
A  G u i d e  t o  S w i t c h  c o n S i d e r A t i o n S    |    b y  S i g n a l  T y p e

A  g r e A t e r  m e A s u r e  o f  c o n f i d e n c e

w w w . k e i t h l e y . c o m

i
n

d
e

X

http://www.keithley.com
http://www.keithley.com


2

A  G u i d e  t o  S w i t c h  c o n S i d e r A t i o n S    |    b y  S i g n a l  T y p e w w w . k e i t h l e y . c o m    |

Q u e S t i o n S ?    |    Q u o t e ?    |   c o n t A c t  u S  n o w a  g r e a T e r  m e a S u r e  o f  c o n f i d e n c e

introduction
Many electronic test systems use relay switching to connect multiple 
devices to sources and measurement instruments. In some cases, 
multiple sources and measuring instruments are connected to a single 
device. Switching allows automating the testing of multiple devices, 
thereby reducing error and costs. 

Designing the switching for an automated test system demands 
an understanding of the signals to be switched and the tests to be 
performed. Test requirements can change frequently, so automated 
test systems must provide the flexibility needed to handle a variety of 
signals. Even simple test systems often have diverse and conflicting 
switching requirements. Given the versatility that test systems must 
offer, designing the switching function may be one of the most complex 
and challenging parts of the overall system design. 

As a signal travels from its source to its destination, it may encounter 
various forms of interference or sources of error. Each time the signal 
passes through a connecting cable or switch point, the signal may be 
degraded. When calculating the overall system accuracy, the engineer 
must include not only the effects of the switch itself but all the switching 
hardware in the system. 

The quality of a switch system depends in large part on its ability to 
preserve the characteristics of the test signals routed through it. For 
example, when the test signal is a low voltage, the switching system 
must minimize errors such as offset voltage and IR drops. Leakage 
current may be a problem for high resistance and low current switching 
applications. Depending on the type of test signal involved, specific 
switching techniques must be used to maintain signal integrity through 
the switch system. This e-handbook describes switching techniques 
for a variety of test signals.

VoltAGe SwitchinG
many different applications involve switching a voltmeter or voltage source 
to multiple devices, including testing batteries, electrochemical cells, 
circuit assemblies, thermocouples, etc. 

The types of switch cards and the techniques used in these applications 
will depend on the magnitude and impedance of the voltages switched. 
The approximate level for low voltage switching is in the millivolt range 
or less, mid-range levels are from 1V to 200V, and voltages greater than 
200V demand the use of high voltage switching methods. 

Switching a Voltmeter to Multiple Sources in Series
Figure 1 illustrates switching a voltmeter to a series string of 30 batteries 
or voltage sources (VS). To avoid 
short-circuiting one or more of 
these sources, it is necessary 
to open a given channel before 
closing a second one (break-
before-make operation). To 
guard against short-circuiting, 
add fuses in series with each 
voltage source to prevent 
damage to the switch card. be 
sure not to exceed the common-
mode rating of the switch card. 
in this example, each battery is 
12V and the total voltage across 
the string is 360V. a channel-
to-channel voltage rating and a 
common-mode voltage rating of 
at least 500V is desirable.

Switching a Voltage Source to Multiple Loads
Figure 2 shows a single voltage source connected to multiple loads, such 
as lamps. if two or more loads are connected to the source, the voltage 
at each load may be less than expected due to current flow through the 
common impedances (r), such as the test leads and trace resistance. 
as additional loads are connected, the total current will increase, thereby 
increasing the voltage drop across the common impedances (r).

Ch. 1 VS1

Ch. 2 VS2

Ch. 30 VS30

V

Figure 1.  Switching a voltmeter to  multiple  
 sources in series
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Switch Resistance
W h e n  sw i tc h i n g  a 
vo l t a g e  s o u rc e  to 
multiple devices, it may 
become necessary to 
compensate for voltage 
drops due to switch 
resistance. in particular, 
if the devices have low 
resistance, the current 
f lowing through the 
switches may cause a 
significant voltage drop. 
To prevent this problem, 
remote sensing can be 
used to correct for any voltage drops in switches and wiring. With remote 
sensing, external sense connections are made across the load. Therefore, 
the subsequent programmed output voltage will be the actual voltage 
across the load.

for example, Figure 3a shows a 5V source being switched to an integrated 
circuit (IC). The contact resistance for each switch is 1Ω. If the current 
drawn from the source is 500ma, the voltage drop across each switch 
will be 500mV, and the voltage at the integrated circuit will be reduced 
by a total of 1V. operation of the ic will likely be unsatisfactory. Figure 3b 
shows a 5V source with remote sense. in this case, sense leads are also 
connected to the load. This will ensure that the actual voltage across the 
load will be 5V, and the ic will operate as intended. note that the voltage at 
the source output terminals is 6V. 

do not use hot-switching with remote sensing since the voltage from the 
source may become excessive during switching.

R Ch. 1

Ch. 2

Ch. 3

Ch. n

Figure 2.  Switching a voltage source to    
 multiple loads

HI
500mA

IC <4V5V Source

LO

Contact resistance
is 1Ω for each switch

Figure 3a. Voltage drops across the contact resistance cause improper results

HI 1Ω

HI Sense 1Ω

LO Sense 1Ω

LO 1Ω

500mA

6V IC 5V

5V Source
with

Remote
Sense

Figure 3b. Using remote sense through a switch ensures the proper voltage  
 delivered to the IC
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low VoltAGe SwitchinG
When switching low voltage signals (millivolts or less), special techniques 
must be used to avoid unwanted voltage errors. However, the required 
accuracy will determine if these techniques are necessary.  These 
unwanted voltage errors may be due to thermoelectric offset voltage in the 
switch card and connecting cabling, switch film contamination, magnetic 
interference, and ground loops. for more information on low voltage 
measurements, refer to Keithley’s low level measurements Handbook.

Thermoelectric Offset Voltage
The contact potential or thermoelectric offset voltage is the key 
specification of a switch card designed for low voltage switching. 
Thermoelectric voltage is the voltage generated by thermal differences 
at the junction of dissimilar metals, such as between the nickel-iron 
reed relays and the copper conductor to which they are connected. 
The temperature gradient is typically caused by the power dissipated by 
the energized coil. The offset voltage adds directly to the signal voltage 
and can be modeled as an unwanted voltage source in series with the 
intended signal. The offset voltage will cause an error in the applied 
stimulus to a device under test or the value measured by the voltmeter. 

as shown in Figure 4a, the offset voltage (e) of a single pole relay is 
added into the circuit. as a result, the measured voltage (Vm) will be the 
sum of the source voltage (Vs) and the offset voltage (e). To minimize 
this offset voltage, a low voltage switch card uses a two-pole relay, as 
shown in Figure 4b. Here, the offset voltage (eT1) in the circuit Hi is largely 
canceled by the offset voltage (eT2) in circuit lo. The contact potential 
of some low voltage cards is specified with the card used as a two-pole 
switch to take advantage of this cancellation. It may be specified as “per 
contact pair.” However, total cancellation cannot be achieved because 
temperature differences will cause eT1 and eT2 to be slightly different.  

The drift due to the thermoelectric voltage of a switch card depends on 
several factors, including the type of relays used (reed, solid-state, or 
electromechanical). The drift also depends on the coil drive technique 
(latching or non-latching). finally, the material used for the contact plating 
(for example, nickel alloy or gold) also affects the thermoelectric voltage. 

The power dissipated in the coil of the reed relay may cause the 
temperature to increase for several minutes after it is energized, so it 
is important to make low voltage measurements within a few seconds 

after contact closure. if many measurements are taken over several 
minutes after closure, a steadily increasing thermoelectric voltage will be 
added to the reading. Thermal time constants may range from seconds 
to hours. even though solid-state relays have no coil dissipation, heat 
generated by internal ir drops can still produce thermoelectric drift. 
Latching relays use a pulse of current to actuate them, so they have 
very low thermoelectric drift. 

VS

+

–

VM

+

–

E

VS = VM

Figure 4a. Potential in loop is added to measurement

VS

+

–

VM

+
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ET1
+ –

+ –
ET2

If ET1 = ET2

then VS = VM

Figure 4b. Canceling of potentials in loop
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The connections to the switch card itself represent another source of 
thermally generated voltages. Wherever possible, make connections 
to the card with untinned copper wire, and keep all leads at the same 
temperature. 

The thermoelectric offset voltage due to the switch card and the 
interconnecting cable may be compensated for by using a short-circuited 
channel to establish a zero reference. connect a clean copper wire 
connected between the Hi and lo terminals of an unused channel. close 
the channel and measure the offset voltage. Then open this channel. 
This value can be subtracted from subsequent readings made on other 
channels. This approach is not ideal because the offset will change over 
time due to self-heating and changes in the ambient temperature. 

When switching low voltages while making low resistance measurements, 
the thermoelectric offset voltages may be canceled by using offset 
compensation. This technique requires making two voltage measurements 
with two different values of current. To determine the resistance, the 
difference between the two resulting voltages is divided by the difference 
of the two test currents:

refer to the section on “Low Resistance Switching” for more information 
on this method.

Switch Film Contamination
over time, a contaminating film can form on the surface of a relay 
contact. This film can increase the relay contact resistance, which can 
make the switched voltages erratic when measuring or sourcing low 
voltage. Voltages greater than 100mV are usually sufficient to clear this 
contamination. using scanner cards with solid state switches is one way 
to avoid this problem.

Magnetic Interference
magnetic interference can be a problem in low voltage circuits. a high rate 
of change in magnetic flux, such as that produced by a switching power 
supply or by switching a high current signal on and off, can induce a pulse 
of many microvolts in an adjacent circuit. This can easily cause significant 
error in a low voltage circuit. This type of interference can be minimized by 
separating the noise source and the sensitive circuit as much as possible, 
by magnetic shielding, and by reducing the enclosed area of the noise 
source and signal conductors. Twist the Hi and lo wires of each channel 
together to minimize the enclosed area.

Ground Loops
ground loops can easily occur in a complex test system. if a small 
potential difference exists between two ground points, some ground 
currents may flow through a sensitive part of the system. This may occur 
only when certain switches are closed, so it can be very difficult to 
diagnose. When possible, try to maintain a single system ground point. 
When this is not possible, isolation techniques using optical coupling or 
balanced transformers may help by increasing the effective resistance 
between the two points, thereby reducing the common ground current to 
a negligible level.

R=
V1 – V2
 I1 – I2
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hiGh VoltAGe SwitchinG
Some applications, such as testing insulation resistance of cables and 
printed circuit boards and high-pot testing, may require switching high 
voltages. To avoid switch card damage, be particularly careful when 
switching voltages of ~200V or higher. 

choose a card rated for the desired voltage and power levels. Cold 
switching, if feasible, will extend the relay life and make it possible to 
increase the allowable current. be sure to use appropriately rated cables 
when switching high voltages. 

reactive loads can cause excessive current and voltage transients, 
so current surge limiting for capacitive loads and voltage clamping 
for inductive loads are required to prevent damage to the relays and 
external circuitry.

