






















































































































































































































































































































































































































































































Series 3700 System Switch/Multimeter User's Manual

Section 5: Basic Digital Multimeter (DMM) Operation

Figure 5-37: Three-wire RTD connections

Figure 5-38: Three-wire RTD switching module connections

H H
L @ RTD @ i
CH 21-40 @ capable @ CH1-20
| switching B
L module L
SENSE INPUT
SENSE LO INPUT LO
3-wire
RTD
INPUT HI
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4-wire RTD connections

Shown below are 4-wire RTD connections to the Series 3700. For a 4-wire RTD
capable 40-channel switching module, paired channels are used to perform the
4-wire measurement. For example, the two input leads of the RTD are
connected to a primary channel (1 through 20), while the two sense leads are
connected to its paired channel (21 through 40). Channel 1 is paired to Channel
21, Channel 2 is paired to Channel 22, and so on.

Figure 5-39: Four-wire RTD connections

Analog backplane connector

1
(em) - . SENSE HI
| Pin 3 I
- INPUT HI
[Pin 1] 4-wire
Pin 2. 2. INPUT LO RTD
or
15 Pin 9 Pi SENSE LO
a8 | in4 -I
=
Figure 5-40: Four-wire RTD switching module connections
H H
1 @ RTD @ i
CH 21-40 @ capab|e @ CH 1-20
| switching [ |
L module L
SENSE INPUT
SENSE LO INPUT LO
4-wire
RTD

SENSE HIGH INPUT HIGH

RTD temperature measurement configuration

The Alpha, Beta, Delta, and Q at 0°C parameters for the five basic RTD types
are provided in the table below.

NOTE These parameters can be modified using remote programming for
USER type RTDs.

Type Standard Alpha Beta Delta Q at 0°C
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Type Standard Alpha Beta Delta Q at 0°C
PT100 ITS-90 0.00385055 0.10863 | 1.49990 | 100Q
D100 ITS-90 0.003920 0.10630 | 1.49710 | 100Q
F100 ITS-90 0.003900 0.11000 | 1.49589 | 100Q
PT385 IPTS-68 0.003850 0.11100 | 1.50700 | 100Q
PT3916 IPTS-68 0.003916 0.11600 | 1.50594 | 100Q

RTD configuration
To configure 3 or 4-wire RTD measurements from the front panel:

1. If needed, change to the temperature function ("TMP" is displayed) by
pressing the FUNC key.

2. Press the CONFIG key and then the DMM key. The "TEMP ATTR MENU"
will open.

3. Set units of measurement degrees:

e Turn the navigation wheel to scroll to the "UNITS" menu item (right most
menu item).

e Pressthe ENTER key.

¢ Using the navigation wheel, select desired units (Celsius, Kelvin, or
Fahrenheit).

e Pressthe ENTER key.
4. Set four wire RTD device attributes:

e Turn the navigation wheel to scroll to the "THERMO" menu item and
press the ENTER key.

e Turn the navigation wheel to scroll to the "THREERTD" or "FOURRTD"
temperature connection and press the ENTER key.

e Turn the navigation wheel to select desired RTD type (PT100, D100,
F100, PT3916, PT385, or USER) and press the ENTER key.

5. Press the EXIT key twice to leave the "TEMP ATTR MENU."

Alternatively, use the bus command dmm. fourrtd or dmm. threertd (as
applicable) to set attributes.
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For example, these ICL commands configure temperature function to a custom
RTD and assign it to a 10-channel scan list.

reset ()
dmm. func=dmm. TEMPERATURE

-- or 3, or dmm.TEMP_ FOURRTD, or 4
dmm. transducer= dmm.TEMP THREERTD

-— dmm. fourrtd also supported
dmm. threertd=dmm.RTD USER

-- allowed values are 0 to 0.01
dmm.rtdalpha= 0.003

-- allowed values are 0 to 1.00
dmm.rtdbeta= 0.105

-- allowed values are 0 to 5.00
dmm.rtddelta = 1.51

-- allowed values are 0 to 10,000
dmm.rtdzero= 125

-— default dmm.ON

dmm.offsetcompensation=dmm.OFF
dmm.configure.set ("my rtd user")
dmm.setconfig("4001:4010", "my rtd user")
scan.measurecount=1
buf=dmm.makebuffer (20)

buf.clear ()

buf.appendmode=1

scan.create ("4001:4010")

scan.scancount=2

scan.execute (buf)

for x=1, buf.n do printbuffer (x,x,buf) end
channel.open("allslots™)

Temperature measurement configuration

The Series 3700 is configured to measure temperature from the temperature
measurement configuration menu. Use the following general rules to navigate
through the front panel menu structure:

NOTE If the Series 3700 is in remote, place the unit in local by pressing the
LOCAL (EXIT) key.
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Temperature measurement procedure

NOTE If the Series 3700 is in remote, place the unit in local by pressing the
EXIT key.

1. Pressthe OPENALL key to open all switching channels.

2. Select the temperature measurement function by pressing the FUNC key
until "TMP" is displayed.

3. Configure the temperature measurement as explained in Temperature
measurement configuration (on page 5-68).

4. Connect the temperature transducer(s) to be measured.

5. If using a switching module, perform the following steps to close the desired
channel. Note that for 3 or 4-wire RTD measurements, you will close the
primary (INPUT) channel (1 through 10). The channel that it is paired to will
close automatically.

a. Use the navigation wheel to dial in the channel number.
b. Pressthe CLOSE key.

6. Press the TRIG key and observe the displayed reading.

7. To measure other switching channels, repeat steps 5 and 6.

8. When finished, press the OPENALL key to open all channels.

Frequency and period measurements

NOTE  Frequency or period measurements as low as 0.5Hz (2 seconds) and
<= 1MHz (1ps) are possible but range dependent.

The Series 3700 is specified for frequency measurements from 3Hz to 500kHz
on voltage ranges of 100mV, 1V, 10V, 100V, and 300V. Period (1 / frequency)
measurements can be taken from 2us to 333ms on the same voltage ranges as
the frequency.

Input impedance: 1MQ || <100pF, AC coupled.
The instrument uses the volts input to measure frequency. The AC voltage

range can be changed with the RANGE A and V¥ keys. The signal voltage
must be greater than 10% of the full-scale range.

CAUTION The voltage limit is subject to the 8[1x10” VHz product.
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Trigger level

Frequency and period use a zero-crossing trigger, meaning that a count is taken
when the frequency crosses the zero level. The Series 3700 uses a reciprocal
counting technique to measure frequency and period. This method generates
constant measurement resolution for any input frequency. The multimeter's AC
voltage measurement section performs input signal conditioning. If the input
signal voltage exceeds the selected voltage range, a 000.0000mHz
(0.000000us) will be returned.

Gate time

The gate time is the amount of time the Series 3700 uses to sample frequency
or period readings. Use the RATE key to set the gate time; SLOW sets the gate
time to 0.25 sec, MED sets it to 0.1 sec, and FAST sets it to 0.01 sec. For
remote programming, the gate time can be set from 0.01 to 0.273 sec by setting
the dmm. aperture attribute.

The Series 3700 completes a reading when it receives its first positive zero-
crossing after the gate time expires. For example, for any arbitrary frequency,

you may wait up to the gate time plus two times the period of the input waveform
before the Series 3700 returns a reading.

Frequency connections

Frequency connections for the Series 3700 as well as a switching module are
shown below.

Figure 5-41: FREQ and PERIOD input connections

Analog backplane connector

J—l_,_ AC voltage

Pin 2 source
or
Pin9

— &

@ e ©
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Figure 5-42: FREQ and PERIOD connections (switching module)

H
40-channel @ i
switching module CH 1-40 I ) AC voltage
@ IILi source

Frequency and period measurement procedure

CAUTION Do not apply more than the maximum input levels for the Series
3700 or installed switching module (whichever is lower) or
instrument damage may occur.

NOTE If the Series 3700 is in remote, place the unit in local by pressing the
LOCAL or EXIT key.

1. Press the OPENALL key to open all switching channels.

2. Select the CONFIG key, and then select the DMM key. Select the FUNC
menu by pressing ENTER. Scroll through the menu until FREQ or PERIOD
is displayed, using the navigation wheel or left right arrows.

3. Set threshold voltage:

e Turn the navigation wheel to scroll to the "THRESHOLD" menu item
(right most menu item) and press the ENTER key.

e Using the navigation wheel, dial in the desired voltage to be used as a
threshold (OV - 303V, default is the 10V range).

e Pressthe ENTER key to set.
e Press the EXIT key to leave the "FREQ ATTR MENU."
4. Apply the AC voltage(s) to be measured (see CAUTION).

NOTE  When observing the displayed readings, if 000.0000mHz or
000.0000mS is displayed, select a lower range until a normal
reading is displayed. Use the lowest possible range for the best
resolution.
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5. Press the TRIG key and observe the displayed reading.
6. To measure other switching channels, repeat steps 5 and 6.

7. When finished, press the OPENALL key to open all channels.

NOTE Also see the bus command dmm. threshold for more information on
threshold attributes.

Continuity testing

The Series 3700 can test continuity using the 2-wire 1kQ range with a user
selectable threshold resistance level (1 to 1000Q). When the measured circuit is
below the set threshold level, the instrument will display the resistance readings.
When the measured circuit is above the threshold level, the instrument will
display the message "OPEN."

NOTE The reading rate for continuity is fixed at 0.006 PLC. Limits and digital
outputs cannot be used when testing continuity with the continuity
(CONT) function. If you need to use these operations, use the Q2
function to test continuity.

NOTE  The continuity function does not support REL. Use mx + b, with b as
an offset, to compensate for cable and 3700 card path resistance.

Continuity testing connections

When using the rear analog backplane connector, connect the test leads to the
INPUT HI and LO terminals as shown below.

Figure 5-43: Continuity connections

Analog backplane connector

| Pin1I

Pin 2
or i
Pin 9 § Resistance

under test

@ ) ©
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Connections to test continuity using a switching module are shown below.
Because this is a 2-wire ohms measurement, Channels 1 through 40 of a 40-
channel switching module can be used.

Figure 5-44:; Continuity connections using a switching module

H
40-channel @ [
switching module CH 1-40

@ i L g Resistance

under test

Continuity testing procedure

NOTE If the Series 3700 is in remote, place the unit in local by pressing the
LOCAL key (or the EXIT key).

Refer to DCV measurements for function configuration and menus.

1. Set threshold resistance:

e Turn the navigation wheel to scroll to the "THRESHOLD" menu item
(right most menu item) and press the ENTER key.

e Using the navigation wheel, dial in the desired resistance to be used as
a threshold (12-1000Q).

e Pressthe ENTER key to set.
e Press the EXIT key to leave the "CONT ATTR MENU."

2. Apply the resistance to be tested. If using a switching module, perform the
following steps to close the appropriate channel.

a. Use the navigation wheel to dial in the channel number.
b. Pressthe CLOSE key.
3. Press the TRIG key and observe the displayed reading.

4. To measure other switching channels, repeat steps 5 and 6.

NOTE  If the measured circuit is below the set threshold level, the
instrument will display the resistance readings. If the measured
circuit is above the threshold level, the instrument will display the
message "OPEN."
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5. To disable continuity testing, select a different function (for example, DCV).

6. When finished, press the OPENALL key to open all channels.

NOTE Limits and digital outputs cannot be used when testing continuity with
the continuity (CNT) function. If you need to use these operations, use
the 2WQ function to test continuity.

Also see the bus command dmm. threshold for more information on
threshold attributes.

dmm.threshold is a common ICL command. To enable a unique
continuity threshold, first select the function dmm. func =
"continuity", then select the threshold value. The threshold value
will be remembered after exiting when returning to the function (unless
reset).

Accuracy calculations

The following information discusses how to calculate accuracy for both DC and
AC characteristics.

Calculating DC characteristics accuracy

DC characteristics accuracy is calculated as follows:

For >=1plc, Accuracy = +(ppm of reading + ppm of range)
(ppm = parts per million and 10ppm = 0.001%)
As an example of how to calculate the actual reading limits, assume that you are

measuring 5V on the 10V range. You can compute the reading limit range from
one-year DCV accuracy specifications as follows:

Accuracy = +(25ppm of reading + 2ppm of range)
+[(25ppm % 5V) + (2ppm x 10V)]
+(125uV + 20uV)
+145pv

Thus, the actual reading range is 5V+/-320uV or from 4.99968V to

5.00032V.Thus, the actual reading range is: 5V+ 145uV or from 4.999855V to
5.000145V.

For <=1plc, Accuracy = +/-(ppm of reading + ppm of range + rms noise addr)
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For example, to calculate the accuracy of the above example at 0.006plc:

Accuracy = +/- (( 25ppm of reading) + ( 2ppm of range ) + ( 2.5 x 7ppm of range ))
=+/- ((25ppm x5V ) + (2ppm x 10V ) + ( 2.5 x 7ppm X 10V ))
= +/- (125uV + 20uV + 175uV)
= +/- 320uV

DC current and resistance calculations are performed in exactly the same
manner using the pertinent specifications, ranges, and input signal values.

Calculating AC characteristics accuracy

AC characteristics accuracy is calculated similarly, except that AC specifications
are given as follows:

Accuracy = (% of reading + % of range)

As an example of how to calculate the actual reading limits, assume that you are
measuring 120V, 60Hz on the 300V range. You can compute the reading limit
range from ACV one-year accuracy specifications as follows:

Accuracy = +(0.06% of reading + 0.03% of range)
+[(0.0006 x 120V) + (0.0003 x 300V)]
+(0.072V + 0.09V)
+0.162V

In this case, the actual reading range is: 120Vt 0.162V or from 119.838V to
120.162V.

AC current calculations are performed in exactly the same manner using the
pertinent specifications, ranges, and input signal values.

Calculating dB characteristics accuracy

The relationship between voltage and dB is as follows:

- 1..'1--
dBm =20, ( ﬁ )
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As an example of how to calculate the actual readings limits for dB, with a user-
defined VREF of 10V, you must calculate the voltage accuracy and apply it to
the above equation.

To calculate a -60dB measurement, assume 10mV RMS for a VREF of 10V.
Using the 100mV range, one-year, 10Hz - 20kHz frequency band, and SLOW
rate, the voltage limits are as follows:

Accuracy = +[(0.06% of reading) + (0.03% of range)]
+[(0.0006 x 10mV) + (0.0003 x 100mV)]
+(6uV + 30uV)
+36V

Thus, the actual reading accuracy is 10mV +36mV or 10.036mV to 9.964mV.
Applying the voltage reading accuracy into the dB equation yields:

10.036mV

0V ) =-59.96879dB

dBm =20, (

-~ 9.964mV
dBm =201, ( —J5v—) =-6003133dB

Thus, the actual reading accuracy is -60dB + 0.031213dB to -60dB -
0.031326dB.

dBm and dB for other voltage inputs can be calculated in exactly the same
manner using pertinent specifications, ranges, and other reference voltages.

