






4 Automatic Resistance Measurements on High Temperature Superconductors

This application also requires the connection of the Model 8501
Trigger Link Cable from the 2182 to the 2400.

System Noise Control
Another issue in low-level measurements is system noise and

noise control. In this application, all lines are low impedance,
which minimizes the need for shielding. However, given the low
voltages to be measured, and the level of electrical noise found in
most laboratories, some shielding will probably be required in
most applications.

Noise caused by magnetic fields is another important factor in
this application. Any loop in the voltmeter’s leads will pick up
small magnetic field changes that will induce a current in the leads.
This current will show up as noise in the voltage readings. Twisting
the leads together and keeping the leads as short as possible will
significantly reduce this noise problem. If there are large and
varying magnetic fields in the laboratory, special magnetic shield-
ing (mu metal) may be needed.

Figure 5 shows the detail of system wiring used in this example.
Electrostatic shielding and twisted pair wires (to reduce magnetic
field effects) are included, but mu metal magnetic shields are not
used.

Another level of noise control can be introduced by adding
filtering to the system software. An averaging filter, for example,
can reduce the noise by the square root of the number of samples

averaged. However, the cost of extra filtering is a slower measure-
ment cycle. Note that filtering should always be applied to the
calculated resistance values — not to the voltage readings. Filter-
ing the voltage will reduce the voltage reading rate, increasing
thermal voltage errors because of the increased time period
between the two voltage readings of each measurement cycle.

System Software
Once the details of hardware configuration and connections are

complete, it is a fairly simple task to design and implement the
software driver. Since the measurement technique is now known,
the steps to implement it are straightforward. For further reference
on the methodology, refer to the 2182 manual section on Ratio and
Delta titled the “Delta Measurement Procedure Using a
SourceMeter.”

Key considerations with any software design are the system
timing reading rates. The Model 2182 can send a low voltage
reading over the IEEE-488 bus roughly every 10-15ms, while the
Model 2400 can output a programmed current within 100-500ms
depending on the range and value sourced. Since two voltage
readings are required for each resistance calculation, each com-
plete cycle could take between 20ms to 30ms. The bus transfer rate
of the 2182 for ASCII readings is the limiting factor. However,
storing data to the internal data buffer of the 2182 and recalling that
data later will speed up the total measurement cycle time. This
computation does not take into effect the time required for the
temperature controller and any temperature measurements re-
corded and transferred across the bus.

Figure 6 shows a sample set of subroutines that could be used to
program the 2182 and the 2400, including recall of the measure-
ments. This is only one example of obtaining a resistance measure-
ment using the Delta mode. Please refer to Section 5: Ratio and
Delta in the Model 2182 Users Manual for additional examples for
testing superconductor materials.

The subroutines shown in Figure 6 are designed to set up the
instruments, as well as initiate and obtain readings from the 2182.
The SetupInst routine should be called at the beginning of the
program to initialize the instruments. Note that there are settings
within this routine that can be changed based upon specific needs.
If there’s a need to program the 2182 for a measurement range
other than 10mV, this can be easily modified, as well as the reading
rate. The same holds true for the 2400. The code can be modified
for the particular current sourcing range that best suits the current
requirements.

The TakeReading routine sends the two current values to the
2400 that will be outputted. One must be positive and the other
negative. The code illustrates the use of ±100mA output. However,
the code can be modified to meet specific needs. Once the 2400 has
the desired current values, the 2182 SRQ (Service Request) is
enabled for when a reading is available and its triggering function
is initialized. Finally, the 2400 output is turned on and its triggering

Figure 5 Measurement connection detail
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Figure 6 Software Driver Listing

Sub SetupInst()

‘Send Reset command to 2182 and 2400. 2182 at Address 16, 2400 at Address 24.

Call Send(16, “*RST”, status%)
Call Send(24, “*RST”, status%)

‘Set 2182 Voltage Function, 10mV range, reading format, and triggering functions.