The surge current from a capacitive load is i = c dV/dt and must be limited 
to less than the rated current to protect the relays. Figure 5 shows a 
series resistance (r) used to limit the charging current. The resistor must 
be able to withstand the applied voltage; otherwise, the high voltage may 
arc across the resistor, damaging the device under test and the switch 
card. all components must be rated for peak voltage and current.

When determining the current limit for a reactive load, consider the 
maximum load in Va. for example, if the maximum load is 10Va and 
500V is switched, then the current must be limited to 20ma. The series 
resistance is then calculated as:

inductive reaction voltage (l(di/dt)) must be less than the scanner card’s 
maximum voltage rating. Figure 6 shows two typical clamping circuits, 
one using a diode for clamping dc voltages and the other using back-to-
back zener diodes for clamping ac voltages.

R= 25kΩ500V
20mA

R

IN

High Voltage
Switch

OUT
Capacitive
Load

Figure 5. Limiting capacitive reaction current

IN

High Voltage
Switch

OUT Inductive
Load

Zener Clamped
(AC voltages)

+

IN

High Voltage
Switch

OUT Inductive
Load

Diode Clamped
(DC voltages)

+

Figure 6. Limiting inductance reaction voltage
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hiGh imPedAnce VoltAGe SwitchinG
High impedance voltage switching may be necessary in applications 
such as monitoring electrochemical cells and measuring semiconductor 
resistivity. Switching and measuring voltage sources with high internal 
impedance are subject to a number of errors, including offset currents, 
stray leakage paths, and electrostatic interference. Shunt capacitance 
may increase the settling time. This section discusses these error sources 
and provides an example application. 

When choosing a card to switch high impedance voltage, make sure the 
card has a low offset current. Any offset current flowing through a high 
impedance device will cause an unwanted voltage to appear across the 
device. This offset voltage will be added to the voltage measurement. 

High impedance circuitry is susceptible to electrostatic interference, so 
use shielding to avoid noise pickup. The device under test, as well as the 
connecting cables, should be well shielded. 

leakage paths can cause error by reducing the measured voltage. Such 
leakage paths may be present in the test instrument, switching cards, 
cables, and fixtures. To minimize errors due to such leakage paths, 
choose a switch card with high isolation resistance and use guarding 
wherever possible, including in the test fixturing and cabling. Also, select 
insulating materials with the highest possible insulation resistance. 

response time is another concern when switching high impedance 
voltage signals. excessive response time may be caused by shunt 
capacitance, both in the switch itself and in the associated cables. in 
some cases, the shunt capacitance can be largely neutralized by the use 
of a driven guard, which will keep the shield of the cable at nearly the 
same potential as the center conductor (or high impedance lead) of the 
cable. Figure 7a shows a high impedance voltage connected through a 
switch to an electrometer voltmeter. notice the slow response to a step 
function. To guard the signal, make a connection between the guard 
output (unity gain or preamp output) of the electrometer and the shield 
of the switch  card, as shown in Figure 7b. Some electrometers, such 
as Keithley’s model 6517b and model 6514, can make this connection 
internally by enabling the internal guard connection. enabling the guard 
effectively reduces the cable and switch capacitance, thereby improving 
the electrometer’s response time.

Switch cards appropriate for high impedance voltage switching include 
the models 7158 and 6522. a card with triax connections is necessary if 
the guard voltage could exceed 30Vdc. This precaution is necessary to 
ensure safety.

High Impedance
Voltage Source

Electrometer
Voltmeter

HI

LO

Volts

Time

Figure 7a. Switching a high impedance voltage source to an electrometer

High Impedance
Voltage Source

Electrometer
Voltmeter

HI

LO

Volts

Time

Guard

Figure 7b. Using a driven guard to neutralize shunt capacitance
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current SwitchinG
applications for current switching include testing of power supplies, 
insulation resistance, capacitor leakage, resistivity of materials, batteries, 
and semiconductors. This section discusses current switching in general. 
Special techniques are required when switching high current or low 
current. current switching applications may require connecting multiple 
current signals to a single meter, or may require connecting a single 
source to multiple loads. 
each case has different 
switch configurations and 
concerns.

Connecting Multiple 
Current Signals to a 
Single Ammeter
most current measuring 
a p p l i c a t i o n s  r e q u i r e 
that all current paths be 
continuous, even when a 
particular current signal 
is not connected to the 
ammeter. To accomplish 
this, switch cards designed 
for current switching often 
use SpdT or form c 
relays. as shown in Figure 
8, when a channel is in an open state (i.e., not connected to the output), 
signal Hi is connected to signal lo through the normally closed (NC) 
contact. in this case, only signal Hi is switched. Signal lo is hardwired 
to the ammeter and to all other signal los. This is normally the case 
when testing components with relatively low currents (<1μa). When a 
channel is selected, the current source is connected to the ammeter 
through the normally open (NO) contact. note that the current will be 
interrupted briefly when the Form C relay is actuated. This could cause 
problems when used with high speed logic or other circuits sensitive to a 
momentary break in the current flow. This problem can be overcome by 
using a switch card with a pair of Form A isolated switches to provide a 
make-before-break (make/break) connection.

Figure 9 illustrates using a switch card 
with isolated form a relays to maintain 
the current path. in this example, one 
relay (ch. 1) is used to connect current 
Source #1 to the ammeter. a second 
relay (ch. 2) is kept in the closed 
position to provide a path when the 
current is not being measured. if using 
a card such as the model 7013 relay 
Switch card in a Series 7000 mainframe 
or the model 3740 isolated Switch card 
in the model 3706a mainframe, ch. 2 is 
normally energized. This relay is opened 
when the measurement is made, but 
not until after ch. 1 is closed. This circuit 
is used when switching moderate-level 
current (milliamps to amps range) when the current cannot be interrupted 
even for a moment. note that with this circuit, the lo terminals of the 
current sources are isolated from each other, unlike the circuit in figure 8.

The model 7053 High current card is another card that is often used 
to switch current. as shown in Figure 10, this card uses a dual form 
c relay. The jumper ensures a continuous path, but it can be removed 
when using the card to switch voltage. because this is a form c relay, 
the current will be momentarily interrupted when the relay is energized 
or de-energized. an alternative to switching the current loop is to place 
a shunt resistor in the loop. The voltage drop across the resistor (rS) is 
then measured as shown in Figure 11. The voltage readings are then 
converted to current using ohm’s law. This technique can be used 
when the range of current is relatively narrow, such as approximately 
two decades. The resistor (rs) should be no greater than the ratio of 
the maximum allowable voltage drop to the maximum current. choose 
a value with a convenient scale factor, such as 1, 10, or 1000Ω, so that 
it will be easy to calculate the current. once the value of the resistor is 
chosen, verify that the minimum voltage drop will not be so small that it 
will be difficult to measure with the voltmeter.

HI

LO

COM

NC

NOFrom
Current
Source #1

HI

LO

COM

NC

NOFrom
Current
Source #2

A
HILO

Model 7158
Scan Card

Figure 8. Using Form C relays to switch   
 multiple current sources
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Current
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Figure 9. Using the Model 7013    
 Relay Card to switch current
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Connecting a Current Source to Multiple Loads
unlike switching current signals to an ammeter, switching a current 
source to multiple loads usually does not require maintaining the current 
path at all times.

for this case, a card with form a switches is suitable, as shown in Figure 
12. To connect the current source to load #1, close relay ch. 1. ensure 
that ch. 1 is opened before ch. 2 is closed if the loads are capable of 
storing energy, such as a battery or a large capacitor. Two high energy 
loads connected in parallel may damage the relays.

often, cards designed for voltage switching can be used for current 
switching for currents from 1a to 1μa. for current less than 1μa, choose 
a card that has high isolation resistance (across open contacts, from high 
to low, and between channels) and low offset current. 

cold switching is always preferable to ensure maximum relay life. cold 
switching involves turning the source current off (placing it on standby) 
before opening or closing a relay.

HI

LO

Ch. 1
From
Current
Source #1

HI

LO

From
Current
Source #2

A
HILO

Model 7053
High Current Card

Ch. 2

Jumper

Jumper

HI

LO

Ch. 1
From
Current
Source #1

HI

LO

From
Current
Source #2

V
HILO

Ch. 2

RS

RS

HI

LO

Ch. 1
From
Current
Source

Load #1

Ch. 2 Load #2

Figure 10. Using the Model 7053 High Current Card to switch current

Figure 11. Using shunt resistors to measure current

Figure 12. Connecting a current source to multiple loads
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hiGh current SwitchinG
When designing a switching circuit for high current (>1a), pay particular 
attention to the maximum current, maximum voltage, and Va 
specifications of the switch card. Also, it’s important to choose a switch 
card with low contact resistance to avoid excessive heating that can 
cause contact failure by welding the contacts together. contact heating is 
caused by i2r power dissipation. 

High current switching can be used for either switching a power supply 
to multiple loads or for switching an ammeter to multiple sources. Figure 
13 is an example of switching a power supply to multiple loads using a 
multiplexer scanner card. in this example, the power supply will output 
1a to each of four loads. This doesn’t present a problem when only one 
channel is closed at a time. However, when all four channels are closed, 
the power supply will output 4a through the common path. unfortunately, 
even though the maximum current of a particular channel is specified at 
1a, the common path on the switch card may not be able to tolerate 4a. 
This is not usually specified for a switch card, but the limitation is usually 
a function of the trace width and connector ratings. one way to avoid this 
problem is to use a switch card with independent (isolated) relays and 
connect with wires rated to carry the total current. 

When currents that exceed the commercially available card ratings must 
be switched, then a general-purpose switch card can be used to control 
external high current relays or contactors. The user must supply the coil 
current for the external relays. 

under no circumstances should unlimited power (direct from the power 
line) ever be connected directly to a switch card. 

When switching high Va loads (power line to motors, pumps, etc.), solid-
state relays (SSr) are often used. industry standard SSr modules are 
available from many sources. These SSr modules are plugged into a 
board, such as the Keithley model pb-24Sm, that can be controlled from 
TTl-level digital outputs. These digital outputs can be from a board that 
plugs into a pc or from a scanner mainframe. Some SSr modules can 
switch up to 1kVa to high power loads. 

concerns about switching transients with reactive loads also apply to high 
current switching. cold switching, where contacts do not make or break 
current or voltage, is recommended for currents in excess of 100ma to 
avoid radiated interference and to extend relay life. 

Ch. 1 Load #11A

Ch. 2 Load #21A

Ch. 3 Load #31A

Ch. 4 Load #41A

Common
Path

4A

Power
Supply

Figure 13. Switching a power supply to multiple loads

table 1. high current Switches

card model current rating compatible mainframes

7053 5A (10 channels) 7001, 7002

7700 3A (two channels) 2700, 2701, 2750

7702 3A (two channels) 2700, 2701, 2750

7705 2A (40 sPst isolated) 2700, 2701, 2750

3740 3A (28 sPst isolated)  
7A (4 sPst isolated)

3706A

3721 2A switched, 3A carry (40 channels)  
3A (2 channels)

3706A

3730 6×16 matrix (1A switched, 2A carry) 3706A

7174A 2A carry 707A/708A
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low current SwitchinG
When switching currents of 1μa or less, special techniques must be used 
to minimize interferences, such as offset currents, leakage currents, 
electrostatic interference, triboelectric currents, and electrochemical 
currents. These types of interferences may be due to the scanner card 
itself, the connecting cables, or the test fixturing. allowing sufficient 
settling time before making a measurement is also crucial when switching 
low current. 