Additional derating factors

In some cases, additional derating factors must be applied to calculate certain
accuracy values. For example, an additional derating for the following
conditions:

1. -0.4mV with open inputs and the 10M-ohm divider enabled

2. +/-(8ppm or reading + 5uV) with autozero off for +/-1 degree C and
<=10minutes

For 2-wire ohms, add 100m-ohm to "ppm of range" with REL

4. Add 0.1% to 10M-ohm range when measuring through a Model 3700 card
>50%RH humidity

Before calculating accuracy, study the associated specifications very carefully to
see if any derating factors apply.

5-76 3700S-900-01 Rev. C / July 2008



Series 3700 System Switch/Multimeter User's Manual Section 5: Basic Digital Multimeter (DMM) Operation

Optimizing measurement accuracy

The configurations listed below assume that the multimeter after an ICL
command reset().

Enclosed are two charts that represent RMS Noise versus Aperture Time (or
NPLC) and Reading Rate versus Aperture Time (or NPLC). Refer to these
charts when selecting best accuracy at a given reading rate. Generally,
increasing the Aperture time reduces the RMS noise. For Aperture times
>100msec or 5PLC, thermal offsets can increase the RMS noise.

Figure 5-45; Readings Rate versus Aperture Time

Reading Rate vs. Aperture Time

100000
“
10000 H‘_\.
o
-
_E
]
s 1000 DC and AC (D=t BW=300)
m \
£
=
=
&
100
10
0.001 0.0 0.1 1 10

Aperture Time (msec)
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Figure 5-46: RMS Noise vs. Aperture Time

RMS Noise vs. Aperture Time
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DC voltage, DC current, and resistance

e 1 or5PLC, filter off, fixed range.

e Use REL on DC voltage and 2-wire resistance measurements when
appropriate.

e Use 4-wire, offset compensation On, and Line Sync On for resistance
measurements, especially through a 3700 switch card for best accuracy.

AC voltage and AC current

Select Detectorbandwidth 3, autodelays On, and fixed range.

Temperature

lor5PLC.
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Optimizing measurement speed

The configurations listed below assume that the multimeter is configured after
the ICL command reset().

DC voltage, DC current, and resistance

Select:

For resistance, assumed 2-wire ohms.

dmm.
dmm.
dmm.
dmm.
dmm.

dmm .

autozero=dmm.OFF
autodelay=dmm.OFF
nplc=0.0005
filter=dmm.OFF
autorange=dmm.OFF

measurecount>=1000

AC voltage and AC current

Select:

dmm.
dmm.
dmm.
dmm.
dmm.

dmm .

detectorbandwidth=300
autodelays=dmm.OFF
autozero=dmm.OFF
autorange=dmm.OFF
filter=dmm.OFF
nplc=0.0005

Temperature

Select:

dmm .

dmm .

dmm

dmm .
dmm .

dmm .

transducer=dmm.TEMP THERMOCOUPLE

opendetector=dmm.OFF

.nplc=0.0005

autozero=dmm.OFF
filter=dmm.OFF
autodelay=dmm.OFF
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Model 3750 Additional Information
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Digital 1/0
CAUTION Do not exceed the maximum rated voltages and currents for the

digital /0 banks. Do not apply negative voltages to any of the
inputs. Unused inputs should not be left floating, but should be
tied to either a ground or a positive DC voltage.

The Model 3750 offers 40 digital I/O bits arranged in 5 banks. Each bank is
referenced as a channel from 1 through 5. The 8 bits in each bank or channel
can be programmed as either input or output. Additional features include
scanning capabilities, such as writing a unique output pattern or reading inputs
as part of a scan. Also, pattern matching is available that supports generating
events that can then be used for triggering system events, such as starting a
scan.



Section 6: Model 3750 Additional Information Series 3700 System Switch/Multimeter User's Manual

Simplified jumper configuration model

Digital outputs can be jumpered to either an internal +5 V or an external voltage.
The diagram below shows a simplified schematic.

Figure 6-1: Simplified schematic of the jumper configuration
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JUKMFER
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.
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- ogim omm

°
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The factory default jumpers are set as follows:

e Connects the digital lines on each bank to the internal pull-up resistors.
e Connects those pull-up resistors to the internal +5 V.

e Connects VEXT1 to VEXT2. Removing the jumper allows for two different
external voltage sources. They are grouped according to the D-SUB
connector from which they are accessed (that is, Channels 1, 2, and 4 are
on one D-SUB, while Channels 3 and 5 are on the other).

Figure 6-2: Simplified schematic of a digital I/O channel
SIMPLIFIED DIGITAL I/O SCHEMATIC

= LOGIC SUPPLY

(50 mA Max)
OPTIONAL JUMPER
O O O > VEXTERNAL
'1 Self (VEXT1, VEXT2)
: Resetting (30V Max)
1

.

SYSTEMS5V ()

A

+

Pull-up Voltage
(8 DIO)

; Pull-up Resistor
k

ANONA

10 mA Max
Sourcing Only

OuUTPUT

O

T~ [ 300mAMax
__ Sinking Only
Tl
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The figure shows a simplified schematic for one bit of a digital I/O channel. Each
I/0 bit has an optional pullup resistor in parallel with a diode that is used to
clamp flyback voltages from inductive devices like electro-mechanical relays.
However, when the optional jumper is removed, both the pullup resistor and
diode are removed from the circuit. The pullup resistor is considered “weak” and
can easily be overdriven by the external circuit.

CAUTION When driving the digital I/O channel with 5 V or higher, be sure
to avoid driving the line higher than the pullup voltage (5 V or
VEXT). Otherwise, the internal flyback diode will become
forward biased, possibly causing a high current situation.

Sourcing current to an external load

When outputs are set to logic high, they are capable of sourcing up to 10 mA of
current and maintaining a logic high state on the output. The outputs are
protected against short circuits to ground, but do not generate a fault condition if
that occurs. The logic high outputs cannot sink current.

Sinking current and overload protection

When outputs are set to logic low and the output current becomes greater than
about 500 mA, the output driver limits the current at this level to restrict internal
power dissipation. The Model 3750 detects this condition and generates a fault
condition. The action following the fault condition is determined by the auto
protect mode state. Do not allow such current limit situations to exist in the
normal course of operation. Ensure that the external circuits limit the sinking
current to a level within the specifications.

Using auto protect mode

Built into the Model 3750 is the capability to auto protect the digital outputs. It is
a selectable mode (turned on by default) that protects the outputs by re-
configuring them as inputs in order to limit the stresses on both the external
driving circuits and the internal output drivers.

Using external user logic circuits

Limited +5 V is available and is intended for powering logic circuits. It is fused to
prevent damage if the output is shorted. The fuse is a resettable type whose
recovery time depends on ambient temperature. The higher the temperature, the
longer it takes to reset. The maximum time presented in the Model 3750
specifications is for a "worst case" scenario. Checking for +5 V after the fault has
been cleared avoids this lengthy delay in most cases.
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Programming overview
There are five banks of 8 bits each on the Model 3750 card. The following
examples apply to the card as shipped, as the jumpers are set to the position
that pulls them up internally to +5 V.

To read the banks

After power up, the digital I/O default state is configured as digital input. Use the
channel.setmode () command to explicitly set a bank as inputs:

channel.setmode ("1005", channel.MODE INPUT)

To read the eight bits associated with bank 5, use the channel.read ()
command:

chan5 = channel.read ("1005")

To read up to four banks at the same time, use the optional <width>
parameter. For example, to read four banks at the same time, use:

big read = channel.read("1001", 4)

This causes banks 1, 2, 3, and 4 to be read at the same time and returned. The
specified channel to the command is returned in the least significant byte and
subsequent ascending channels are returned in the adjacent bytes. For
example, if big read contains the value 0x44332211, this means that bank 1
was 0x11, bank 2 was 0x22, bank 3 was 0x33, and bank 4 was 0x44.

To write to the banks

Because the default state of a digital I/O bank is configured as an input, the
mode needs to be changed so that it is ready to accept write commands by
using the channel . setmode () command:

channel.setmode ("1005", channel.MODE OUTPUT)

To write a single bank of 8 bits associated with Channel 5, send the
channel.write() command:

channel.write ("1005", 9)

Writing the value of 9 causes bits 1 and 4 to go high, while the rest remain low.

To write multiple banks at the same time, use the optional width parameter to
indicate how many banks to affect. For example, the following command outputs
0x01 to bank 1, 0x02 to bank 2, 0x03 to bank 3, and 0x04 to bank 4.

channel.write ("1001"™, 0x04030201, 4)
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To read and write banks using a scan

Any input bank or totalizer channel that is included in a scan list is read when
that channel is scanned. The value is saved to the buffer specified for the scan.
For digital inputs, the width defaults to 1. For totalizers, the full count is read. For
example, to read totalizer 1 on card 2 after scanning all channels of a Slot 1
multiplexer, use the scan.create () command:

scan.create ('1001:1060, 2006")

To read more than one bank at a time, the width needs to be specified with the
scan.add () command. For example, to read 32 bits of digital input on Slot 2
after scanning 60 channels on Slot 1:

scan.create ('1001:1060")
scan.add('2001"', 4)

To write to either a digital output or an analog channel, use the
scan.addwrite () command, which includes a parameter for the data value to
be written and an optional width parameter. For example, to program DAC
Channel 1 on the Slot 2 card to go to +5 V after scanning 60 channels on Slot 1:

scan.create ('1001:1060")
scan.addwrite ('2010', '5")

Power consumption information

You can power off the totalizers if they are not being used, which reduces the
power required of the card. The card has a default static power draw of

3300 mW, which includes powering the totalizer channels and both analog
output channels. If the totalizer channels are powered off, they reduce the
3300 mW draw by 730 mW. This power can then be used for closing relays on
other cards within the bank. See Series 3700 Module Schematics and
Connections (on page 9-1) for more information on power handling information
and examples.

NOTE  The four totalizers are either all powered on or all powered off.
Changing the power state of one affects them all. The command for
controlling power is channel.setpowerstate (<ch list>,
<state>), where <state> is either 'channel .ON' or
'channel.OFF'. See channel.setpowerstate () for more
information.
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Counter/totalizer

CAUTION Do not exceed the maximum voltage and currents as listed on
the Model 3750 specifications. Unused inputs should not be left
floating but should be tied to ground or an appropriate DC

voltage.

There are four separate totalizer channels, numbered 6 through 9, on a Model
3750 card. The threshold voltage is programmable and can be either 0 V or a
TTL level (1.5 V). Counting occurs when the rising or falling edge on the input
signal passes through the defined threshold. The edge to be counted can be
programmed to be either rising or falling. The power on default is rising edge,

TTL level threshold.

NOTE  When setting up the edge to be detected or changing the threshold,

any existing counts are cleared.

Using the card to count closures

The following examples demonstrate how to use the card to count closures of a
door switch connected to the first totalizer in Slot 1, using the Channel 1005.

Figure 6-3: Switch count example

COUNTING SWITCH CLOSURES EXAMPLE

NOTES

1) Resistor and capacitor are needed to debounce switch.
2} Gating inputs are left open circuit for continuous enable.
3) Channel 9 setup for rising edge, TTL level detection.
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e To read the current total closure counts:
channel.setmode ('1009"',
channel.MODE RISING TTL EDGE)
count = channel.read('1009")

e Toreset the counter to zero using an explicit command:
channel.write('1009', 0)

e To preset the counter to a value (for example, 100) using an explicit
command:
channel.write ('1009', 100)

e To automatically reset the counter back to zero for a read command:

channel.setmode ('1009"',
channel.MODE RISING TTL EDGE READ RESET)

Using the gating function

The gate input determines whether the totalizer ignores or counts when the
appropriate totalizer threshold is crossed. Gating is enabled by default; that is,
the two inputs that control gating are biased to the appropriate level so that no
connections have to be made for the totalizer to count. Gating of the count is
accomplished in one of two ways:

e Driving the GATE + input below a TTL threshold (inhibit counting).
e Driving the GATE - input above a TTL threshold (inhibit counting).

The following diagram illustrates how gating works using the GATE + input with
a totalizer configured for TTL threshold and a rising edge trigger.

Figure 6-4: Model 3750 Gate Setup Time Example

3750 GATE SETUR TIME
EXAMFLE FOR
TTL RISING EDGE

157
THREZHO LD
TTL
INFUT TIME
1T M eerur e
BATESETUR URLATION
GATE +
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MINIMUM GATE INFUT SETUP TIME:

The minimum time required for the gate signalto be asserted’deasserted before the input=ignal crosses the programmed threshold.
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NOTE The minimum gate input setup time must be satisfied for the event to
be counted.

Analog output

There are two channels of isolated analog outputs on the Model 3750 card.
Each channel can be configured for either voltage output or current output.
Voltage output provides for +/- 12 V and is capable of providing up to 20 mA of
current. Current output can be either 0-20 mA or 4-20 mA. The voltage outputs
also support programming of up to 1% over the full scale range. This can be
used to compensate for constant voltage drops in the system and cabling.

Each channel has its own separate common return line that provides the
reference point for the output. These lines are labeled as “VCOM?” for the voltage
output and “ICOM” for the current output. If the outputs are to be referenced to
some other point such as earth ground, the respective common return signals
must be connected appropriately.

Each output is connected through an onboard output relay. Both the output
signal and its corresponding return are connected at the same time that the
output becomes enabled. Disabling the output opens this output relay.

The following examples use the first analog output channel of a card in Slot 1,
so the nomenclature for the channelis '1010"'.

3700S-900-01 Rev. C / July 2008 6-9



Section 6: Model 3750 Additional Information Series 3700 System Switch/Multimeter User's Manual

Configuring the card for output type

The analog output channels default to voltage outputs. To configure them as
current outputs:

channel.setmode ('1010', channel.MODE CURRENT 1)

NOTE MODE_CURRENT_1 specifies 0-20 mA and MODE_CURRENT_2
specifies 4-20 mA.

To reconfigure the analog output as a voltage output:

channel.setmode ('1010', channel.MODE VOLTAGE 1)

NOTE The analog output channels can only operate in one mode at a time.
Specify either voltage output or current output.

The outputs default to being disabled. To enable them:

channel.setoutputenable('1010', channel.ON)

Once the channel is enabled, any values written to the channel are seen on the
output pins. To disable the outputs:

channel.setoutputenable ('1010', channel.OFF)
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Using the card when configured as voltage outputs

To set the analog voltage output level to -3.5 volts:

channel.setmode ('1010', channel.MODE VOLTAGE 1)
channel.setoutputenable('1010', channel.ON)
channel.write('1010', -3.5)

Once the output voltage is set and the output is enabled, the output attempts to
drive the external circuitry to the value specified. If the output voltage attempts to
deliver more than the specified overload current, a fault condition exists.

To determine whether the output is in a fault condition:

circuit fault = channel.getstate('1010',
channel.IND OVERLOAD)

If this returned value is true, then the output is either currently in a fault condition
or was in a fault condition in the past if the fault state is latched. See Latching
values (on page 6-23) for more information.

If auto protect mode is enabled, the output relay disconnects after approximately
one second of sensing a persistent fault condition. This output disable removes
any overload current-related fault condition. We strongly recommend that the
voltage output is used in auto protect mode. When enabled, this mode prevents
the output from experiencing prolonged stresses during some fault conditions.
These stresses can cause potentially long thermal recovery times after the fault
has been cleared.