Call Send(16, “:Sens:Func Volt”, status%) ‘Set 2182 reading mode to volts
Call Send(16, “:Sens:Volt:Chan1:Range 0.010, status%) ‘Channel 1 at 10mV range
Call Send(16, “:Sens:Volt:NPLC 1”, status%) ‘1 Power Line Integration rate
Call Send(16, “:Sens:Volt:Delt On”, status%) ‘Delta Mode on
Call Send(16, “:Sens:Volt:Dig 6”, status%) ‘6 1/2 digit resolution
Call Send(16, “:Trig:Sour Ext”, status%) ‘External triggering
Call Send(16, “:Trig:Count 2”, status%) ‘Trigger count of two
Call Send(16, “:Form:Elem Read”, status%) ‘Return readings only
Call Send(16, “:Stat:Meas:Enab 32”, status%) ‘Set to SRQ on Reading Available

‘Set 2400 for 100mA range, 2V maximum compliance
Call Send(24, “:Sens:Func ‘Volt’”, status%) ‘Set 2400 reading mode to volts
Call Send(24, “:Sens:Volt:NPLC 0.01”, status%) ‘.01 Power Line Integration rate
Call Send(24, “:Sens:Volt:Prot 2”, status%) ‘Voltage Compliance at 2 volts
Call Send(24, “:Arm:Coun 1;Sour Imm;Tcon:Dir Sour”, status%)

‘Set ARM layer triggering
Call Send(24, “:Trig:Sour TLIN”, status%) ‘Set TRIGGER layer for TLINK
Call Send(24, “:Trig:Dir Sour”, status%) ‘Trigger Source bypass
Call Send(24, “:Trig:Tcon:Dir Sour”, status%)
Call Send(24, “:Trig:Outp Sour”, status%) ‘Output Trigger after source
Call Send(24, “:Trig:Coun 2”, status%) ‘Trigger count is two
Call Send(24, “:Trig:Del 0”, status%) ‘No trigger delays
Call Send(24, “:Sour:Func:Mode Curr”, status% ‘Source Current
Call Send(24, “:Sour:Curr:Mode List”, status%) ‘Current List mode
Call Send(24, “:Sour:Curr:Rang 100E-3”, status%) ‘100mA Range
Call Send(24, “:Sour:Del 0”, status%) ‘Source delay is 0

End Sub

Sub TakeReading()

‘Send to the 2400 the positive and negative current values
PosCurrent = 0.1: NegCurrent = PosCurrent * -1
Call Send(24, “:Sour:List:Curr “+ str$(PosCurrent) + “,” + str$(NegCurrent), status%)

‘Set alternating values
Call Send(16, “*SRE 1”, status%) ‘Enable 2182 SRQ
Call Send(16, “:Init”, status%) ‘Initialize 2182 triggering

‘Turn on 2400 output and initialize sequence
Call Send(24, “:Output On”, status%) ‘Turn on 2400 Output
Call Send(24, “:Init”, status%) ‘Initialize 2400 Triggering

‘At this point, the program waits for the SRQ from the 2182.
‘When the SRQ is identified, execute the following code:

Call Send(24, “:Output Off”, status%) ‘Turn off 2400 Output

Call Send(16, “:Fetch?”, status%) ‘Query 2182 for Delta Reading
Call Enter(Delta$, 20, l%, 16, status%) ‘Get delta reading

Resistance = Val(Delta$) / PosCurrent ‘Compute resistance

‘In order to reset the instruments and clear the SRQ,
‘the following commands need to be sent to the 2182 and 2400:
Call Send(16, “:Stat:Meas?”, status%) ‘Query 2182 for poll value
Call Enter(poll$, 20, l%, 16, status%) ‘Get poll value
Call Send(16, “:Abort”, status%) ‘Reset Triggering in 2182
Call Send(24, “:Abort”, status%) ‘Reset Triggering in 2400
Call Send(16, “:Trig:Clear”, status%) ‘Clear all pending 2400 triggers

End Sub
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