Offset Currents
The offset current specification of the switch card should be as low as 
possible for switching low current. offset current is a spurious current 
generated by a switching card even though no signals are applied. 
it is usually caused by galvanic sources on the card. offset current is 
especially significant when measuring low currents if the magnitude of 
the offset is comparable to the low current being measured. Scanner 
cards designed to minimize offset current are commercially available. for 
example, the model 7158 low current Scanner card has <1pa offset 
current (typically <30fa). 

To measure the offset of a switch card, connect the output of the card 
to a picoammeter or electrometer. make sure all input connections on 
the scanner card are shielded. if the card has triax or bnc connections, 
cap each input channel. close each channel individually and measure 
the offset current after allowing the switching transients to decay and 
the current to stabilize. if the offset currents for the different channels 
are reasonably stable, a correction factor can be stored in the control 
computer to allow more accurate low current measurements. This is done 
by subtracting the offset current for a given channel from subsequent 
measurements made via that channel. 

Leakage Currents
Leakage current is an error current that flows through insulators when a 
voltage is applied. it can be found on the switch card, in the connecting 
cables, and in the test fixture. even high resistance paths between low 
current conductors and nearby voltage sources can generate significant 
leakage currents. use a card with high isolation, guard the associated 
test fixtures and cables, select proper insulating materials, and clean the 
circuit boards to reduce these effects. 

To minimize extraneous current paths (or leakage current), use a switch 
card that has high channel isolation resistance (the isolation between 
channels). When switching a current to be measured, high input isolation 
(the isolation between input Hi and lo), is not as critical as channel 
isolation because there is normally very little voltage present, only the 
voltage burden of the ammeter. However, when switching a current 
source, very high voltage can be present across the input depending on 
the load resistance; therefore, high input isolation becomes critical. 

To determine the leakage current at a particular voltage, apply a step 
voltage of this magnitude to the circuit. This generates a transient current 
that will gradually decay to a steady value, which is the leakage current of 
the system for that particular path. once the leakage current is determined, 
it can be subtracted from subsequent readings on a particular channel. 
However, the leakage current is dependent on the applied voltage, so this 
technique cannot be used for voltage sweeps.

To prevent leakage current on the switch card, take special care when 
handling to prevent degradation of performance. Handle the switch card 
by the edges to avoid contaminating it with dirt, body oil, etc. if cleaning the 
board becomes necessary, follow the instructions in the manual provided 
with the switch card. Humidity can also increase leakage current. placing 
the switch system in a low humidity room will minimize this effect. Switch 
cards are typically specified to operate in relative humidity of 50% or less. 

One way to reduce leakage currents in the test fixturing is to use good 
quality insulators such as Teflon® and polyethylene. avoid materials such 
as nylon and phenolics.

Another way to reduce leakage current due to cabling and test fixturing 
is to use guarding. By definition, a guard is a low impedance point in the 
circuit that is nearly at the same potential as the high impedance input 
terminal. Figure 14 shows an example of guarding as applied to switching 
an ion chamber to an ammeter (pa) to measure the ion chamber current 
(iX). an unguarded ion chamber is shown in Figure 14a. The circuit shows 
that the full bias voltage appears across the insulator leakage resistance 
(rl), so a leakage current (il) will be added to the measured ion current 
(im = iX + il). The leakage resistance (rl) is due to the insulator of the 
ionization chamber and the coax cable insulation.
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in Figure 14b, a guard ring is added to the ionization chamber. This guard 
circuit splits the leakage resistance into two parts. The coax connections 
of Figure 14a have been replaced with triax connections. The voltage 
across rl1 is the picoammeter voltage burden, normally less than 1mV, 
so the resulting leakage current will be quite small. The full bias voltage 
appears across rl2 (the leakage resistance between the inside and outer 
shields of a triax cable). However, the resulting leakage current does not 
flow through the meter, so it is not added to the measurement.

guarding may also be necessary to prevent leakage current in low current 
test fixturing. 

Electrostatic Interference
Shielding is required because high impedance circuitry is susceptible to 
pickup of spurious radiated noise. relay contacts should be shielded 
from the coil to minimize induced noise from the relay power supply. The 
DUTs and interconnect cabling should also be shielded to prevent noise 
pickup. any good conductor can be used as a shield. all shields should 
be connected to circuit lo.

Triboelectric Currents
Triboelectric currents are generated by charges created by friction 
between a conductor and an insulator, such as between the conductor 
and the insulation of a coax cable. This noise source can be reduced 
by using special low noise cable that has a conductive coating (such as 
graphite) and securing the interconnect cabling to minimize movement.

Electrochemical Currents
electrochemical currents are generated by galvanic battery action caused 
by contamination and humidity. Thorough cleansing of joints and surfaces 
to remove electrolytic residue, including pc etchants, body salts, and 
processing chemicals, will minimize the effect of these parasitic batteries.

Settling Time
When a relay opens or closes, there is a charge transfer (on the order of 
picocoulombs), which causes a current pulse in the circuit. This charge 
transfer is due to the mechanical release or closure of the contacts, 
the contact-to-coil capacitance, and the stray capacitance between 
signal and relay drive lines. after a relay is closed, it’s important to allow 
sufficient settling time before taking a measurement. This time can be 
as long as several seconds. if a step voltage is applied to the circuit, a 
transient current is generated. This current will gradually decay to a steady 
value. The time needed to reach the steady value, or the settling time, 
can be used to determine the proper delay time for the measurement. 
See Keithley’s Low Level Measurements Handbook for more detailed 
discussions of generated currents and guarding.

RL

pA

HI

LOI L

IM

Coax
ConnectionIon Chamber IX

RL2

RL1 pA

HI

LO

I L

Guard

IM

Triax
ConnectionIon Chamber

Guard
Ring

IX

IM = IX + IL

IM = IX

Note: RL
represents
the leakage
resistance of the
ion chamber
insulator as
well as the
cable leakage.

Cross-sectional
view

Cross-sectional
view

a.

b.

Figure 14. Guarding to reduce leakage currents when switching    
 an ion chamber to a picoammeter
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low current mAtriX SwitchinG
Some low current applications require switching through a matrix. This 
is often the case when switching several Source-measure units (Smus) 
to multipin devices or wafer level semiconductor measurements. all 
the special techniques used to minimize interferences for low current 
multiplexing also apply to low current matrix switching. However, offset 
current and leakage current are the types of interference most frequently 
encountered. in general, low current matrix switching can become 
complex and is best explained by illustration. 

Figure 15 shows three Smus from the model 4200-ScS Semiconductor 
characterization System connected through a two-pole matrix (model 
7174a low current matrix card) to a multipin device. notice that the 
force terminal of each Smu is connected to the Hi terminal of the 
switch and the guard of the Smu is connected to the guard terminal of 
the switch. in this example, guarding becomes important to avoid leakage 
currents because the force terminal of the Smu is at the test potential. 
With the guard terminal at the same potential, the leakage current through 
the switch is minimized. guarding will also speed up the response time. 
The ground terminal (gndu) of the model 4200-ScS is connected to a 
single row of the matrix.

Figure 16 shows two independent Smus with the output lo terminals 
connected to separate rows. note that each pin of the device under test, 
the feT, is connected to a single column. The guard terminals of the 
matrix card are not connected to the device. To connect the Smus to 
the transistor, close crosspoint row 1/column 2 to connect Smu1 to the 
drain, row 3/column 1 to connect Smu2 to the gate, and row 2/column 
3 and row 4/column 3 to connect both Smu output lo terminals to the 
source terminal of the feT. 

remote sensing may be necessary if the current through a given path 
is high enough to cause a significant voltage drop. remote sensing 
compensates for test lead and switch voltage drops and ensures that the 
programmed output voltage of the Smu is delivered to the load. remote 
sensing allows making accurate load voltage measurements. Figure 17 
shows Smu1 connected to four rows to enable remote sensing, thereby 
allowing accurate measurement of the collector-emitter voltage of the bJT. 
Smu2 is used to supply the relatively small base current and requires only 
two rows. To connect Smu1 between the emitter and the collector, close 
crosspoints row 1/column 4, row 2/column 5, row 3/column 2, and 
row 4/column 1. note that remote sensing requires the use of four rows 

and four columns. To connect Smu2 between the base and the emitter, 
close crosspoints row 5/column 3 and row 6/column 1. remote sense 
is not needed to source the base current because the lead resistance 
does not affect the current.
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Guard Row 4
Force

HI

Guard Row 3
Force

Guard

HI

Guard Row 2
Force

Guard

Column 4Column 3Column 2

HI

Guard Row 1
Force

Guard

Column 1
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SMU3

SMU2

SMU1

Multi-Pin Device Under Test

Model 4200-SCS
Semiconductor
Characterization
System

Model 7174A Low Current Matrix Card

Figure 15. Using the Model 4200-SCS to test a multipin device

HI

Guard Row 4
Output LO

HI

Guard Row 3
Output HI

Guard

HI

Guard Row 2
Output LO

Column 4Column 3Column 2

HI

Guard Row 1
Output HI

Guard

Column 1

SMU2

SMU1

Drain

Gate

Source

Figure 16. Using two SMUs to test a FET
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When connecting two Smus in a matrix, the output lo terminals of both 
Smus can be tied together and connected to the device using one row. 
However, the Smu in remote sense may be outputting high current (>1ma) 
and the resulting voltage drop may interfere with the second Smu if it is 
used to measure small voltages (<1mV). 

once a given combination of matrix cards, sourcing, and measuring 
devices is put together, it may be desirable to measure the offset current 
for various pathways to characterize the system. To measure the offset 
current, close a specific crosspoint and use an electrometer or SMU to 
measure the current with everything in place except the device under test. 
periodically perform this system check on only the crosspoints for low 
current switching. if the offset current is relatively constant, this value can 
then be subtracted from subsequent measurements. leakage current is 
another source of measurement interference that must be characterized. 
it is dependent on the applied voltage, contamination, and humidity.

leakage current can be determined from path to ground or from path 
to path. The leakage current can be determined by applying a known 
voltage and measuring the current between either path to ground or 
path to path. once the leakage current in a given pathway is known and 
remains consistent, it can be subtracted from subsequent measurements. 
However, humidity and contamination may change the leakage current 
value over time, so it must be characterized periodically. 

matrix cards suitable for these applications include models 7152, 7072, 
and 7174a. all connections should be made with triax cables. low current 
matrix cards usually use triax connections to eliminate a possible shock 
hazard from the guard voltage. note the outer shield is always at earth 
ground potential and has been omitted from these figures for clarity.
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SMU2
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Figure 17. Using two SMUs to test a bipolar junction transistor (BJT)
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reSiStAnce SwitchinG
Switching an ohmmeter to a device under test is common to a variety 
of applications, including measuring the insulation resistance of 
materials, continuity testing of cables and connectors, contact resistance 
measurements, and measuring the resistance of components such as 
resistors, thermistors, and potentiometers. 

