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Instruction AVS-47A

Manual

AC Resistance Bridge

1. INTRODUCTION (AVS-47)

The Model AVS-47 Automatic AC Resistance Bridgeisa
successor of the well-known and popular AV S-46. It has
been improved in practically all respects, and special atten-
tionhasbeenpaidineliminatingall possiblesourcesof high-
frequency signals. At the sametime, however, many aspects
that could becontrolled only manually withtheold AV S-46,
are now remotely controllable.

It has always been known that resistive cryogenic
temperature sensors are susceptible to heating by high-
frequency interference. The past years have shown that this
problem is becoming more and more serious, limiting the
reliability of resistivethermometry at very |ow temperatures.

There are many reasons to this. The modern dilution
refrigerators are able to reach temperatures that were not
common, say, 15 years ago. At the same time, instruments
have evolved from simple analog devices to intelligent
automatic systems that contain fast digital electronics, mi-
croprocessors and computer interfaces.

It is often impractical to collect large amounts of data
and to control thecomplicated systemmanually. Interfacing
the various instruments with a computer is then necessary.
Low temperature people, like most other instrument users,
have widely adopted the IEEE-488 interface. It has a very
well standardized cableand aquite well standardized proto-
col. Itisfastand hasalargecapacity, anditistoday supported
by all significantinstrument manufacturers. But just because
of the high speed, it is not best suited for low temperature
work.

ElectroM agnetic | nterference (EMI) has been consid-
ered such a serious problem, that the European Community
adopted Directive No. 89/336/EMC. This directive and
many supporting standards give stringent limits to radio-
freguency emissionsfromadeviceand definestheminimum
level of immunity a device must have against external
disturbances. In order to be compatible, an instrument shall
operateasintended evenif itissubject tosuchinterferences,
that are allowed in its intended environment. Similarly, it
shall not generate such emissions, that could prevent other
instruments from working as intended. Means to achieve
thesegoal sisshieldingtheinstrument, filteringitsinputsand
outputs and good design of the power supply and circuit
boards. One of the most effective ways to prevent high-
frequency emissions is to use analogue, instead of digital,
techniques whenever possible.

All instrumentsthat are sold in the EU must now meet
the new criteria. However, the very nature of resistance
thermometry makesit so sensitiveto EMI, that fulfilling the
emission requirements of the directive is not enough. We
havethereforenow triedto overcometheemission problems
ascompletely as possible. Susceptibility, on the other hand,
is not such a problem in a low-temperature laboratory:

Successful cooling requires a well-controlled electromag-
netic environment, anyway.

The AV S-47 uses el ectronic and mechanical construc-
tionsthat aremorecomplicated (and expensive) thanbefore.
As an example, the preamplifier has been located in a
separate small unit that can be placed close to the cryostat.
The optional computer interface was divided in two parts,
primary and secondary, and the more noisy secondary unit
was placed in a separate box away from the bridge. The
previously multiplexed display isnow static. Webelievethat
thiskind of development helps to maintain resistance ther-
mometry a useful and reliable method also in the future's
laboratory environment.

Some operations to the instrument require that it be
opened. There may be hazardous voltages inside the unit,
which one can touch. Therefore, such operations are
allowed only for aqualified serviceman: "A person having
appropriate technical training and experience necessary to
be aware of hazards to which heis exposed in performing
atask, and of measures to minimize the danger to him or
other persons’.

(1997)

1.1. INTRODUCTION (AVS-47A)

The AVS-47A isanimproved version of the AVS-47. In
order to allow more effective RF filtering of the sensor
leads, we have added an active capacitance compensation
circuit. This makesthe bridge at |east ten times more
insensitive to the shunting effect of a high input capaci-
tance, allowing more efficient filtering against RF heating.

The sensor current return leads of the AVS-47
were permanently grounded inside the preamplifier. It was
difficult to avoid ground loops, when a sensor was
grounded also to the cryostat body. The AV S-47A offers
8 new jumpers inside the preamplifier. With them, one can
disconnect the internal grounding of those sensorsthat are
already connected to the cryostat. Reduction of 50/60Hz
ground-loop borne mains hum can be remarkable at |lower
sensor resistance levels.

The chapter about the Picobus Primary Computer
Interface has been omitted. We no longer encourage
anybody to use it because most operating systems do not
support direct access to computer hardware. Download
the old AV S-47 manual from our WEB site, if you want to
use the Picobus interface.

Many parts of this manual have been completely rewrit-
ten, and anew chapter about resistance thermometry has
been added.

(2004).

Revised: 2004-05-28

Page 4



Instruction AVS-47A
Manual AC Resistance Bridge
2. WARRANTY because only then the calibration and performance of the

Picowatt warrants this product to be free from defectsin
materials and workmanship. Our liability under this war-
ranty islimited to repairing or replacing any instrument or
part thereof which, withinthree(3) years after the shipment
totheoriginal purchaser, provesdefective. Thiswarranty is
void if the instrument has not been used according to the
instruction manual, or if it hasbeen used under exceptional
environmental conditions (see below).

In need of warranty repair, the instrument must be
returned to Picowatt, by prepaid airfreight, and with a
detailed description of the fault or misfunction following
theinstrument.

The instrument must always be returned complete
withthepreamplifier and theinterconnection cable. Thisis

AV S-47A can be checked and guaranteed.

Thename, addressand fax number or e-mail address of
a person who is able to give supplementary information
should be included whenever possible. Picowatt will take
responsibility of chargesfor returning theinstrument, if the
repair was covered by warranty.

If nofaultisfound, or if thereisastrong indication that
thewarranty isvoid, the purchaser is charged for all freight
and shipping costs in addition to the repair. Thereforeit is
recommended that Picowatt be contacted prior to shipment,
sothat we can giveinstructionsfor additional testsor simple
component replacementsand unnecessary shipmentsmay be
avoided.

shocks.

Caution: The AVS-47A is a delicate laboratory instrument. It has
been designed only for the purpose of measuring the resistances of
passive resistive networks. Using this instrument for any other pur-
pose will void the warranty and may cause permanent damage to the
instrument. By no means should the AVS-47A be used to measure
internal resistances of power supplies, batteries, capacitors or any
other deviceswhich can supply energy to the bridgeinput. The AVS-
47A hasbeen designed to operatein alaboratory environment, which
means normal living room atmosphere, temperature, humidity and
purity of air. The unit does not tolerate continuous vibration or hard

RV-Elektroniikka Oy Picowatt

Veromiehentie 14

SF-01510 VANTAA, Finland

phone 358 9 822087

telefax 358 9 822184
e-mail: reijo.voutilainen@picowatt.fi

Revised: 2004-05-28
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3. AVS47A SPECIFICATIONS INPUT CAPACITANCE: Theinput time constant

(Reensor” ©) must not exceed 20 msfor the error to

RANGE: 0-2, 0-20, 0-200 ©, 0-2, 0-20, 0-200 kQ, 0-2 stay within afew digitsat 12.5 Hz mains-synchro-

MQ. Magnified difference mode can be used to
implement ranges with ten times lower full scales:
0-200 mQ...,etc.

EXCITATION: Nominal excitation voltages are 3, 10,

30, 100 and 300 pV, 1 mV, and 3 mV. The sensor
isexcited by asymmetrical square-wave shaped
AC current, whose amplitudeis equal to the
excitation voltage divided by the middle-range
resistance.

SENSOR CONNECTION: I+, V+,V-and |- leads. Each

of the 8 input channels has its own short circuit
piece that enables connection of the I- lead to the
preamplifier ground. In that case, the sensor in the
cryostat must be left floating in order to break
ground loops. All sensorswith the short-circuit
piece inserted have their |- leads always grounded
regardless of whether the channel is selected or
not.

If ashort circuit pieceisremoved, the |- lead of
that channel must be connected to cryostat ground
by the user. Then any possible ground potential
difference between the cryostat and the AV S-47A
is arranged to appear as a common mode voltage
which isrejected by the differential preamplifier.

Itis possible to save one wire (and one RF filter)
per channel by using the cable shield asthe |- lead
common to all sensors and by grounding the
sensors to the cryostat. The cable jackets should
aways be grounded firmly to the cryostat and to
the preamplifier in order to provide the best
shielding against high frequency interference.

EXCITATION FREQUENCY: The AVS-47A can be

configured to operate either synchronized to the
mains, or at an arbitrary frequency in the range
7..110 Hz. Excitation frequency for 50/60 Hz
synchronous operation is 12.5/15 Hz. Detection of
the bridge unbalance signal isinhibited during 1/4
cycle after each polarity change of the square
wave excitation current. This reduces the non-
linearizing effect produced by afilter or cable
capacitancein theinput circuitry.

The free-running oscillator can be used if the
measurement suffersfrom interference that is near
to, but not exactly at, the mains frequency.

A low bridge frequency can help if the input
capacitanceisvery high.

nized operation (10 nF on the 2 MQ range or

100 nF on the 200 kQ range). For higher operating
frequencies, the time constant must be correspond-
ingly shorter.

SENSOR LEAD RESISTANCE: The maximum

permitted lead resistance depends on range and
excitation. For example, the 2 Q range (and the 0.2
Q difference range) tolerates 100 Q in both
current leads at 3 mV excitation, and even more at
lower excitations. Lead resistance can be estimated
by switching the AV S-47A to measure the compli-
ance voltage of the excitation source. The lead
resistance error consists of offset shift and gain
error. The total effect can be assumed to stay
below +/- 5 digits for the maximum allowed lead
resistances.

DIGITAL DISPLAY: 4 1/2-digit yellow LED display

with parallel drivefor minimum interference.
Display and the status LEDs can be disabled in
order to reduce power consumption during
remotely controlled battery operation.

A/D CONVERSION RATE: Thefree-running, integrat-

ing A/D converter makes about 2.5 conversions per
second.

DISPLAY SELECTOR: Display selector connectsthe

front panel DVM to one of the following sources:

1. Sensor resistance (= ANALOG output).

2. Difference between the sensor resistance and
the AR reference DAC (= DIFFERENCE
output).

3. Output voltage from a 10-turn front panel
potentiometer. Used for setting an arbitrary AR
reference.

4. AR reference DAC output (= REFERENCE).

5. Excitation voltage. Used for estimating the
current path lead resistance.

6. Temperature controller’s set point voltage.

7. Temperature controller’s heater output voltage
(scaling depends on selected heater output
range).

8. Temperature controller’ s heater output current
(scaling depends on selected heater output
range).

Revised: 2005-07-22
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If the system has no temperature controller, inputs
for items 6..8 are available for monitoring external
voltages. Inputs for items 6 and 7 (-2V..+2V) have
acalibrated gain of unity (0.01% +/- 1 digit),
whereas the input for 8 (-20V..+20V) has an
approximate gain of 1/10 (= 1 %). These inputs
can be accessed through the data connector to TS
530A.

ANALOG OUTPUT: Cadlibrated stepless high-resolu-
tion output that is obtained directly from the self-
balancing loop. Filtered by 3 order Bessel filter
having an approximate bandwidth of 0.6Hz. Range
0..+2V, output impedance 100€2.

DIFFERENCE OUTPUT: Difference AR between the
Analog Output and the AR-reference DAC. Ranges
from -2V to +2V. Output impedance 100Q2. The
difference can be magnified by afactor of 10in
order to get a better resolution within a 10% sub-
range. The origin of the sub-range is determined by
the AR reference. By setting the AR reference to
zero, the AVS-47A can be used asif it had all
ranges scaled down by afactor of 10 (with
somewhat reduced accuracy!).

AR REFERENCE: Thereferenceis determined by a 12-
bit D/A converter. Full 2V correspondsto digital
input of 4000. The possible reference values are
spaced apart by 5 display units (for example 0120,
0125, 0130 etc.). Accuracy of the AR voltageis
about +/- 200 microvolts (2 digits).

The reference can be set in four ways:

1. The displayed sensor valueis taken as reference.
The display value is rounded to the nearest
number divisible by 5.

2. An arbitrary reference can be saved in memory
by means of a 10-turn potentiometer. The
display is used as an accurate potentiometer
scale. Thereference is rounded as above.

3. Thereference can be set viathe computer
interface as an integer number. Valid rangeis
0..4000 corresponding to 0.. +2 Volts in steps of
500 uv.

4. It isaso possible to bypass the set point memory
and to use the potentiometer directly. Thisisthe
easiest way to null the DIFFERENCE output
before ameasurement.

RELAY OUTPUT: 0.5A relay switch isavailable for

activating an alarm system or controlling an
“on/off” heater. The relay can be configured to
either open or close when the sensor value passes
the deviation reference from low to high.

CALIBRATION ACCURACY: Thebasic caibration

accuracy of all rangesis0.01 % + 1 digit at the
highest excitation. Lower excitation ranges are
calibrated to 0.01 -0.02% by taking sufficiently
long averages.

RESOLUTION: The curves below show typical standard

deviation of the display for seven different resistors

Resistance

—— 1 Ohm

—8— 10 Ohms

100 Ohms

1 KOhm

—¥— 10 kiDhms

—#— 100 kOhms

1 MO

—¥— 10 KOhms 4K

Resolution (Ohms)

—&— 100 kOhrns 4K

The resistors are in the

middle of the corresponding

ranges

1.E-06 1.E-05 1.E-04 1.E-03 1.E-02

Excitation range (V)

Revised: 2004-05-28 Page 7
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at the room temperature. The lower parts of the
10kQ and 100k traces show the improvement
that can be achieved by cooling these sensors to
4.2 K on these two ranges.

On high excitation ranges, the anal og resolution
(ANALOG OUT) may be better than the readout
resolution.

Using the 10* AR mode for measuring changes
smaller than 1/10 of therange givesatenfold
improvement in the digital readout resolution.

LINEARITY: Maximum linearity error for middle-
point calibration is given by the table below. The
input time constant is assumed to belessthan 1
millisecond (cap.comp. disabled) or less than 10
ms (cap. comp. enabled)

RANGE ERRORATF.S.
20-20kQ | *1dig

200 kQ + 2dig

2MQ + 20 dig

TEMPERATURE STABILITY: Typicaly, temperature
coefficient islower than 100 ppm/°C and offset
change less than 0.2 digits/°C.