To use the output in auto protect mode:

channel.setmode ('1010', channel.MODE PROTECT VOLTAGE 1)
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Using the card when configured as current outputs

To set a current output to 10mA:

channel.setmode ('1010', channel.MODE CURRENT 1)
channel.setoutputenable('1010', channel.ON)
channel.write('1010', 10e-3)

Once the output current is set and the output is enabled, the output attempts to
drive the external circuitry to the value specified. If the output current drives a
load that causes the output voltage to exceed the specified compliance voltage,
a fault condition exists.

To determine whether the output is in a fault condition:

circuit fault = channel.getstate('1010',
channel.IND OVERLOAD)

If this returned value is true, then the output is either currently in a fault condition
or was in a fault condition in the past if the fault state is latched. See Latching
values (on page 6-23) for more information.

If auto protect mode is enabled, the output relay disconnects after approximately
one second of sensing a persistent fault condition. This output disable removes
any overload current-related fault condition. We strongly recommended that you
use the current output in auto protect mode. When enabled, this mode prevents
the output from experiencing prolonged stresses during some fault conditions.
These stresses can cause potentially long thermal recovery times after the fault
has been cleared.

To use the output in auto protect mode:

channel.setmode ('1010', channel.MODE PROTECT CURRENT 1)
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Output loading precautions

In addition to the maximum specified loads for the output voltage and current,
note several other precautions:

Excessive amounts of capacitance present on the voltage output nodes can
affect their normal behavior. For example, exceeding the specified output
capacitance for the voltage output can cause a stability problem and result
in a noisy output. The Model 3750 voltage output stage is compensated for
a significant amount of capacitance that far exceeds the normal expected
amount due to cables, circuits, and loads.

Another consideration for the voltage output is load current. Inevitable
resistance in the series path of the voltage output experiences a voltage
drop when current flows. At levels of 10 mA or more, this can be a
significant portion of the accuracy specification.

For example, only 0.1 Ohms of stray resistance causes 1 mV of error at
10 mA of load current.

To avoid this additional error, keep circuit loading to a minimum and use
short heavy connections where possible. For voltage drops that are
constant, programming additional voltage can help compensate.

For current outputs, excessive amounts of series resistance can also cause
a problem if the output voltage rises to near the compliance level. At
voltages above the specified compliance level, the output may experience
higher offsets and ultimately result in a clamped value.

Because both outputs are electrically isolated from earth potential, they can
float or be driven to some arbitrary reference point. Do not exceed the
maximum ratings stated for the card on any of the channels under all
operating conditions.

3700S-900-01 Rev. C / July 2008 6-13



Section 6: Model 3750 Additional Information Series 3700 System Switch/Multimeter User's Manual

Hardware configuration

To configure digital I/O pull-up resistors and VEXT sources, you must remove
and partially disassemble the Model 3750 as shown.

CAUTION Be sure to use proper anti-static procedures while handling the
Model 3750. Take care not to stress or flex the printed circuit
board and do not touch other circuitry.

1. Remove the top shield cover:

e Unscrew the number 4-40 screw (1) as shown in the "Shield removal"
figure below.

e Slide the top cover in a direction away from the D-sub connectors,
disengaging the cover from the printed circuit board.

e Lift the top shield cover off of the printed circuit board.
2. Setjumpers per options listed below.
3. Replace the top shield cover.

e Slide the top cover in a direction toward the D-sub connectors, engaging
the cover onto the printed circuit board, and securing with the number 4-
40 screw (1).

4. The card can now be returned to service.

Figure 6-5: Removing the top shield
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Figure 6-6: Location of P3 and J5 jumpers
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The connector labeled P3 contains all of the jumpers needed to configure digital
I/O and VEXT1, VEXT2. The connector labeled J5 contains a single jumper
option that configures the backplane relays. See the following table for individual
jumper locations and effects.

Desired effect P3 pin
numbers
Install all 8 pull-up resistors on CH1 Jumper 1 -2
Install all 8 pull-up resistors on CH2 Jumper 3-4
Install all 8 pull-up resistors on CH3 Jumper 7 - 8
Install all 8 pull-up resistors on CH4 Jumper 5 - 6
Install all 8 pull-up resistors on CH5 Jumper 9 - 10
CH1, CH2, CH4 connect pull-up voltage to +5 V Jumper 11 - 13
CH1, CH2, CH4 connect pull-up voltage to VEXT1 Jumper 13 - 15
CH3, CH5 connect pull-up voltage to +5 V Jumper 12 - 14
CH3, CH5 connect pull-up voltage to VEXT2 Jumper 14 - 16

3700S-900-01 Rev. C / July 2008
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Desired effect P3 pin
numbers
Connect VEXT1 to VEXT2 Jumper 17 - 18

For backplane configuration at J5, jumper pins 2-3 to allow the Model 3750 to
make backplane connections during calibration with a system DMM. If you do
not want to ever physically allow the Model 3750 to make backplane
connections, jumper pins 1-2. By populating this jumper in this way, an
additional amount of safety is provided to a system that may have high voltage
connections made to the backplane.

Calibration

To maintain specified performance over time, the analog output channels and
the counter channels might need to be calibrated. The Model 3750 supports
automatic in-system calibration if a DMM is present. Otherwise, an external
DMM of 6.5 digits of accuracy or better can be used.

NOTE  When performing a user calibration, final accuracy is determined by
the standards used. Always verify the calibration results with a
calibrated instrument capable of making measurements that exceed
the specifications of the Model 3750.

We recommend that the Model 3750 is calibrated in the end application
whenever possible so that the thermal and electrical operating environments can
be accounted for. Best results will be obtained whenever this can be done and
up to 8x improvements in offsets are typical.
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Preparing for calibration

Before performing the calibration steps, be sure that the Model 3750 is properly
disconnected from all external circuits. If an in-system DMM is to be used,
disconnect the external ABUS from other mainframes and instruments that
might be connected. If possible, disconnect all Model 3750 cables as well.
Excessive capacitance on the counter channels can cause that part of
calibration to fail. If a Model 3750-ST accessory is used, you can keep this
connected as long as external circuits are disconnected.

Prior to calibration, the channel must be unlocked for calibration.

channel.calibration.unlock(<ch list>, <password>)

The actual calibration is performed in several steps. In each step, the hardware
outputs a value and expects a measured value to be entered. Once all the steps
are complete, the Model 3750 calculates new calibration constants to be used
until the next calibration takes place.

The following topics describe a list of steps to be performed to calibrate the
Model 3750.

Calibration steps for analog output channels

For DAC channels, a calibration sequence includes these steps:

1. Set Voltage, -12 to +12 range, generate Negative Point 1.
2. Send reading.

3. Set Voltage, -12 to +12 range, generate Negative Point 2.
4. Send reading.

5. Set Voltage, -12 to +12 range, generate Positive Point 1.
6. Send reading.

7. Set Voltage, -12 to +12 range, generate Positive Point 2.
8. Send reading.

9. Set Current, 0 mA to +20 mA range, generate Point 1.
10. Send reading.

11. Set Current, 0 mA to +20 mA range, generate Point 2.
12. Send reading.

13. Set Current, +4 mA to +20 mA range, generate Point 1.
14. Send reading.

15. Set Current, +4 mA to +20 mA range, generate Point 2.
16. Send reading.
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Calibration steps for counter/totalizer channels

For totalizer channels, a calibration sequence includes these steps:
1. Calibrate 0V Totalizer Threshold
2. Calibrate 1.5V Totalizer Threshold

You must save the calibration after calibrating and before locking. Use
channel.calibration.save () to execute this function.

NOTE  All calibration progress is lost if the calibration data is not saved!

After calibration, the channel must be locked.

channel.calibration.lock(<ch list>, <password>)

Calibration example script

The following script creates two functions. You can use "cal dac" and
"cal tot" to calibrate the analog outputs channels and counter channels
respectively.

loadscript cal

-- Create a function called cal dac that takes slot number
-—- and channel number as parameters.

-- Be sure to disconnect all external circuits before
executing calibration!

function cal dac(slot num,chan num)
channel num = (1000 * slot num) + chan num

-— first unlock the calibration
channel.calibration.unlock ("slot" .. slot num,"KI3706")

-- Setup internal DMM

dmm. func="dcvolts"
dmm.range=10
dmm.nplc=1
dmm.filter.count=100
dmm.filter.enable=1

-—- Perform the 16 steps of calibration using the internal
-- DMM readings changing ranges where appropriate
-- Provide delays before taking readings to allow

-- for settling
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-—- Write the reading/value into the appropriate step number
channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=1

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=10

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=1
channel.calibration
delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

Step (ll "

Step (" "

Step (" n

step (" "

step (n 1

Step (" "

) step (n 1

Step (" n

-— The current mode calibration

-- 1in

dmm .

a similar fashion
func="dccurrent"

dmm.range=.001
dmm.nplc=1

dmm.filter.count=100

dmm.filter.enable=1

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=.1

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=.01

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

dmm.range=.1

channel.calibration.

delay (6)
rdg=dmm.measure ()
print (rdg)

channel.calibration.

Step (" n

Step (ll "

Step (" n

Step (u "

step ("

Step (u "

Step (" n

Step (ll "

-- Final steps are to

channel num,1)

channel num, 2, rdg)

channel num, 3)

channel num, 4, rdg)

channel num, 5)

channel num, 6, rdg)

channel num,7)

channel num, 8, rdg)

follows

channel num, 9)

channel num, 10, rdg)

channel num,11)

channel num, 12, rdg)

channel num, 13)

channel num, 14, rdg)

channel num,15)

channel num, 16, rdg)

save & lock the calibration.

-—- New calibration data is not used
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-- 1f it is not saved.

channel.calibration.save ()
channel.calibration.lock ()

—-— Cleanup to restore analog channels to

--— an idle, unconnected state

channel.setmode (""

(1000 * slot num +

10) , channel .MODE PROTECT VOLTAGE 1)

channel.setmode (""
11) ,channel .MODE

(1000 * slot num +
PROTECT VOLTAGE 1)

channel.setoutputenable (""
,channel.OFF)
channel.setoutputenable (""

(1000 * slot num + 10)

(1000 * slot num + 11)

, channel.OFF)
channel.write (™"
channel.write (™"

end

(1000 * slot num + 10), 0)
(1000 * slot num + 10), 0)

-- Create a function called cal tot that takes

-- slot number and channel number as parameters

-— No external measurements need to be taken

-—- to calibrate the counter channels.

-- Be sure to disconnect all external circuits

-- before executing calibration!
function cal tot(slot num,chan num)

channel num = (1000 * slot num) + chan num

channel.calibration.unlock ("slot"
channel.calibration.step (""
channel.calibration.step(""
channel.calibration.save ()
channel.calibration.lock ()

end
endscript

slot num, "KI3706")

channel num,1)
channel num, 2)

Before running these calibration scripts, you must build the functions
cal dac() and cal tot () bytyping cal (). Now you can calibrate any

channel using this script.

Typing cal dac(1,10) runs an internal DMM calibration on Slot 1, Channel

10.

Typing cal tot (2, 6) runs the totalizer calibration for Slot 2, Channel 6.

6-20
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Power consumption information

You can power off each analog channel if it is not being used to reduce the
power required of the card with channel . setpowerstate (). The card has a
default static power draw of 3300 mW, which includes powering the totalizer
channels and both analog output channels. If an analog channel is powered off,
it reduces the 3300 mW draw by 820 mW for each channel that is powered off.
This power can then be used for closing relays on other cards within a bank.
See Series 3700 Module Schematics and Connections (on page 9-1) for more
information on power handling information and examples.

The command for controlling power is
channel.setpowerstate (<ch list>, <state>), where <state>is
either 'channel.ON' or 'channel.OFF"

NOTE If an analog channel has been turned off, the specified warmup time is
required after being turned back on in order to meet its specified
accuracies.

Using match counts

Match counts apply to digital inputs and counter/totalizer channels.

Setting and meeting match counts

Matching allows you to set a state or generate an event when achieving a
match, instead of continually reading the totalizer count. For example, you can
set a totalizer count match and the summary does not change until that match
count is met.

For example, we want to know when a totalizer count reaches 50 for the first
totalizer in Slot 1 (that is, Channel 1006). First set the match type for that
channel:

channel.setmatchtype ('1006', channel.MATCH EXACT)

Next, program the match count:
channel.setmatch ('1006', 50)
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Once the match count is met in the totalizer, the channel.IND MATCH bitis set
and can be read using

match value = channel.getstate('1006")

Because the default setting for the state is for it to latch, the value remains even
after the count moves beyond the match value. To clear it, use:

channel.resetstatelatch('1006', channel.IND MATCH)

Using match counts to generate an event

A match can cause an event in the system that can then be used to initiate a
scan. For example:

-—- Define a scan

scan.create ("6001:6030")
channel.trigger([1l].set('1006', channel.IND MATCH)
scan.trigger.arm.stimulus = channel.trigger[1].EVENT ID

-—- Start the scan so that it is waiting for the event
scan.background ()

Once the count matches, the event triggers and satisfies arm. stimulus, which
allows the scan to proceed.
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Latching values

Channels support a status/state concept. The status of a channel indicates what
conditions are present on that channel at that point in time. Examples of channel
status are:

e An overload condition exists on that channel

e A channelis presently matching a pre-determined match condition

e The counter/totalizer channel’s count has overflowed.

To read the present status of a channel, send:

status now = channel.getstate('1001")

If the digital I/O matches a present match value, the status_now value would
be channel.IND MATCH.

Status latching builds on this so that the status read by channel.getstate ()
remembers what has happened. For example, status latching tracks if the
condition EVER happened since its last reset so that you know that the status
occurred but is not now present. Manipulating the status so that it either latches
or not is accomplished with the following commands:

channel.setstatelatch ()
channel.resetstatelatch ()

The setting of the state latch can be read using channel.getstate ().
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Power consumption implications

The Model 3750 draws a significant amount of power from the Model 3706
mainframe in order to perform all of its functions. In cases where multiple Model
3750 cards are used, it is possible that not all Model 3750 functions can be
executed at the same time. The Model 3706 mainframe keeps track of power
requirements in real time and provides a natification if a power limit has been
exceeded. This natification is in the form of one or more error messages.

See Power budgeting and calculation (on page 9-2) for more information.

While operating the Model 3750, if a requested operation would consume an
amount of power that is not available, one of the following errors is generated:

e #5513 "Not enough total power to complete requested card operation."
e #5514 "Not enough bank power to complete requested card operation.”
o #5515 "Not enough slot power to complete requested card operation."

These errors mean that there was not enough available reserve power to
complete the requested operation on a total, bank, and slot basis, respectively.
As a result, the requested operation would not have been performed. To perform
the requested operation, more available reserve power is needed as described
in Options for working with power consumption limitations (on page 6-24).

Options for working with power consumption limitations

If the system is experiencing power limitations, there are two ways to possibly
improve the power capability of the system.

e Turn off modes of operation or functions when they are not in use. For
example, backplane relays on switch cards and any non-latching relay types
that do not need to remain closed all the time. This conserves power and
results in more reserves available. Another example is to turn all digital I/O
as inputs when they are not needed as outputs.

e Balance the power across banks. In the Model 3706 mainframe, the power
limitations are on a bank (3-slot) basis. By placing equal numbers of Model
3750 cards in each bank, the power constraints for the troublesome bank
may be relaxed. For example, a 4-card system would have Model 3750
cards installed in slots 2,3 and 5,6, instead of slots 1, 2, 3, and 4.
Additionally, system planning could result in a system where a Model 3750
that uses the highest amount of power would be located in the bank with the
most reserve available.