Resistance measurements may range from less than 1Ω to greater than 
1012Ω, so the switching techniques required may vary significantly based 
on the magnitude of the resistance. low resistance measurements are 
generally those less than 100Ω, mid-range are those from 100Ω to 107Ω, 
and high resistance measurements are those greater than 107Ω. As with 
any measurement, the exact point at which low resistance techniques 
should be used depends upon the desired measurement accuracy. for 
example, a 1ppm measurement of a 1kΩ resistor implies an uncertainty of 
less than 1mΩ, which can only be achieved by using a four-wire technique. 

For scanning resistances in the mid-range (100Ω to 10MΩ), either single-
ended (one-pole) or differential (two-pole) methods can be used. The 
single-ended method is shown in Figure 18a. note that all the resistors 
under test have a common terminal that is connected to meter low.

Figure 18b illustrates the differential method. a two-pole relay is used to 
connect both terminals of the unknown resistor to the meter. 

The application usually dictates whether the single-ended or differential 
method should be used for switching. The advantage of the single-ended 
method is that it requires only half as many switches as the differential 
method. The only advantage of the differential method is that the offset 
voltages of the two switches tend to cancel each other. However, given 
that these are microvolt-level voltages, the differential method is not 
usually an issue for mid-range resistance switching.

HI

LO

Ohmmeter

Figure 18a. Single-ended resistance switching

HI

LO

Ohmmeter

Figure 18b. Differential method for switching resistances
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low reSiStAnce SwitchinG
applications such as contact resistance measurements and cable 
continuity testing typically involve switching low resistances. low 
resistance (<100Ω) switching requires using techniques that are normally 
unnecessary for mid-range or high resistances. offset compensation and 
remote sensing are techniques often used to eliminate errors due to the 
switch contact resistance. 

Offset Compensation
Spurious microvolt level signals are often present in low resistance circuits, 
most often as a result of thermoelectric effects. if dissimilar metals are 
present, a temperature differential across the circuit can easily add several 
microvolts to the measurement circuit. Switches in the circuit may also 
add up to several microvolts of error voltage to the measurement. This 
error voltage is known as contact potential or offset voltage. 

offset compensation will eliminate the switch contact potential, as well 
as any thermoelectric voltage offsets in the entire measurement circuit. 
offset compensation requires making two voltage measurements with 
two different but known currents. most often, the second current is of 
the same magnitude but opposite polarity as the first. The resistance 
is calculated by dividing the difference between these two voltage 
measurements by the difference between the two source currents. This 
procedure will cancel the offsets. in applications where timing is critical, 
offset compensation may not be practical, because it takes twice as long 
to make a measurement. 

Some dmms provide a built-in offset compensation capability. Two 
measurements are made, one at a positive current and another at nearly 
zero current. The dmm then calculates the resistance automatically.

Four-Wire Switching
accurate measurements of low resistance in a system require a four-wire 
connection to eliminate both lead wire and switch contact resistance. 
figure 19 is an example of four-wire switching. in this diagram, two of the 
leads (Hi and lo Source) supply current to the resistors, while the other 
two leads (Hi and lo Sense) measure the voltage developed across the 
resistors. The source leads are connected to one bank of switches and 
the sense leads are connected to the other bank of switches.

To measure the resistance of the first resistor (R1), channels 1 (Ch. 1) and 
4 (ch. 4) are both closed. The actual resistance measurement is made 
with either a dmm or a micro-ohmmeter with four-wire ohms capability, 
with a separate current source and voltmeter, or with a single source-
measure instrument. 

as shown in Figure 19, two sets of two-pole relays are used for low 
resistance switching. The poles in an individual relay will have similar offset 
voltages. by using these two poles to connect the low voltage signal 
to the sense terminals of the meter, the offset voltages or the contact 
potential (as it is specified), will tend to cancel each other. When the 
sense leads are connected through two different relays to the unknown 
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Ch. 4
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LO Source

Ch. 2
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Ch. 3

R3

Ch. 6
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Figure 19.  Four-wire ohms scanning for measuring low resistances 
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resistor (r), as shown in Figure 20a, the offsets are not likely to cancel 
and may actually combine to cause an even greater error. even a properly 
connected two-pole switch, like that shown in Figure 20b, will have some 
differential offset voltage that will not cancel out. The error caused by such 
offset voltage can be virtually eliminated by using offset compensation. 

Figure 21 shows an example of the preferred connection scheme when 
testing metal-oxide varistors. The model 2410-c Sourcemeter® instrument 
is ideal for testing moVs because of its ability to source up to 1100V at 
21ma. one model 7154 High Voltage card connects the source lines to 
the devices and another model 7154 connects the sense lines. The two-
pole relays minimize lead resistance and voltage drop in the switch. This is 
particularly important when measuring relatively small voltages (millivolts).

HI Sense

LO Sense

Ch. 1
R

Ch. 2

HI Source

LO Source

Ohmmeter

Figure 20a. Offset voltage of Ch. 1 and Ch. 2 will be added to sense voltage
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LO Sense
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R

Ch. 2

HI Source

LO Source
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Figure 20b. Offset voltages of Ch. 1 will tend to cancel
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Figure 21. Switching multiple varistors
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on the other hand, the example of Figure 22 minimizes lead resistance 
only. With the Hi leads and lo leads on the same two-pole relays, offset 
voltages in the model 3721 multiplexer switches will not cancel each 
other because very little current flows in the high impedance sense leads. 
depending on the needs of the application, the offset voltages can be 
addressed with the offset-compensated ohms feature of the Series 2600a 
System Sourcemeter instrument. 

in some applications, the resistances to be tested may have a common 
terminal. in this case, only one two-pole switch per resistor is necessary, 
as shown in Figure 23. This approach has the advantage that only half as 
many switches are required, so it is more economical. The disadvantage is 
that the offset voltage of the single pole in the sense circuit is added to the 
measurement. Switching only a single sense lead will not cancel the offset 
voltage as happens when both sense leads are switched through the same 
two-pole relay. However, offset compensation will generally correct for this 
error source at the cost of increased measurement time. Some ohmmeters 
provide this feature, including two Keithley product configurations, the 
model 2700 dmm/Switch Mainframe with the model 7701 32-channel 
Differential Multiplexer card and the model 3706a System Switch/ dmm 
with the model 3721 dual 1×20 multiplexer card. This feature is known as 
“common side ohms.” When operating in common side ohms mode, each 
instrument has the ability to recognize the appropriate card and convert 
the two-wire connection into a four-wire measurement.

Other Issues
Some low resistance applications may require sourcing a relatively high 
test current and measuring very low voltages. This may require using a 
high current switch card for sourcing and a low voltage switch card for 
measuring. 

When switching low impedances, shielding needs are minimal. Shielding 
is generally needed only in electrically noisy environments.
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Figure 22. Switching multiple diodes
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Figure 23. Four-wire resistance switching with common terminal
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hiGh reSiStAnce SwitchinG
applications such as measuring capacitor leakage, multi-conductor 
cable insulation resistance, and pin-to-pin leakage of connectors require 
measuring high resistances through switches. Special techniques are 
required for switching resistances greater than 10MΩ. Different high 
resistance switching techniques will be needed, depending on whether 
the source voltage/measure current or the source current/measure 
voltage method of determining resistance is used. However, techniques 
such as shielding and guarding apply to both methods.

Source Voltage/Measure Current Method
This technique for measuring high resistance involves sourcing a known 
voltage, measuring the resulting current, and calculating the resistance. 
as shown in the schematic in Figure 24, one side of each resistor is 
connected through a set of switches to the picoammeter (pa), while the 
other end is connected through a second set of switches to a dc voltage 
source. To measure the resistance of r1, close switches ch. 1 and ch. 4. 

if the measured current is less than 100na, the switches used to connect 
the resistors to the picoammeter must have low offset current and high 
isolation resistance. in many cases, a form c switch is preferred. The 
form c switch keeps one end of the device under test at guard potential 
(approximately 0V) when the switch is de-energized. This prevents leakage

current across the relay that would degrade the measurements. The form 
c switch also allows the device under test to be charged for a controlled 
time interval before measuring. 

General-purpose switches are usually sufficient for switching the voltage 
source unless high voltages (>100V) are involved, in which case, high 
voltage switch cards are necessary. if high voltage is used, current 
limiting resistors are needed to avoid damage to the current switches in 
case the device under test breaks down. The current limiting resistor (r) 
is placed in series with the device under test. The value of this resistor is 
chosen such that, in the event of device failure, the short circuit current 
will not exceed the maximum current specification of the relays on either 
set of switch cards. The voltage rating of these resistors must be at least 
equal to the test voltage. 

in some cases, the device under test may have a common terminal, as 
shown in Figure 25. in this case, the voltage source will be applied to 
all the devices simultaneously. as a result, the excitation voltage time 
is different for each resistance to be measured. This will cause errors 
for some time-dependent applications, such as measuring insulation 
resistance or capacitor leakage. in these cases, the measured resistance 
is a function of the excitation time.
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Figure 24. Switching high resistance

Figure 25. Switching high resistance with a common terminal
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When the measured current is large compared to the relay current offset 
specification, then Form A switches can provide a more economical 
solution, as shown in Figure 26. in this example, the leakage current 
of all open relays will contribute to the measured current. unfortunately, 
this leakage current cannot be guarded. also, if there is a leakage path 
between devices (as when measuring the insulation resistance between 
traces on a circuit board or multi-conductor cable), this will also degrade 
measurement accuracy. in this diagram, each of the resistors has one 
end connected together to the voltage source. in this case, voltage 
source switching is unnecessary, because the device under test cannot 
be pre-charged. 

Special techniques must be used to minimize interferences such as 
offset currents, leakage currents, electrostatic interference, triboelectric 
currents, and electrochemical currents. These sources of errors may be 
due to the switch card or the connecting test fixturing. 

Source Current/Measure Voltage Method
in some cases, high resistance is measured by sourcing a current and 
measuring the resulting voltage. although this is not the preferred method 
for measuring high resistance, it is necessary for some applications, 
such as van der pauw resistivity measurements of semiconductors. 
High impedances are being switched, so some of the same switching 
techniques used when switching low current and high impedance 
voltages are equally applicable here. To avoid errors, choose a card with 
low offset current and high isolation resistance. Shielding is necessary to 
prevent noise due to electrostatic interference.

Figure 27 shows a simplified van der Pauw resistivity measurement with 
a current source and a differential voltmeter. by closing crosspoints row 
1/column 1 and row 2/column 2, the current source is connected to 
sample terminals 1 and 2. closing crosspoints row 3/column 3 and row 
4/column 4 will connect the voltmeter between terminals 3 and 4. for 
more detailed information on van der pauw resistivity measurements, 
consult Keithley’s Low Level Measurements Handbook.