After self-calibration, the corresponding figures are
6 ppm/°C and 0 digits/°C (1 digit).

SPEED OF BALANCE: Speed of balance depends on
excitation range, being alittle slower at low
excitations. It takes about 5 seconds for the bridge
to stabilize to = 1 digit after a decade step, highest
excitation. Analogue bandwidth is about 0.6 Hz at
3 mV excitation. Below aretypical readingsfor a
step change from 0 to 100 Q on the 10 UV excita-
tion range.

57.60
76.45
92.71
96.04
97.78
98.79
99.33
99.61
99.77

9 99.84
Time between 99.92
readings 400 ms. 99.98

v/

0uV

AUTORANGING SPEED: Thereisafixed delay of 1, 4

or 16 seconds between two successive autoranging
operations. Thisdelay prevents the bridge from
oscillating between ranges. Speed is selected by a
circuit-board jumper. Default is 1s.

OPERATING TEMPERATURE: 15 ... 35°C

MAINSVOLTAGE: 100-120V 160mA or 200-240V

90mA, 50-60Hz

SAFETY VOLTAGE VERSION: The power trans-

former has a24V AC input instead of the normal
115/230V primary. The mainsinput socket is
replaced by a5-pin DIN socket. Power require-
ment: 24V 0.8A 50-60Hz.

NOTE: Thisversion must be manufac-
tured, ready standard units cannot be modified. A
long delivery timeisrequired.

BATTERY INPUT: Two batteries required, each 9.0 ...

16.0 V . Current consumption is about +550/ -150
mA (display enabled) and about +350/ -150 mA
(display disabled). Synchronization to the mainsis
not possible when using batteries. The display
and/or status LEDs can be blanked in order to
reduce battery drain. Batteries can be used for
trouble shooting or to guarantee uninterruptible
operation. Battery input is available also with the
safety voltage version.

PRIMARY COMPUTER INTERFACE: Synchronous

seria low-EMI interface using the Picobus
protocol. The primary interface can be connected
either to the AV $47-1 B secondary interface unit
for IEEE-488, or to a computer. Picobusis based
on non-standard use of the RS232 port (COM1: or
COM2:). The computer’ s operating system must
therefore allow for direct accessto the hardware
(unlike Windows).

The purpose of two-stage interfacing is to provide
aphysical distance between the AVS-47A and the
| EEE-488 bus.

Following items can be read and controlled viathe
primary interface: Input Source, Input Channel,
Range, Excitation, Display Selector, AR Reference
and Remote Control on/off.

If aTS-530A temperature controller is connected
tothe AVS-47A, its set point can be both read and
programmed viathe primary interface. The PID
parameters of the TS-530A can be programmed
but not read.

Revised: 2004-05-28
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Following items are limited to be only read
remotely: Result of the A/D conversion, Position
of the ARx10 on/off switch, Position of the “ Ref
Adj” Potentiometer, Excitation Compliance
Voltage, TS-530A Heater Voltage, TS-530A
Heater Current.

OPTIONS:

Model AVS47-1B Two-Stage Interface. Supports
the |EEE-488 standard. Data sheet can be down-
loaded from our WEB site.

Picolink Optical Fibre Interface between the
AVS-47A and the AVSA7-1B.

Safety voltage version .

WARRANTY: Threeyears.

Revised: 2004-05-28 Page 9
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4. UNPACKING

The shipment should contain following items:

1pc AVS-47A main console unit

1pc AVS-47A preamplifier unit

1pc 5meter cablefor interconnecting the above units
1 pc 5 meter Picobus cable for the primary interface

1 pc mains power cord (Euro or US type)

1 pc sparefuse (100mA or 200mA for 230 or 115 V)
2 pcs 37-way input connectors with metallized shields
1 pc 3-way plug for the relay output.

1pc 4-way plug for external battery operation

1 pc instruction manual

If you purchased also the AV $47-1B computer interface,
the shipment further includes:

1pc AV$SA7-1B secondary unit

1 pc mains power cord (Euro or US type)

1 pc LabView Driver Diskette (3.5")

1pc 80mA or 160mA fuse (230 or 115V mains)
1 pc Instruction Manual

1pc LabView Driver Manual

If the bridge and the computer interface are isolated using
the optional PICOLINK, then the shipment contains also

1 pc Picolink Optical Fibre Cable (5m)

5. INSTALLATION

The following section describes how to start to use the
AVS-47A. It contains also asimple tutorial that makes
you acquainted with the instrument. Even if you are
familiar with the older Model AV S-46 and fedl that itis
waste of timeto read this manual, you may want to read
through the tutorial in order to see the differences and
what is new.

5.1. MAINSVOLTAGE SETTING

The mains voltage setting of the AVS-47A must be
checked before connecting the power. The voltage setting
iswritten on the identification label on the rear panel. If
the setting does not correspond to your local mains
voltage, the setting must be changed. Also, if the marking
isunclear, the AV S-47A must be opened and the voltage
setting must be verified from inside.

Opening the AVS-47A aswell as changing the
mains voltage setting is allowed only for a
qualified serviceman.

Instructionsfor a serviceman:

To change or verify the mains voltage setting,
disconnect the power cord from the instrument
and then open the top cover of the AVS-47A.
Locate the mains transformer (in the right front
corner), and the two connectors on the right side of
the transformer. The connector headers are marked
“115V” and “230V” on the circuit board. These
markings mean 90-120V (mainly for Japan and the
USA) and 180-240V (mainly for the Europe). The
socket with two jumper leads must bein the
position that correspondsto your local mains
voltage. If necessary, use pliersto lift the jumper
sockets from their places and exchange the posi-
tions of the empty socket and the socket with the
jumper leads. Do not pull from theleads!

After having changed the voltage setting, correct
the marking on the rear panel identification label to
correspond to the new setting.

5.2. FUSES

The AVS-47A has one primary and two secondary fuses.
The primary fuse works between the mains power network
and the transformer, whereas the secondary fuses are
inserted between the transformer and the rest of the
bridge. The secondary fuses protect the AVS-47A when it
is operated from batteries

Instructionsfor a serviceman:

After having changed the mains voltage setting, you
must also change the primary fuse. Thereis no need
to change the secondary fuses, unless such is burned.

The physical size of all fusesis5x 20 mm

Primary fuse: 90-120V 200 mA-T (slow action)
180-240V 100 mA-T

Secondary fuses 1A - F (fast action)

Revised: 2004-05-28
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5.3.SET UP 6. TUTORIAL

Connect the preamplifier to the main unit of the AVS-47A
using the symmetrical cable that has male 25-pin connec-
torsat both ends. It isimportant to tighten the connector
screws carefully, because this guarantees alow ground
impedance between the preamplifier and the main console
units. Do not use too much force, however.

Connect the power cord to a grounded outlet.
Turn the AVS-47A on. Switch the input to ZERO,
excitation to 3mV, and select the 200 Q range. Let the
unit stabilize for half an hour before trying to do measure-
ments.

IN ORDER TO MAINTAIN THE
INSTRUMENT SELECTRICAL SAFETY,
CONNECT THE AVS47A ONLY TO A
GROUNDED POWER OUTLET.

5.4. SENSOR WIRING

The 8 input channels are wired as follows:

1 I+ channel O
20 V+ 0
2 V- 0
21 |- 0
3 |+ 1
22 V+ 1

17,36,18,37,19 = CIRCUIT GROUND & ENCLOSURE

The sensors may share acommon current return lead, or
the |- leads can be separate for each channel. All four
wires are switched in order to maintain true 4-wire
connections to the sensors.

Because the |- leads are switched, you must use the
“ always-connected” ground pinsfor the cable shields.
Refer to MEASURING WITH THE AVS-47A/SENSOR
WIRING.

The current return leads (- leads) are normally
connected to the circuit ground of the preamplifier. This
grounding scheme works if asensor floats inside the
cryostat. The |- lead can alternatively be connected to the
cryostat body in order to get a better thermal contact or to
reduce the number of sensor wires. Then the connection to
preamplifier ground must be disabled. Refer to
“GROUNDING SUGGESTIONS’ and “ABOUT
RESISTANCE THERMOMETRY”

The purpose of this section isto get you familiar with the
new instrument.

Y ou need:

e one47Q and two 220Q resistors

* apieceof wire

o asmall screwdriver that fitsinto the trimmer holes

 soldering iron and tin plus tools like side cutters, pliers
etc.

e aDC37P connector (supplied with the instrument).

Solder the ends of the two 220Q2 resistorsto pins 1 and 21
of theinput plug (these act as “lead resistances”). Solder
the 47Q resistor between the free ends. Solder the voltage
leads from the two ends of the 47Q resistor to pins 20 and
2, corresponding to current feed pins 1 and 21.

Switch the power on. Y ou can observe the power -on
state of the AVS-47A: Theinput sourceis switched to
zero, no range is connected (OPEN), excitation voltageis
zero and the sensor resistance (R) is displayed. The
purpose of thisinitial conditionisto prevent the AVS-
47A from heating the sensor in the case that there should
be apower failure or an accidental reset.

If this happensin areal measurement, restore the
original settingsin the following order: first select the
resistance range (if you don’t remember it, choose the
highest range by lifting the switch lever upwards), then the
excitation, and finally release theinput from “ZERO” to
“MEASURE". Thisway, you avoid feeding a high current
to the sensor.

The bridge will not stabilize properly in the power-
on state, because there is neither range nor excitation
connected. Therefore, move the range indicator (lift and
release the switch lever) to 200Q. Similarly, change the
excitation range to 3 mV. After acouple of minutes
warm-up time the display should be very near to zero.
Verify also that the magnifier switch isin the AR position
(not 10xAR), and that the mode isMANUAL. Then, do
something else for the next 30 minutes (our suggestion is,
of course, that you read thismanual!). Never calibrate the
bridge or useit for accurate measurements unlessit has
stabilized for at least a half an hour.

Use asmall screwdriver and turn the OFFSET
trimmer back and forth, so that you can see the effect on
display. Adjust it to 0. Switch the INPUT then to CALI-
BRATE. The display should stabilize near to 100.00.
Turn aso the SCALE trimmer back and forth, and adjust
the display to 100.00. These two steps comprise the “ self-
calibration” procedure. It takes into account most of the
possible drift sources. It does not correct for differences
between measuring or excitation ranges. Such changes
are, however, minor compared with changes that can be

Revised: 2004-05-28
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canceled using self calibration. Y ou should conduct this
simple procedure whenever the ambient temperature
changes more than few degrees, or if the AVS-47A has
not been used for along time (summer holiday?).

Switch theinput to “MEASURE". The display shows
something around 47 ohms. Change the range up and
down. If you select the 20Q2 range, AV S-47A will
complain about overrange by blinking the display, and on
the 2Q range it complains also about excessive current
lead resistance by lighting ared lamp. Leave the range to
200Q.

Reduce the excitation, step by step and very slowly.
Each step means ten times lower power dissipation in the
sensor. At 300 or 100V you start to see how the signal-
to-noise ratio becomes worse. At 10V the measurement
is made with a dissipation lower than 1pW. On the lowest
3uV excitation range, the display isvery noisy. Return
back to 3mV.

Verify that the reference source switch isin the REF
MEM position. The bridge is now measuring 47Q2 on the
200Q2 range. Lift the SET REF switch lever. The mea-
sured resistance value is now entered asthe AR reference
(or the new origin for the deviation scale). Shift the
DISPLAY indicator to the REFERENCE position. You
should see adisplay that isthe original resistance value
rounded to the nearest number that isdivisible by five (x
the accuracy of the analog circuits!!). The origind reading
is rounded, becausethereference DAC has only 12 bits,
whereas the 4 1/2 digit display correspondsto 14 hits.

Select the AR display. Thisisthe difference between
the original reading and the new reference. It should be
amost zero, acouple of digits at most.

Shift the deviation magnifier switch to 10xAR. Now
the reading should become roughly ten times bigger
(remember again: thisisan analog instrument, and
therefore the scale factor is not exact!). Note how the
position of the decimal point is changed: athough the
measuring range remains at 200€2, the decimal point is
shifted to a position where 19.999 is the maximum
display. Thisreminds you about the fact that you have a
tenfold sensitivity but only 10% of the original scale
available. Switch back to AR from 10xAR.

There are also other ways to determine the set point.
Shift the display indicator to ADJ REF. Then dia the
helipot until the reading is 20.00. Lift the SET REF
switch. Then look at REFERENCE: it should be 20.00.
Look at AR. The display should now be something like
27.00 (depending on the actual value of your 47Q
resistor). By entering O as the deviation reference, you can
obtain new scaleswith ten times lower full-scale values
(especially 0.2Q2).

If you just want to adjust AR to zero, you can also
take the reference directly from the helipot, without using
the memory. Set the reference source switch to REF POT

and display AR Then adjust the potentiometer until the
reading is zero.
Return the display selector to the“ R”-position.

Because of loading, the potentiometer is not linear
in the REF POT position. Do not rely on its 10-turn

scale.

Set the MODE switch to AUTO. Short circuit your
“sensor” with a piece of wire or similar. Once the display
has fallen below 18.00, the AV S-47A changes range to
20Q. If the “sensor” is kept short-circuited, the next
change will take place after one second. Now open the
short-circuit and the bridge will go back to the 20002
range. Autoranging does not change the excitation.

Asthelast exercise, we determine the total lead
resistance. Verify that you are using 3mV excitation and
2002 range.

Shift the display indicator to EXC VOLT. The
integer reading should be approximately 00048 (with the
suggested resistor values). This means that the compliance
voltage of the excitation source is 48 millivolts. The
excitation current on this range is 3.3 mV/100Q2 = 33pA.
The total current path resistanceis then 48 mV/33pA =
1454Q. In order to find the lead resistance, we must first
subtract the 47Q sensor resistance 1454-47=1407Q. We
must also subtract the reference resistance, which isten
times the middle value of the range, 10* 200€2 /2 = 10002
inthiscase, obtaining R ., . = 407Q. Assuming that the
lead resistances are evenly divided, we get 203Q2 for each
current lead.