See Power budgeting and calculation (on page 9-2) for more information.
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Firmware upgrade from a USB flash drive

Use this procedure to upgrade the Series 3700 firmware directly from a USB
flash drive using a *.cab file. The upgrade process should take approximately 5
minutes, depending on the cards in the system and if a DMM is installed.

The normal upgrade procedure only upgrades to a higher level software version.
If any part of the system is already at a higher software revision, that part of the
system is skipped during the upgrade. A separate operation is available to
upgrade to earlier revision firmware.

The upgrade process upgrades not only the mainframe, but also the digital
multimeter (DMM) and any cards in the system. Make sure all available cards
are populated in the mainframe before beginning the upgrade procedure.
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Upgrade procedure

NOTE You can upgrade a single card at a later time by populating the
mainframe with that card and re-running the upgrade procedure. The
upgrade procedure verifies that other parts of the system are already
at the latest revision and only upgrades the additional installed card.

CAUTION Do not turn off unit or remove flash drive during the upgrade
procedure. Wait until the unit completes the upgrade procedure
and the opening display is displayed.

1. Copy upgrade *.cab file to a blank USB flash drive (make sure drive size is
large enough for the size of the upgrade file).

NOTE  Verify that the USB flash drive is blank.

2. Power on the Series 3700.
Install a USB flash drive in the front panel connector.

4. On the front panel, press the MENU key.

NOTE  If your model does not have a front panel, upgrade over the bus
with the appropriate command (upgrade.unit() or
upgrade.previous()).

5. Turn the navigation wheel to scroll to "UPGRADE" and press the navigation
wheel.

6. The question UPGRADE UNIT? is displayed. Select "Previous" to install a
previous version or select "Yes" to upgrade to a newer version and press
the navigation wheel.

7. The Series 3700 upgrade status is displayed on the front panel, including
the percentage. When the file has been unpacked, the upgrade status will
be displayed as it is upgraded (first cards installed in the slots including the
DMM if installed, and then the Main Series 3700).

NOTE  For models without a front panel, the lan status and clock status
LEDs blink in unison during the upgrade process.

The Series 3700 reboots automatically when the upgrade is complete.

7-2

3700S-900-01 Rev. C / July 2008



Section 8

Maintenance

In this section:

INTFOAUCHION ... 8-1
Fuse replacement ..........cccooviiiiiiie e 8-1
Front panel testS .......uvviiiiiiiiiiiee e 8-2

Introduction

The information in this section deals with routine maintenance of Keithley
Instruments Series 3700 System Switch Multimeter instruments that can be
performed by the operator.

Fuse replacement

The analog backplane AMPS fuse (see item 1 in Fuse location figure) is
accessible from the rear panel, just below the analog backplane connector. The
instrument fuse (see item 2 in Fuse location figure) is accessible from the rear
panel, below the GPIB Connector.

WARNING Disconnect all external power from the equipment and the
line cord before performing any maintenance on the Series
3700.

Failure to disconnect all power may expose you to
hazardous voltages, that if contacted, could cause personal
injury or death. Use appropriate safety precautions when
working with hazardous voltages.
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Figure 8-1: Fuse location

Fuse Rating Keithley Instruments part
location number

(1) Analog 250V, 3A fast blow 5x20mm FU-99-1

backplane

fuse

(2) Instrument | 250V / 1.25A slow blow FU-106-1.25

fuse 5x20mm

To replace a fuse:

1. Using a flat-tip screwdriver, disengage the fuse holder by rotating it counter-

clockwise.

2. Pull out the fuse holder and replace the fuse with the correct type (see

table).

3. Reinstall the fuse holder.

If the fuse continues to blow, a circuit malfunction exists and must be corrected.
Return the unit to Keithley Instruments for repair.

Front panel tests

There are two front panel tests: One to test the functionality of the front panel
keys and one to test the display.

8-2
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Test procedure
The front panel keys test lets you check the functionality of each front panel key.

To run the front panel keys test:

1. Display the MAIN MENU by pressing the MENU key.

2. Turn the navigation wheel to scroll to the DISPLAY menu item and press the
ENTER key to select.

Press the ENTER key to select TEST.

4. Select KEYS or DISPLAY-PATTERNS and press the ENTER key to run the
test.

e KEYS: When a key is pressed, the label name for that key will be
displayed to indicate that it is functioning properly. When the key is
released, the message "No keys pressed" is displayed. Press the EXIT
key twice to end the test.

e DISPLAY-PATTERNS: There are three parts to the display patterns
test. Each time ENTER or the navigation wheel is pressed, the next part
of the test sequence is selected. The three parts of the test sequence
are as follows:

a. Checkerboard pattern and the annunciators that are on during
normal operation.

b. Checkerboard pattern (alternate pixels on) and all annunciators.

c. Each digit (and adjacent annunciator) is sequenced. All of the pixels
of the selected digit are on.

5. Press the EXIT key to end the test.

6. Continue pressing the EXIT key to back out of the menu structure.
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Series 3700 Module Schematics and Connections
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Model 3750 Multifunction I/O Card.........c.cccoevvvvieeeeeennnn, 9-65

Maximum power usage with Series 3700 cards

The Series 3700 series offers a growing family of high-density and general-
purpose plug-in cards that accommodates a broad range of signals at very
competitive pricing. The Series 3700 supports applications as diverse as design
validation, accelerated stress testing, data acquisition, and functional testing.

Plug-in modules are capable of switching many relays at once which can take a
substantial amount of system power. There is a limited amount of system power
available for switching relays. Therefore, use care in order that Series 3700
maximum available power is not exceeded. The maximum power available is
limited on a per bank basis as follows:

Bank 1 Bank 2
SLOT1 SLOT 4
SLOT 2 SLOT5
SLOT 3 SLOT 6
12300 mW (max) 12300 mW (max)

From the table, the total power available for slots 1, 2 and 3 is 12,300 mW

(12.3 W). Similarly, the total power available for slots #4, 5, and 6 is 12.3 W.
Attempting to exceed these power levels results in the system performing as
many of the operations as possible until these power limits are reached. An error
message is then created and the remaining operations are not performed.
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Power budgeting and calculation

Individual relay power consumption generally depends on the type of relay.
Latching type relays consume power only briefly in order to open or close.
These types of relays are not of concern for power budgeting purposes. Non-
latching types of relays consume power in a sustained fashion in order to
maintain their state. These types of relays must be considered for power
budgeting purposes.

Another power consideration is the fact that each plug in card consumes an
amount of system power in order to operate. This sustained (and roughly
constant) power draw is known as quiescent power. Quiescent power directly
takes away from the power available to operate relays. So it must also be taken
into account when budgeting for power consumption.

The following table shows the power consumption of channel and backplane
relays for various Series 3700 plug-in cards. The quiescent power is also shown.
For latching type relays an "NA" is shown.

Model Quiescent Channel Relay Power Backplane Relay
Power Consumption Power Consumption
(Milliwatts) (Milliwatts) Each (Milliwatts) Each
3720 975 NA 100
3721 1350 NA 100
3722 475 NA 100
3723 700 100 (2 Pole) 100
50 (1 Pole) 100
3724 1150 20 100
3730 780 NA 100
3740 1000 NA (Independent) 100
200 (High Current) 100
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Model

Quiescent Channel Relay Power Backplane Relay
Power Consumption Power Consumption
(Milliwatts) (Milliwatts) Each (Milliwatts) Each

3750

3300 0 each (Digital Input

NOTE: The  C@me)

3300 is 365 each (Digital
reduced Output channel)
when power

is disabled to 470 each (Analog
each analog Output)
output 0 each (Totalizers)
channel (820

each) or

disabled to

the totalizers

(730 for all 4;

cannot be

individually

disabled)

See Example
5 (on page 9-
7), Example
6 (on page 9-
8), and
Example 7
(on page 9-
8).

To determine whether or not a given quantity of relay operations can be

performed, the tables above must be used to calculate the total power required

by applying the example equations given below:

Prg =Pt (Neo X Pog) + (Ngg X P

Where:

Prg = Tatal Slot Power

F'_:__ = Qluiescent power

Mep = Mumber of closed channels

NEE = Mumber of closed backplane channels
PﬁR: Power per channel relay

L

Pgr = Power per backplane relay

Total Bank#1 Power = Slot 1 P +Slot 2P, +Slot 3P

Total Bank#2 Power = Slot 4 Prg + Slot 5 Prg + Slot 6 Prg

3700S-900-01 Rev. C / July 2008
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To check power consumption, each slot power must be computed. The slot
power for slots 1 through 3 are added. Also, slot power for slots 4 through 6 is
added. The results are called bank powers, and should be compared with the
maximum limits. Some example calculations follow.

Power budgeting examples

Example 1

This example is for a fully loaded Model 3706-S with Model 3723 cards (all 2

pole mode).
Slot # Card Channel relays closed Backplane relays closed
SLOT 1 3723 30 4
SLOT 2 3723 30 4
SLOT 3 3723 30 4
SLOT 4 3723 30 4
SLOT 5 3723 30 4
SLOT 6 3723 30 4

This produces the following power consumption:

Slot #1 Power Consumed = 700 + 30x100 + 4 x 100 = 4100
Slot #2 Power Consumed = 700 + 30x100 + 4 x 100 = 4100
Slot #3 Power Consumed = 700 + 30x100 + 4 x 100 = 4100
Slot #4 Power Consumed = 700 + 30x100 + 4 x 100 = 4100
Slot #5 Power Consumed = 700 + 30x 100 + 4 x100 = 4100
Slot #6 Power Consumed = 700 + 30x 100 + 4 x100 = 4100

Totals for each bank can then be calculated as follows:

Slot 1 Slot 2 Slot 3 Total
Bank #1 Power Consumed = 4100 + 4100 + 4100 = 12300

Slot 4 Slot 5 Slot 6 Total
Bank #2 Power Consumed = 4100 + 4100 + 4100 = 12300

Result: Because each bank has not exceeded maximum power, this is OK.
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Example 2
This example is for a partially loaded Model 3706 with Model 3723 cards (all 1-
pole mode).
Slot # Card Channel relays closed Backplane relays closed
SLOT 1 3723 107 1
SLOT 2 3723 107 1
SLOT 3 EMPTY 0 0
SLOT 4 3723 107 1
SLOT 5 3723 107 1
SLOT 6 EMPTY 0 0

This produces the following power consumption:

Slot 1 Power Consumed = 700 + 107 x50 1x100 = 6150
Slot 2 Power Consumed = 700 + 107 x50 1x100 = 6150
Slot 3 Power Consumed = 0 + 0 0 = 0
Slot 4 Power Consumed = 700 + 107 x50 1x100 = 6150
Slot 5 Power Consumed = 700 + 107 x50 1x100 = 6150
Slot 6 Power Consumed = 0 + 0 0 = 0
Totals for each bank can then be calculated as follows:

Slot 1 Slot 2 Slot 3 Total
Bank #1 Power Consumed = 6150 + 6150 + 0 = 12300

Slot 4 Slot 5 Slot 6 Total
Bank #2 Power Consumed = 6150 + 6150 + 0 = 12300

Result: Because each bank has not exceeded maximum power, this is OK.

Example 3
This example is for a fully loaded Model 3706-S with Model 3723 cards (all 2
pole mode).
Slot # Card Channel relays closed Backplane relays closed
SLOT 1 3723 60 4
SLOT 2 3723 60 4
SLOT 3 3723 60 4
SLOT 4 3723 60 4
SLOT 5 3723 60 4

3700S-900-01 Rev. C / July 2008
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Slot # Card Channel relays closed Backplane relays closed
SLOT 6 3723 60 4

This produces the following power consumption:

Slot #1 Power Consumed = 700 + 60x 100 + 4 x 100 = 7100
Slot #2 Power Consumed = 700 + 60x100 + 4 x 100 = 7100
Slot #3 Power Consumed = 700 + 60x 100 + 4 x 100 = 7100
Slot #4 Power Consumed = 700 + 60x100 + 4 x 100 = 7100
Slot #5 Power Consumed = 700 + 60x 100 + 4 x100 = 7100
Slot #6 Power Consumed = 700 + 60x 100 + 4 x100 = 7100

Totals for each bank can then be calculated as follows:

Slot 1 Slot 2 Slot 3 Total
Bank #1 Power Consumed = 7100 + 7100 + 7100 = 21300

Slot 4 Slot 5 Slot 6 Total
Bank #2 Power Consumed = 7100 + 7100 + 7100 = 21300

Result: Each bank has exceeded maximum power. Some operations are not
performed and an error is generated.
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Example 4

This example is for a fully loaded 3706-S with mix of cards.

Slot # Card Channel relays closed Backplane relays closed
SLOT 1 3720 20 2
SLOT 2 3721 20 2
SLOT 3 3722 15 (2-pole) 4
SLOT 4 3723 25 (HI Current) 2
SLOT 5 3730 10 4
SLOT 6 3740 2 4
This produces the following power consumption:
Slot #1 Power Consumed = 975 + 0 + 2x100 = 1175
Slot #2 Power Consumed = 1350 + 0 + 2x100 = 1550
Slot #3 Power Consumed = 475 + 0 + 4 x 100 = 875
Slot #4 Power Consumed = 700 + 25x100 + 2x100 = 3400
Slot #5 Power Consumed = 780 + 0 + 4 x100 = 1180
Slot #6 Power Consumed = 1000 + 2x200 + 4 x100 = 1800
Totals for each bank can then be calculated as follows:
Slot 1 Slot 2 Slot 3 Total
Bank #1 Power Consumed = 1175 + 1550 + 875 = 3600
Slot 4 Slot 5 Slot 6 Total
Bank #2 Power Consumed = 3400 + 1180 + 1800 = 6380
Result: Because each bank has not exceeded maximum power, this is OK.
Example 5
This example demonstrates how to calculate the card power of the 3750.
Setup Power Notes
3300 Static power required of card under default conditions
(that is, all functions enabled)
CH 1,2,3 set as 0
INPUT
CH 4 set as OUTPUT 365
CH 5 set as OUTPUT 365
CH 10 =V mode 470
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Setup Power Notes

CH 11 = I mode 470

Total Power 4970 m NOTE:  Since total power per bank cannot exceed

W 12300 mW, only 2 3750 cards per bank can
be populated when used in the example
configuration. This leaves spare power (12300
— (4970 * 2)) for controlling relays on a third
card in the bank.
Example 6

This example demonstrates how to calculate the card power of the 3750 when
used only as digital outputs.

Setup Power Notes
3300 Static power required of card under default conditions
(that is, all functions enabled)
CH 1 through5setas 365*5=
OUTPUT 1825
CH 6 through 9 = -730 Static power is reduced by disabling the totalizers
disabled (channels cannot be individually disabled).
CH 10 = disabled -820 Static power is reduced by disabling analog output
channel.
CH 11 = disabled -820 Static power is reduced by disabling analog output
channel.
Total Power 2755 NOTE:  Bank power would not be exceeded if 3 cards
mw per bank were used in this manner.
Example 7

This example demonstrates how to calculate the card power of the 3750 for
digital inputs and two analog voltage outputs.