HI

LO

R1

R2

R3

pA

Ch. 1

Ch. 2

Ch. 3

Voltage
Source

Test
Sample

Differential
Voltmeter

2

3

4

Col. 1 Col. 2 Col. 3 Col. 4

Row 1

Row 2

Row 3

Row 4

+ –

1

Figure 26.  Switching high resistances with common terminal and    
 Form A switches

Figure 27.  Van der Pauw resistivity measurements through a switch matrix
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Switching circuits that include reactive elements need special care to avoid 
problems due to transient effects. The methods used to limit transient 
effects depend on whether the load is capacitive or inductive. When a 
capacitive load is connected through a switch to a voltage source, the 
in-rush current may exceed the current rating of the switch and weld the 
contacts shut. as Figure 28a indicates, when the switch (S) is closed, the 
peak current (i) is limited mainly by the sum of the wiring resistance and 
the relay contact resistance. The peak current may exceed the current 
rating of the relay and cause welding of the contacts. cold switching is 
the most effective way to 
prevent this current surge. if 
cold switching is impractical, 
it may be possible to add 
series resistors to limit the 
current to a safe value, as 
shown in Figure 28b. The 
value of the series resistor (r) 
should be greater than the 
ratio of the applied voltage to 
the maximum current rating 
of the switch card. However, 
if the resistor is too large, 
it may affect measurement 
accuracy. The current surges 
of these two circuits are 
illustrated in Figure 28c. 
 Figure 28. In-rush current of capacitive load

capacitor leakage measurements and insulation resistance measurements 
of multi-conductor cables are two applications where switching capacitive 
loads may be a particular problem. even with resistive loads, the 
capacitance of a shielded connecting cable may cause relay welding. in 
this case, the series resistor should be placed as close to the relay as 
possible to limit the current when charging the cable capacitance. 

When an inductive load is connected to a voltage source, the current will 
increase relatively slowly. However, when the switch is opened, a large 
inductive reaction voltage will appear across the switch contacts and 
may damage the contacts. The contact bounce that occurs on closure 
can also produce an inductive reaction voltage, because the current is 

interrupted repeatedly. a voltage-clamping device across the inductive 
load is usually required. Figure 29 illustrates four possible circuits for 
voltage clamping. for best results, the voltage-clamping device should be 
located near the load. 

applications that involve switching inductive loads include testing motors, 
solenoids, and transformers.
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rF And microwAVe SwitchinG
given the explosive growth of the communications industry, a tremendous 
amount of testing is being performed on the various components that 
make up different communications systems. These components range 
from active components such as radio frequency integrated circuits 
(rfics) and microwave monolithic integrated circuits (mmics) to 
complete communication systems. While the testing requirements and 
procedures for these components differ widely, all are tested at very high 
frequencies, typically in the gigahertz range. The main components in a 
test system may include dc bias, dc measurement, rf power meter, 
network analyzer, rf sources, and other instruments. automating the test 
process and improving test efficiency demands integrating RF/microwave 
and low frequency switching systems into the test system. 

Microwave Switch Types
Available microwave switch configurations include a simple single-pole 
double throw (SpdT) switch, multi-position switch, matrix, and cascade. 

an SpdT switch has one input port, which can be connected to one of 
two output ports. a multi-position switch connects one input port to one of 
several output ports. Keithley’s System 46 can accommodate eight SpdT 
coaxial microwave relays and four multi-pole coaxial microwave relays. 

a matrix switch can connect any input to any output. Two types of matrices 
are used in microwave switching: blocking and non-blocking. a blocking 
matrix connects any one input to any one output. other inputs and outputs 
cannot be connected at the same time. a non-blocking matrix allows 
multiple paths to be connected simultaneously through the matrix. 

The cascade switch configuration is an alternate form of multi-position 
switch. The cascade switch connects one input to one of many outputs 
using multiple relays. The path length (and therefore, the phase delay) 
varies, depending on the number of relays that the signal must go through.

RF Switch Card Specifications
The use of a switch will inevitably degrade the performance of the 
measurement system, so it is important to consider several critical 
parameters that may affect system performance significantly. During 
the design phase, the costs and benefits are often weighed against 
each other to achieve an optimal solution. When choosing an rf switch 
system, some of the critical electrical specifications to review include 
crosstalk (path isolation), insertion loss, voltage standing wave ratio 
(VSWR), and bandwidth. 
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RF Switch Design Considerations
When designing an rf switch system, additional factors that may affect 
switch system performance include impedance matching, termination, 
power transmission, signal filters, phase distortion, and cabling. 

impedance matching: given that the switch is positioned between the 
measurement instruments and the duT, matching the impedance levels of 
all elements in the system is critical. for optimal signal transfer, the output 
impedance of the source should be equal to the characteristic impedance 
of the switch, the cables, and the duT. in rf testing, the most commonly 
used impedance levels are 50Ω and 75Ω. Whichever impedance level is 
required, proper matching will ensure the overall system integrity. 

The input VSWr and signal path VSWr determine the limitation on 
the accuracy of the measurement:  

mismatch uncertainty (db) = 20 × log (1 ± Гsig pathГinstr)    

 where   

if both the signal path output and the instrument input have good 
VSWrs of 1.3:1 at a frequency, then the uncertainty due to mismatch 
alone is ±0.15db. 

termination: at high frequencies, all signals must be properly terminated 
or the electromagnetic wave will be reflected from the terminating point. 
This, in turn, will cause an increase in VSWr. an unterminated switch 
increases VSWr in its off condition, while a terminated switch will try to 
provide a 50Ω match on or off. The VSWR increase may even damage the 
source if the reflected power is large enough. All paths through a system 
must be terminated with their characteristic impedance.

Power transmission: another important consideration is the system’s 
ability to transfer the rf power from instrument to duT. due to insertion 
loss, the signal may require amplification. In other applications, it may 
be necessary to reduce the signal power to the duT. an amplifier or 
attenuator may be needed to ensure that the required level of power is 
transmitted through the switch. 

Signal Filter: Signal filters can be useful in a number of circumstances, 
such as when spurious noise is inadvertently added to the signal as it 
travels through the switch. They can also be helpful if the original signal 
frequency does not fit in the DUT testing frequency. In these cases, filters 
can be added to the switch to modify the signal frequency bandwidth, 
or spurious signals at unwanted frequencies can be eliminated from the 
signal to the duT. 

Phase distortion: as the size of a test system expands, signals from the 
same source may travel to the duT via paths of different lengths, resulting 
in phase distortion. This specification is often referred to as propagation 
delay. for a given conducting medium, the delay is proportional to the 
length of the signal path. different signal path lengths will cause the signal 
phase to shift. This phase shift may cause erroneous measurement 
results. To minimize phase distortion, keep the path lengths the same. 

Taking all of these design considerations into account when configuring 
an rf/microwave switch system can be simplified by ordering a 
package solution, such as the System 46 rf/microwave Switch System. 
It can be configured with up to 32 channels for controlling microwave 
switches. it also tracks contact closures for proactive maintenance of 
relays, and performance parameters, such as VSWr or insertion loss, 
for trend analysis.

Г= VSWR – 1
VSWR + 1
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diGitAl SwitchinG
High speed digital signals exhibit rf behavior in real-world devices, which 
creates a need for rf or microwave components when routing these 
signals in test systems. digital (and optical) engineers must be aware of 
rf parameters in product development and production testing.

Digital Design Considerations
The first consideration when switching digital signals is providing adequate 
bandwidth to preserve the frequency harmonics of the digital pulse and 
their power spectral distribution. The switching solution should have 
as a minimum the bandwidth of the duT, and preferably equal to the 
bandwidth of any higher frequency source and measurement equipment. 

Because the –3dB specifications of switch cards are based on sinewave 
signals, an approximation is needed for square waves. if the frequency of 
the square wave is known, the required bandwidth is determined by the 
highest harmonic that needs to pass without distortion, whether that is 
the third, fifth, seventh, or higher harmonic. 

if the frequency of the square wave is unknown, the following equation 
approximates the minimum bandwidth for digital signals:

digital switching has some other considerations in addition to those listed 
in the section for “RF Switch Design Considerations”:

Arcing: The rfi (radio frequency interference) generated by high voltage 
switching may disrupt high-speed logic circuits.

hot switching: When digital signals are being switched, they may 
change state with any length of power interruption. using hot switching 
prevents digital state changes.

make-before-break: use form a isolated switches instead of form c 
relays to allow for make-before-break operation.

Bandwidth (Hz) = 0.35
risetime (s)
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ActuAtion time. The time between application of the nominal relay 
coil voltage and the final closure of the relay contacts after the contact 
bounce interval.

AutomAtic cjc (cold junction comPenSAtion). a system for 
multi-channel thermocouple measurements where the temperature at 
each thermocouple/switch card junction is sensed and compensated 
for automatically.

BAndwidth. The range of fre quencies that can be switched, 
conducted, or amplified within certain lim its. Under given load condi-
tions, bandwidth is defined by the –3dB (half-power) points.

BAnk. a group of relays with a common connection for scan ning or 
multiplex  applica tions.

BlockinG. a multiplexer of matrix arrangement of relays where only 
one signal path is active at any given time. common in rf/microwave 
testing to maintain the characteristic impedance of the test system.