Y ou can expect to get only a useful estimate for the
lead resistancesthisway. The AV $47-IB interface
features acommand that determinesthis estimate for you
without need to do any calculations. But note that the
lower isthe excitation, the less accurate is the result.
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7. SELF CALIBRATION

The AVS-47A contains very long chains of analog AC
and DC amplifiers plus attenuators. The number of
components that affect the stability and offset of the
bridgeisthus high, and with some bad luck, the worst-
case drift can be significant. The vast majority of possible
drift sources are common to all resistance and excitation
ranges.

Self calibration is aprocedure where a) the bridge
input is connected to a zero reference so that the offset
can be nulled, and b) the bridge is connected to measure
its own resistance standard. During the | atter phase, the
display is adjusted to be exactly in the middle of the scale.
After these steps, the accuracy of the AV S-47A on the
200Q2 range and 3.3mV excitation is based on the accu-
racy of the resistance standard and on the linearity of the
bridge.

Self calibration is made as follows:

1) Switch the input selector to ZERO, range to 200Q2 and
excitation to 3mV.

2) Let the bridge stabilize for at least half an hour.

3) Useasmall screwdriver to adjust the OFFSET trimmer
so that the display is zero.

4) Switch the input selector to CALIBRATE.

5) Adjust the SCALE trimmer so that display reads
100.00.

This procedure calibrates the scale and offset only on one
resistance and excitation range. Usually there should be
no need to recalibrate the lower excitation ranges, as these
can be expected to follow the new calibration within some
tens of ppm'’s.

Y ou can check the calibration of the remaining
higher excitation ranges by switching the excitation down
(input switch in CALIBRATE). It is possible to go down
to 300, or even to 100pV thisway, but then the display
becomestoo noisy for checking it visually from the

display.

All excitation ranges, including the lowest ones are best
checked and adjusted by using the built-in averaging
macro of the AV S47-1B computer interface, if it is
available. A ssimple GPIB communication softwareis
needed on the PC for sending the necessary commands to
the AVS-47A. Such software usually comes with the
GPIB controller board.

The AV $47-1B has al'so amacro command for digital self-
calibration. It does not calibrate the bridge, which requires
ascrewdriver, but it measures the scale factors and offsets
on all seven excitation ranges. With this data, the interface
box then automatically corrects all subsequent measure-
ment results.

Digital calibration does not calibrate the

digital display of the AVS-47A

7.1. CALIBRATING THE DEVIATION REFER-
ENCE

Calibration of the deviation referenceisrequired only if
the reference produced by the SET REF command is
unacceptable. Note that the reference is always rounded to
the nearest valuethat isdivisible by five.

Select the R display and switch the input selector to
ZERO. Lift the SET REF button. Select the REFERENCE
display and adjust R401, if necessary, to get zero reading.

Select the R display and switch the input selector to
CAL (resistance range = 200€2). The display should read
99.98....100.02. Enter thisvalueto the reference memory.
View the REFERENCE again and use trimmer R402 to
make the display 100.00.

7.2. CALIBRATING THE AR DIFFERENCE
AMPLIFIER

Calibration of the offset and two gains of this differential
amplifier is not explained in this manual, as there should
be very little need to do it.

Being an analog circuit, the difference ampllifier is
assumed to retain its calibration only roughly. If you need
the ARx10 function for accurate measurements, please
obtain the short calibration instructions from Picowatt.
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8. MEASURING WITH THE AVS-47A
8.1. MULTIPLEXER

The Input Multiplexer of the AVS-47A isacircuit board
containing 16 double-pole, single-throw reed relays plus
their drivers. The multiplexer islocated inside the
preamplifier unit, on the other side of the box than the
preamplifier itself. The Multiplexer hasa 37-pin femae
D-type connector for eight 4-wire sensor inputs, and it is
connected to the preamplifier by a 10-way ribbon cable.

The AVS-47A offersone 8-channel unit asa
standard feature. It is not possible to increase the number
of input channels. Thisis because the multiplexer is
located in the preamplifier box, which must remain
reasonably small.

Theinput channel is changed by lifting or pressing
the CHANNEL switch. The channel counter was made
circular to ensure convenient scanning, i.e. it goesfrom 7
toOand fromOto 7.

8.1.1. SENSOR WIRING

* 1 I+ channel 0
* 20 V+ channel 0
* 2 V- channel 0
* 21 I- channel 0
* 3 I+ channel 1
* 22 V+ channel 1
* 4 V- channdl 1
* 23 I- channel 1
* 5 I+ channel 2
* 24 V+ channel 2
* 6 V- channel 2
* 25 |- channel 2
* 7 I+ channel 3
* 26 V+ channel 3
* 8 V- channel 3
* 27 I- channel 3
* 9 I+ channel 4
* 28 V+ channel 4
* 10 V- channel 4
* 29 I- channel 4
* 11 I+ channel 5
* 30 V+ channel 5
* 12 V- channel 5
* 31 |- channel 5
* 13 I+ channel 6
* 32 V+ channel 6
* 14 V- channel 6
* 33 |- channel 6

* 15 I+ channel 7
* 34 V+ channel 7
* 16 V- channel 7
* 35 - channel 7
* 17 ground
* 36 “
* 18 “
* 37 “
* 19 “

Use only the permanently connected ground pins for cable
shields. If agrounding jumper JP1..JP8 isinserted, thel-
(current return) lead of the corresponding channel isbe
connected to the circuit ground of the preamplifier, but
only when the appropriate channel is selected.

Y ou can use one single wire as acommon |- lead for
some or al of your sensors. In that case, solder thiswire
to the |- pin of each of those channels.

Reed relays have been used in the multiplexer
because they provide the best combination of low leakage,
high isolation resistance and low contact resistance.
However, they are mechanical deviceswhich havea
limited (though long) lifetime. Therefore, if possible, do
not leave the bridge scanning unnecessarily for extended
periods of time (summer or Christmas holidays ?).

The bridge is not sensitive to contact resistances. But
if the current-path contacts are in avery bad condition,
they may become noisy and then the bridge performance
will be seriously affected.

8.1.2. USING THE MULTIPLEXER

Be careful not to heat your sensors when changing from
one channel to another. The preferred practiceisto
change the INPUT selector to ZERO, then select the new
range, excitation and channel, and finally release the input
again.

Driving the relay coils may produce small pulses that
can heat the sensor. By switching the input to zero before
changing range, you can limit the number of such pulses.
The channels can be selected only sequentialy in their
numerical order. It istherefore possible, that the AVS-
47A measures resistances that are too high or low for the
selected range, or applies excessive excitation to a sensor,
unless you keep the input selector at ZERO until you are
donewith all switching.
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8.2. RANGE 8.3. EXCITATION

8.2.1. MANUAL RANGING

Y ou can change the range manually upwards until the
bridge reaches the 2MQ range. Y ou can go downwards
from the 2Q range to the “open” range and then directly to
2MQ. Thisarrangement lets you go from theinitial

“open” state to any range via2 MQ without danger of
overheating, but eliminates the possibility of inadvertently
measuring a high resistance on a 2Q range.

8.2.2. AUTORANGING

Autoranging isuseful, for example, during the cooldown
of the cryostat, when the sensor resistance may increase
by several orders of magnitude. In this case, it protects the
bridge against a prolonged overrange condition.

The AVS-47A changes range upwards if the display
exceeds 19999 until it reaches the 2MQ range. Rangeis
changed downwards if the display falls below 1800. The
lowest range for autoranging is 2Q2, not the “open” range.

A fixed delay separates two successive autoranging
operations. The purpose of this delay isto prevent the
bridge from oscillating between ranges. Three jumper-
selectable delays are available. Whenthe AVS-47A is
operated synchronized to the mains, these delays are
approximately 1, 4 and 16 seconds, but they will be
shorter if the free-running oscillator is used at a higher
frequency. The bridge is shipped with the 1s delay
selected.

If you use multiplexing together with autoranging,
and the sensor resistance jumps much over one decade,
the shortest delay may turn out to be insufficient. Move
then the short-circuit piece from JP101 to position JP102
or JP103 (circuit board AV SA7E). The same operation
may be necessary if your free-running excitation fre-
guency is high and the delay is therefore correspondinly
shorter.

Autoranging information is obtained from the A/D
conversion result regardless of what is the quantity being
measured. If you have autorange ON, and you display for
exampl e the excitation voltage, the bridge will most
probably shift the range downwards. Similary, the bridge
can easily go to an endless |oop, if you use autoranging
together with the 10xAR display. Therefore, autoranging
should be used only together with the R-display.

An extremely low and selectable AC excitation current is
perhaps the feature that most clearly differentiates
cryogenic resistance bridges from other resistance meters.
There are basically two different ways to excite the
sensor: either aconstant voltage or a constant current.

Constant voltageistypically used in aconductance
measurement. The resistance of a cryogenic sensor usually
increaseswith decreasing temperature. With constant
voltage excitation, the dissipation power decreases, which
isconvenient. The severe limitation isthat the measuring
range cannot include zero, where conductance isinfinite.
A conductance bridge cannot be used for measuring low
resistivities of materials nor superconducting transitions.

Constant current is preferable in resistance measure-
ments. A resistance bridge can be applied down to the
superconducting state, but as a drawback, the power
dissipation in the sensor increases linearly with the
resistance. Thisincrease can be easily cancelled by
selecting alower excitation range.

The AVS-47A isbased on constant current excita-
tion, although we talk often about the excitation voltage.
Thereason is explained below. Excitation current flows
out from the I+ terminal to the sensor and returnsto the I-
terminal, which must be connected to ground, either to the
cryostat body or internally to the preamplifier ground, but
not both.

8.3.1. DISSIPATION POWER

The excitation current is supplied as a square-wave
shaped AC current having a constant amplitude. To make
matters more complicated, the excitation source is
basically an AC voltage source with alow output
impedance. The “excitation voltage” is applied to the
series connection of the reference and unknown resistors.
The voltage drop across the reference resistor is measured
and compared with an accurate reference waveform.
Depending on the comparison result, the excitation
voltage is then adjusted by means of feedback. When the
excitation voltage has been adjusted to V., current
through the referenceresistor R, isV o, /R -
The dissipation power is defined as

Pd = (Vexc/ Rref)2 * Rsenszor
Thereferenceresistor is aways 1/2 of the selected
resistance range. For example, if the sensor’ svalueis
150k ( 200k range) and excitation voltage 10uV, the
power dissipationis 1.5 femtowatts.
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8.3.2. EXCITATION FREQUENCY

Excitation frequency is 1/4 of the synchronizing fre-
guency. The AV S-47A can be synchronized either to the
mains or to afree-running oscillator (then, actualy, itis
not synchronized at all).

With 50 or 60 Hz mains, the corresponding excita-
tion frequencies are 12.5 or 15 Hz.

If you want to use another frequency, change the
short-circuit piece in JP404 to position JP403. Use a
frequency counter and a high-impedance probe (e.g.
oscilloscope's x10 -probe) to determine the excitation
frequency at test point marked “F". This frequency can be
adjusted from about 7 Hz to about 110 Hz by using
trimmer R430. Some digital multimeters, like HP34401A,
have also avery convenient frequency measurement
capability.

The adjustment range has been divided into two
parts, low and high, which are selected by jumpers JP401
and JP402, respectively.

Itisnot quite clear (at least not to us) which fre-
guency you should use.

The previous resistance bridges from Picowatt
(AVS-45 and AVS-46), aswell as all bridges from the late
Instruments for Technology Oy,Ab (modelsVS-3and VS
4), operated only synchronized to the mains. Thiswas
based on the idea, that when the phase-sensitive detector
integrates the signal for atime equal to an even multiple
of the cycle length of the mains frequency, the integration
result of the periodic mains hum would be zero. Evenin
the presence of alarge mainsinterference, the display
would be stable and beating would not impair the
instrument’ sresolution.

Unfortunately, thereisaflaw in thisreasoning. The
integrator in the PSD is not an ideal integrator, butitisa
part of afeedback system. Therefore, if the interference
and the PSD both have the same frequency, theresult is
not zero but an offset. Asfar asthe interference maintains
its amplitude and phase, the offset remains stable and does
not impair the resolution of the bridge (ability to measure
changes). But if you need absolute values, offset that is
not visible by any means can be dangerous.

Itisalso possible that the frequency of the mains
hum deviates dlightly from the exact mains frequency.
This can bethe caseg, if theinterference is caused by
induction motors of e.g. vacuum pumps. Their physical
rotation is slower than that of the magnetic field so that
induction can take place. Consequently, the vibration that
they cause does not contain exact multiples or fractions of
the mainsfrequency.

The AVS-47A offers an alternative to use afree-running
oscillator. Any possible mainsinterference can then be
seen as a beating signal on the top of the actual result. By
adjusting the oscillator frequency, you can make beating
asfast aspossible, so that AVS-47A’ slow-passfilter
(roll-off at 0.6 Hz) can suppress most of it. In other words,
thereisasort of tradeoff between resolution and absolute
accuracy in presence of mainsinterference. Do not try to
find the exact frequency of theinterference. After the free-
running oscillator has drifted alittle, the slow beating will
be difficult to filter off.

Y ou should also consider another aspect when
choosing the operating frequency. The higher isthe
frequency, the morethe bridgeis sensitive to the
nonlinearizing effect of apossible high input capacitance.

8.3.3. DC COMPONENT IN EXCITATION

The design of the excitation source guarantees that the
maximum DC current that may flow to the sensor cannot
be higher than the AC excitation current. The worst caseis
possible only on the 2Q range when the 3 mV excitation is
used and lead resistances are low. The possibility of such
aworst-case situation depends quite randomly on the
difference of the base-emitter voltages of two buffer
transistors.

At low temperatures, when the highest excitation
cannot be used, the DC component and its heating effect
arenegligible.

8.3.4.NO AUTOMATIC CHANGE OF EXCI-
TATION

The AV S-46 could be programmed to change the excita-
tion simultaneously with the range in the autoranging
mode. Thisisno longer possible with the AVS-47A, but
excitation can be changed only manually (or remotely in
computer-controlled applications).
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8.4. DISPLAY SELECTOR

One of the AVS-47A featuresisthe display selector.
There are 8 possible items that can be displayed. These
are

0 R = Sensor resistance.

1 AR=Resistance deviation. Thisisthe difference
between the measured value and the deviation
reference voltage.

2 ADJREF = Reference potentiometer. This display
indicates the position of the front panel 10-turn
potentiometer, which is used for setting an arbitrary
reference.

