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OVERVIEW

SPECIFICATIONS

LR-740

PICOAMP EXCITATION UNIT

The LR-740 Picoamp Excitation Unit enables an LR-700 AC Registance
Bridge to measure a sensor with 6 new lower excitation currents.
The new excitation currents are selectable from 1 picoamp to 300
picoamps in 1,3,10 steps.

A selected LR-700 excitation current is delivered to the input of
the LR-740 current generator circuitry which then reduces it by 10¢°
and delivers it as the new excitation current.

EXCITATION CURRENTS
30pA, 100pA,
and 300pA. Constant amplitude

1pA, 3pA,

AC current toe exclte the

10pA,

sensor. The LR-700's variable
Excitation Option allows each
setting to be varied 5-100%.

Excitation

LR-700 Settings

picoamps

Power
@LOCKL

Range Excitation
1 20082 20uv LOY W
3 2000 60uV 107y
10 200 20uv 10°17W
30 2082 E0uV 103y
100 202 204V 1075y
300 20 60UV 1071y
EXCITATION VOLTAGES
20nVv,60nV, 200nVv, 600nv, 2uv,

6uV RMS at full scale of

registance. The LR-700's

Variable Excitation Option
allows each setting to be
varied 5-100%.

RANGES

Useful ranges of 0-20KQ,

0-200K&, and 0-2MO.

SYSTEM NOISE PERFORMANCE
Tests made with a low noise
sensor yields an outgtanding
regsolution of 80ppl¢® for a
100K sensor and 100 picoamps
excitation. Thisg spec is
substantially better than
other commercially available
products.

DC CURRENT ELIMINATION
Eliminates the 0+100pA DC
current that is generated by
the LR-700's pre-amp.

LRI'S LOCK-BALANCE™ CIRCUITRY
Makes full use of LRI's
proprietary Lock-Balance™
circuitry.

SPAN TRIM

Allows for elimination of span
errors generated by variations
in the combination of the
LR-740/LR-700. The LR-700's
calibration values are only
accurate when this span trim
is sel correctly.

CABLES

A 0.5 meter interfacing cable
is provided to connect to the
LE~700. Uses the LR-700's
Standard Senscor Cable.



OVERVIEW

.. The LR-740 Picccamp Excitation Unit enableg an LR-700 AC Resistance
Bridge to measure a sensor with 6 new lower excitation currents.

The new excitation currents are selectable from 1 piccamp {(pa) to
300pa in 1,3,10 steps.

Figure 1 shows a simplified schematic of the LR-700 and LR-740
setup. As shown, a selected LR-700 excitation current is delivered
to the input of the LR-740 current generator circuitry which then
generates an output current tc the sensor.
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LRI’S LOCK-BALANCE™ CIRCUITRY

The LR-740 makes use of Linear Research Inc.'s proprietary analog
Lock-Balance™ lock-in technique for front end balancing of the
sensor's in-phase and gquadrature AC signals directly at the sensor.
The resultant null signal is then gent to DC elimination circuitry
and then to the preamp for amplification. Thus, "loading" or
paralleling of the sensor by the DC elimination circuit is avoided.

QUADRATURE CORRECTION

The LR-700 operates in a quadrature correction mode when measuring
on the 20KQ-2MQ ranges. This mode balances the line capacitance
reactance by changing the excitation current. Full details are
shown in the LR-700 User's Manual (Chapter 4). However, since the
LR-740 unit must operate con the LR-700's lower reslstance ranges

{200m0-2000) to generate the required lower currents, this feature
is not in operation.



SENSOR CONNECTIONS

The following illustration, Figure 3, shows how to connect the
LR-740 gensor cable to the sensor. Please note the color at each
wire and which cable has a blue band.
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USING THE LR-740

Table 1 must be used to determine the correct settings of the
LR~700. Cnce the sensor resistance (R,) and either the sensor
voltage (Vy) or sensor current {I,.) have heen determined, Table 1
will show the correct settings of range and excitation to use in

the LR-700 Bridge. For example, to measure a 100KQ sensor using
30pa, the LR-700 should be set to 20Q/60uV.



FLIMINATION OF DC CURRENTS

To eliminate DC current excitation of the sensor by the LR-700's
preamp, DC elimination circuitry is placed between the sensor and
the preamp. The LR-700's DC preamp input current can vary from
+50pa te +100pa on either or both of the two preamp input lines,
PA~-HI and PA-LC. These DT currents are insignificant compared to
the LR-700's lowest current range of 1,000pa. However, with the
LR-740's lower AC current ranges down to ipa, this DC current must
be removed from the sensor to avoid sensor DC sgelf heating. The DC
elimination circuitry blocks the PA-HI DC current from flowing
through the V-HI sensor resistor node and through the sensor while
giving a DC current return path to ground for this current.