BreAk-BeFore-mAke. disconnecting the present circuit before 
connecting a new circuit. also known as break/make.

cArry current. The maximum continuous current of closed relay 
contacts. most relays are rated higher for carry current than switched 
current. (Heat is generated by i2r losses for carry current and i2r 
losses plus arcing for switched cur rent.)

chAnnel. one of several signal paths on a switching card. for scanner 
(or multiplex) cards, the channel is used as a switched input in measuring 
circuits or as a switched out put in sourcing circuits. for switch cards, 
each channel’s signal paths are independent of other channels.

chAnnel croSStAlk. coupling of a signal from one channel to 
another or to the output by stray capacitance, inductive coupling, 
or radiation. Crosstalk is expressed in deci bels at a specified load 
impedance and at a specific frequency.

chAnnel iSolAtion. on a switching card, the isolation from signal 
Hi and lo of one channel to signal Hi and lo of any other channel (or 
the output on switch or scanner cards). Specified as resistance and 
capacitance, except for rf cards (decibels and fre quency range).

coAXiAl cABle. a two-conductor cable that has a center conductor 
surrounded by a shield conductor, the two being coaxial and separated 
by an insulator.

coil reSiStAnce. a nominal value of the resistance of the coil 
winding of a relay.

cold junction. The junction in a thermocouple circuit that is at a 
known temperature. also known as reference Junction.

cold SwitchinG. closing the relay contacts before applying voltage 
and current and removing voltage and current before opening the 
contacts. (contacts do not make or break current.)

column. as viewed on the schematic of a matrix card/module, the 
vertical sig nal lines that are connected via relays to the horizontal rows.

common mode. between two signal lines and a third line (e.g., from 
signal Hi and lo to chassis ground or guard).

common mode iSolAtion. on a switching card/module, the 
isolation from signal Hi and lo to guard (or shield) for a 3 pole circuit, 
or from signal Hi and lo to chassis ground for a two-pole circuit. 
Specified as resistance and capacitance.

common mode rejection rAtio. The ability of an instrument to 
reject interference from a common mode voltage at its input terminals 
with respect to ground. usually expressed in decibels at a frequency.

common mode VoltAGe. a volt age between input low and chassis 
ground of an instru ment.

contAct Bounce. The intermit tent and undesired opening of relay 
contacts during closure.

contAct liFe. The maximum number of expected closures before 
failure. life is depen dent on the switched voltage, current, and power. 
failure usually occurs when the con tact resistance exceeds the end of 
life value.

contAct PotentiAl. a voltage produced between contact terminals 
due to the tempera ture gradient across the relay contacts, and the 
reed-to-terminal junctions of dissimilar metals. (The temperature gra-
dient is typically caused by the power dissipated by the energized relay 
coil.)

contAct rAtinG. The voltage, current, and power capacities of relay 
contacts under speci fied environmental condi tions. See Carry Current 
and Switched current.

contAct reSiStAnce. for a relay, the resistance in ohms across 
closed contacts. for a Keithley switching card/module, also includes 
the tape resistance and connector terminal resis tance.

contActS. The surfaces of cur rent carrying elements where electric 
circuits are opened or closed.

croSSPoint. The intersecting point of a column and row in a relay 
matrix. Specified as (column, row) or (row, col umn).

croSStAlk. See Channel Crosstalk.

current SurGe limitinG. The circuitry necessary to protect relay 
contacts from excessive transient current.

diFFerentiAl inPut iSolAtion. on a switching card, the isola tion 
from signal HI to LO. Specified as resistance and capacitance.

diFFerentiAl multiPleXer. a type of switching card/module where 
one input is routed to one of several outputs (e.g., sourcing) or one 
of several inputs is routed to one output (e.g., measuring), and each 
channel uses a two-pole relay configuration (one pole for signal HI and 
one pole for signal lo).

diGitAl i/o. a TTl-level input/output port that is pro grammable by the 
mainframe.

dry circuit SwitchinG. Switching below specified levels of voltage 
(e.g., 20mV) and current to minimize any physical and electrical 
changes in the contact  junc tion.

dry reed relAy. a glass-enclosed, hermetically sealed, magnetically 
actuated con tact. no mercury or other wet ting material is used.

dut. an abbreviation for device under Test.

electrochemicAl eFFectS. The property that generates cur rent 
between circuit board conductors due to contami nation of the card 
surface. minimized with proper han dling and cleaning.

electromechAnicAl relAy. a relay that uses an electromag net to 
move an armature and make or break the relay contacts.

emi. abbreviation for electromagnetic interference. a term that 
defines unwanted electromagnetic radiation from a device that could 
interfere with desired signals in test or communication equipment, for 
example. rfi (radio frequency inter ference) and emi are often used 
interchangeably.

FloAtinG. The condition where a common mode voltage exists 
between earth ground and the instrument or circuit of interest. (low of 
circuit is not at earth potential.) The condition where signal lo in the 
system is electrically iso lated from earth ground.

Form A. A single-pole, normal ly open contact configuration. Also 
called SPST-NO. A two-pole configuration is called 2 Form A.

Form B. A single-pole, normal ly closed contact configura tion. Also 
called SPST-NC. A two-pole configuration is called 2 Form B.

Form c. A single-pole, double-throw contact configuration. Also 
known as a Transfer Switch. A two-pole configura tion is called 2 Form 
c or dpdT.

GuArdinG. a technique that reduces leakage errors and decreases 
response time. consists of a guard conductor driven by a low- 
impedance source surrounding the lead of a high-impedance signal. 
The guard voltage is kept at or near the potential of the signal.

hot SwitchinG. opening and closing relay contacts while voltage 
and current are applied. (contacts make or break current.) degrades 
contact life. Typically used for digital signal switching to prevent state 
changes.

imPedAnce mAtchinG. To optimize power transfer and minimize 
measurement uncertainty in rf/microwave systems, the ohmic values 
of source, switch, and measure components are equalized, commonly 
to 50W. Differences in impedances cause reflection of the signal.

indePendent Switch cArd/module. a type of card where each 
channel is electri cally isolated from all other channels. also called 
isolated Switch card/module.

inPut iSolAtion. on a switching card, the isolation from signal Hi 
to LO (or guard) for a two-pole circuit. Specified as resis tance and 
capacitance.

inSertion loSS. The attenuation of signals being routed through a 
switching card. Specified as a decibel value over a frequency range. 
becomes more important with low signal levels or high noise levels.

inSulAtion reSiStAnce. The ohmic resistance of insula tion. it 
degrades quickly as humidity increases.

i/o. abbreviation for input/output, which refers to the transmission of 
information to an external device (output), and the reception of informa-
tion from an external device (input).

iSolAted Switch. a type of card where each channel is electri cally 
isolated from all other channels. also called independent Switch card/
module.

iSolAtion. on a switching card/module, the impedance between 
any stated terminals. Specified as resistance and capacitance. In RF/
microwave switching, the ratio of the power level between adjacent 
channels, which is expressed in decibels over a frequency range. See 
input isolation.

iSothermAl Block. The ther mally conductive block that equalizes 
the temperature of all thermocouple connec tions.

lAtchinG relAy. a relay that maintains its contacts in the last 
position assumed without the need to keep the coil energized.

leAkAGe current. Error current that flows through insulation 
resistance when a voltage is applied.

low noiSe cABle. a cable that is coated with a conductive layer 
between the braid and inner insulator (coax and triax) and under the 
inner shield (triax). This reduces triboelectric currents caused by friction 
due to vibration, movement, or temperature fluctuation.

mAinFrAme. a switching instru ment that operates according to 
user commands to connect signals among sourcing and measuring 
instruments and devices under test. Signal switching is performed on 
cards that are inserted into the mainframe rack. a main frame is also 
referred to as a Scanner, multiplexer, matrix, or programmable Switch.

mAke-BeFore-BreAk. connecting a new circuit before 
disconnecting the pre sent circuit. also known as make/break.

mAtriX. connecting multiple inputs to multiple outputs.

mAtriX cArd/module. A type of card with a switching configuration 
that has columns and rows of relay crosspoints. With a matrix card, 
since any one point can be connected to any other, you can simulta-
neously have one input with multiple outputs, multiple inputs with one 
output, or multiple inputs with multiple outputs.

mercury wetted relAy. a reed relay in which the contacts are 
wetted by a film of mer cury. Usually has a required position for proper 
operation; some types are position insensitive.

module. See Switch Cards/Modules.

multiPleX. connecting one instrument to multiple devices under test 
or multiple instruments to one device under test. also see Scan.

SwitchinG GloSSAry
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multiPleX cArd. See Scanner Card.

noiSe. an undesirable electrical signal from an external source (such 
as an AC power line, motors, generators, transformers, fluorescent 
lights, crT displays, computers, radio transmitters, and others) that is 
imposed on a desired signal.

non-BlockinG. a multiplexer or matrix arrangement of relays where 
it is possible to switch any signal to any duT at any time. it has high 
flexibility and high cost.

non-lAtchinG relAy. a relay that maintains its closed con tact 
position when the coil is energized and its open con tact position when 
the coil is not energized.

normAlly cloSed contActS. a contact pair that is closed when 
the relay is not  energized.

normAlly oPen contActS. a contact pair that is open when the 
relay is not energized.

normAl mode. between two signal lines (e.g., from signal Hi to signal 
lo).

normAl mode rejection rAtio. The ability of an instrument to 
reject an ac interference (usually of line frequency) across its input 
terminals. usually expressed in decibels at a frequency.

normAl mode VoltAGe. a volt age applied between the input high 
and input low terminals of an instrument.

oFFSet current. a current that comes from a switching card even 
though no signals are applied. It comes mostly from the finite coil-to-
contact impedance. it is also generat ed by triboelectric, piezoelec tric, 
and electrochemical effects present on the card.

PAth iSolAtion. on a matrix switching card, the isolation from signal 
HI and LO of one path to signal HI and LO of any other path. Specified 
as resistance and capacitance.

PAth reSiStAnce. on a matrix switching card, the resistance per 
conductor of a closed path, including the contact resistance, wiring 
resistance, and connector terminal resis tance.

PhASe diStortion. The shifting of rf/microwave or digital 
waveforms due to signal paths of different lengths and different 
propagation delays through test systems. may cause errors in digital 
testing.

Piezoelectric currentS. The current caused by mechanical 
stress to certain insulating materials. To minimize, the stress is removed 
from the insulators, and materials with low piezoelectric effect are used.

Pole. a set of mating contacts in a relay or switch: normally open, 
normally closed, or both.

ProPAGAtion delAy. The speci fied amount of time for a sig nal to be 
routed through a previously closed channel of a switching card. The 
delay must be considered, for example, when the switched signal is 
used to synchronize other signals.

reed relAy. a relay using one or more glass-enclosed, her metically 
sealed, magnetically actuated contact members. Some types are dry to 
improve isolation or make them position independent. Some types are 
mercury wet ted to improve switched cur rent rating and make contact 
resistance more predictable. also see Electromechanical Relay and 
Solid State Relay.

reFerence chAnnel. on a ther mocouple scanner card, the channel 
that measures the temperature of the isothermal block.

reFerence outPut. The output signal representing the tem perature 
of the reference channel, usually the isother mal block, on some 
thermo couple scanner cards/modules.

relAy. an electrically con trolled mechanical device that opens and 
closes an electrical contact. a relay provides iso lation of control signals 
from switched signals.

relAy driVe. The total current available from the power sup ply of the 
mainframe to ener gize the relay coils on switch ing cards. This current is 
der ated at elevated temperatures.

relAy driVe current. The amount of current necessary to energize 
a relay. Usually specified per channel.

relAy SetuP. A configuration of open and closed relays.

releASe time. The time between the removal of the coil voltage and 
the stabilized opening of the contacts.

return loSS. A measure of the power reflected back towards 
the source due to an impedance mismatch among the source, 
transmission line, and the load. expressed in db.

row. as viewed on the schematic of a matrix card/module, the 
horizontal signal lines that are connect ed via relays to the vertical 
columns.

ScAn. Sequential connecting (usually break-before-make) of one 
instrument to multiple devices under test or multiple instruments to one 
device under test. also see Multiplex.

ScAnner. See Mainframe.

ScAnner cArd. a type of switching card where one input is routed 
to one of sev eral outputs (e.g., sourcing), or one of several inputs 
is routed to one output (e.g., measuring). The actual switching can 
be nonsequen tial (multiplex) or sequential (scan). also known as a 
multiplex card.

Settle time. The time required for establishing relay connec tions and 
stabilizing user circuits.