3 REFERENCE = The voltage that is currently being
delivered by the reference memory circuit and is
subtracted from R in order to get the deviation AR.

4 EXCVOLT = compliance voltage of the excitation
source. By measuring this voltage, one can determine
the approximate current path resistance.

5 B30 HEAT V = temperature controller’s heater output
voltage.

6 530 HEAT | = temperature controller’s heater output
current.

7 530 SET PT = temperature controller’s own set point
voltage.

8.4.1. DECIMAL POINT

The decimal point hasimportance when items 0..3 are
displayed, but it shall beignored withitems 4..7. Thisis
because the scales for items 4-7 are very different from
those related to the selected resistance range. The scaling
is explained in the next paragraph.

Be careful with the magnifier switch. Thisswitch
moves the decimal point so that it corresponds to ten times
lower ranges. It should be used only when displaying the
magnified deviation in the 10xAR mode. In order to avoid
excessive hard-wired logic, the magnifier switch affects
the decimal point also with other display modes, which
may be misleading.

8.4.2. INTERPRETING THE DISPLAY

Items 4 and 7 are quite straightforward, whereas some
calculations and information about the TS-530A param-
eters are needed for interpreting items 5 and 6. These
items are probably most useful in computer-controlled
applications, where these cal cul ations can be automated.

EXCITATION VOLTAGE (4) Theleast significant
digit of the display correspondsto 1 mV. The
reading is the compliance voltage of the excitation
source. Inorder to determine the lead resistances,
you must measure the sensor resistance and then
item 4. Calculate the lead resistance as described in
“Measuring Lead Resistances’.

HEATER OUTPUT VOLTAGE (5) Let us denote
the integer A/D conversion reading by ADC and
temperature controller’ s power range by
POW (0..7). Heater output voltage isthen

V,, =-ADC * 3.162F0W-13

For example, if ADC=6821 and POW=7 (=1W),
then VvV, =6.82 Voalts, but if the same reading were
obtained on the 0.1W power range, then the
voltage would be 2.15 Volts.

HEATER OUTPUT CURRENT (6)  Heater current is
calculated in the same way as above

l,,= ADC * 3.1620W-17

For example, if ADC=6821 and POW=7 (=1W),
then the heater current is 0.0068 Amperes. Note
that you or your computer program needs to know
the TS-530A power range setting for these
calculations. (3.162 = sgrt(10) ).

The actual heating power isthe product of I , and
\Y

.
The circuitry that enables reading of parameters
from the TS-530A is not very accurate. Therefore
one should use these values only for estimations
and not for accurate measurements.

SET POINT (7) Theleast significant digit means
100pV. Multiply theinteger ADC reading by this
voltage. Because AV S-47A’sA/D converter is
limited to 19999, it cannot measure the tempera-
ture controller’ sfull set point range, which goes up
to 42000. However, thisis not alimitation when
the TS-530A isused with the AVS-47A.
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8.4.3. MONITORING EXTERNAL VOLTAGES

Inputs for display items 5-7 are available in the rear panel
"TEMPERATURE CONTROLLER” data connector as
follows:

pin function
26 ground

5 item (7)
25 item (6)
7 item (5)

Inputsfor (6) and (7) are calibrated to 0.02% (19999
corresponds to 1.9999V), whereas the input for (5) hasan
approximate attenuation of 1/10 (about 1%). Inputs for (6)
and (7) have high impedances, whereas input (5) has an
impedance of 10k2.

In applications without atemperature controller, you
can connect one or al of these inputs to external sources
and use the A/D converter of the AVS-47A to monitor
them. Thispossibility can save you one external com-
puter-interfaced DVM.

These CMOS analog switch inputs have not been
protected heavily. Y ou can damage the internal circuits by
feeding excessive voltages or currents to them. Please be
very careful with electrostatic discharges: touch always
some ground with your hand and with the connector just
before plugging it into the “ TEMPERATURE CON-
TROLLER” socket.

8.5. DEVIATION REFERENCE

The DEVIATION output together with the adjustable
deviation reference servesfor at least four purposes: you
can center the pen if you are using a chart recorder, you
can set anew origin for the measuring scale, you can
implement ten times lower measuring ranges and you can
control the relay output with the deviation. There are four
waysto set the deviation reference.

REFERENCE FROM SENSOR

Y ou can take any value displayed in the R-mode as the
new reference (or new origin for the AR output scale). Lift
and release the SET REF front panel switch. The new
reference can be viewed by shifting the display indicator
to REFERENCE.

Y ou must take the reference from the

original R-display, not from AR.

The AVS-47A’sdigital display ranges up to 19999
whereas the 12-bit D/A converter used for the reference
only ranges up to 4095. Therefore the displayed number is
divided by five and rounded to the nearest integer.

Theresult of thisrounding isthat the reference can
get only valuesthat are divisible by five (or end either to 0
or 5, e.g. 120.00, 120.05, 120.10, €etc.).

FROM HELIPOT VIA MEMORY

The reference may also be set in advance to any arbitrary
value (within the rounding limitations described above).

Shift the display indicator to ADJ REF. Dia the 10-
turn potentiometer so that the display indicates the desired
reading, and lift the SET REF switch. Use the REFER-
ENCE display to check the new reference.

The accuracy of the analog circuitsislimited, and so
there may be an error of couple of digitsin the resulting
reference voltage.

FROM THE COMPUTER

One can set the reference viathe AV $47-1B computer
interface. For user convenience, the remote reference
ranges from 0 to 19999, and the necessary rounding is
made by the interface unit.

The actual value of the referenceis read to the
computer by remotely selecting the REFERENCE display
and then reading the A/D converter.

DIRECTLY FROM THE HELIPOT

Sometimes you may wish to bypass the set point memory,
e.g. if your intentionisjust to null the AR output before a
measurement.

Set the reference source switch from the REF MEM
position to the REF POT position. Then the potentiometer
affects directly the AR without A/D conversion and
memory storage. The memory will hold the last saved
value, so that you can actually have two independent
references. Which oneis used, depends on the reference
source switch position.

The circuitry loads the helipot in the
REF POT position. Therefore the potentiom-
eter scaleis not linear.
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8.6. ANALOG OUTPUTS

The AV S-47A provides three anal og outputs, which are
wired to BNC connectors on the rear panel.

ANALOG

Thisisthe most accurate output of the AVS-47A. It isthe
output of the self-balancing circuit, filtered by the 0.6 Hz
3%° order low-passfilter. The self-calibration (and also the
separate calibrations of the resistance and excitation
ranges) affect this output. It is possible to use self-
calibration for calibrating the ANALOG output wheniitis
connected to an external (>5 digit) digital voltmeter.

Then you can obtain a higher resolution than what is
possible by using the AVS-47A’s own A/D converter.
Thisistrue on the two highest excitation ranges only, then
the decreasing S/N ratio startsto limit the attainable
resolution.

The input impedance of the DVM must be at least
10MQ, because the internal resistance of thisoutput is
100Q2 (usually the DVMs have avery high input imped-
ance on the 2 Volt input range). The cable to the DVM
must have a shielding jacket.

After having calibrated the analog output, you may
wish to use trimmer R107 onthe“E” circuit board to
calibrate also the AVS-47A’ sown A/D converter.

DEVIATION

The meaning of this output was already explained above
(deviation reference). Output impedance is 100Q2, and
range from -2V to +2V.

The 1IXAR mode serves for at least three purposes: it
provides the zero-crossing output for driving the relay
switch, so that this can be used while displaying the
normal sensor resistance. It provides an error (or devia-
tion) signal for driving atemperature controller, if a
controller other than the TS-530A isused. (The TS-530A
is connected to the ANALOG output, becauseit hasits
own set point source). And finally, you can null the
reading before ameasurement, if you want to record
changes.

The 10xAR mode makes it possible to implement a
200m<2 measuring range. It can also be used to improve
the resolution of the bridge within a 10% sub-range. This
is, however, feasible only when using ahigh sensor
excitation when a good signal-to-noise ration can be
achieved.

The differential amplifier isan analog circuit which is not
capable of utmost accuracy or stability. The offset and
scale factors (1 and 10) of thisamplifier may drift with
time and temperature. |f you need to take AR readings
with the best possible accuracy, please obtain the short
instructions for calibrating these scales from Picowatt.

ACOUT

The AC OUT -output represents the signal acrossthe
sensor, amplified by the complete AC amplifier chain. Itis
available for trouble-shooting purposes.

Itisagood ideato make yourself familiar with this
output before starting to use the AV S-47A for real
measurements. Connect an oscilloscope to it. Shift the
INPUT selector between ZERO and CALIBRATE. You
can see, how the bridge stabilizes. Shift the excitation
range gradually downwards. Noise level becomes higher.
When the bridge uses 3V, switch again between ZERO
and CALIBRATE. Y ou can see how the noise is now
dominant.

In contrast to the AV S-47, the AVS-47A has a special
circuit for compensating the shunting effect of apossible
high input capacitance. If you want to see, how it works,
proceed as follows.

Solder a IMQ resistor across the input. Open the top
cover of the AVS-47A and set the short-circuit piece on
the small AV $A7F- add-on circuit board so that it con-
nects the two header pins (see the layout picture in the
appendix). The compensation circuit is now disabled.

RECALL W’ FORM
(—fron

Memor S|

(E: M1
20 ms
50my
-1.6m¥
B 4| DO RECALL
Ml -> A
f 1

f=—From Memory—
1}
W2
3

!

W4
20 ns IE;DC ’
5

izl 50 .-.\xj AC At 0.09 ns ik

18 my DC

3.2 v DC DC 49mv

4 2 v e 0 STOPPED

Fig. 8-1. This oscilloscope graph shows two typical waveforms as
seen at the AC output. The upper trace was obtained using 100uV
excitation and the lower using 10 uV excitation. The bridge was in
the calibrate mode, and therefore the signal is free from any mains
hum.
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Using the highest excitation range of 3mV, look at
the AC signal. Y ou may need to shield the resistor with
your hands, touching some ground at the same time,
otherwise mains hum can mix the signal. The signal might
look like the upmost trace in the oscill oscope screenshot
below.

Solder then a 10nF film capacitor across your IMQ
resistor. The sharp spikesin the output will grow in
magnitude, and their decay times are longer. These spikes
result from the comparison of the amost ideal reference
square-wave and the capacitively shunted input waveform.
Aslong asthe decay time constant of these spikes remains
well under 1ms, there should be no big error even without
the compensation circuit, thanks to the delayed phase-
sensitive detection. But the present 10ms time constant

0.09 ms &

108 KkS/s

0O STOPPED

Fig. 8-2. Top trace: AC OUT from a IMQ resistor at
3mV excitation range. Middle trace: same as above, but
10nF capacitor was added across the resistor and the cap.
comp. circuit was disabled. Bottom trace: compensation
was enabled.

disturbs the bridge seriously and the readings are much
too low.

Enabl e automatic compensation by removing the
short circuit piece on the AV S47F circuit board (insert it
to only one of the pins). The compensation works by
charging the input capacitance rapidly to its correct
voltage. The spikes disappear and the resistance reading is
correct again.

Usethe AC output for verifying that the signal you
receive from the cryostat does not have an excessive
50/60 Hz component. Please note that thereisa poten-
tial problem when doing this: When you connect an
oscilloscope to the rear panel BNC, you may generate a
new low-impedance ground path. The signal can then
show something that was not there before you connected
the scope, or you no longer see something that was there
earlier. For maximum confidence, you can make a special

cable and use the oscilloscope in the A-B mode. Connect
one channel to the BNC jacket and the other one to the
center pin.

There are two philosophies regarding filtering of the AC
signal from the sensor within the instrument. Thefirst (of
the other manufacturers) isto block effectively all other
signalsthan the carrier signal of the bridge. Even alarge
mains interference cannot then saturate the amplifiers nor
the phase-sensitive detector. The problem is, that one has
no way of knowing whether the sensor suffersfrom mains
hum. The second philosophy (of ours) isto have no
filtering at al. If you can see the interference (AC OUT),
you can estimate its magnitude and whether any actions
are needed to removeit. Thisisone reason, why we use
the second philosophy. The other reason is, that square-
wave excitation does not permit signal filtering.

Thefollowing table shows roughly the mains hum
amplitude across the sensor, assuming that thereis a
1Vpp signal at the AC output. Scale the interference
according to what you actually see.

excitation (rms) | 50/60Hz hum at sensor (rms)
3mV ImV
ImVv 300uv
300uV 140uV
100uV 50uV
30uVv 18uv
10uVv 5uvV
3uV 5uvV

Do not take the above figures too seriously - they depend
alot on the gain of the preamplifier FET's. Anyway, a
large mains hum at the AC output can mean, that the
interference is heating the sensor more than the excitation
current.

RELAY OUTPUT

The AV S-47A provides arelay output for applications
that require an isolated switch. Examples of such applica-
tions are arobotic telephone or an alarm bell, which both
may be used when the AV S-47A monitors cryostat
temperaturein the night. A completely different applica-
tionisan “on/off” heater for avery simple temperature
control system.

The 0.5 Ampere relay contacts are wired to pins 1
and 2 of a 3-way audio connector on the rear panel.

Opening/closing of therelay is controlled by the
DEVIATION output signal, when this crosses zero.

A front panel indicator light showswhen therelay
contacts are closed.
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You must not usetherelay switch

together with multiplexing.

A short-circuit pieceis used to set the polarity of the
switch : whether it either closes or opens when the
DEVIATION changesits sign from negative to positive.

Locate jumpers JP201 and JP202 on the
AV SATD circuit board, and change the short circuit piece
to the adjacent position, if the polarity appears to be
wrong for your application.

Y ou can also disable the relay by removing the short-
circuit piece completely, or by placing it horizontally.

