:SENSe: VOLTage[:CHANncl1]:DFILter[:STATe] <b>
:SENSe:VOLTage:CHANnel2:1.PASs <b>
:SENSe:VOLTage:CHANnel2:DF{Lter[:STATe] <b>
:SENSe:TEMPerature[:CHANnel 1 :LPASs <b>
:SENSe: TEMPerature[: CHANnel1|: DFILter[:STATe] <b>
:SENSe: TEMPerature:CHANnel2:LPASs <b>
:SENSe:TEMPerature:CHANnel 2:DFF ter[:STATe] <bs>

Rel commands:*
‘SENSe:VOLTage[:CHANnel 1 :REFerence:STAT: <b>
:SENSe:VOLTage:CHANnel2:REFerence:STATe <b>
:SENSe:TEMPerature[: CHANnel1]:REFerence:STAT: <b>

:SENSe:TEMPerature:CHANnel2:REFerence:STATe <b>

Set voltage rate in PLCs: 0.01 to 60.

Set voltage rate in sec.: 166.7usec to 1sec.?
Set temp. rate in PLCs: 0.01 to 60.

Set ternp. rate in sec.: 166.7usec to 1sec.?

Set DCV1/DCV2 resolution: 4 to 8.
Set TEMP1/TEMP2 resolution: 4 to 7.

Enable/disable DCV1 analog filter,
Enable/disable DCV1 digital filter.
Enable/disable DCV?2 analog filter.
Enable/disable DCV2 digital filter.
Enable/disable TEMP1 analog filter.
Enable/disable TEMP1 digital filter.
Enable/disable TEMP?2 analog filter.
Enable/disable TEMP?2 digital filter.

Enable/disable DCV rel.
Enable/disable DCV?2 rel.
Enable/disable TEMP1 rel.
Enable/disable TEMP2 rel.

. 0.01 1o 50 for 50Hz.

. 200usec to 1 sec for 50Hz,
. Does not include commands to set digital filter parameters. See Section 3 of Model 2182 User’s Manual,
. Does not include commands to set and acquire rel values. See Section 4 of Model 2182 User’s Manual.

L ]




where: Xi 15 a storeg reading,
Nis the Tumber of Stored readings