Setup Power Notes

3300 Static power required of card under default conditions
(that is, all functions enabled).

CH 1 through 5setas 0

INPUT

CH 6 through 9 = -730 Static power is reduced by disabling the totalizers

disabled (channels cannot be individually disabled).

CH 10 =V mode 470

CH 11 =V mode 470

Total Power 3510 NOTE:  Bank power would not be exceeded if 3 cards
mw per bank were used in this manner.

9-8
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Pseudocards

A pseudocard can be "installed" in any empty slot. With the 3720 pseudocard
"installed," the instrument operates as if a Model 3720 Thermocouple MUX card
is installed in the slot. This allows you to configure a scan and exercise its
operation before the switching module is installed in the Series 3700. Use the
following commands to install Series 3700 pseudocards in empty slots:

For no pseudocard selection (use to remove an existing pseudocard):

slot.PSEUDO NONE or O

Model 3720 for Dual 1x30 multiplexer card simulation:
slot.PSEUDO 3720 or 3720

Model 3721 for Dual 1x20 multiplexer card simulation:
slot.PSEUDO 3721 or 3721

Model 3722 for Dual 1x48 multiplexer card simulation:
slot.PSEUDO 3722 or 3722

Model 3723 Dual 1x30 reed multiplexer card simulation:
slot.PSEUDO 3723 or 3723

Model 3724 Dual 1x30 FET multiplexer card simulation:
slot.PSEUDO 3724 or 3724

Model 3730 6 x 16 high-density matrix card simulation:
slot.PSEUDO 3730 or 3730

Model 3740 32-channel isolated switch card:
slot.PSEUDO 3740 or 3740

Model 3750 multifunction I/O card simulation:
slot.PSEUDO 3750 or 3750

For example, to set the attribute to "install" the Model 3720 pseudocard in Slot 6:

slot[6] .pseudocard = slot.PSEUDO 3720

When queried, the return value has "Pseudo” before the card description. For
example:

print (slot[3].idn) — 3720, Pseudo Dual 1x30
Multiplexer,00.00a

NOTE The revision level of a pseudocard is always returned as 00.00 a.
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Query the slot[X] attributes to determine the capabilities of the installed
switching modules. For example, send the following query to determine if Slot 1
supports common-side 4-wire Q channels:

CommonSideOhmsl = slot[1l].commonsideohms

Hardware interlocks

Some switching modules are capable of switching high voltage signals. For
safety reasons, hardware interlocks are provided. The hardware interlocks are
present on the switching module itself and are designed to keep the switching
module disconnected from the system backplane. This has the implication that
when the interlock circuit is disengaged, no measurements can be performed
through a switching module. Channel relays can continue to operate, however.

Below is a simplified schematic of the interlock circuit present on the applicable
switching modules.

Figure 9-1: Simplified interlock circuit

Switching Module Side J External User Side

Interlock pins User supplied short

(2 per interlock) or
37xx-ST accessory

Onboard
Interlock

e | |

r—
|
|
|
|
I

~

= e = = = =

Power Source For Backplane Relays

Backplane
Relays

!
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Engaging hardware interlocks

To engage the hardware interlocks, you must provide a low resistance path
between the two applicable interlock pins as shown in the diagram. This path
routes a 5 V power source to an onboard interlock relay which in turn enables
power to the backplane relays. If a 37xx-ST accessory terminal board is used,
this low resistance path is provided to automatically engage the interlock circuit.

NOTE Do not use the supplied 5 V power source for anything other than
energizing the interlock relay. It is not designed for external circuit
use.

Be sure to provide a low resistance path between the interlock pins for
reliable operation. Significant resistance if present can cause the
interlock circuit to fail to engage.

Interlock status

Some switching modules have more than one interlock. At any time, the current
status of each interlock can be determined by using the appropriate ICL
command shown below. When the interlock status reports engaged, associated
backplane relays are allowed to be energized. When the interlock status reports
disengaged, associated backplane relays are prevented from being energized.

Figure 9-2: slot[X].interlock.state ICL command

slot[X].interlock.state

Attribute Indicates the interock state of a card.
Usage To read the interlock state:
valus = slot[X].interlock. atate

[ Slot number (1 to 6)

value: Represents whether the interlocks are engaged or not. Interpret the interiock state
values as follows:

nil: no card is installed or card installed does not support interlocks
0 interlocks 1 and 2 are disengaged on card.

1:interlock 1 is engaged while interlock 2, if it exists, is disengaged.

| B8]

- interlock 1 is disengaged while interlock 2 is engaged.

'

- interlocks 1 and 2 are engaged on card.
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See Section 9 of the Reference Manual for more interlock related commands
and details.

Interlock pin numbers

The following table shows the interlock pin numbers for all applicable switching

modules.
Interlock Backplane relays Other relays
Model Interlock Circuit Pins affected affected
3720 Multiplexer #1 76,78 n911 through n916
Multiplexer #2 76,78 n921 through n926
Multiplexer #1, n041, n042 (Amps),
3721 Amps, DMM 33, 50 n911 through n917 n928 (DMM HI / SHI)
Multiplexer #2 1,34 n921 through n927
No Interlocks
3722 Present - -
3723 Multiplexer #1 76,78 n911 through n916
Multiplexer #2 76, 78 n921 through n926
3724 Multiplexer #1 76,78 n911 through n916
Multiplexer #2 76,78 n921 through n926
3730 Matrix #1 48, 50 n911 through n916
Independent Switch
3740 Bank #1 48, 50 n911 through n916
No interlocks
3750 present
WARNING Take special care not to inadvertently wire high voltage

analog signals to the interlock pins. Instrument damage or
loss of functionality can occur.
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Model 3720 dual 1x30 multiplexer card

The Model 3720 offers two independent banks of 1x30 two-pole multiplexers. It
is ideal for general-purpose switching, including temperature measurements.
The two banks can automatically be connected to the Series 3700 mainframe
backplane and optional DMM through the analog backplane connection relays.
This connection allows the mainframe to reconfigure the card to a single 1x60
two-pole multiplexer or to enable card-to-card expansion for even larger
configurations.

Other features of the Model 3720 include its ability to be reconfigured to
coordinated four-pole operation for additional measurement flexibility.
Furthermore, the Model 3720 supports thermocouple-type temperature
measurements with the Model 3720-ST (screw terminal) accessory providing
automatic cold junction compensation (CJC).

The Model 3720 uses two 78-pin male D-sub connectors for signal connections.
For screw terminal or automatic CJC, use the detachable Model 3720-ST

accessory.

Figure 9-3: Model 3720

Available accessories: Model 3720

3720-MTC-1.5:
3720-MTC-3:
3720-ST:
3791-KIT78-R:

78-pin female-to-male D-sub cable assembly, 1.5 m (4.9 ft)
78-pin female-to-male D-sub cable assembly, 3 m (9.8 ft)
Screw Terminal panel with CJC sensor

78-pin female D-sub connector kit (solder cup contacts). See
Connection information: Model 3720 (on page 9-14).

3700S-900-01 Rev. C / July 2008
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7401: Type K thermocouple wire kit

Connection information: Model 3720
Refer to the following figure for Model 3720 D-sub connection information.

Figure 9-4: D-sub connection information for the Model 3720

Pin
20

16H 15 7H 7L 17H 17L 26H 25L 14H 14L 6H 6L 18H 18L 22H 22L 26H 26L 30H 30L
ONONONONONONONONONONONCEONCONONCONONCNCONO
13H 13L SH 5L 19H 19U 27H 27L 12H 12L 4H 4L 20H 20L 24H 24L 28H 28L x

€] OO OO O0O6

17H 1L 34 3L 214 21L 29H 29L 10H 10L 2H 2L 16L x x

OPOOODOOOOOOHO & & é
H 9 3| L L 16

39

8¢
& x
-4

59

78

45H 45L 37H 37L 47H 47L S55H S55L 44H 44L 36H 36L 48H 48L 524 S2L 56H S6L 60H 60L Pin
O

(cRoRoNoRONCRORCNONCRCECRECNONCIEC o .

43L 35H 35 49H 49L S7H S7L 42H 42 34H 34L SOH 50L 54H 54L s8L x
MUX2 21 ¢ O 6 ® O 0 60 6 39
41L 33H 33L 51H 1L 59H 59L 40H 40L 32H 32L 4L x x x X X X X
WO OO0 OO0 OOOOOOOG = @ & & @ @ @ 59
out

ouT
39H 39L 31H 31L 53H 53L 2H 2L 38H 38L 46H x  x +3.3VSCLKSDA HLK D -ILK

CHCHECHECECHECECECECHCE NN XN KK X N 78

Connector location: L mMux1 ] { mMux2 ]

O = used by screw terminal accessory
= unavailable
Backplane interlock actuated by connecting +ILK and -ILK
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Schematics: Model 3720

The following figure provides a switching schematic for the Model 3720.

Figure 9-5: Schematic of the Model 3720
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Figure 9-6: Models 3720, 3723, and 3724 screw terminal
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Model 3720 connection log

The following figures provide a sample of a connection log that can be used to

record the wiring scheme for this module.

Figure 9-7: Sample Model 3720 connection log (1 of 2)

Channel

Color

Description

QUTPUT 1

CH1

CH2

CH3

CH4

CH6

CH7

CH8

CHg

CH10

CH11

CH12

CH13

CH14

CH15

CH16

CH17

CH18

CH19

CH20

CH21

CH22

CH23

CH24

CH25

CH26

CH27

CH28

CH29

Lo e o o o o o o o [ o o o o (o o L b L o o o e | o o o o Lo e o o o
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Figure 9-8: Sample Model 3720 connection log (2 of 2)

Channel (cont.) Color Description
CH30 ['
OUTPUT 2 .
CH31 f
CH32 f
CH33 s
CH34 f
CH35 .
CH36 f
CH37 f
CH38 f
CH39 f
CH40 s
CH41 f
CH42 .
CH43 ['
CH44 .
CH45 ['
CH46 f
CHa7 f
CH48 f
CH49 E
CHS50 f
CH51 .
CH52 f
CH53 f
CH54 .
CH55 f
CH56 s
CHS7 f
CH58 !
CH59 a
CHB0 ['
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Section 9: Series 3700 Module Schematics and Connections

Model 3721 dual 1x20 multiplexer card

The Model 3721 provides 40 differential channels and automatic CJC with 3721-
ST accessory. The Model 3721 has two independent banks of 1x20 two-pole
multiplexers that are ideal for general-purpose switching, including temperature
measurements.

The Model 3721 provides a number of other features. In addition to the 40
channels, two fused channels are supplied for current measurements. Also, the
Model 3721 includes dedicated inputs that enable 40 channels of 4-wire
common side ohm measurements. For thermocouple-type measurements,
automatic cold junction compensation (CJC) is supported with the Model 3721-
ST (screw terminal) accessory.

The Model 3721 uses two 50-pin male D-sub connectors for signal connections.
For screw terminal or automatic CJC, use the detachable Model 3721-ST
accessory.

Figure 9-9: Model 3721

Available accessories: Model 3721

3721-MTC-1.5: 50-pin female-to-male D-sub cable assembly, 1.5 m (4.9 ft)
3721-MTC-3: 50-pin female-to-male D-sub cable assembly, 3 m (9.8 ft)

3721-ST: Screw terminal panel with CJC sensor

3790-KIT50-R: 50-pin female D-sub connector kit (solder cup contacts). See Connection

7401:

information: Model 3721. (see "Connection information: Model 3721" on page 9-
21)

Type K thermocouple wire kit

3700S-900-01 Rev. C / July 2008
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Model 3721-ST accessory board channel list

The following table shows the association between the Model 3721-ST
accessory and each channel on the Model 3721.

Channel 3721-ST Terminal Board Silkscreen Label
Multiplexer # 1 Output MUX 1 OUT

1..20 1..20

Multiplexer # 2 Output MUX 2 OUT

21...40 21...40

Amps Channel 41 AMP1

Amps Channel 42 AMP2

DMM HI & SHI Channel DMM

n928

No Connects NC

When viewing this table, remember:
e Multiplexer number 1 channels are labeled 1 through 20 and the multiplexer
output is labeled MUX 1 OUT.

e Multiplexer number 2 channels are labeled 21 through 40 and the
multiplexer output is labeled MUX 2 OUT.

e Amps Channel 41 is labeled AMPL1. This channel is accessed as "n041"
where n is the slot number.

e Amps Channel 42 is labeled AMP2. This channel is accessed as "n042"
where n is the slot number.

e DMM HI & SHI Channel is labeled DMM. This channel is accessed as
"n928" where n is the slot number.

No connect channels are labeled NC. Do not connect to these channels.

9-20
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Section 9: Series 3700 Module Schematics and Connections

Connection information: Model 3721

Refer to the following figure for Model 3721 D-sub connection information.

Figure 9-10: D-sub connection information for the Model 3721

Pin
1
MUX 1 18
34
Pin
1
MUX 2 18

34

2L 44 5L 7H 8L 10H MIL 12H 13L 15H 16L 18H 19L A1H A2L D Pin

000000000000 O0O0O0 7

2H 3L SH 6L 8H

11L 13H 14L 16H 17L 19H 6% A8-1 +ILK
33

3H 4L 6H 7L 9H 10L 11H 12L 14H 15L 17H 18L 20H A1L D -ILK

000000000000 0O00O0 50

+ILK  x

21H 22L 24H 25L 27H 28L 30H M2L 32H 33L 35H 36L 38H 39L DMM_H

00000000000 0O0O0O

SDA SCLK 22H 23L 25H 26L 28H 29L M2H 31L 33H 34L 36H 37L 39H 40L

00000000000 0O00O0

-ILK +3.3V 21L 23H 24L 26H 27L 29H 30L 31H 32L 34H 35L 37H 38L 40H DMM_SHI

00000000000 0O0O0O

Connector location:

{_mux1 ] { mMux2 ]

O = used by screw terminal accessory

= unavailable

M1H, M1L = Output 1HI, 1LO
M2H, M2L = Output 2HI, 2LO
Backplane interlock actuated by connecting +ILK to -ILK

3700S-900-01 Rev. C / July 2008
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Schematics: Model 3721

The following figure provides a switching schematic for the Model 3721 in two-
pole mode.

Figure 9-11: Schematic of the Model 3721 in two-pole mode
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The following figure provides a switching schematic for the Model 3721 in 4-wire
common side ohm mode.

Figure 9-12: Schematic of the Model 3721 in four-wire common side ohm mode

4Wm
Gommon Side
Ohms 3
Common  Hl 0—————0"0—s HI
HI Berras 00”0 Hi Sore 1M | g
Multiplexer Bark 1 P £
HI 00 5—g—io"0-e LO 8
1 W
Crsetl  ipo-—oh o= LO Sansal ™ g
Channels 2-19 P §
HI o—ofo— >
Channel 20 LO b : S
Multiplexcer Bank 2 8
HI 0—0* 0—g—i—0"0-¢ LO
1 ! i
CramelZl 10o—op —5-Le L0 Sansa ™ E
Channels 22-39 3
HI 0—o 15—
Channal 40 02 J

Programming Note

The 3721 card that has three additional backplane relays for common side ohms
functionality. Using "slotX' or "allslots" to query settings on this card
returns information for channels 1 to 40, 911 to 916, 921 to 926 then 917, 927,
and 928 in the response message. Therefore, the three additional common side
ohms backplane relays are listed last.