The technique used here with the LR-740 works best with sensor
contact registance, and to a legser extent, line resistance values
much lower than actual sensor resistance. These DC currents go
only through the sensor contact resgistance associated with the
V-LO/I-LO registance path in the sensor and heat only this small,
if any, path resistance. For thin film ceramic oxynitride type
RTD's, the sensor contact regigtance ig, fortuitously, much less
than 100mQ and thus, associated DC heating should be negligible.
The DC current alsco heats V-LO/I-LC line resistance in the cryostat
that it flows through. Usually, this effect is also negligible in
heating the sensor.

VIBRATION EFFECTS

Working with these low values of excitation currents, the sensor
cable must be pretected from mechanical vibration to reduce cable
tribecelectric noise current effects. Triboelectric noise is
generated by a mechanical wvibration stressing the dielectric
insulation between the shield and conductors in a shielded cable,
thereby causing a nolse current to flow between sghield(s) and/or
conductor (s) . The sensor cable and interface cable provided was
specifically chosen for its low triboelectric noise. These cable
are constructed of rubber/cotton insulation with a conductive
rubber and copper brald shield instead of the more common
PVC/polypropylene and aluminum foil cables. You must use the
provided cablegs to get the maximum performance, i.e. lowest noise,
of the system.

CAPACITANCE EFFECTS OF CABLE

The LR-740 sensor cable uges a common driven shield on the pundled
I-HI, V-EI lines. This coreatly reduces the effect of the LR-740
gengor cable capacitance that parallelg the gensor. Line
capacitances elsewhere, such ag inside the cryostat, will still
have a direct paralleling effect acrogs the sensor.

The amount of capacitance of any feed through filters and the
ingide cryestat line capacitance will give capacitance reactance
loading of the sensor.

When measuring large resistance gensors (R = MO) with the LR-740,
the effect of round trip line capacitance that is unprotected by a
driven shield must be taken into account. The sensor resigtance
span error introduced by this line capacitance reactance is approx.
the magnitude of the sqguare of the ratic of (1)sensor registance to
{2)1line capacitance reactive impedance. The LR-700's R and X



readout are series equivalent components of the total parallel
. sensor impedance. The LR-700's circultry performs a parallel to
seriesg conversion of this vector impedance. Thus, for a 1MO sensor
in parallel with a 20MQ of unprotected line capacitance impedance
(c=300pf), series resistor readout error at the LR-700, due to this
effect, dig (31/30)}% = 1.1%. For a 100KQ sensor with 30MQ line
capacitance, series registor readout error, due to this effect, is
reduced to {1/300)% = 0.001%.

The LR-740 sensor cable uses a common driven shield on the bundled
I-HI, V-HI iines. Thisg greatly reduces the effect of the LR-740
cable capacitance that parallel the sensor. Capacitances inside
the cryostat will still have a parallel effect.

The amount of capacitance of any feed through filters and the
inside cryostat line capacitance must be added to sensor cable
capacitance when considering capacitance reactance loading of the
sensor.

CABLES

Figure 2, Cable Interfacing, shows the interfacing cable hook-up.
The cable from the LR-740 to the sensor must be the LR-740-001
cable that is provided as shown in Figure 2. The standard shield
and driven shield sensor cables provided with the LR-700 will not
work with the LR-740.

Do not ground cable driven shield. Since the LR-740-001 cable has
a driven shield covering I-HI and V-HI, this shield must not be
grounded or connected to anything at the cryostat.