8.7. TS-530A DATA CABLE

The AVS-47A and the TS-530A Temperature Controller
are connected together by two cables: acoaxial for the
analog input signal, and a 37-way ribbon data cable (only
9 wires are used). The data cable has a DC37P connector
in both ends (the data cable for the older AV S-46 had one
DC37P and one DC37S, one cannot mix them).

Pin assignments are asfollows:

signal AVSAT7A TS-530A
ground 20&2 20&2
heater set point 5 5

heater current 25 25

heater voltage 7 7

signal ground 26 26

serial data 16 16

seria strobe 35 35

serial clock 17 17

Timing between the programming signalsis
important. Therefore, please do not replace the
original cable by alonger one.

Serial data, strobe and clock are digital signals
required for controlling the TS-530A remotely.
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8.8. POWER ON DEFAULT STATE

The power-on defaut state of the AVS-47A isasfollows:

INPUT ZERO

CHANNEL 0

RANGE OPEN

EXCITATION 0

DISPLAY R

REFERENCE NOT DEFINED (random)

CONTROL MODE LOCAL

This power-on state prevents the bridge from feeding an
excessive current to the sensor (and heating it) in case of a
power outage or other inadvertent reset.

Because no range is connected and the excitation is
zero, the AV S-47A does not stabilize properly unless
some range and a hon-zero excitation are selected. The
input should be kept at ZERO or CALIBRATE during
stabilization, or any time when no other resistor is
connected to it.

8.9. MEASURING LEAD RESISTANCES

The AVS-47A offersaconvenient way to estimate the
total resistance of the current-carrying leads to the sensor.
This unique feature among resi stance bridges may turn out
useful in applications where reliable contacts to the
sample material, like anon-metallic HT superconductor,
cannot be guaranteed.

The method is based on measuring the compliance voltage
of the excitation source. The display selector has the
position “EXC VOLT” for this purpose.

Measure first the sensor resistance R.. Then record
the compliance voltage V. The excitation current to the
sensor isthe excitation voltage divided by the range-
determining resistor. The actual excitation voltages are
given below:

nomina V_ actua Vv
3 mvV 33 mVv
1 mvV 1.1 mVv
300 uv 360 uv
100 pv 120 pv
30 uv 40 uv
10 uv 13.6 uv
3 45 pv

Thetotal current path resistanceis calculated by dividing
the compliance voltage V . by the actual excitation
current. Thistotal resistance consists of the sensor, of the

lead resistances and of the range-determining reference
resistor (=the middle-range resistance R x 10).

In order to find the lead resistance, you haveto
subtract from thetotal resistance first the sensor resis-
tance and then ten times the middle-range resistance (the
factor 10 isdueto theinterna structure of the AVS-47A).
An example of this calculation was given in the tutorial.
Asaformula, the lead resistanceis:

R =(V.* RYV, - 10°R - R,

The AV $A47-1B computer interface offers amacro
command that makes these measurements and calcul ations
automatically.

This method, based on the compliance voltage, is good for
estimating R when it islarge, and when ahigh excitation
can be used.

If you areinterested alsoin low lead resistances, or
if you cannot increase excitation for this measurement,
then you must make a switch that toggles between atrue
4-wire mode and a 2-wire mode that uses only the current
leads (connect the corresponding current and voltage
terminal stogether in the 37-way input plug). Thetotal
resistance of the current leadsis then the difference
between the two readings. This method works also on low
excitation ranges.
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9. BATTERY OPERATION

The power supply of the AV S-47A was designed so that
the bridge can be used from two 12 V batteries. It is not
the purpose that this should be routine: the current
consumption is much too high for that. But battery
operation provides a valuable means for trouble-shooting
in case of EMI heating problems, and it can also turn out
useful in applications where mains voltage is simply not
available.

Y ou need two separate 12 Volt batteries. The internal
regulators of the AV S-47A need a voltage drop of about
0.5 Volts, and they have been adjusted to give +/- 11V
for the electronics. Both batteries must therefore give at
least 11.5 Volts. Below that, performance of the bridge
will suffer. However, because the battery voltage has no
ripple, noise performance should remain good.

Connect the two batteriesin series. The middle point
iswired to pin 2 of the 4-pole DIN plug on the rear panel.
+12V goesto pin 1 and -12V to pin 3. There is no power
switch for battery operation. Either provide your own
switch, which must break both the +12V and -12V leads,
or just pull the plug off.

" e | — v
2l o2 ]
€1

DINg ;12‘"-.-"
T

Fig. 9-1. Connecting the two external batteries to the
4-pin DIN-socket.

Asno synchronizing 50/60Hz signal isavailable, one
must also take the excitation frequency from the free-
running oscillator by placing the short-circuit piece from
JP404 to JP403. Check and adjust the frequency, as was
described in “EXCITATION FREQUENCY™.

The power consumption is about 100 mA and about
550 mA from the negative and positive batteries, respec-
tively. Y ou can reduce the positive current by +150 mA
by disabling the digital display, if readings are taken
through the computer interface. Locate the only jumper on
the rear side of the display circuit board, and remove it
from position “BLANK DISPLAY". Y ou can save
additional +50 mA by disabling the status leds aswell:
Insert the short-circuit piece to position “BLANK
STATUSLEDS’. Thiswill blank all other statusleds,
except the REMOTE mode indicator and the state
indicator of therelay switch.

With these measures, the power drain can be reduced
to aminimum of about +350/-100 mA.

Changing thejumper positionsrequires
opening theinstrument and istherefore

allowed only for a serviceman.

10. MODIFIED VERSION FOR 24V AC
POWER INPUT (option)

This chapter contains remarks and information about
changesthat apply, if this AVS-47A unit has been
modified for use from a 24V isolation transformer. The
24V voltage islow enough to be touched without danger
of electric hazard. Such a“power ling” is convenient to
handle, because the safety regulations have been written
for voltages higher than 42V. The same appliesto
instruments that use 24 Volts, at least presently.

The modification consists of replacing the standard mains
transformer with 115/230V primary windings by asimilar
transformer, which has only a24V primary. Theinput
current is naturally higher asthe input voltage is now
lower.

The mainsinlet filter has been replaced by alow-
voltage LC filter. The power input socket has been
changed to a5-pin DIN connector, so that thereisno
danger of connecting this unit to the mains by mistake.
EMI performance of the unit has not been degraded.

With the exception of the electrically safe input
voltage, operation of thisAVS-47A isexactly similar to
its standard mains-voltage version with one important
difference regarding grounding.

It may be necessary to reconsider grounding of the
instrument: The 24V AC power input does not contain a
safety earth wire. Therefore the AVS-47A isnot con-
nected to the mains ground via the power line. This may
be avirtue in applications that suffer from ground
currents. The AVS-47A must get its ground from the
cryostat or from somewhere else, it must never be
operated without any grounding at all. See the remarks
below.
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10.1. CHANGESIN INSTRUCTIONSAND SPECI-
FICATIONS

The 24V AC modification changes only the power input
specification:

MAINSINPUT
CHANGE title and text to:

POWER INPUT: 24V AC 0.8Amperes 50-60Hz.
Theinput voltage cannot be changed. Power is
connected to pins 1 and 5, the first and last pins, of
the 5-way connector.

The 24V AC modification requires different accessories
and fuses:

UNPACKING
Change the text to:

- The shipment contains one 5-pin 71430-250 plug
with 1.5 meter power leads and one spare plug.

- One spare 1A-T primary fuse isincluded.

- no mains power cord nor mains-voltage related
small fuses.

If you purchased also an AV $47-IB with a 24V
maodification, the shipment includes
- One 5-pin 71430-250 plug with 1.5 meter power
leads plus one spare plug
- One 1A-T spare primary fuse
- no mains power cord nor mains-voltage related
small fuses.

MAINSVOLTAGE SETTING
CHANGE title and text to:

POWER INPUT
The AVS-47A must be connected to a24V AC
source that is capable of delivering at least 0.8
Amperes. The power is connected using a 5-pin
DIN connector, type 71430-250 (PREH). The rear
panel of the AVS-47A has also a 3-pin socket for
therelay contacts and a4-pin DIN socket for the
battery power input, but because of different
spacing of the pins, the connectors cannot be
mixed.

FUSES
CHANGE the text to:

FUSES

The AVS-47A has one primary and two secondary
fuses. The primary fuse works between the 24V
power supply and the on-board transformer,
whereas the secondary fuses are inserted between
the transformer and the rest of the bridge. If the
AV S-4T7A isoperated from batteries, it is protected
by the secondary fuses alone.

Sizes of the fuses are:
Primary fuse: 1A-T (slow) 5x20 mm
Secondary fuses:. 1A-F (fast) 5x20 mm

SET UP
REMOVE theinstruction to connect the AVS-47A
to agrounded power outlet.

10.2. GROUND CONNECTIONS

The 24V is connected viatwo wires, and the 5-pin DIN
power input connector does not contain any grounding
pins. In this respect, the 24V version correspondsto a
standard 115V/230V bridge when the latter is operated
viaan isolation transformer.

The AV S-47A should not be operated with no
grounding at al. It is perhaps best to take the ground for
the bridge from the cryostat. Keeping the instrument
floating can make it very sensitive to all sorts of electro-
magnetic interference, and the resistance readings are
likely to suffer on low excitation ranges.

If the bridge is used with a TS-530A temperature
controller, the grounds of the two instruments are con-
nected together by the short coaxia signal cable. The
TS-530A may get additional ground from the cryostat via
one of its heater wires, if the heater is grounded. This
creates aground loop. Whether it is harmful or not,
depends on the situation. The instrumentation rack can
also ground the instruments quite effectively (please note
that the mounting brackets of all Picowatt instruments are
of oxidized aluminum. They do not make contact as long
asthe oxidized surface remainsintact. However, do not
rely on thisisolation).

If you need, for some reason, to connect the enclo-
sure of a24V bridge to the ground of the building, you
should use a separate wire and fix it to the AVS-47A
using one of the screws holding the rear panel, or one of
the BNC jackets, for example.
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11. SUGGESTIONS FOR GROUNDING

The best grounding practices for the AV S-47A may differ
from those that are most suitable for other resistance
bridge brands. Thisis anatural consequence of differ-
encesin their design. Therefore, please read the following
discussion.

If the excitation current source is afeedback loop that
includes also the sensor resistor, the sensor cannot be
grounded. Thisisthe case with most other resistance
bridges. If asensor in the cryostat has worked well with a
resistance bridge of some other make, one can be almost
sure that none of its four leads is connected to the cryostat
body.

The excitation source of the AVS-47A isalso a
feedback loop. It adjusts the magnitude of the excitation
current I, but the sensor resistor actsonly asaload into
which I_isfed. The sensor stays outside the loop. This
arrangement has both benefits and drawbacks.

The AVS-47A dlows grounding the sensor to the cry-
ostat. Depending on sensor mounting, this can improve
the thermal contact between the sensor and the measured
part of the cryostat. It can also reduce the number of
required sensor leads, because the cryostat body can be
used as a current return lead common to al input chan-
nels. Grounding sensorsto the cryostat can also be good if
the sensor leads arefiltered against RF when they enter
the cryostat. Only the |+ and V+ wires need to be filtered
in this configuration.

If asensor (=its |- lead) is connected to cryostat, then
the corresponding jumper JPx on the multiplexer board
must be removed. This prevents this sensor from being
connected also to the preamplifier ground, which would
enable aground current in the |- lead.

The sensors can also float inside the cryostat. Then the
corresponding jumpers JPx must be inserted, so that the |-
lead of the currently selected sensor is grounded inside the
preamplifier box. Thisisthe default configuration when
the AVS-47A is shipped.

A floating sensor isamore versatile choice than a
grounded sensor, because the former can be measured
with resistance bridges from other wendors aswell. It can
reduce mains hum if the problem is magnetic induction
(which should be equal to all four leads).

In need of an RFfilter, al four leads to afloating
sensor must be filtered.

Refer aso to the chapter “ABOUT RESISTANCE
THERMOMETRY”.
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12. ABOUT RESISTANCE THERMOM-
ETRY

Parts of this chapter are based on atalk given at
The Advanced Cryogenic School, 2003-09-23 in
LT Laboratory of The Helsinki University of
Technology.

One of the most popular ways to measure low tempera
tures down to aslow as 10mK isto use aresistor whose
value depends on temperature. The following are just
examples on what isavailable:

* Rhodium-Iron RhFe  (T>1.5K)

* Ruthenium Oxide RuO, (T>50 mK)
» Germanium (T> 50mK)

* Carbon resistors (T>10 mK)

The temperature limits are only typical. Before any of
these resistance sensors can be used for thermometry, its T
vs. R dependence must be calibrated with the help of
some other thermometer or against some physical phe-
nomena. Because of this need of calibration, al ordinary
resistance thermometers are “secondary” or “relative”
thermometers. A “primary” or “absolute” thermometer,
inturn, isbased on some physical law in such away that
the temperature can be cal cul ated from measurement
results without a prior calibration. The new Coulomb
Blockade Thermometer (CBT) developed by Nanoway
Qy, Finland, is an example of aprimary resistance
thermometer.

Do not confuse the word “ absolute” with absolute
accuracy. An absolute thermometer may have a poor
accuracy and it may be noisy, whereas a secondary
thermometer can be very accurate, if it isaccurately
calibrated. Some people have the enviable talent of

Linear

thermometer

Fig 12-1. A linear secondary thermometer needs
only two points for calibration.

remembering the absolute pitch of a music tone, whereas
we ordinary people can only say that one toneis higher or
lower than the other, or we may be ableto tell whether
the harmony is correct or not. But remembering the pitch
without comparing it to anything does not mean that the
person remembersit exactly right. He may remember it
approximately, to avarying degree of accuracy. On the
other hand, someone having only a*“relative” ear, may be
very good in detecting the smallest deviations from a
correct harmony.

Secondary thermometers are usually cheaper, ssimpler
and easier to use than absolute ones, which accounts for
the popul arity of resistance thermometry.

If the T-R dependenceislinear (Fig.1) only two
points are required for calibration. Unfortunately, all
thermometersthat are suitable for low temperature work
are more or less nonlinear.