ShieldinG. a metal enclosure for the circuit being measured or a 
metal sleeving surround ing wire conductors (coax or triax cable) to 
reduce electrostatic interfer ence. The shield is usually connected to the 
lo terminal of the sensitive instrument..

SinGle-ended multiPleXer. a type of switching card/module 
where one input is routed to one of several outputs (e.g., sourcing) or 
one of several inputs is routed to one output (e.g., measuring). each 
chan nel uses a single-pole relay for signal Hi and a single com mon 
terminal is connected to signal lo for all channels.

Solid StAte relAy. a relay that switches electric circuits by use 
of semiconductor ele ments without moving parts or conventional 
contacts.

SmA. a type of miniature coax ial connector used in situa tions requiring 
shielded cable for signal connections.

SmB. a type of miniature coax ial connector used in situa tions requiring 
shielded cable for signal connections.

Switch/meASure SyStem. an instrument that integrates a switch 
mainframe and a digi tal meter into a single chassis. Signal switching is 
performed on cards/modules that are inserted into the chassis.

Switched current. The maxi mum current level that can be reliably 
handled while open ing and closing contacts. also see carry current.

SwitchinG cArd/moduleS. The general classification of relay cards. 
may be subdivided into: independent switch cards (1 input to 1 output), 
scanner or multiplex cards (1:n, n:1) and matrix cards (m:n).

t/c cold junction. See Cold Junction.

teSt FiXture. an enclosure, sometimes shielded, used for mounting 
single or multiple devices for testing purposes.

thermAl oFFSet VoltAGe. See Contact Potential.

triAXiAl cABle. a three-conductor cable that has a center 
conductor surrounded by an inner shield conductor that is in turn 
surrounded by an outer shield conductor.

triBoelectric current. The current caused by friction between 
a conductor and insulator when a cable flexes due to vibrations, 
movement, or temperature fluctuation. Also see Low Noise Cable.

triGGer. an external stimulus that initiates one or more instrument 
functions. Trigger stimuli include: the front panel, an external trigger 
pulse, and ieee-488 bus X, Talk, and geT triggers.

tSP. teSt ScriPt ProceSSor. an onboard processor, used in 
a growing number of Keithley instruments and switch mainframes, 
designed for executing test scripts within the instrument. using 
TSp test scripts instead of a pc for instrument control avoids 
communication delays between the pc controller and instrument, 
allowing improved test throughput. Test scripts can contain math and 
decision-making rules that further reduce the interaction between a 
host pc and the instrument.

tSP-link. The TSp-link master/slave connection offers easy system 
expansion between Keithley’s Series 3700 mainframes. TSp-link can 
also be used to connect to other TSp-link enabled instruments, such 
as Series 2600a System Sourcemeter instruments. all instrumentation 
connected via TSp-link can be controlled by the master unit, just as if 
they were all housed in the same chassis.

VoltAGe clAmPinG. The circuitry necessary to protect relay contacts 
from excessive volt age caused by switching cur rent into inductive loads.

VSwr. abbreviation for Voltage Standing Wave ratio. a measure of 
signal reflection along a transmission line. Expressed as a ratio of the 
highest voltage to the lowest voltage found along the signal path.

for further reading on switching terminology, see the following 
references:

ANSI/EIA RS-473-1981. Definitions and Terminology for 
Relays for Electronic Equipment. American National Standards 
Institute, 1981.

ANSI/IEEE Std. 100-1992. IEEE Standard Dictionary of 
Electrical and Electronics Terms. 5th edi tion. Institute of 
Electrical and Electronics Engineers, 1992.

Engineers’ Relay Handbook. 5th edition. Relay and Switch 
Industry Association (formerly National Association of Relay 
Manufacturers), 1996.

SwitchinG GloSSAry
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Switch cArd And Switch module Selector GuideS

Switching cards for Series 3700 mainframes*
*Additional Series 3700 cards are currently in development. For a current list of cards and specifications, visit www.keithley.com.

 3720 3721 3722 3723 3724 3730 3731 3732 3740 3750

No. of Channels 60 (Dual 1×30) 40 (dual 1×20) 96 (dual 1×48)
60 (dual 1×30) or 

120 single pole 
(dual 1×60)

60 (dual 1×30) 6×16 6×16 448 crosspoints 
(Quad 4×28) 32

40 digital I/O, 4 
counter/totalizers, 

and 2 isolated analog 
outputs

Card Config. Multiplexer Multiplexer Multiplexer Multiplexer Multiplexer Matrix Matrix Matrix Independent Independent

Type of Relay
Latching  

electromechanical
Latching  

electromechanical
Latching  

electromechanical Dry reed FET solid-state Latching  
electromechanical Dry reed Dry reed Latching  

electromechanical N/A

Contact 
Configuration

2 Form A 2 Form A 2 Form A 1 Form A 2 Form A 2 Form A 2 Form A 1 Form A 28 Form C, 4 Form A N/A

Max. Voltage 300 V 300 V (ch 1–40), 
60 V (ch 41–42) 300 V 200 V 200 V 300 V 200 V 200 V 300 VDC/250 VAC 

(Form A) N/A

Max. Current 
Switched

1 A 2 A (ch 1–40), 
3 A (ch 41–42) 1 A 1 A 0.1 A 1 A 1 A 0.75 A 2 A (Form C), 7 A 

(Form A) N/A

Comments 2 independent 1×30 
multiplexers. Automatic 
temperature reference 
when used with screw 

terminal accessory 
(Model 3720-ST)

2 independent 1×20 
multiplexers. Automatic 
temperature reference 
when used with screw 

terminal accessory 
(Model 3721-ST)

2 independent 1×48 
multiplexers

2 independent 1×30 
multiplexers

2 independent 
1×30 multiplexers. 

Automatic 
temperature 

reference when used 
with screw terminal 

accessory (Model 
3724-ST)

Columns can be 
expanded through 
the backplane or 
isolated by relays

Relay actuation time 
of 0.5ms. Columns 
can be expanded 

through the 
backplane or isolated 

by relays

Banks can be 
connected 

together via bank 
configuration relays 

to create a single 
4×112 or dual 4×56 

matrix. Analog 
backplane relays also 

included for card 
to card expansion. 

Row expansion with 
3732-ST-R accessory 

to create a dual 8×28 
or single 16×28 

matrix.  

32 general purpose 
independent 

channels.

All-in-one card 
design. 40 

bidirectional 
I/O. Four 32-bit 

counter/totalizers. 
2 programmable 
analog (V or I) 

outputs.

Plug-in card Accessories

3720 3721 3722 3723 3724 3730 3731 3732 3740 3750

Cables
3720-MTC-1.5, 
3720-MTC-3

3721-MTC-1.5, 
3721-MTC-3

3722-MTC-1.5, 
3722-MTC-1.5/MM,  

3722-MTC-3,  
3722-MTC-3/MM

3720-MTC-1.5, 
3720-MTC-3

3720-MTC-1.5, 
3720-MTC-3

3721-MTC-1.5, 
3721-MTC-3

3721-MTC-1.5, 
3721-MTC-3

3720-MTC-1.5, 
3720-MTC-3

3721-MTC-1.5, 
3721-MTC-3

3721-MTC-1.5, 
3721-MTC-3

Screw Terminal 
Block

3720-ST 3721-ST 3723-ST, 3723-ST-1 3724-ST 3730-ST 3731-ST 3732-ST-C, 3732-ST-R 3740-ST 3750-ST

Connector Kits 3791-KIT78-R 3790-KIT50-R 3792-KIT104-R, 
3792-KIT104-R/F 3791-KIT78-R 3791-KIT78-R 3790-KIT50-R 3790-KIT50-R 3791-KIT78-R 3790-KIT50-R 3790-KIT50-R

Tools 3791-CIT 3791-CIT 3791-CIT 3791-CIT 3791-CIT
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Switch cArd And Switch module Selector GuideS

Switching cards for 7001 and 7002 mainframes

no. of 
channels Card Config.

contact 
Config.

max. 
Voltage

max. 
current

max. 
Power

contact 
Potential

offset 
current

max. 
recomm. 
Frequency

connection 
type ce comments

 hiGh denSity hiGh denSity

 7011-c 40 multiplexer 2 form A 110 V 1 A 60 VA <1 µV <100 pA 2 mHz connector Yes four independent 1×10 multi-
plexers,  connection to backplane

 7011-s 40 multiplexer 2 form A 110 V 1 A 60 VA <500 nV <100 pA 2 mHz screw term. Yes four independent 1×10 multi-
plexers, connection to backplane

 7012-c 4×10 matrix 2 form A 110 V 1 A 60 VA <1 µV <100 pA 2 mHz connector Yes rows connect to analog backplane

 7012-s 4×10 matrix 2 form A 110 V 1 A 60 VA <500 nV <100 pA 2 mHz screw term. Yes rows connect to analog backplane

 7013-c 20 isolated switch 2 form A 110 V 1 A 60 VA <1 µV <100 pA 10 mHz connector Yes

 7013-s 20 isolated switch 2 form A 110 V 1 A 60 VA <500 nV <100 pA 10 mHz screw term. Yes

 7015-c 40 multiplexer 2 form A 175 V 34 mA 0.3 VA <5 µV <1nA 500 kHz connector Yes solid state switch for high reliability

 7015-s 40 multiplexer 2 form A 175 V 34 mA 0.3 VA <5 µV <1nA 500 kHz screw term. Yes solid state switch for high reliability

 7018-c 28 multiplexer 3 form A 110 V 1 A 60 VA <5 µV <100 pA 2 mHz connector Yes 3 pole switching

 7018-s 28 multiplexer 3 form A 110 V 1 A 60 VA <5 µV <100 pA 2 mHz screw term. Yes 3 pole switching

 7035 36 multiplexer 2 form A 60 V 1 A 30 VA <1 µV <100 pA 10 mHz connector Yes 9 independent 1×4 multiplexers

 7036 40 isolated switch 1 form A 60 V 1 A 30 VA <4 µV <100 pA 10 mHz connector Yes 40 independent channels of 
one-pole switching

 7111-s 40 multiplexer 1 form c 110 V 1 A 60 VA <500 nV <100 pA 2 mHz screw term. Yes four independent 1×10 multi-
plexers, connection to backplane

 GenerAl PurPoSe GenerAl PurPoSe

 7166 10 isolated switch 2 form A 300 V 750mA 30 VA 75 µV typ. 3 mHz connector Yes mercury wetted contacts

 low VoltAGe low VoltAGe

 7067 10 multiplexer 4 form A 150 V 350mA 10 VA <1 µV 1 mHz screw term. Yes 4 wire resistance measurements

 7168 8 multiplexer 2 form A 10 V 50mA <30 nV 1 kHz screw term. Yes

 hiGh VoltAGe hiGh VoltAGe

 7154 10 multiplexer 2 form A 1100 V 500mA 10 VA <35 µV 1 mHz screw term. Yes

 7169A 20 isolated switch 1 form c 500 V 500mA 10 VA <30 µV 2 mHz connector Yes coupon testing. use with 7002.

 control control

 7019-c dual 3×6 matrix 1 form A 200 V 1 A 10 VA <25 µV <100 pA 2 mHz connector Yes 6-wire resistance measurements

 7020          
7020-d* 80 digital i/o connector Yes 40 inputs/40 outputs

 7021 30/20 multiplexer/
digital i/o 2 form A 110 V 1 A 30 VA <3 µV <100 pA 10 mHz connector Yes

dual multiplexers. up to 30 
channels, 10 digital inputs, 10 

digital outputs.