LR-700
<=m LR-740-002 CABLE

SENSOR

CONNECTOR

J1 J2 J3
ER-740-001 CABLE mmsp
FIGURE 2 <
CABLE INTERFACING SENSOR

LR-700/LR-740/SENSOR

(SHIELDED CRYOSTAT)
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TABLE 1. LR-700 SETTINGS FOR THE LOW EXCITATION CURRENT RBOX UNIT
Tinc R, v, Actual Correct Range Veve j .
Qutput Display Reading Interpretation LR-700 LR-700 LR-700
of Display
10K 10nv 080,100 00010 . 0K 200Q 20pv 100na
ipa
100K 1008V 001.0000Q 00100, 0K * * *
1MQ 1pv 010.0000 C1l. ¢000MO * * *
10KOQ 30nv Co0.1000 Q0010 .0KD 2000 c0p 300na
3pa
LOOKO 300nv GoL. 0000 00100, 0KD * * ’ *
1MQ 3pv 010.0000 01.0000MQ * * *
10KQ 100nv G0.10G0% Q010 .00KQ 200 Z20uv 1pua
10pa
100KQ iuv 01.00000 0100 .00KQ * * *
1M 1Guv 16.00000 1.00000MQ * * *
10K 300nv 00.10000Q 0010.00K0 200 couv Ina
30pa
100KQ 3Ipv 01.00000Q Ci00.00KGQ * * *
k1119 30w 10.00000 1.00000M2 * * *
10K luv 0100.00mQ 010 . 000K 20 20uv 10pa
100pa
V/ 100K 10uv 1000 . 00mQ 100.000KD 20 20uv *
1MQ 100pv 10.00000 1.00000M0 200 200uv *
10K 3pv 0100 . 00% 1 ) 010.000KQ 20 60uv 30ua
300pa
LOOKG 30pv 1000G.00mG 100.000KQ 20 60uv *
1MO 300pv 10.00000 1.00000MQ 204 600V *
1,000pa 10K 10pv 100.00@&6&55 10.0000KD 200mQ 20pv 100ua
100KO 100pv 1600.00mQ 100.000KQ 20 200uv *
1MQ imv 10.00C050 1.00000MQ 200 2mv *
Note O
10MO 10mv 100.0000 10.0000MO 2000 20mv *
TRBRLE 1 NOTES

1. LR-700 mede = AR.

2, Display reading column shows actual readout of R, as listed in R, column. Shown for R-set = zero.

3. "*' = same as above value.

4. Ry = value of sensor resistor.

5. V, = actual voltage across sensor resistor E,.

6. Range LR-700 column and Vg, column are the reguired LR-700 front panel settings to achieve the
listed I, Box cubtput.

7. Ip box column is the output current applied to the sensor R, by the Low Excitation Current Box.

8. LR-700 has a 1,000pa I, setting also. This is listed as 1lna in the sensor current and power
table on page 4-10 of the LR-700 Bridge User’s Manual.

9. Last entyy in Table undex 1,000pa is a 10MQ reactive range displayed in the LR-700's X, aAX, X-set
readout. GCood for measuring total line capacitance reactance in a system. Use an open (R=«=Q)
sensor resistor and connect V-HI to I-HI and V-LO to I-LO. Possibly somewhat useful in measuring
10MQ resistive sensors but quadrature error must be taken into account. For lower 10MO currents:
10pa, LR-700=2000/200pv; 30pa, LR-700=2000/600gv; 100pa, LR-700=2000/2mv.

10. pa = 10°° amps, na = 107° amps, pa = 107 amps,
mv = 107" volts, pv = 10°° volts, nv = 107° volts,
pf = 10°° farads




SPAN ERRORS

Typically, LR-740 full scale span error differences should match
each other to within 1% from range to range. The user might want
to check his LR-700 to verify thig difference as some LR-700 unit's
circuitry combinations may be larger than 1%. The user can
calibrate each range or leave the calibraticn dial set to one
setting, if a 1% error is acceptable.

The LR-74C current generatory circuitry includes a span calibration
feature. This allows for elimination of span errors due to
variations in the LR-740/LR-700 combination. The LR-700's
calibration values stored in memory are not accurate when using
the LR-740 unless the span 1s adiusted. To set the LR-740 span
calibration control, the user first selects an LR-740 current range
and measures a resistor of known value. The calibration dial is
then get to yield a matching reading on the LR-700's display.

The 100pa range was calibrated for unit serial number _ /A&

at LRI for a 100KQ reference sensor with a resultant dial setting
of _F7&

INTERPRETING THE RESULTS

The LR-700 display, when using the LR-740, will indicate the
correct mantisgsa wvalue of the sensor. However, the order of
magnitude in base 10 of the senscr's value, inciuding the decimal
point placement and the KO or MO annunciator suffixes, must be
translated by the user. The correct interpretation is shown in
Table 1, titled LR-700 Settings for the LR-740 Picoamp Excitation
Unit.

For example, when using a 30pa excitation current to measure a
100KQ gensor resistor, the LR-700 must be set to R-range = 20Q and
Vege = 60uv Lo generate within the LR-740 the required 30pa current.
The LR-700 display will then read +01.00000 for a 100KQ gensor
resistor which must be interpreted by the user as +0100.00KQ as
ghown in Table 1.