Calibration of anonlinear sensor (Fig. 2) ismore
tedious. The number of required calibration pointsisthe
greater the wider is the temperature range to be calibrated
and the steeper isthe nonlinearity. If the sensor can be
approximated using an equation of astandard form, it is
enough to determine only the coefficients. A high order
polynomial isvery likely to behave badly between the
calibration points, whereas alow order polynomial cannot
be fitted to the many points. Any behaviour can be
mapped using sufficiently small linear segments or
splines.

Manufacturers like L akeShor e sell their sensors
both calibrated and uncalibrated. Uncalibrated sensors
are cheaper but you must calibrate them at least at some
interesting temperatures before they are useful. The cost
of factory calibration, which is often significant, depends
on the number of calibration points and on the tempera-
turerange. Thisis natural becauseit takestime for the
calibration system to reach each new temperature.

Nonlinear

+hermomeder—

R-a+b ;o 4

‘\ N

Fig. 12-2. A nonlinear secondary thermometer requires many
points for calibration. The calibration points must be the closer
to each other the steeper is the curve. Calibration at alow
temperature takes time and is therefore expensive.
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12.1. THE MEASUREMENT HEATS THE SENSOR

It is not possible to get information from a system without
disturbing it, in other words, transferring energy either to
it or fromit. A resistor is measured by leading a current
through it and by measuring the resulting voltage drop R =
V/1. But at the same time, we heat the sensor by power P =
R* 12

The sensor is never in perfect thermal contact
with its environment, and therefore the power P raisesits
temperature above the surroundings (Fig. 12-3). But then
it shows only its own temperature, not that of the cryostat,
which we would like to know. The heat dissipation must
be kept as low as possible in order to minimize the self-
heating error. The thermal resistance between the sensor
and the environment increases drastically as the tempera-
tureislowered. At the sametime, the self-heating error
that we can allow is reduced. For example, the error due
toalmK self-heating at 4.2K would be negligible
whereas at 10mK it would be 10%. The thermal resis-
tance, on the other hand, can be orders of magnitude
higher at 10mK than at 4.2K. This means that the heating
power must be very low indeed.

At 10mK one may want to heat by only 10
watts. In order to get someidea of this power, consider an
electric pocket torch. One can hardly feel how it warms.
Divide this power by ten millions, then again by ten
millions, and finally by three! Suppose, that the sensor
value is 100kQ. Then the measuring current should be
100pA. Thisislessthan the input bias current of any
bipolar operational amplifier on the market. An ordinary
Agilent 34401A multimeter uses 10uA for measuring
100kQ. It would heat the sensor by 10 times more than
what we can afford. The 100pA excitation produces a
voltage drop of 10uV across the sensor. As a comparison,
an ordinary copper-to-tin/lead solder joint produces a
thermal voltage of 5uV/°C. Two such jointsin the sensor

3

T T 7777777
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Fig. 12-3. The sensor may have alarge
thermal resistance to the cryostat

leads, thermally 1°C apart, would produce a 50% error in
the measurement of the voltage drop.

Itiseasy to realize that instruments like precision
DVM’sand current sources are not useful for measuring a
low-temperature resistive sensor. Thisfact has created a
(small) market for a dedicated instrument group called
“Cryogenic Resistance Bridges”.

12.2. THE FUNDAMENTAL TRADEOFF

No instrument can have an infinite resolution. In case of a
cryogenic resistance bridge, which is based on the use of
electronic amplifiers, the noise of those amplifiers setsthe
main limitation. Also the noise from the sensor itself can
limit the resolution, especialy if ahigh resistivity sensor
isnot cooled to cryostat temperatures.

Resolution isthe smallest changein the signal
that can be detected. It is often expressed as a number
relative to the maximum signal. For example, if the
maximum signal amplitudeis 10 and the change to 9 isthe
smallest that we can detect, the resolution is 1/10 or 10%.
If the maximum signal is 10000 and we can detect its
change to 9999, the resolution is 0.01%. Cryogenic
resistance bridges offer typical resolutions between

- lessthan 1% (high resistance, low excitation or high
sensor temperature) and

- better than 0.01% (low to moderate resistance, sufficient
excitation)

The resolution that can be achieved depends on the
amplitude ratio of the signal and the noise. Thisratio is
called “signal-to-noise (S/N) ratio”. The amount of noise
is determined mainly by the amplifier of the bridge, and to
aless extent by the cooled sensor. All amplifiers exhibit
noise, the nature and amount of it depends on the con-
struction of the amplifier and on its component selection.
Amplifiersthat usefield-effect transistors (FETS), like the
AVS-4TA, areoptimal with high-to-moderate resistance
sensors, whereas bipolar-input amplifierswould be better
with low resistance sensors, like Pt-100 or RhFe.

Y ou cannot do anything to the amount of noise,
except trying to get a better amplifier. The amount of
signal, on the contrary, depends on the amplitude of the
excitation current. The S/N ratio, and the resolution, can
thus be improved by increasing the measurement current.
On the other hand, this increases the self-heating error of
the sensor.
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The fundamental tradeoff in resistance ther-
mometry is between resolution and self-heating. The
optimum excitation current would be such that the
uncertainty due to self-heating is about the same as the
uncertainty due to noise. The uncertainty due to noise can
be reduced by averaging or by using more advanced
filtering, but it makes the measurement slower. So the
fundamental tradeoff includes also a* sub-compromise”
between resolution and speed. The self-heating error is
seldom known, and it can be tedious and time-taking to
measureit. It meansthat oneisusualy unableto really
make awell-informed compromise. There are also other
sources of error, and we will discuss them later.
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Fig. 12-4. A very simple noise model of the resistance
measurement. |f the resistance bridge uses a FET input, the
noise current can usually be neglected.

12.3. WHAT ISA CRYOGENIC RESISTANCE
BRIDGE?

Difficultiesrelating to thermal voltages and contact
potentials can be solved by using alternating current
instead of direct current.

Turning to AC eliminates al so various offset voltages
in the measuring instrument.

The lead wires from an instrument to the sensor have
anonzero capacitance. The operating frequency must be
very low so that the excitation current does not go viathe
capacitance. Typically, afrequency between 10 and 20 Hz
isused.

It is necessary to use wires that do not conduct heat
from the room temperature to the low-temperature sensor.
Unfortunately, such wires have also a high electrical
resistance. The only way to measure low-ohmic sensors
reliably in the presence of high lead resistancesis the so-
called 4-wire method. The excitation current islead to the
sensor viatwo wires (“current leads”) and the voltage
drop is measured directly from the sensor using another
two wires. These “voltage leads’ do not carry any current,
and so the |ead resistances are excluded.

The measuring instrument must yield an acceptable
accuracy and resolution regardless of the tiny measuring
current and other complications.

Asaconclusion, a cryogenic resistance bridge

* uses alow fregquency alternating current for the measure-
ment

» has separate current and voltage leads in a4-wire
configuration (Kelvin leads)

* gives useful resolution and accuracy even when the
excitationisvery low

* provides selectable excitation currents within awide
range

12.4. THE AVSA4T7A

The most dominant difference between various resistance
bridge architecturesis perhaps the waveform of the AC
excitation current. Other manufacturers (Linear Research,
L ake Shore and Stanford) use sine waves whereas
Picowatt uses square waves.

A spectrally pure sine wave has only one frequency
component and it behavesalmost ideally. Atalow
frequency, sinewaveis not very sensitive to stray capaci-
tance in the sensor leads (on the other hand, capacitive
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Fig 12-5. A smplified block diagram of the AVS-47A

loading results in changes only in the amplitude and phase
of asinewave, which are difficult to detect. In case of a
sguare wave, the shape changes, too, which is easy to
detect). A sine-wave resistance bridge can be modified for
use as amutual inductance bridge. A microprocessor with
areasonable speed is necessary for generating smooth sine
waves. It meansthat theinstrument must be very well
shielded, so that it does not emit high frequency interfer-
ence, which could heat the sensor.

Square wave signals are easily and cheaply generated
in an analog instrument. Such a bridge can be used only
for resistances, it cannot be used to measure mutual
inductance. Square wave excitation isvery sensitiveto
stray capacitance in the sensor |eads. Because capacitive
loading changes the shape of the unbalance signdl, it is
easy to detect. Capacitive sensitivity isreduced in the
AV S-47A by using ashape-based compensation circuit
that charges the input capacitance quickly to itsfinal
voltage. In addition, atime delay after each edgein the
excitation current allows all transients to decay off before
the phase-sensitive detector is allowed to inspect the
balance of the bridge.

Square waves can be generated and used without
need of high speed digital electronics or intelligence. An
analog instrument isinherently silent and safe to use for
LT resistance thermometry. Thisiswhy Picowatt has
always used square waves.

Wetry to explain the operation of the AV S-47A briefly
and superficialy with the aid of ablock diagram (Fig.
12-5). The bridge relies on two three-input preamplifiers,
one for the excitation and one for the unbalance signal.
These preamplifierswork so that if the difference“a-b” is
equal to the feedback signal “c”, the output is zero. The
long chain starts by converting a precision DC reference
voltage into an attenuated sguare wave. The bridge
includes three attenuators with a seven sel ectable attenua-
tion factors, and two amplifiers with seven gain steps, but
they all have been omitted for clarity.

Thereference squareisfed to the“c” input of the
excitation preamplifier. If the difference“a-b” does not
correspond to input at “¢” , asquare wave output is
obtained from the amplifier. Thissignal isrectified using
a phase-sensitive detector that is synchronized to the
excitation, and the rectified signal isaccumulated in an
analog integrator. Theintegrator’ s voltage is chopped -
again in phase with the excitation - in order to produce a
sguare wave which is applied to the “hot” end of the
referenceresistor R...

A current flows through the series connection of R,
and R, where R, isthe sensor. This current creates a
voltage drop across the reference R, which isthe previ-
ously mentioned difference“ab”. Aslong as“ab” isnot
equal to “c”, the integrator slews either up or down,
increasing or decreasing the excitation current, until a-
b=c (Fig. 6). Then nothing moreisaccumulated inthe
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integrator because the amplifier gives zero output. Asa
result, the excitation current has now thevaluel_ =V ./
R..

" I isaconstant AC current whose magnitude is
independent of the sensor resistance.

The excitation current produces a voltage drop of
V. =l R, acrossthesensor. Itisthedifference “ab”
for the signal amplifier. Just like the excitation channel,
also the signal channel has a phase-sensitive detector
followed by an integrator, and the integrator voltage is
chopped to produce a square-wave feedback voltage. As
long asthe feedback “c” deviatesfrom “a-b”, the integra-
tor slews either up or down until the loop isin balance and
the output of the signal-channel preamplifier is zero.
Then“c’="ab’ =V, =1_ *R, =V_*R /R.. Inother
words, the signal integrator voltageis directly propor-
tional to the sensor divided by the reference resistor.
Selecting V, = 1Volt resultsin asimple caibration where
V. is1V if the sensor is equal to the reference, 100 kQ,
for example.

Thisisthe operating principle of the AVS-47A,
simplified and briefly. The practical instrument further
contains adjustable attenuators and amplifiersand logic
for synchronization and autoranging.

5 kS/s

O STOPPED

Fig 12-6. Thisishow the signal at the AC
output looks like when the AV S-47A settles
after a step change in the sensor resistance.

12.5. COMPARING OPERATION WITH THE
SPECIFICATIONS

It was said in the beginning that resistance thermometry is
popular because it is easy, but everything isrelative. At
least first-time users of aresistance bridge are almost sure
to encounter problems. It isonly after along experience
that one can tell at a glance whether everything isworking
well or if something iswrong.
If you are unsure, connect an oscilloscope to the

AV S-47A and check that the signal looks sound. Fig. 12-7
shows a sound but noisy signal with very little mains hum.
Fig.12-8 has the same noise but it has also alarge mains
hum (so large, that it heats the sensor about four times
more than the excitation current on the 10uV excitation
range). Fig. 12-9istill the same measurement, but now
there is so much more mains hum that the signal is
clipped. Thisisaserious situation which must be fixed.
Fig. 12-10 isa high-excitation measurement of a IMQ
resistor but there is too much capacitance in the sensor
cables (because of RF filters, for example. In addition,
somebody has disabled the active compensation circuit!).
If thesignal isnot OK, you should try to eliminate the
sources of interference as much as you can. We will talk
about two most common problems alittle later. Even if
the signal looks good, you should compare the readings
from your cooled sensors with the resolution specifica-
tionsgiveninthe AVS-47A datasheet (Fig. 12-11).

Those resolution curves are given for room-tempera-
tureresistors. Results from alow-temperature sensor
should never be worse, because itsthermal noiseislower.
For example, suppose that you are measuring a cooled
100 kQ sensor using 10uV excitation setting. The
specified RM S resolution for such a sensor at 300K is
300Q. If your result is better than this, you can be
satisfied.

The resolution graphs show RM S values, not peak-
to-peak values. But what is the meaning of the word
“resolution” 2.
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MEASURE

@l cursors
Paraneters

250 kS/s

"

Fig 12-7. This trace was obtained by measuring a Fig. 12-9. If the amplitude of the 50Hz inteference is still
100k<2 resistor at room temperature and using 10uV increased, the signal is clipped. Clipping is seldom perfectly
excitation (excitation power 105W). This trace looks symmetrical and therefore a large error results.

normal and there is very little 50Hz in addition to

noise.

MEASURE

@l cursors
Paraneters

ence:

tof o
cursor
Track on

‘ Difference
cursor

at 2,113 ms 147312

2.5 Ns/s

Line
O STOPPED

Fig 12- 8. More 50Hz was added by purpose to the previous Fig. 12-10. If you see atrace like this, the RC time constant
measurement. Something should be done to reduce the of the input is high (sensor resistance times the input

mains interference, because now it heats the sensor more capacitance), and the active capacitance compensation circuit
than the 10uV/100kQ = 100pA excitation current. has been disabled or it is not working. R is IMQ and C is 2nF

in this figure. The high capacitance comes probably from RF
filtersin the cryostat. Time constant is approximately the time
for the peak to decay to 1/3 of its maximum value. It should
be less than 1 millisecond, if automatic compensation is not
used. The overload LED blinks and warns you.
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12.6. RESOLUTION, ACCURACY AND PRECI
SION

Manufacturers use these three words extensively in data
sheets and manuals. When speaking of measuring instru-
ments, they are used in adifferent way than what is
common in physics textbooks. Y ou may have heard
expressions like “ resolution can be improved by filtering”
or “the accuracy of theinstrumentis X “ or “thisisa
precision instrument, handle it with care”. These words
are used quite wildly, and one might feel confused if one
cannot be sure about what the writer or speaker actually
means. Wetry to give some definitions, but there are so
many different opinions about them, that some readers are
sureto disagree with us.