 7037-d* 30/20 isolated/
digital i/o 1 form A 110 V 1 A 30 VA <4 µV <100 pA 10 mHz connector Yes

30 independent channels of  
one-pole switching, 10 digital 

inputs, 10 digital outputs

 7065 Hall effect measurement 
buffer card
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Switch cArd And Switch module Selector GuideS

Switching cards for 7001 and 7002 mainframes (cont.)

no. of 
channels Card Config.

contact 
Config.

max. 
Voltage

max. 
current

max. 
Power

contact 
Potential

offset 
current

max. 
recomm. 
Frequency

connection 
type ce comments

 low current low current

 7152 4×5 matrix 2 form A 200 V 500 mA 10 VA <20 µV <1 pA 60 mHz connector Yes

 7153 4×5 matrix 2 form A 1300 V 500 mA 10 VA <50 µV <1 pA 60 mHz connector Yes

 7158 10 multiplexer 1 form c 30 V 100 mA <200 µV <1 pA 1 mHz Bnc Yes

 hiGh current hiGh current

 7053 10 multiplexer 2 form c 300 V 5 A 100 VA <1 mV 1 mHz screw term.

 rF rF

 7016A double 1×4 2 isolated 
switches 1 pole, 4 throw 30 V 500 mA 10 VA <6 µV 2 gHz smA Yes optional 50W termination

 7017 double 1×4 2 isolated 
switches 1 pole, 4 throw 30 V 1 A 10 VA <25 µV 800 mHz smA Yes 108 closures contact life.

 7038  12 three 1×4 
multiplexers

1 pole, 
1 of 4 tree 24 V 10 mA 10 W @  

1.2 gHz <15 µV 2 gHz 75W smB 
receptacle Yes 75W characteristic impedance

 thermocouPle thermocouPle

 7014 39 multiplexer 2 form A 110 V 1 A 60 VA <1µV <100pA 2 mHz screw term. Yes Built-in cold junction reference

* Cards with a -D suffix feature D-sub connectors.

 card
no. of 

channels Fiber type
wavelength 

(nm) connector
Fiber 

length

 oPticAl

 7090-8-4 1×4 Multimode fiber 62.5/125 each ch. 780–1350 fc/sPc 1m

 7090-16-6 1×4 Single-mode fiber (SMF-28) 
9/125 each ch. 1290–1650 fc/sPc 1m

Note: Optical switch cards are configured as single channel, 1×N non-blocking switch.
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Switch cArd And Switch module Selector GuideS

Switching cards for 707A and 708A mainframes

no. of 
channels Card Config.

contact 
Config.

max. 
Voltage

max. 
current max. Power

contact 
Potential

offset 
current

max. 
recomm. 
Frequency

connection 
type ce comments

 low current low current

 7072 8×12 matrix 2 form A 200 V 1 A 10 VA <20 µV <1 pA 15 mHz 3-lug triax Yes optimized for semiconductor 
applications.

 7072-HV 8×12 matrix 2 form A 1300 V 1 A 10 VA <20 µV <1 pA 4 mHz 3-lug triax optimized for semiconductor 
applications.

 7174A 8×12 matrix 2 form A 200 V 2 A <100 fA 30 mHz 3-lug triax Yes optimized for semiconductor 
applications.

 GenerAl PurPoSe generAL PurPose

 7071 8×12 matrix 3 form A 200 V 500 mA 10 VA <5 µV <100 pA 3 mHz connector Yes Also provides screw terminal 
connection.

 7071-4 dual 4×12 matrix 3 form A 200 V 500 mA 10 VA <5 µV <100 pA 3 mHz connector Yes screw terminals available on 
row connections.

 7075 eight 1×12 multiplexer 2 form A 110 V 1 A 30 VA <5 µV <100 pA 30 mHz connector Yes

 hiGh FreQuency HigH freQuencY

 7173-50 4×12 matrix 2 form c 30 V 0.5 A 10 VA <15 µV <200 pA 200 mHz Bnc Yes

Switching cards for 707B and 708B mainframes

no. of 
channels card

contact 
Config.

max. 
Voltage

max. 
current max. Power

contact 
Potential

offset
current

max. 
recomm. 
Frequency

connection 
type ce comments

 low current

 7072 8×12 matrix 2 form A 200 V 1 A 10 VA < 20 µV <1 pA 15 mHz 3-lug triax Yes optimized for semiconductor 
applications.

 7072-HV 8×12 matrix 2 form A 1300 V 1 A 10 VA < 20 µV <1 pA 4 mHz 3-lug triax optimized for semiconductor 
applications.

 7174A 8×12 matrix 2 form A 200 V 2 A <100 fA 30 mHz 3-lug triax Yes optimized for semiconductor 
applications.

 hiGh FreQuency

 7173-50 4×12 matrix 2 form c 30 V 0.5 A 10 VA < 15 µV <200 pA 200 mHz Bnc Yes optimized for semiconductor 
applications.
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Switch/control modules for 2700, 2701 and 2750 multimeter/data Acquisition/Switch Systems

 module 
# Analog 

inputs Configuration  differential* four-pole
type of 

connector
max. 

Voltage

max. 
Switched 
current

current 
measurement 

channels digital i/o
Switch 
Speed other

 7700 20 multiplexer w/
cJc

1×20 or  
two 1×10 1×10 screw 

terminals 300 V 1 A 2 channels @ 3 A n/A 3 ms maximum power = 125 VA.

 7701 32 multiplexer 1×32 or  
two 1×16 1×16 d-sub 150 V 1 A n/A n/A 3 ms maximum power = 125 VA.

 7702 40 multiplexer 1×40 or  
two 1×20 1×20 screw 

terminals 300 V 1 A 2 channels @ 3 A n/A 3 ms maximum power = 125 VA.

 7703 32 multiplexer 1×32 or  
two 1×16 1×16 d-sub 300 V 500 mA n/A n/A 1 ms reed relays.

 7705 40 independent 
sPst n/A n/A d-sub 300 V 2 A n/A n/A 3 ms maximum power = 125 VA.

 7706 20 multiplexer w/
cJc 

1×20 or 
two 1×10 1×10 screw 

terminals 300 V 1 A n/A 16 digital 
out only 3 ms

(2) ±12 V analog output channels 
& 100 kHz event counter/totalizer. 

maximum power = 125 VA.

 7707 10 multiplexer/ 
digital i/o 1×10 or two 1×5 1×5 d-sub 300 V 1 A n/A 32 digital 

i/o 3 ms maximum power = 125 VA.  
(4) eight-bit word i/o.

 7708 40 multiplexer w/
cJc 

1×40 or 
two 1×20 1×20 screw 

terminals 300 V 1 A n/A n/A 3 ms maximum power = 125 VA.

 7709 48 6×8 matrix Yes Yes d-sub 300 V 1 A n/A n/A 3 ms

connects to internal dmm.  
daisy chain multiple cards for  

up to a  6×40 matrix.  
maximum power = 125 VA.

 7710 20 multiplexer w/
cJc

1×20 or two 
1×10 1×10 screw 

terminals 60 V 100 mA n/A n/A 0.5 ms maximum power = 4.2 VA

 7711 8 multiplexer two 1×4 no smA 30 Vrms, 
60 Vdc 0.5 A n/A n/A 10 ms 2 gHz, maximum power = 

20 W per module

 7712 8 multiplexer two 1×4 no smA 30 Vrms, 
42 Vdc 0.5 A n/A n/A 10 ms 3.5 gHz, maximum power =  

20 W per module

* can be disconnected from internal dmm for routing external signals.

Switching cards for 2000, 2001, 2002, and 2010 multimeters

no. of 
channels Card Config.

contact 
Config.

max. 
Voltage

max. 
current max. Power

contact 
Potential connection type ce comments

 GenerAl PurPoSe generAL PurPose

 2000-scAn 10 multiplexer 2 form A 110 V 1 A 30 VA <1 µV screw terminal Yes Configurable to four-pole

 2001-scAn 10 multiplexer 2 form A 110V 1 A 30 VA <1 µV screw terminal Yes 2001, 2002 only; configurable to four-pole;  
two high-speed channels

 thermocouPle

 2001-tcscAn 9 multiplexer 2 form A 110 V 1 A 30 VA <1 µV screw terminal Yes Built-in cold junction reference

Switch cArd And Switch module Selector GuideS
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Source/Switch modules for 2790 Sourcemeter® Airbag test System

 module
# Analog 

inputs Card Configuration
current  
Source

Voltage 
Source i/V converter current measure

contact 
Potential

type of 
connector

Switch 
Speed

 7751 12 four 1 form A, plus four four-pole or eight two-pole 0–50 mA 50–500 V Yes 0–50 µA <3 µV screw terminals 3 ms

 7752 12 four 1 form A, plus four four-pole or eight two-pole 0–50 mA no <3 µV screw terminals 3 ms

 7753 12 four 1 form A, plus four four-pole or eight two-pole 0–50 mA 50–500 V Yes 0–500 µA <3 µV screw terminals 3 ms

Switch SyStem mAinFrAmeS

 Product Family Switch/measure Systems Ate Switch/control System

model3706A, 3706A-nFP model 2700, 2701, 2750 model 7001 model 7002

 system switch with optional High 
Performance multimeter and Plug-in cards

integrated switching/ measurement/ 
datalogging systems

80 ch - 2 slot Half rack switch   
mainframe

400 ch - 10 slot full rack switch 
mainframe

max. channels or 
crosspoints per chassis

up to 576 ch or 2688 crosspoints per 
mainframe

up to 80 per mainframe (2700, 2701), up to 
200 per mainframe (2750) up to 80 per mainframe up to 400 per mainframe

 card slots 6 2 (2700, 2701), 5 (2750) 2 10

 Automatic cJc Yes (optional) Yes (optional) — —

Product Family Semiconductor System Switch rF/microwave Switch

model 707B model 708B SyStem 41 SyStem 46, 46t SyStem 7116-mwS

6-slot, semiconductor switching 
matrix - new features and improved 

Performance

single-slot, semiconductor switching 
matrix - new features and improved 

Performance

rf/microwave signal routing 
mainframe

rf/microwave switch system, 32 
channel unterminated & terminated

switch system w/ 1×16 microwave 
multiplexer ch and 40 Additional Low 

frequency ch

max. channels or 
crosspoints per chassis up to 576 per mainframe up to 96 per mainframe up to 240 rf/microwave ch up to 32 rf/microwave ch 20 rf/microwave and 40 general 

purpose ch

card slots 6 1 — 0 1

Automatic cJc — — — — —
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