Asgs an additional aid to the user, Tables 2-6 are included which
show the voltage "weight'" of each digit displaved. In the same
30pa excitation current measurement example range as above, if the
R display reads +01.0100Q, interpreted as a +0101.00KQ sensor, the
full scale range excitation voltage from Table 3 (20Q), is 6Cuv
maximum and actual sensor voltage is 03.0300uv. The weight of the
foliowing highlighted digit +01.0100Q is 30nv.



TABLE 2, 20 MICROVOLTS

FULL SCALE EXCITATION

LR-700
RESISTANCE RANGE DISPLAY READING
200m0 1 9 9 .9 9 9
20 1 .9 9 9 9 G
200 1 2 .9 9. 2 2
200Q 1 g S .8 9 2
Least count weight of 1opv 1uv 100nVv 10nv inV | 0.1nVv
digit in wvolts RMS
TABLE 3, 60 MICROVOLTS FULL SCALE EXCITATION
LR-700
RESISTANCE RANGE DISPLAY READING
20 1 .9 9 S 9 9
200 1 9 .9 g 2 9
Least count weight of 30pV | 3pV | 3000V 300V 3nv 0.3nv
digit in volts RMS
TAELE 4, 200 MICROVOLTS FULL SCALE EXCITATION
LR~-700
RESISTANCE RANGE DISPLAY READING
20 1 .9 9 9 9 b=
200 1 g .9 9 9 9
Least count weight of 1o00pv 10uv 1uv 100nv ionv inv
digit in volts RMS
TABLE 5, 600 MICROVOLTS FULL SCALE EXCITATION
LR-700
RESISTANCE RANGE DISPLAY READING
200 1 Q .9 9 9 9
Least count weight of 300uv 30pv 3pV 300nVv 30nvV 3nv
digit in volts RMS
TABLE 6, 2 MILLIVOLTS FULL SCALE EXCITATION
L.LR-700
RESISTANCE RANGE DISPLAY READING
200 1 2 .9 9 b 9
Least count weight of 1V | 100uV Louv 1pv | 1000V 10nv
digit in volts RMS
Tables 2,3,4,5 and 6 above: wmode = AR, Display Select = R




MEASURING CAPACITANCE SENSORS

The LR-740 allows the LR-700 AC Registance Bridge to measure
capacitors or capacitance temperature sensors. When measuring
capacitors, it 1is important to keep in mind that the LR-700
measures resistance and reactance in chms. Therefore, the display

value will follow a Ry, = -1/20fc = X ooiea = ~1/100C where F=15.7.
For example, a 1nf capacitor will be measured as X= -1/100.1x10"°
= -1/1x1077 = -1 x 10" = -10MQ.

Table 7, Capacitor Measurement Settings, shows the settings needed
on the LR-700 to measure some common capacitor sensors.

Table 8, Capacitor Sensor Displays, shows how to interpret the
display value when measuring a capacitor.

Table 9, Capacitive Measurement Resolution, shows the analog
resolution and settling point resulting when using capacitive
sensor to control temperature.

CAPACITOR MEASUREMENT SETTINGS
Capacitance | Range Ve Toye
Sensor LR-700 LR-700 LR~740 Output
Cx
Inft 20082 20mv 1lna
2nf 2009 20mv lna
Enf 200Q 20mv lna
10nt 20Q 6mv ina
15nf 20Q bmv 3na
30nt 200 omv 3na
100nt 20 600uV 3na
150nf 20 600uV 3na

TABLE 7




CAPACITOR SENSORIDISPLAYS
Capacitance | Capacitance Vx Actual Correct
Sensor Reactance Display Interpretation
Cx of Cx Reading of Disgplay
inf 10MQ 10mV -100.0000 -10.0000M2
2nf 5MQ 5mv -05.0000 ~05.0000MQ
Enf 2MG 2mv -020.000& *O2.QOOOMQ
10nt 1MG amV -10.0000Q -1000.00MQ
15nft 667KQ 2mv ~06.66660 -0.66666MQ
30nt 333KQ 1lmV ~-03.33330Q -0.33333M0
100nt 100KQ 100uv -1000.00ma =100.000KQ
150nf 66.7KQ 66.7uV | -0666.66m0 -066.666KQ
TABLE 8

CAPACITIVE MEASUREMENT RESOLUTION

CAPACITANCE LR-740 ANALOG LK-740 DIGITAL X-SET
SENSCR RESOLUTION 10AX SETABILITY RESCLUTION
Cx OUTPUT BETTER THAN EQUAL OR EXCEEDS
Inf 0.01pf 0.01pf
2nf 0.03pf C.05pf
5ni 0.10pf 0.25pf
iont 0.02pt 0. 1pf
15nf 0.03pf 0.25pf
30nf 0.06pf 1.00pf
100nf 0.3pf 1.2pf
150nt 0.6pf 2.5pf

inf = 10%farad

hnalog filter = 3 sec
Peak to peak resolution values are 5 times largex
Data measured with a strip chart recorder driven

by the LR-700's 104X analog output.