For example, to print out the channel images on this card when in Slot 2 after a
reset send the following:

reset ()
print (channel.getimage ('slot2'))

2001;2002;2003;2004,;2005;2006;2007;2008;2009;2010;2011;2012;2013;2014,2
015;2016;2017,2018;2019;2020;2021;2022;2023;2024,;2025,2026;2027;2028;20
29;2030;2031,2032;2033;2034,2035;2036,2037;2038;2039;2040;2041,2042;291
1;2912;2913;2914,;2915;2916;2921,2922;2923;2924,2925;2926;2917,2927;2928

NOTE The common side ohm backplane relays (2917, 2927, and 2928) are
listed last.

3700S-900-01 Rev. C / July 2008 9-23



Section 9: Series 3700 Module Schematics and Connections Series 3700 System Switch/Multimeter User's Manual

Model 3721: AMPS channels fuse replacement

Channels 41 and 42 are protected by series fuses. In the event of an overload,

both channels and the DMM input are protected. The two fuses are replaceable
and are located on the printed circuit board of the Model 3721 switch card. The

Model 3721 must be removed from the Series 3700 and all power disconnected
in order to access these fuses.

Amps channel fuse replacement procedure

WARNING Disconnect all external power from the equipment and the
line cord before performing any maintenance on the Series
3700.

Make sure 3721 card is removed from the system before
replacing the AMPS fuse.

CAUTION Do not use a fuse with a higher current rating than specified or
instrument damage can occur. If the Instrument repeatedly
blows fuses, locate and correct the cause of trouble before
replacing the fuse.

1. Remove the top shield cover:

e Unscrew the number 4-40 screw (1) as shown in the "Shield removal"
figure below.

¢ Slide the top cover in a direction away from the D-sub connectors,
disengaging the cover from the printed circuit board.

e Lift the top shield cover off of the printed circuit board.
2. Setjumpers per options listed below.
3. Replace the top shield cover.

e Slide the top cover in a direction toward the D-sub connectors, engaging
the cover onto the printed circuit board, and securing with the number 4-
40 screw (1).

4. The card can now be returned to service.
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Figure 9-13: Removing the top shield

Figure 9-14: Fuse location
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Figure 9-15: Model 3721-ST
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Section 9: Series 3700 Module Schematics and Connections

Model 3721 connection log

The following figures provide a sample of a connection log that can be used to

record the wiring scheme for this module.

Figure 9-16: Sample Model 3721 connection log (1 of 2)

Channel

Color

Description

OUTPUT 1

CH1

CH2

CH3

CH4

CH5

CH&

CH7

CH8

CHg

CH10

CH11

CH12

CH13

CH14

CH15

CH16

CH17

CH18

CH19

CH20

OUTPUT 2

CH21

CH22

CH23

CH24

CH25

CH26

CHz7

CH28

CH29

Ll o o o o o o o o | o o o L Lo o oo e o o o o o o e
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Figure 9-17: Sample Model 3721 connection log (2 of 2)

Channel (cont.)

Color

Description

CH30

A

L
CH31 .
CH32 .
CH33 H
CH34 'I:'
CH35 'I:'
CH36 H
CH37 .
CH38 s
CH39 H
CH40 H
AMPS41 i
AMPS42 H
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Model 3722 dual 1x48 high-density multiplexer card

The Model 3722 has two independent banks of 1x48 two-pole multiplexers,
which is ideal for applications that require a high channel count. The two banks
can automatically be connected to the Series 3700 mainframe backplane and
optional DMM through the analog backplane connection relays. This connection
allows the mainframe to reconfigure the card as a single 1x96 two-pole
multiplexer, or to enable card-to-card expansion for even larger configurations.
Another feature of this card is the latching electromechanical relays that can
accommodate 300 V, 1 A switched signal levels.

The Model 3722 uses two 104-pin D-sub connectors for signal connections. A
solder-style connector kit (Model 3792-KIT104-R) and pre-assembled cables
(Models 3722-MTC-1.5 and 3722-MTC-3) are available for card connections.

Figure 9-18: Model 3722

Available accessories: Model 3722

3722-MTC-1.5: 104-pin, male-to-female D-sub cable assembly, 1.5 m (4.9 ft)
3722-MTC-3: 104-pin, male-to-female D-sub cable assembly, 3 m (9.8 ft)

3792-KIT104-R: 104-pin, male, D-sub connector kit (solder-cup contacts). See Connection
information: Model 3722 (on page 9-30).
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Connection information: Model 3722
Refer to the following figure for Model 3722 D-sub connection information.
Figure 9-19: D-sub connection information the Model 3722

Pin Pin
29L 47H 47L 45H 450 41H 41L 39L 18H 18L 35H 35L x 4H 4L 8H 8L 1H 1L S5H 5L

21 QOO0 LOO00000 1
29H 31H 31L 33H 33L 43H 43L 39H 37H 37L x X X 12H 12L 10H 10L 3H 3L 7H 7L
42 CO00O00O00 O0000O00 22
MUX1 27H 27L 25H 25L 30L 32H 32L 36H 36L 40H 40L 22H 22L 2H 2L 14H 14L 6H 6L 9H 9L
63 QOO0 ODUO0OQCO0L0 43
26H 26L 28H 28L 30H 34H 34L 38H 38L 20H 20L 24H 24L x X 16H 16L 11H 11L MX1H MX1L
84 DOOOO0QCCOOOO0 Q00000 64
48H 48L 46H 46L 44H 44L 42H 42L 13H 13L 15H 15L 17H 17L 19H 19L 21H 21L 23H 23L
104 QOODOOODLOOD OO0 0U 85
Pin Pin
770 95H 95L 93H 93L 89H 89L 87L 66H 66L 83H 83L x 52H 52L 56H 56L 49H 49L 53H 53L
21 OCO0000000000O0O000O00O0 1
77H 79H 79L 81H 81L 91H 91L 87H 85H 85L x X X 60H 60L 58H 58L 51H 51L 55H 55L
42 0000000000 QOO O00 22
MUXZ 75H 75L 73H 73L 78L 80H 80L 84H 84L 88H 88L 70H 70L 50H 50L 62H 62L 54H 54L 57H 57L
63 sigiofaieials s sigialaiaininie i a8 & 43
74H 74L 76H 76L 78H 82H 82L 86H 86L 68H 68L 72H 72L x X 64H 64L 59H 59L MX2H MX2L
84 QOO0 00D 00000 64
96H 96L 94H 94L 92H 92L 90H 90L 61H 61L 63H 63L 65H 65L 67H 67L 69H 69L 71H 71L
104 QDO VOOQUOO0ODOUL0 85

Connector location: Lmux1 ] (_mMux2 |

QO = used by screw terminal accessory
= unavailable

MX1H, MX1L = Output 1HI, 1LO
MX2H, MX2L = Output 2HI, 2LO
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Schematics: Model 3722

The following figure provides a switching schematic for the Model 3722.

Figure 9-20: Schematic for the Model 3722

Multiplexer Bank 1

Cutput 1 i a/
P LO o of’/o—o
—o"0—e
H 0—oTo oTo—e
Channel 1 LO /C :f/:
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Channel 48 HI o—oTo oTo—e
annelee 160 0" o— 6 o e
Multiplexer Bank 2
Cutput 2 HI o 0/
P LO o a/o—o
—10 Oo—e
Channel 48 LO /c 0//
—o"0—e
Channels 50-85
—0 O0—e
ch |95 HI o—oTo oTo—e
anne Lo 0—0"0—e+—0"0—e
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Model 3722 connection log

The following figures provide a sample of a connection log that can be used to
record the wiring scheme for this module.

Figure 9-21: Sample Model 3722 connection log (1 of 3)

Channel

Color

Description

QUTPUT 1

CH1

CH2

CH3

CH4

CH6

CH7

CH8

CHg

CH10

CH11

CH12

CH13

CH14

CH15

CH16

CH17

CH18

CH19

CH20

CH21

CH22

CH23

CH24

CH25

CH26

CH27

CH28

CH29

Lo e o o o o o o o [ o o o o (o o L b L o o o e | o o o o Lo e o o o
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Figure 9-22: Sample Model 3722 connection log (2 of 3)

Channel (cont.)

Color

Description

CH30

CH31

CH32

CH33

CH34

CH35

CH36

CH37

CH38

CH39

CH40

CH41

CH42

CH43

CH44

CH45

CH46

CH47

CH48

OUTPUT 2

CH49

CHS50

CH51

CH52

CHS53

CH54

CH55

CH56

CHs57

CHS58

CH59

CH60

Ll | o o ol o o o o o o b L o o | o o o Lo o o o o b o o e e L o o o o

CH81

CHe2

CHe3

|||
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Figure 9-23: Sample Model 3722 connection log (3 of 3)

Channel {cont.)

Color

Description

H
CHg4 T
H
CH65 T
H
CHesg T
H
CHe7 T
H
CH68 T
H
CHg9 T
H
CH70 T
H
CHT1 T
H
CH72 L
H
CH73
L
H
CH74 T
=)
CH75 T
H
CH786 T
H
CHT7 T
H
CH78 T
H
CH79 T
H
CHs0 T
H
CHsg1 T
H
CH82 T
H
CHs83 T
H
CHs4
L
H
CHsg5 T
H
CHse L
H
CH87 T
H
CHss T
H
CH89 T
H
CH90 T
CH91 H
L
CH92 H
L
CHe3 H
L
CH94 H
L
CH95 H
L
CH96 H
L
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Model 3723 dual 1x30 high-speed multiplexer card

The Model 3723 has two independent banks of high-speed 1x30 two-pole
multiplexers that are ideal for high-speed scanning applications. The two banks
can automatically be connected to the Series 3700 mainframe backplane and
optional DMM through the analog backplane connection relays. This connection
allows the mainframe to reconfigure the Model 3723 as a single 1x60 two-pole
multiplexer or as a single 1x30 single-pole multiplexer. It also enables card-to-
card expansion for even larger configurations.

By using high-speed reed relays with actuation times of less than 0.5ms, this
card can meet the requirements of demanding throughput applications. Another
feature of the Model 3723 is its single-ended, one-pole mode, which supports up
to 120 channels of single-wire measurements. The Model 3723 uses two 78-pin
D-sub connectors for signal connections. For screw terminal connections, use
the Model 3723-ST for two and four-pole configurations or the Model 37230-ST-

1 for single-wire applications.

Figure 9-24: Model 3723

Available accessories: Model 3723

3720-MTC-1.5: 78-pin, female-to-male, D-sub cable assembly, 1.5 m (4.9 ft)
3720-MTC-3: 78-pin, female-to-male, D-sub cable assembly, 3 m (9.8 ft)
3723-ST: Screw terminal panel

3723-ST-1: Screw terminal panel (single pole)

3791-KIT78-R: 78-pin, female, D-sub connector kit (solder cup contacts). See

Connection information: Model 3723 (on page 9-36).

3700S-900-01 Rev. C / July 2008
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Connection information: Model 3723
Refer to the following figure for Model 3723 D-sub connection information.

Figure 9-25: D-sub connection information for the Model 3723 (two-pole mode)

15H 15L 7H 7L 17H 17L 25H 25L 14H 14L 6H 6L 184 18L 224 22L 26H 26L 30H 30L Y\ Pin
OO0OO0OOOOODOHOODOOOODOOOOBL OO 20

13H 13L S5H 5L 19H 19L 27H 27L 12H 12L 4H 4L 20H 20L 24H 24L 28H 28L x

MUX1 21 CHCECNONONONONCEONONCECONONONONONONO 39
1MH 11L 3H 3L 21H 21L 29H 29L 10H 10L 2H 2L 16L x X X X X X X
W10 OO0 OOOO0OOOOOO® @ & a s @ 59
OuUT OUT
O9H 9L 1H 1L 23H 23L 14 1L 84 8L 16H x X X X X +HLK D -ILK
60 @ ® ® O ® @ @ @ @ @ © ©® 78

45H 450 37H 37L 47H 47L 55H 55L 44H 44L 36H 36L 48H 48L S52H S52L 56H S56L 60H 60L Pin

OB ONONONONONCEONCECNCECECONONCNORG Il
MUX2 21 39

WO O OO OOOOOODOOO S @ s e @ & adso
PCOOOOOOODOGOS OO O Ot 78

Connector location: (Cmux1 ] (mux2 )

O = used by screw terminal accessory
= unavailable
MUX1H, MUX1L = Output 1HI, 1LO
MUX2H, MUX2L = Output 2HI, 2L.O
Backplane interlock actuated by connecting +ILK to -ILK
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Figure 9-26: D-sub connection information for the Model 3723 (one-pole mode)

Pin 15 15

Pin
20

T 4 6
10 0 0 O OO0 O0G6 66
6

5 72
MUX1 21 ® 0o 0 ONONCONCNONONCEONONONONOINGC)

1 7 3 63 21 8 29 8 10 70 2 62 76 x X
40 ® ® O O
OuT OouUT

69 1 61 23 8 68
60 O OO0 OOOOO®O @ @ @

Pin /" 45 105 37 97 47 107 55 115 44 104 36 96 48 108 52 11

ORCRORORONONORCRORCECNCRC)
3

51 111 59 119 40 100 32 92 106 x X

93
40—-0 D000 OOOOB
31 o1 53 113 2 Bl s o8 46 x x  x

X
60 (&) ® 060660060 O a @ @ @

S 95 49 109 57 117 42 102 34 94 50 110 54

MUX2 21 @ O0O000000O000 O O

Connector location: [ L Mux1 ] (U mMux2 ] ]

O =reserved
= unavailable.

MUX1H, MUX1L = Output 1HI, 1LO
MUX2H, MUX2L = Output 2HI, 2LO
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Schematics: Model 3723

The following figure provides a switching schematic for the Model 3723 in two-

pole mode.

Figure 9-27: Schematic for the Model 3723 in two-pole mode
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The following figure provides a switching schematic for the Model 3723 in single-

pole mode.

Figure 9-28: Schematic: Model 3723 in one-pole mode

Multiplexer Bank 1
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Channel 1
Channels 2-29
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Figure 9-29: Models 3720, 3723, and 3724 screw terminal
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Figure 9-30: Model 3723-ST-1

Chassis Ground Chassis Ground
for cable shield for cable shield H
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Model 3723 connection log (60-channel)

The following figures provide a sample of a connection log that can be used to
record the wiring scheme for this module.

Figure 9-31: Sample Model 3723 connection log (60-channel) (1 of 2)

Channel

Color

Description

QUTPUT 1

CH1

CH2

CH3

CH4

CHS

CHe

CH7

CHg

CHg

CH10

CH11

CH12

CH13

CH14

CH15

CH16

CH17

CH18

CH18

CH20

CH21

CH22

CH23

CH24

CH25

CH26

CH27

CH28

CH29

L o e o L o e b o o o o o o o e o o L L o o o ol o o o L o o o L
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Figure 9-32: Sample Model 3723 connection log (60-channel) (2 of 2)

Channel (cont.)