Resolution isthe smallest change in the measured
quantity that can be detected, or resolved, with areason-
able certainty. There are two different ways to specify the
meaning of the expression “detected with areasonable
certainty”.

*  TheRMS (root mean square) resolution isthe
standard deviation of alarge number of measure-
ments. Thereisalikelihood of 68% that a new result
is not farther than +/- STD away fromitsinfinite
averagevalue.

e Thepeak-to-peak resolution isthe difference
between such maximum and minimum limits, that the

result hardly never exceedsthese limitsduring a
reasonabletime.

Physical measurements obey usually the Gaussian
distribution law, because the results depend on alarge
number of individual factors. For such results, thereisa
rule of thumb that the RM S resolution isthe peak-to-
peak resolution divided by five. It is astonishing, how
well thisappliesto the AVS-47A.

Resolution describesthe random variation of the
results, but it does not say anything about how good or
bad the average might be.

Resolution can be improved by averaging. If Sisthe
standard deviation of asingle A/D conversion, then the
standard deviation of n averaged conversionsis S/sgrt(n).
In order to improve the resolution by 10, the measurement
must take hundred timeslonger.

The random fluctuation in the results can be made
arbitrarily small by repeating the measurement sufficiently
many times. After an infinite time, the average would no
longer fluctuate, but still the result would not be the true
value of the measured quantity. A practical measurement
contains things like error in the zero value (offset), error
in the scale factor, nonlinearity and possibly adigitizing
error (if there are too few digitsin the display). The
ambient temperature is atypical factor that can change the

Resistance

—4— 1 Ohm
—8— 10 Ohms
100 Ohms

1 kOhm

—¥%— 10 kOhms

—#— 100 kOhrns

—— 1 MOhm

—¥— 10 kOhms 4k

Resolution (Ohms)

—t— 100 kChms 4k

The resistars are in the

middle of the correspanding

1.E-05

1.E-04

ranges

Excitation range (V)

Fig. 11. Theresolution curves from the AVS-47A data sheet. Expect an RM S resolu-
tion of about 300Q2 when measuring a 100 k< resistor at the room temperature.
Cooling the sensor improves the resolution a little on the 200kQ and 20k ranges.
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initially adjusted offset and scale errors, aging of the
instrument is another one.

Accuracy isthe maximum deviation of an aver age of
infinite number of samplesfrom thetruevalue of the
measur ed quantity. Accuracy of an instrument has
usually two numbers, azero offset and a percentage of

the reading. Assume, for example, that an instrument hasa

full range of 20 000. Then the expression “ Accuracy:
0.001% FS +/- 0.05% of reading” meansthat if you
measure a true zero, you should be prepared to read
something between -0.2 and +0.2 (calculate as
0.001%*20000). If you measure atrue value of 10000
with thisinstrument, you should be prepared to have the
infinite aver age somewhere between 10000 - 0.2 - 5 and
10000 + 0.2 + 5 (calculate as +/-0.001%* 20000 +/-
0.05%* 10000).

Accuracy tellshow good isthe infinite aver age,
but it does not say anything about how much timeis
needed in order to get reasonably closeto such an
aver age.

If al error sources, like a 10-degree changein
|aboratory temperature and 10 years aging are included,
accuracy readings may look poor. Thisiswhy various
data sheets use expressions like “ after self-calibration”,
which excludes the temperature drift, or “ Calibration
cycle: 3months’, which eliminates effects due to aging.
The accuracy figures ook much better, but you must
remember to self-calibrate the instrument, or to send it to
the factory for recalibration in order to enjoy the im-
proved accuracy.

Precision does not seem to have any commonly accepted
definition. Our simple suggestion isthe following:
Precision isthe wor st-case combination of accuracy
and resolution. So defined, “precision” tells the
maximum deviation from the true value that you should
expect if you make only one single measurement.

One physics textbook used “precision” instead of
what wejust called “resolution”. Another “University
Physics’ book described precision as the number of
displayed digits (the LabView software from National
Instruments says, inturn, that thisis“accuracy”). The
third book that we looked talked about “ precisely correct
results’ instead of “accurate results’. Our above defini-
tion isin accordance with the common sense that a
“precision instrument” has both good resolution and good
accuracy (in addition to having enough digitsin its
readout).

O SToPPED

Fig. 12-12. A resistance of 10010Q was measured
using 30uV excitation. The value was temporarily
reduced to 10000€2. Measurement with cursors shows
that the center lines differ by 1mV, , which is equal to
10 digits, or 10Q. At least in our opinion, this
change has been detected visually with a reasonable
certainty. The AV S-47A resolution curves give an
RMS value of 3Q (or 15Q peak-to-peak) for this
measurement. Using the RM S criterion, even a third
part of this change would be detectable, whereas
using the PP criterion, this change is not quite
enough.

12.7. NOISE OR INTERFERENCE

Itis common to use the word “noise” for almost every-
thing that disturbs a measurement. In our opinion, thisis
not correct. We think that there are both noise and
interference, and that these are different things.

Noiseiscompletely random, so that thereisno
way of predicting aquantity’ s future value from its
previous history. A resistance bridge hasto deal with
thermal noisein resistors and with noise coming fromits
amplifiers. All this noiseisrandom. Amplifier noise can
be reduced to some extent by using money and by
sacrificing some other desirable features, but thermal
noise cannot be eliminated. For example, the thermal
noise voltage generated by resistor R issgrt(4*k* T*R*
bandwidth). It is not possible to make aresistor that is
less noisy, but it is possible to make aworse one by using
bad materials. Anyway, the uncertainty due to noise can
be reduced by filtering or averaging but this makes the
measurement slower. Reducing the noise bandwidth
(=filtering or averaging) is amost everything that you can
do with random noise.

Interference, inturn, ispredictable, at leastin
principle. Interference may look random, but it is aways
an effect of one or more -but not an infinite number of -
causes. If these causes, or sources, were known, and if
they could be measured, it would be possible - again in
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principle - to construct compensating circuits for cancel-
ing each individual interferencein our instrument.
When we devel oped the AV S-46, one of our
older bridges, we were puzzled by a non-expected amount
of noisein the preamplifier. Sitting in front of an oscillo-
scope for hours, we tried to discover, what we had done
wrong. The noise did not look normal: its amplitude
behaved somehow differently than what we had seen
previously. Then we got an ideato try to listen the noise
instead of looking it with the scope. We connected some
old earphones to the signal and to our surprise, it was a
short-wave broadcast from London.
We have heard that radio amateurs havetried a

special compensation method when they want to hear a
weak broadcast that is behind a much stronger station.
They receive the interfering strong station separately,
using a second, cheaper receiver for that. They invert the
audio signal, scale it suitably and adjust its phase. Then
this correction isfed to thefirst receiver, whereit is
subtracted from the original signal. Only the weaker
station remains audible. However, it would have been
impractical to have atelephone line to from Finland to
London and to build a compensating circuit, so we voted
to redesign the circuit board, eliminating antennaloops
and reducing the Q-value of theinput circuitry.

It looked like noise, but it was the news from BBC!

12.8. TWO COMMON PROBLEMS, LF AND RF
INTERFERENCE

Most users of resistance thermometry, except those who
have born lucky, will have either low or high frequency
interference or both in their new installation.

Low frequency interference occurs at the main fre-
guency and its near harmonics. We will use aterm that
dates back to tube amplifiers, and call it “mainshum”. Itis
easy to detect using an oscilloscope and often it can be
reduced. Mains hum can disturb theinstrument.
Usually it does not heat the sensor, unlessit isvery
strong.

High frequency or radio frequency interference can
occur almost anywhere within the radio frequency
spectrum, starting from long waves up to the gigahertz
range. RF may be very difficult to detect, because it does
not disturb the low-bandwidth instrument. Instead, it
heats the sensor, which does not cool down as ex-
pected. High frequency interference can often be reduced
but seldom totally eliminated. The remaining RF interfer-
ence level, not the lowest available excitation power, is
likely to determine the lowest temperature where you can
useresi stance thermometry.

12.9. MAINSHUM

Mains hum, if thereisany, can be seen by connecting an
oscilloscope to the AC output of the AVS-47A (see
Fig.8). A word of caution: The oscilloscope provides a
new ground path in the system and it may either create
new or remove an existing line interference. 50/60Hz is
not aradio frequency, it can couple to the input circuit
capacitively, viamagnetic induction or because of a
ground potential difference, but not as an electromagnetic
wave.

Capacitive coupling from the external world to the input
isavoided simply by shielding every single millimeter of
the lead wires going from the AV S-47A preamplifier to
the cryostat. Inside the metal cryostat, shielding needs not
be as good.

Magnetic induction is avoided by moving al mains
power cords away from the sensor leads. A power cord,
running adjacent to an input cable, can induce an EMF of
tens or even hundreds of microvolts. Keep all four wires
of asensor adjacent and close to each other. Better still,
twist the leadsin order to reduce the magnetic pickup
area. It may not be possible to eliminate all sources of
50/60Hz magnetic fields, and then it is of utmost impor-
tance to take care that the same voltage isinduced to all
four sensor leads.

Do not route the sensor |eads through the stray
magnetic field of ademagnetization cryostat. Even though
thefield itself is stable, the wires may vibrate because of
vacuum pumps or other electrical motors. Such avibration
may induce an interference that has an almost, but not
exact, mains frequency or its multiple. When rectified in
the phase-sensitive detector, it causes beating that istoo
slow for efficient filtering.

If your main problem is magnetic induction, let
the sensor float inside the cryostat - this ensures the best
symmetry so that no potential difference appears across
the sensor.

If the sensor resistanceis high, inevitable
unsymmetries and stray capacitancesin theinput circuitry
can convert some part of the common mode interference
into normal mode. Nothing can be done to prevent this
from happening, except keeping the induction aslow as
possible.

The ground potentials between the cryostat and the
preamplifier are often different, because the AVS-47A is
connected to the mains safety ground which is usually not
exactly the same as the cryostat ground. This 50/60Hz
potential difference can coupleto theinput in afew ways.
Which one of these is dominant, depends on how the
sensor is connected, what is the resistance level and how

Revised: 2004-05-28

Page 34



Instruction AVS-47A

Manual

AC Resistance Bridge

large isthe input capacitance (are there RF filters or not,
for example).

The best action isto remove the potential
difference by supplying the 115/230V power tothe AVS-
47A viaan isolation transformer. They are not expensive.
The shields of the input cables must be wired so that they
connect the cryostat ground to the AV S-47A (usually they
do - never leave any ends of the shields unconnected).
Take also care, that the enclosure of the bridgeisisolated
from the instumentation rack. On the other hand, you
should perhaps fix the preamplifier box to the cryostat
using metal brackets. This eliminates the potential
difference between the preamp and the cryostat.

It may also be necessary to break the ground path
between the AV S-47A and the AV S47-1B computer
interface. There is aground connector for this purpose
inside the AV S-47A. Removing this connector enables
optical isolation between the bridge and the interface and
breaks the ground connection formed by the shield of the
Picobus Cable. On the other hand,

disconnecting the ground makesthe system
mor e sensitive to Electr oStatic Dischar ges
and it isno longer compliant with the CE
regulations. Theuser must not do this, if
hewantstheinstrument to remain compli-
ant.

The optional “Picolink” Optical Fibre Link provides
a CE compliant solution without ground path problems.

If the complete system has also a TS-530A tempera-
ture controller, take its power from the same transformer.
The heater must float with respect to ground.

Note that you cannot isolate everything: the AVS-
47A must remain grounded, but only at one point. Failure
to leave the complete system floating makesit extremely
sensitive to al possibleinterference as well asto electro-
static discharges (ESD).

If using an isolation transformer is not possible, or if it did
not reduce the mains hum sufficiently (because of
presence of magnetic induction, for example), you can
experiment with the two alternative input configurations.

e The AVS-47A comeswith jumpers JP1...JP8 inserted
on the multiplexer board inside the preamplifier box.
These connect the |- leads of the corresponding
sensorsto the circuit ground of the preamplifier
regardless of whether the sensor is selected or not.
Those sensors, whose | - lead jumpersareinserted
must not be connected to the cryostat ground.

Floating connection works well when the sensor
resistanceisrather low and if input capacitanceislow.

» Alternatively, you may want to connect the |- lead of a
sensor to the cryostat. This can improve the thermal
contact between the sensor and the experimental
space, and it can be a better configuration if the sensor
leads arefiltered against RF (high input capacitance).
Only the I+ and V+ leads of a grounded sensor need to
be filtered. One can also reduce the number of wires
by using one single current return lead, if the sensors
are connect to the cryostat. Jumper s of channelsthat
are grounded to the cryostat must be removed.

Mains hum can affect the measurement at least in four
ways:

1) It can heat the sensor.

2) It can saturate the amplifiers, resulting in alarge error.
This happens regardless of the fact that the phase-
sensitive detector rejects 50/60Hz by integrating over
onemainscycle.

3) If thefrequency of the hum deviates from an exact
multiple of 50/60Hz (vibration), the output contains a
beat whose frequency istoo low to befiltered with a
realistic time constant.

4) Theintegrator in the PSD isnot areal integrator but a
part of afeedback loop. Therefore the expression that
it “integrates over one mains cycle” isnot exactly true,
and the hum can cause a small offset, whose magni-
tude depends on amplitude and rel ative phase of the
hum.

Finally, if you have alarge mains hum that saturates the
amplifiers, and you have no possibility to improve the
wiring just now, switch to the next higher resistance range
and select ten times higher excitation voltage. This
reduces the hum amplitude in the signal (but not across
the sensor), while the excitation power in the sensor
remains unchanged. Because of the higher range, your
readings have, of course, one digit less, and therefore also
lessdigital resolution.