TABLE §



TESTS MADE ON THE UNIT

In order to test the LR-740 at room temperature, and simulate a
low temperature sensor's performance with bench top room
temperature sensors, LRI used a 0.1uf capacitance, as a "noise
free" 100KQ reactive sensor impedance. The room temperature
Johneson noise of a 100KQ resistor is approx. 40nv per square root
Hz given by the Johnson noise equation e’=4kTRAf. Using an
analog time constant in the LR-700 of 3 seconds, the bandwidth is
reduced from 1Hz to approx. 0.05Hz, which will give a Johnson
voltage noise reduction proportional to the ratic of the square
recot of the bandwidth reduction. Thus, the Johngon voltage noise
of a room temperature 100KQ resistor associated with a 3 second
time constant is approx. 9nv RMS. For a temperature of 4.2
Kelvin, the noise will be reduced further by the square root of
the ratio of room temperature compared to 4.2 Kelvin which is
approx. the sguare root of 70. Or, at 4.2 Kelvin, noise voltage
for a 3 second time constant for a 100KQ resistor is approx. inv
RMS. To get a 100KQ impedance at room temperature with it's
Johnson noise approaching inv RMS for a 3 second time constant,
LRI used a polystyrene dielectric capacitor with it's low
equivalent series resistance for low room temperature Johnson
noise.

Pure capacitance by itself generates no Johnson noise, only the
capacitor's equivalent internal series registance will generate
Johnson noise. Polystyrene dielectric capacitors typically have
dissipation constants {the ratic of their series resistance to
their capacitance reactance at the operating frequency) of
appreciably less than one part in 1,000. Thig gives an
equivalent room temperature geries resistance in the capacitor of
less than 100K + 1,000 = 100Q. This 100Q has Johnson voltage
noise of approx. 0.3nv RMS for a 3 second bandwidth. Other type
film dielectric capacitors have higher dissipation congtants with
higher series resistance and higher room temperature Johnson
noise.

The LR-700 AC Bridge/LR-740 combination was tested using this
technique of substituting room temperature capacitance sensors
for low temperature resistors for noise resolution testing since,
the LR-700 bridge alone, compared to other bridges commercially
available, can balance beoth real and imaginary components at
16Hz. The LR-700 is also capable of getting both Rset and Xset
offset features. The LR-700 can then see small AR and AX changes
in the sensor impedance. This allows eagy measurement of the
noise regoluticn of the measuring system without a c¢ryosgtat setup
that would require stable temperatures, and/or stable resistors,
at the low temperature.

RESOLUTION

The strip chart recording shows noise resclution results for the
LR-740 unit excitating a 0.1pf (10CKQ reactive) polystyrene
capacitor sensor at room temperature. This technique simulates a
low Johnson noise 100KQ registance at low temperature. The
excitation voltage across the sensor ig 10uv. Sensor current is
100pa. LR-700 analog filter time ccnstant, using the LR-700
filtered analog output option, is 3 seconds. Noise resolution
shown for this sengor excitation current is 0.8nv RMS, or 80
parts per million of the 100KQ sensor.
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Sample Recording
The foilowing recording was made using a . 1uf polystyrene capacitor to simulate a low noise 100K resistor. Range is 200K{2,
excitation voltage is 20V full scale. Excitation current is 100 piccamps RMS. BMS naise shown is 80pp10° or 8 out of 100KQ.
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STRIP CHART NOISE RECORDINGS

Figures A & B show the possible noise improvement when the resistive sensor is at a sufficiently
lower temperature to reduce the sensor’s Jehnson Noise.,

The 0.1uf (100kQ reactive impedance) simulates such a noise free resistor on the 200k
range/100 picoamp excitation/20.v range. The improvement factor shown is 62.40 RMS noise
versus 5.16Q RMS noise, a 1210 1 improvement. This is equivalent to reducing the resistor
sensor temperature by a factor of 144 (the square of 12) that is from 300 Kelvin to 2 Kelvin,
Note that as a rule of thumb RMS noise is 1/5 the magnitude of peak to peak noise.

To achieve the results in Figure A the sensor cable must be held dead stiil and not subject to
mechanical shock or vibration. For example if the user had walked around within six feet of the
bengch top where this test was made, then sufficient vibration would have been induced in the
sensor cable to override the low value of noise shown in Figure A.
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