Color

Description

CH30

QUTPUT 2

CH31

CH32

CH33

CH34

CH35

CH36

CH37

CH38

CH38

CH40

CH41

CH42

CH43

CH44

CH45

CH46

CH47

CH48

CH49

CHS0

CH51

CH52

CH53

CH54

CH55

CHS6

CH57

CH58

CH59

CHeo

Lo s s L ol o o o o B o e o o L L ol o o L o ) o o o o L s o b o o o ) o L o
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Figure 9-33: Sample Model 3723 connection log (120-channel) (1 of 4)

Model 3723 connection log (120-channel)

The following figures provide a sample of a connection log that can be used to

record the wiring scheme for this module.

Channel

Color

Description

CH1

CH2

CH3

CH4

CHS

CHé

CH7?

CH8

CHg

CH10

CH11

CH12

CH13

CH14

CH15

CH16

CH17

CH18

CH19

CH20

CH21

CH22

CH23

CH24

CH25

CH26

CH27

CH28

CH29

| IT|r| ||| | || || T | || T | S| | | | | | T | | | T | | | | S | S | | | | D | | | | | S| | S| T | S| |
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Figure 9-34: Sample Model 3723 connection log (120-channel) (2 of 4)

Channel (cont.)

Color

Description

CH30

CH31

CH32z

CH33

CH34

CH35

CH36

CH37

CH38

CH39

CH40

CH41

CH42

CH43

CH44

CH45

CH46

CH47

CH48

CH49

CHS50

CH51

CH52

CHS53

CH54

CH55

CH&6

CHE7

CH58

CH59

CHE0

Lol o Ll o o o o (o o i o (o i o ol o o L o o L o o [ o ) o i o o o oy o o i e e [ i o o
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Figure 9-35: Sample Model 3723 connection log (120-channel) (3 of 4)

Channel (cont.)

Color

Description

CH61 E
CH62 .
CHE3 i
CH64 i
CH65 r
CH66 r
CHe7 H
CH68 i
CH68 r
CH70 r
CH71 H
CHT2 i
CHT3 .
CH74 .
CH75 T
CHT6 i
CHT7 -
CH78 t‘
CH78 r
CHEO f
CH81 .
CH82 f
CH83 E
CHe4 H
CH85 .
CH86 T
CH8? T
CH88 T
CHEg -
CHa0 r
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Figure 9-36: Sample Model 3723 connection log (120-channel) (4 of 4)

Channel (cont.)

Color

Description

CHO1

CHO2

CH93

CHo4

CH95

CH96

CH87

CHos

CHo99

CH100

CH101

CH102

CH103

CH104

CH105

CH106

CH107

CH108

CH109

CH110

CH111

CH112

CH113

CH114

CH115

CH116

CH117

CH118

CH119

CH120
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Model 3724 Dual 1x30 FET Multiplexer Specifications

The Model 3724 has two independent banks of 1x30 2-pole multiplexers. It is
ideal for general-purpose switching, including temperature measurements. The
two banks can automatically be connected to the Series 3700 mainframe
backplane and optional DMM through the analog backplane connection relays.
This connection allows the mainframe to reconfigure the card to a single 1x60
two-pole multiplexer, or to enable card-to-card expansion for even larger
configurations.

Other features of the Model 3724 include its ability to be reconfigured to
coordinated four-pole operation for additional measurement flexibility.
Furthermore, the Model 3724 supports thermocouple-type temperature
measurements with the Model 3724-ST (screw terminal) accessory, providing
automatic cold junction compensation (CJC).

The Model 3724 uses two 78-pin male D-sub connectors for signal connections.
For screw terminal or automatic CJC, use the detachable Model 3724-ST
accessory.

Figure 9-37: Model 3724 Dual 1x30 FET Multiplexer
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Available accessories: Model 3724

3791-KIT78-R 78-pin, female D-sub connector kit (contains 2 female D-sub
connectors and 156 solder cups)

3720-MTC-3 78-pin. D-sub female-to-male cable, 3 m (9.8 ft)

3720-MTC-1.5 78-pin D-sub female-to-male cable, 1.5 m (4.9 ft)

3724-ST Screw terminal block

3791-CIT Contact insertion and extraction tool

Connection information: Model 3724

Figure 9-38: Model 3724 connection information

Pin
20

15H 15L 7H 7L 17H 17L 25H 25L 14H 14L 6H 6L 18H 18L 22H 22L 26H 26L 30H 30L
OO0OO0OOOOODOHOODOOOOOGOOOBO

13H 13L SH SL 19H 19L 27H 27L 12H 12L 4H 4L 20H 20L 24H 24L 28H 28L

MUX1 21 CHCHCHCONCONONCECECONONCEONONONONONG 39
1MH 1L 34 3L 214 21L 28H 29L 10H 10L 2H 2L 16L x X X X X X
40 ® O O ® ® 9] B @& ® 6 6 6 59
MUX MUX
OH 9L 1H 23H 23L 1H 1L 16H  x X X X x LK D

78

45H 4% 37H 37L 48 8_ 55H S5L 44H 44L 36H 36L 484 48L 52H S52L 56H S6L 60H 60L Pin

QOO0 O® O @2

434 430 35H 35 49H 49L S7H 57L 42H 42l 34H 34L 504 50U 54H S4L X 58L X
MUX2 21 © 0O ©) ® 00 e 39
41H 41L 38H 33L 51H S51L 50H 50L 40H 40L 32H 32L 46L x x X X X X X
40 OO0 OOOHO @6 @9 ® @ 59
MUX MUX
30H 3L 31H 31L 53H 53L 2H 2L 38H 38L 46H X HLK ILK

QOO0 OOOO® S 8—F 7

©)
©
©®
(©)
(6]
(€]

Connector location: [ {mux1 ] {(mux2 ] ]

O = used by screw terminal accessory
= unavailable
Backplane interlock actuated by connecting +ILK and -ILK
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Schematics: Model 3724

Figure 9-39: Model 3724 schematic
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Figure 9-40: Models 3720, 3723, and 3724 screw terminal
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Model 3724 connection log

The following table provides a sample of a connection log that can be used to

record the wiring scheme for this module.

Pin Number

Color

Channel

OUTPUT 1

CH1

CH2

CH3

CH4

CH5

CHG6

CH7
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Channel Color Pin Number
CH8 H
L
CH9 H
L
CH10 H
L
CH11 H
L
CH12 H
L
CH13 H
L
CH14 H
L
CH15 H
L
CH16 H
L
CH17 H
L
CH18 H
L
CH19 H
L
CH20 H
L
CH21 H
L
CH22 H
L
CH23 H
L
CH24 H
L
CH25 H
L
CH26 H
L
CH27 H
L
CH28 H
L
CH29 H
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Channel

Color

Pin Number

CH30

OUTPUT 2

CH31

CH32

CH33

CH34

CH35

CH36

CH37

CH38

CH39

CHA40

CH41

CHA42

CH43

CH44

CH45

CH46

CH47

CHA48

CH49

r\.rr|rrr|xr|r|r/|x|r|xr||x|r|r|x||r ||| ||| |||l ||| ||
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Channel Color Pin Number
CH50 H
L
CH51 H
L
CH52 H
L
CH53 H
L
CH54 H
L
CH55 H
L
CH56 H
L
CH57 H
L
CH58 H
L
CH59 H
L
CH60 H
L
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Model 3730 6x16 high-density matrix card

The Model 3730 is a two-pole, 6 row by 16 column matrix card. It can connect
up to six differential instrument channels to any combination of 16 DUTs
(devices under test). Any row can be connected to the Series 3700 mainframe
backplane by using the analog backplane connection relays. This allows for
easy matrix column expansion. A matrix of up to 6 rows by 96 columns can be
supported within a single Model 3706 mainframe (with six Model 3730 cards).

The Model 3730 uses two 50-pin male D-sub connectors for signal connections.
For screw terminal connections, use the detachable Model 3730-ST accessory.

Figure 9-41: Model 3730

Available accessories: Model 3730

3721-MTC-1.5: 50-pin, female-to-male, D-sub cable assembly, 1.5 m (4.9 ft)
3721-MTC-3: 50-pin, female-to-male, D-sub cable assembly, 3 m (9.8 ft)

3730-ST: Screw terminal panel

3790-KIT50-R: 50-pin, female, D-sub connector kit (solder cup contacts). See Connection

information: Model 3730 (on page 9-56).
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Connection information: Model 3730

Refer to the following figure for Model 3730 D-sub connection information.

Figure 9-42: D-sub connection information for the Model 3730

ROW CONNECTIONS
Pin RIHRIL x R2H R2L x R3H R3L x R4H R4L x R6H R6L Pin
1 () OO O O OO0 OO 0] 17
X X X X X X X X X X X X X X X X
J3 18 33
X X X X X X X X X X X X x +LK GND -ILK
34 ® 0 50
COLUMN CONNECTIONS
Ein C2H C2L C4H C4L CBH C6L C8H C8L C10H C10L C12HC12LC14H C14L C15HC15L  x Rl
1 O0O000O0O0O0O0O0OO0O0OO0O 17
J4 C3H C3L CS5H C5L C7H C7L C9H C9L CMH C11L C13H C13L x X
18 OO0 33

C1H CiL x X X X X X X X x C16H C16L

34

50

Connector location: [1 NENE |

) |

O = used by screw terminal accessory
= unavailable

Backplane interlock actuated by connecting +ILK and -ILK
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Schematics: Model 3730

The following figure provides a switching schematic for the Model 3730.

Figure 9-43: Schematic of the Model 3730

Columns
1 2 3 4 5 6 7 8 9

lllllllllllllllllil'?
'

§0l0'¢lb'¢lb¢» «NININ» XX : NININ».Q

Lo

50T ofo—s HI Analog Backplane 1
(X . . . o L0 (OMM Input)

l I I I I o—a HI Analog Backplane 2
o—a LO (DMM Sense)

oo Hl Analog Backplane 3
o’ o—a LO

o Hl' Analog Backplane 4
o"o—e LO

fo—= Hl Analog Backplane 5

To—= Hl Analng Backplane 6

Matrix Crosspoint
Relay Detail

The channels on the 3730 are matrix channels. Unlike MUX channels, matrix
channels do not have a DMM configuration associated with them. Therefore,
specifying a matrix channel in the channel list parameter to the
dmm.setconfig () function generates an error. To connect a DMM
configuration to matrix channels, create a channel pattern with desired channels

and analog backplane relays.

NOTE

For channel patterns, the system does not verify if the pathway is

correct or if the correct analog backplane relays are specified for the

desired function.
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Figure 9-44: Model 3730-ST
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Model 3730 connection log

The following figures provide a sample of a connection log that can be used to

record the wiring scheme for this module.

Figure 9-45: Sample Model 3730 connection log

Connection

Color

Description

ROW 1

ROW 2

ROW 3

ROW 4

ROW 5

ROW 6

COLUMN 1

COLUMN 2

COLUMN 3

COLUMN 4

COLUMN 5

COLUMN 6

COLUMN 7

COLUMN 8

COLUMN 9

COLUMN 10

COLUMN 11

COLUMN 12

COLUMN 13

COLUMN 14

COLUMN 15

COLUMN 16

Ll e e e o o o o o e o o o o e e o o e e o e o
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Model 3740 32-channel isolated switch card

The Model 3740 offers 28 general-purpose form C channels that are ideal for
routing power or other control devices. For higher power applications of up to
7 A, four additional high-current form A channels are provided.

If any general-purpose signal requires routing to the Series 3700 mainframe
backplane, terminal blocks that can be enabled through jumpers are located on
the card. Custom configurations can be created with the user-accessible
terminal blocks. For additional protection, an onboard temperature sensor
notifies the mainframe when the card’s operating temperature exceeds 70° C,
compromising system specifications.

The Model 3740 uses two 50-pin male D-sub connectors for signal connections.
For screw terminal connections, use the detachable Model 3740-ST accessory.

Figure 9-46: Model 3740

Available accessories: Model 3740

3721-MTC-1.5: 50-pin, female-to-male, D-sub cable assembly, 1.5 m (4.9 ft)
3721-MTC-3: 50-pin, female-to-male, D-sub cable assembly, 3 m (9.8 ft)

3740-ST: Screw terminal panel

3790-KIT50-R: 50-pin, female, D-sub connector kit (solder cup contacts). See Connection

information: Model 3740 (on page 9-61).
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Connection information: Model 3740
Refer to the following figure for Model 3740 D-sub connection information.

Figure 9-47: D-sub connection information for the Model 3740

win NC1 NC2 NC3 NC4 NC5 NC6 NC7 NC8 NC9 NCI0 NCi11 NC12 NC13 COM4 NO14 NC14 i
1 O000000O0O00O0O0O0O0O 17
NO1 NO2 NO3 NO4 NO5 NO6 NO7 NO8 NOS NO10 NO11 NO12 NO13 X X X
J3 18 O000000O0O0O0OO0O0O 33
COM1 COM2 COM3 COM4 COM5 COM& COM7 COM8 COMS COM10 COM11COM12 COM13 X +ILK D -ILK
34 0O00000000O0O0O0 © 50

Pin

IN T3 IN30 NC27 NC26 NC25 NC24 NC23 N 2 NC20 NC19 NC NC17 NC16 NC15

000000000000000

22 NO21 NO20 NO18 NO18 NO17

60'0006060 00
Ho’l

J4 48

IN3: 032 OM28 COM27 COM26 COM2 OM24 OM21 COM20 COM19 COM18 COM17 COM16 COM15
O00O0O0O0 o -

34

Connector location: [l g _ ] U J ]

O = used by screw terminal accessory
= unavailable
Backplane interlock actuated by connecting +ILK and -ILK
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Schematics: Model 3740

The following figure provides a switching schematic for the Model 3740.

Figure 9-48: Schematic for the Model 3740
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COM .
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3 Amp
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NO
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7 Amp

|
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Backplane
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Figure 9-49: Model 3740-ST

Chassis Ground Chassis Ground
for cable shield for cable shield

M
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Model 3740 connection log

The following figures provide a sample of a connection log that can be used to

record the wiring scheme for this module.

Figure 9-50: Sample Model 3740 connection log (1 of 2)

Channel

Color

Description

CH1

NC

NO

Ccom

CH2

NC

NO

comMm

CH3

NC

NO

com

CH4

NC

NO

CcOoMm

CH5

NC

NO

com

CH6

NC

NO

Ccom

CH7

NC

NO

comMm

CH8

NC

NO

com

CH9

NC

NO

CcOoMm

CH10

NC

NO

com

CH11

NC

NO

com

CH12

NC

NO

com

CH13

NC

NO

COM

CH14

NC

NO

com

CH15

NC

NO

Ccom

CH16

NC

NO

com

CH17

NC

NO

com

CH18

NC

NO

CcOoMm

CH19

NC

NO

com

CH20

NC

NO

Ccom
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Figure 9-51: Sample Model 3740 connection log (2 of 2)

Channel (continued) Color Description
NC
CH21 NO
Com
NC
CH22 NO
COM
NC
CH23 NO
CcoMm
NC
CH24 NO
com
NC
CH25 NO
COM
NC
CH26 NO
com
NC
CH27 NO
com
NC
CH28 NO
Ccom
H
CH29 T
H
CH30 0
H
CH31 0
H
CH32 0

Model 3750 Multifunction I/O Card

The Model 3750 Multifunction 1/0O Card has 40 bidirectional digital I/O bits
arranged in five banks of eight bits each. Each bank can be configured as either
inputs or outputs. One bank of I/O is equivalent to one system channel.

The two analog outputs of the Model 3750 can be individually configured as
either voltage outputs (+/- 12 V) or as current outputs (O mA to 20 mA or 4 mA to

20 mA).

Four 32-bit counters are provided with a maximum input range of 1 MHz. Each

counter has a gate input for control of event counting.

3700S-900-01 Rev. C / July 2008
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Figure 9-52: Model 3750 Multifunction 1/0O Card

Available accessories: Model 3750

3750-ST Screw terminal panel

3790-KIT50-R 50-pin, female, D-sub connector kit (solder cup contacts). See
Connection information: Model 3730 (on page 9-56).

3721-MTC-3 50-pin, female-to-male, D-sub cable assembly, 3 m (9.8 ft)

3721-MTC-1.5 50-pin, female-to-male, D-sub cable assembly, 1.5 m (4.9 ft)
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Connection information: Model 3750

Figure 9-53: Model 3750 connection information

CcHT CHe CHe CH3 CH3 CH3 GH3 cm GH1 GH1 CH1
IN+ G- IN- G+ Diog DIOG DIO4 DIo2 VEXT1 GND GND GND GND DIOS. DIo3 DIO1
CHe cus CH2 CH2 CH2 CH2 CH1 cm CcH1 CH1
GND N+ VEXT2 GND GND GND GND m % Dios DIO3 DIO1 Dios DI04 Dio2
cHT CHT
IN-

" cHa cHs cHs cHs cHz cHz cHz cHz
G+ GND ' Dio7 DIOS 0I03 DIO1 DIO8 DIO6 DI04

DIO2

® & ® ®

o\ @©X:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:]©

se e evrencee

3750 MULTIFUNCTION /O 3750 MULTIFUNCTION /O
\
GH11 CH11 CH10 NO CHo CHg CHe cHo CH4 CH4 GH4 CH4
Icom vout lout CONNECT IN- G+ IN- VEXT2 GND GND ane GND Dlo7 DIOS DIO3
CH11 CH10 CH1ﬂ C
|c "

DIO
cns CHe cnx cHs cns cus cn5 o CH4 CHa CHa
c ol IN+ v n D DIO6. DI04 D02

CH11 o CH10 NO CHS CH5 CH5 CH5
lout CONNECT ~ VCOM  CONNECT GND GND Dloa Dlos DIO4

DI02 VEXT1 GND

3750 MALE D-SUB PIN ASSIGNMENTS
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Schematics: Model 3750

Figure 9-54: Model 3750 screw terminal schematic

i

[

il

i

Model 3750 connection log

The following figures provide a sample of a connection log that can be used to
record the wiring scheme for this module.

Channel Color Pin Number

CH1-DIO1

CH1 - DIO2
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Channel

Color

Pin Number

CH1 - DIO3

CH1 - DIO4

CH1 - DIOS

CH1 - DIO6

CH1 - DIO7

CH1 - DIO8

CH2 - DIO1

CH2 - DIO2

CH2 - DIO3

CH2 - DIO4

CH2 - DIOS

CH2 - DIO6

CH2 - DIO7

CH2 - DIO8

CH3 - DIO1

CH3 - DIO2

CH3 - DIO3

CH3 - DIO4

CH3 - DIOS

CH3 - DIO6

CH3 - DIO7

CH3 - DIO8

CH4 - DIO1

CH4 - DIO2

CH4 - DIO3

CH4 - DIO4

CH4 - DIO5

CH4 - DIO6

CH4 - DIO7

CH4 - DIO8

CHS5 - DIO1

CHS - DIO2

CH5 - DIO3
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Channel

Color

Pin Number

CHS5 - DIO4

CH5 - DIO5S

CHS - DIO6

CHS - DIO7

CHS - DIO8

CH6 - Gate+

CH6 - Gate-

CH6 - Input+

CH6 - Input-

CH7 - Gate+

CH7 - Gate-

CH7 - Input+

CH7 - Input-

CH8 - Gate+

CH8 - Gate-

CHS - Input+

CHS8 - Input-

CH9 - Gate+

CH9 - Gate-

CHO - Input+

CHO - Input-

CH10 - Vout

CH10 - V com

CH10 - lout

CH10 - | com

CH11 - Vout

CH11 -V com

CH11 - lout

CH11-1com

GND

+5v

Vext 1

Vext 2
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+5 output * 3-4
<
<ch_list> queries * 4-6
2
2-wire
constant-current method ¢ 5-39
3
3-wire RTD connections * 5-64
4
4-wire
constant-current method « 5-39

dry-circuit open lead detection
5-51

RTD connections ¢ 5-66
A
AC characteristics accuracy * 5-75
AC current

and AC voltage * 5-78, 5-79
AC voltage

and AC current » 5-78, 5-79

measurements and crest factor ¢
5-13

accessories, available « 9-13, 9-19,
9-29, 9-35, 9-55, 9-60

accuracy calculations * 5-74
ACI current measurements ¢ 5-25
action keys

action keys ¢ 2-33

CLOSE - 2-32

OPEN - 2-33

OPEN ALL + 2-32

RATE -« 2-33

RECall « 2-33

STORE « 2-34
ACV

Autodelay Once script example ¢
5-22

derating factors, additional * 5-
76

factors, additional derating * 5-
76

AMPS
fuse replacement « 5-25, 9-24
measurement « 5-28

analog backplane

AMPs fuse ¢ 3-2

Index
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connector * 3-6, 5-29
APERTURE - 2-20
auto
and auto range settings * 5-17
definition * 5-16
modes * 5-17
AUTO key « 2-31
auto ranging
AUTODELAY - 2-20
AUTORANGE -« 2-20
autozero * 5-3
AUTOZERO - 2-20, 5-3
B
backplane relay notation « 4-2
beeper * 3-16
Break-Before-Make -« 4-16
buffer

AC characteristics accuracy ¢ 5-
75

bus operation
definition « 3-12

C

cable leakage * 5-31

calculated measurement open
voltage ¢ 5-48, 5-52

calculating

AC characteristics accuracy * 5-

75

DC characteristics accuracy * 5-
74

open voltage * 5-75
calculations
accuracy * 5-74
CHAN key « 2-16
configuration « 2-10
channel
and backplane notation « 4-1
assignments ¢ 3-11
attributes « 4-7

close/open operations and
commands * 4-10

connect rule + 4-16
designations ¢ 4-1
display * 2-4

list parameter « 4-6
MUX notation « 4-2
pattern attributes « 4-20
pattern storage * 4-19
patterns « 4-18

range ¢ 4-4

scanning limitations « 2-1
type indications « 2-7

channel fuse replacement * 9-24

Index-2

3700S-900-01 Rev. C / July 2008



Series 3700 System Switch/Multimeter User's Manual Index
channel patterns « 4-18, 4-19, 4-20, D
4-21
dB
close channel operations ¢ 4-10
channel type indication « 2-7
CLOSE key * 2-32, 4-13
characteristics accuracy * 5-75
CONFIG key * 2-10
DBREF - 2-20
configuration
non-switch channels ¢ 2-8
configuration ¢ 2-10
DBREF - 2-20
connection
DC
information « 9-14, 9-21, 9-30, 9-
36, 9-56, 9-61 characteristics accuracy « 5-74
line power ¢ 3-14 DC current
methods « 4-15 with DC voltage and resistance ¢
5-78, 5-79
warning * 3-10
DC voltage  5-78, 5-79
connection logs * 9-17, 9-27, 9-32,
9-59, 9-64 DCI current measurements * 5-25
considerations DCV
dry circuit ohms measurement ¢ fast measurements ¢ 5-10
5-39
input divider « 5-8
low level * 5-23
DELETE key * 2-19
performance ¢ 5-3
DETECTBW -« 2-20
constant-current source method « 5-
39 digital
contact information « 1-1 I/0 channel indication « 2-7
continuity testing I/O lines * 3-4
connections ¢ 5-72 I/O port « 3-3
overview ¢ 5-72 DIGITS « 2-20
procedure * 5-73 display * 2-4
CURSOR keys * 2-31 unit serial number ¢ 1-3
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DISPLAY key * 2-15 key « 2-24
DMM key configuration « 2-21, 2-24
key « 2-19 frequency
key configuration « 2-20 connections * 5-70
measurement capabilities « 5-1 frequency measurements
dry circuit ohms and period measurements,
ranges * 5-69
DRY+ « 5-35
procedure * 5-71
enabling « 5-36
front panel
measurement considerations ¢
5-39 gate time « 5-70
DRYCIRCUIT - 2-21 introduction « 2-1, 2-4
dry-clamp open lead detector * 5-51 keys ¢ 4-13
E tests ¢ 8-2
ENTER key « 2-23 FUNC
Ethernet connector (RJ-45) « 3-4 key « 2-25
examples key configuration « 2-25
ACV Autodelay Once script * 5- menu ¢ 2-21
22
FUNC key * 2-25
external reference junction ¢ 5-
55 fuse replacement ¢ 3-15, 8-1
switch with DMM operations « 4- fuse replacement, AMPS - 9-24
13
G
switch-only « 4-13
GPIB
EXIT key « 2-24
connector * 3-4
F
H
fast alternating scan « 5-44
hardware interlocks * 9-11
fast DCV measurements ¢ 5-10
high-energy circuit safety
FILTER precautions ¢ 5-2
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I LIMIT « 2-26
INPUTDIV » 2-21 LOAD - 2-26
INSERT key * 2-25 MENU - 2-27
interlock OPEN - 2-33
hardware * 9-11 OPEN ALL - 2-32
pin numbers ¢ 9-12 PATT - 2-28
status « 9-11 RANGE - 2-32
internal reference junction « 5-54 RATE « 2-33
ISOUR open voltage * 5-47 RECall - 2-33
K REL -« 2-29
key configuration ¢ 2-20 RUN -« 2-29
keys SCAN -« 2-30
action keys « 2-33 SLOT » 2-31
AUTO » 2-31 STORE « 2-34
CHAN « See CHAN key TRIG » 2-31
CLOSE -+ 2-32 L
CONFIG + 2-10 LIMIT
CURSOR - 2-31 key * 2-26
DELETE » 2-19 key configuration ¢ 2-26
DISPLAY -« 2-15 menu * 2-21
ENTER « 2-23 line cycle synchronization ¢ 5-4
EXIT « 2-24 line frequency « 3-14
FILTER » 2-24 line power « 3-14
FUNC - 2-25 LINESYNC « 2-21
INSERT - 2-25 LOAD key * 2-26
key * 2-19 low ohm measurement « 5-27
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M Model 3740 « 9-60, 9-64
maintenance ¢ 8-1 modules
Make-Before-Break « 4-16 channel assignments « 3-11
MATH » 2-22 cold junction « 5-54
matrix card notation « 4-3 connection warning * 3-10
measure hardware interlocks ¢ 9-10

and switching capabilities * 1-2 identify installed « 4-23
Capabi”ties ¢ 1-2 installation « 3-8
contact resistance ¢ 5-36 interlock pin numbers « 9-12
count * 5-19 interlock status  9-11
resistance of voltage-sensitive plug-in « 9-1
devices * 5-36
pseudocards ¢ 9-9
measurement
MUX channel notation « 4-2
accuracy * 5-77
N
basic resistance * 5-26
navigation wheel « 2-32
current » 5-25
NPLC « 2-22
measurement configuration ¢ 5-
68 )
measurement procedure « 5-69 OFFSETCOMP » 2-22
temperature « 5-52 offset-compensated ohms ¢+ 5-27, 5-
32,5-33
voltage  5-39
OPEN ALL key « 2-32
MENU key « 2-27
open channel operations « 4-10
Model 3720 » 9-13, 9-17
OPEN key * 2-33, 4-13
Model 3721 » 9-19, 9-20, 9-24, 9-27
open lead detection « 5-45
Model 3722 « 9-29, 9-32
open thermocouple detection « 5-55
Model 3723 « 9-35, 9-42, 9-44
open voltage « 5-48, 5-49, 5-52
Model 3730 « 9-59
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OPENDETECT - 2-22 power budgeting ¢« 9-2, 9-4
operation keys POWER switch « 2-16
CHAN  See CHAN key power usage * 9-1
DELETE » 2-19 precautions ¢ 5-2
ENTER « 2-23 pseudocards * 3-11, 9-9
EXIT « 2-24 R
FILTER « 2-24 RANGE - 2-22
FUNC - 2-25 RANGE keys « 2-31, 2-32
INSERT -« 2-25 RATE key * 2-33
key «2-19 ratiometric method + 5-40
LIMIT » 2-26 rear panel
LOAD - 2-26 connection details * 3-2
MENU - 2-27 summary ¢ 3-1
PATT » 2-28 RECall key » 2-33
RECall - 2-33 reference junctions * 5-53, 5-54
REL -« 2-29 REL
RUN - 2-29 key « 2-29
SCAN - 2-30 key configuration « 2-29
SLOT » 2-31 menu ¢ 2-22
TRIG - 2-31 relay closure count « 4-22

P RESET switch « 2-16

p*4-20 resistance

PATT measurements « 5-26, 5-39
configuration « 2-29 resistance measurements, standard

« 5-32
key « 2-28
RJ-45
performance considerations ¢ 5-3
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Ethernet connector * 3-4
RTD -« 5-64, 5-66, 5-67
RUN key « 2-29
S
SCAN

configuration « 2-30

key « 2-30
scanning

fast alternating « 5-44

schematics ¢« 5-11, 9-15, 9-22, 9-31,
9-38, 9-57, 9-62

serial number « 1-3
settling times, achieving « 4-17
shielding « 5-24, 5-31
simulated reference junction ¢ 5-54
SLOT key » 2-31
standard

resistance measurements « 5-32
STEP key * 2-33
STORE

key « 2-34

key configuration ¢ 2-34

switch with DMM operations
example ¢ 4-13

switching capabilities « 1-2
switch-only examples « 4-13

synchronization

AC functions, not available « 5-4
system

identification « 3-15
T
temperature

measurement configuration ¢ 5-
68

measurement procedure ¢ 5-69
measurements « 5-52
test
procedure ¢ 8-3
thermistors * 5-61, 5-62, 5-63
THERMO - 2-23

thermocouple « 5-52, 5-55, 5-58, 5-
60

THRESHOLD -« 2-23
totalizer

channel type indication « 2-7
TRIG key * 2-31
TSP-Link

connector ¢+ 3-2
U
UNITS « 2-23
upgrade

procedure ¢« 7-1
usB

connectors * 3-5
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\%

voltage
autozero * 5-3
calculated measurement « 5-48
ISOUR open ¢ 5-47

W

warm-up ¢ 5-3

wheel, navigation « 2-32
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