When you connect an oscilloscope to the AC output for
monitoring the signal coming from the sensor, trigger it
from the line. This alternative is available in most new
oscilloscopes. It may happen that you see something,
which looks like amains interference but moves slowly on
the screen. Such interferenceis probably caused by cables
that vibrate because of the vacuum pumps or other electric
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motors. The vibration spectrum that they cause will not
consist of exact harmonics of the mains, because the rotor
of aninduction motor must follow the rotating magnetic
field with alittle lower angular velocity so that induction
can take place. As said earlier, the PSD cannot suppress
such an interference, but aslow beating results.

12.10. RFINTERFERENCE

Becausethe AV S-47A isalow-frequency instrument, one
cannot detect the possible existence of a high frequency
interference by connecting an oscilloscope to the bridge.
The amplitude level of the disturbance isusually so low
that you cannot see it by connecting the scope directly to
the input, either. Oscilloscopes are not sensitive enough,
whereas spectrum analyzers have sufficient sensitivy but
too low input impedance of 50Q.

The effect of an RF interference is not to disturb
the resistance bridge, but to heat the sensor. Get into the
habit of moving the sensor cablesto different positions,
route them another way or twist or untwist them just for
seeing what happens to the reading. If this changes the
reading, the measurement suffersfrom heating caused
either by RF or by magnetic induction at 50/60Hz.
Eliminate the latter possibility by having an oscilloscope
connected to the AC output or the bridge. If you ever
wonder, why you cannot reach the expected low tempera-
ture, make this quick check.

Thefirst thing against RF interferenceis of course
shielding, but this may not solve the problem completely.
Onethinksusually, that a coaxial cable shieldsthe signal
amost perfectly. Thisisnot true, if ahigh-frequency
ground current flowsin the cable jackets, likein Fig. xx.

If the sensor cables have nonzero lengths, the jackets have
also nonzero impedances, and so the RF current produces
avoltage drop between the ends of the cable shield.
Thereisatypical distributed capacitance of 100 pF/meter
from the shield to the center wire. This capacitance
connects a part of the RF voltage difference to the center
wire, which goesto the sensor. Because of the distributed
inductance and capacitance of the cable and because
wavelengths are of the same order or shorter than the
cables, the behaviour seemsto be very difficult to
understand and predict, and asimilar case seems hard to
find in electronics books.

The best way to fight against RF interferenceisto keep
the sensor cables very short and to fix the preamplifier
box to the cryostat. If thisis not enough, you should try
filtering the sensor leads. Filtering is, however, not a
perfect solution, because also it has drawbacks. Assuming

the smple RC or LC configurations, you must make some
COMPromises:

» High capacitance values can make the input sensitive
to mains hum pickup, if the resistance level ishigh.

* Very high filter inductance may prevent the capaci-
tance compensation feature to work properly.

» High filter resistances (over some k<) produce
significant thermal noise

e |f theresonant frequency is high.Thefilter may
resonate at afrequency that is near to that of an
interferingsignal.

In any case, the Q-value of thefilter must be low. How-
ever, this cannot be accomplished by selecting highly
dissipative capacitors, because their losses nonlinearize
the bridge at high sensor resistance levels. Keep the
resistors of your RC filters between 100Q and 1kQ.
Thanks to the new capacitance compensation circuit, the
AV S-47A allows use of ten times higher capacitors than
the AV S-47, so that areasonably low cut-off frequency is
possible also with RC filters.

Valuesfor an RC filter could be, for example, 100Q2 and
10nF. Do not use a 10nF ceramic capacitor, because it
will have too much resistive losses. Instead, select afilm
capacitor (polystyrene and polypropylene are perhaps the
best). They do not work well at high frequencies, connect
therefore small (<100pF) ceramic capacitorsin parallel
withthem.

An LC filter with component values as large as
L=10mH and C=10nF is acceptable even at 1 MQ sensor
level. The above remark about capacitors applies also
here, and the capacitance compensation must be enabled.

r
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Fig. 12-14. An attempt to explain how an RF interference can
penetrate to the cryostat even though all cables are well shielded.
An RF ground current flowing in the shielding jacket couples to
the center wire through the distributed capacitance.
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Delayed phase-sensitive detection 20
DEVIATION output 19
Deviation reference 18
Bypassing the memory 18
Cdlibration 13
D/A converter 18
Remote setting 18
Rounding 18
storing in memory 18
Taking from sensor 18
waystoset 12
Differenceamplifier
Cdlibration 13
Digital self-caibration 13
Display
item 17
selector 17
Dissipation power 15

E

ElectroMagnetic Interference 4
EMI heating 23
Error signal
for controlling temperature 19
Excitation 15
Automatic change 16
Compliance voltage 12, 17, 22
DC component 16
dissipation power 15
frequency 16, 23
from free-running oscillator 16
waveform 28, 29
External DVM 19
External voltages, monitoring 18

F

Filtering the AC signal 20
Free-running oscillator 6, 23
Fundamental tradeoff

of resistance thermometry 28
Fuses 10

G

Ground potential difference 34
Grounding 20
input connector ground pins 14
of the sensors 14, 23, 25
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Grounding jumpers 6, 11, 14, 25, 35

H

Heater output current 17
Heater output voltage 17
Heating of the sensor 22
Heating power
of the TS-530A 17
High frequency interference 34, 36

IEEE-488 4, 13
Induction motors

vibration caused by 16
Input capacitance 19
Input impedances

of ext. volt. monitor inputs 18
Input multiplexer 14
Input switch 12
input time constant 6
Interference

vS. noise 33
Isolation transformer 35

L

LCfilter 36

Lead resistances 6, 12, 17
measuring 22

Low frequency interference 34

M

Magneticinduction

of interference 34
Magnifier switch 12, 17
Mainshum 16, 20, 34, 35
Mains voltage setting 10
Monitoring external voltages 7
Multiplexer

how to use 14
Multiplexing 15

N
Noise 33
O

OFFSET trimmer 11, 13
Operating principle of AVS-47A 29
Oscilloscope 19

Overrange 12

P

Phase-sensitive detection 16

Picobus Primary Computer Interface 4, 8

Picobus protocol 8
Picolink

optical fibrelink option 35
Power consumption

in battery operation 23
Power-on default state 11, 22
Preamplifier cable 11
Precision

definition 33

Primary and secondary thermometers 26

Primary computer interface 8
R

Range
automatic change 15
manual change 15
RC filter 36
Rear panel connectors 23
Reducing number of sensor leads 35
Reference DAC 12
Reference source switch 12
Relay output 19, 20
disabling therelay 21
polarity of therelay 21
Resolution 27
defined 32
RF interference 36
Rounding
of the dR reference 12

S

Safety voltage version 8
Saturation of the amplifiers 35
SCALE trimmer 11, 13
Self-calibration 11, 13, 19
Sensor
connector wiring table 14
dissipation 15
extraheating 14, 22
wiring 11
Sensor grounding 6
Sensor grounding jumpers 14
Serviceman 4, 10
Set point
deviation reference 12
of the TS-530 17
Signal cable AVS-47A/TS-530A 21
Signal-to-noiseratio 12
Square-wave excitation 6, 29
Stabilization delay

jumper for delay between autorangings 15

Stabilization of the bridge 11, 22
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Stray capacitance 28
Synchronization from mains 16

T

Thermal contact 27
Thermal noise 33
Thermal voltages 27
TS-530 data connector 18

V
Vibration 16, 35
W

Warm-up time 11
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DECLARATION OF CONFORMITY

Manufacturer’sname: RV-Elektroniikka Oy Picowatt
Manufacturer’saddress: Veromiehentie 14
FIN-01510 VANTAA
Finland
declaresthat
Product Name: Model AVS-47
AC Resistance Bridge
with options: no options

conforms to thefollowing Product Specifications:

EN 50 081-1: Generic emission standard, Part 1: Residential, commercial and
light industry.

EN 50 082-1: Generic immunity standard, Part 1: Residential, commercial and
light industry.

EN 61 010-1: Safety requirements for electrical equipment for measurement, control and labora
tory use.

Additional information: The intended use of this product is resistance thermometry at low temperatures
using ultralow sensor excitation current. Therefore, immunity against radiated
RF fields has been deemed irrelevant, and conformity to EN 50 081-1 in this
respect has not been verified.

Vantaa, March 15, 1996 -BlektroniikkaOy
2 j/;’«%—“_

Reifo Voutilainen
President
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APPENDI X

Component layout figures

61y

[ ] [ ]
o LTY |@
o SIy |@

(=]
wa ; 8 ec0coeccccccee
o '2' ) = HO0OO0O0O0OOOOEOOOO
e o0 o0 o
00000000
2/ he/ e/ s - ooomo
Heeeeeee 2 * 2 @
o - 94 - e o
T | |
e oo o[B8l @ @910 @ : izd 577 e
o o;;: o oy it—m u(). (XXXXXXX NN
o[ 0ZY e o ~
° ooooooo Heoeoooo0 O o[cis Jo
< 6L
meeeeee o ;. |0

o095y Je omo '.'

GO_® @ 10 @
¢ o ¢ o oonle
o/ 2\&/ o[Ey Jo

omo omo

o[ocy jee[ i e S
o[ccu jee[csuje o @
o[vcy jee[scuje N\
o[ sy Jee[moije °

sa
°
g D
e vy |~o
o| 91y |@

paini b
e 2z |~o"° o
e[y 07\2.3 o o5y |®

® - £y o Hoeooo
o[ sy o

3 I U4
[

o[ R25 Je
R34
R3S

3 e
Q

o P2

1%
[}
oP3
1%
[

e
0000000

g}

o

[ N ]

o[Tzile o itm

® 6 oo vy |o

o[ 11 | o O 55U 0@ o ©[6% Jo
eCoije 808 eme efen] @ o <z e
o[ 54 @ ©® o[ I5¥ | D
o[ 5y Jo m—Y e

——
I ® 010 @ -0 ©
Y ee @ e @ 9 U |g| c\e/
i v ooy Je OEH.O. )
0000000 o <
me e s

® (o

o n
o e [S] |«
x| || |o oNe

e \o hd

® O R&3

R71
e oo R72 @ o[ Re4 J@

21 e[ou e

.
[ J
[ X ] [ X ] [ ] o o
~
i . S e |e e
me o0 O ~ ®
1d b4 b4
@3@@1._ o
1

Revised: 2004-05-28

Page 41



Instruction AVS-47A
Manual AC Resistance Bridge

kb CHB_GND
oo _ (X o0
Ql
K1 |.., l]_ K2 | |
° [] O L4

o-01!

CH7_GND

s 0 ol
i)

CH&6_GND .EH_.
°

o [ X ] [ X ] a3

o [ J
KS |” I]_ K6 | | 5

o
R2 e ®[ Rl |@

K3

ut

R3 |@ @

e o
o
T
7]
@
4
o
SIZ
|

~
~N

o[ F5]e
o[ File
R6

oo|§|§| I]—..Ka oo| |.§04

o0 X X
Q| ®-05
|": I]_ K10 | |5
°
SN-m

a1
3

e o
o
T
7]
@
4
o
[ ]
SF

o[ Ri3 |®@ @[ Riz |@e®[ RiL]|® @[ RO |@e®[ R/ |e@ @]

o0 X0 X

o [ ]
K11 |'-.\ I]— K12 | | 9

e o
o

T

N

[0]

-4

o

[ ]
o
o~
|

X X X
EEI K14 LN
K13 |-—; I]— | | 5
O me O L4

oy m

[ X ] o [ X ] [ X ] ®- 18
K15 |-.| E K16 | | 9

o6y m

’—.

1]
—

<
+
o o
o
T
=
@
=
o

193]
st
N

1927
|
A
<
]

.I'l:l'. .I'l:l'. .I'l:l'. .I'l:l'. .I'l:l'. .I'l:l'. .I'l:l'. .I'l:l'.
e o
.1:1
!

0=0

-
]

Revised: 2004-05-28 Page 42



Ir

£6 H0 H0 EADNIANIOfIS=CLR 30448 2I2hSNY hoa(rayrd
€6 hl b0 10PN JSTAIYD UBISOLIAN UIDPITER ¥f 13STASOI0N=D SO  23ZhSNY AASTLIEd

Page 43

ld

.
@

wwzg

@ @ %]

.I...I.I .......l .......I I....... ...I. -
.
wugg mmw

XX . . o .. N -% .” : .
O, ® kS .m.,u_....,.»W....Hm,m_....m,.......“_”,ﬁ.. U mm

Qe coomjessonilescoxn|loscon/oce - (XX X1 ®ee 8

u o BALE .m [=]1=] .m (=1 =

R rrxxx

‘@"
C§G;C§

§€§€§€3§@€§€§€§O
~QQ€£@GEC£€EO

-

SEERERENO

! ”. mﬂmﬂ_wﬁ

{o
1

wwg9

AC Resistance Bridge

AVS-47A

Instruction
Manual

pa|cesIp s@3 T sness pue Ae|dsip yioq edwnloN

pa|ceus sq3 1 sniess ‘pajaesIp Aedsip asey Jedwing

po|ceus s sniess pue Aejdsip :asey Jedwng

Revised: 2004-05-28



Instruction
Manual

AVS-47A

AC Resistance Bridge

J

T§=530 DATA CONNECTOR

1
l

-y =
& DEViATIGR - = 3 4
glg| Sbh ANALOG § b - 2 [FILTER AND frﬂ;' ¢
5ol =5 T oid
“° o wl20B03 § § 5 seLeCTOR | g° ¢
[xts = MR o Iy |~ %0
utor ¢ | U103 el | M= 5 |7
[ omei i o 15| [o MEQ || (g8
Em i Reon | e [TV =T | gy
CRiE ¢ Eowmiel:: T3
5 @l ® @ ® (R S | = 9 L} &
(s ql S | | ® |5 S
R10S 1 R1l6 | R119 |WO RIS | RI29 [rRiza_] S | — |ﬁé_ﬂ.-5 g ol
B F o | o e ~ofkzs B
me ] | QO Q0| @ e 5 2R B | 3
(AE_] = RIIZ | RI20 g RI26 | RI130 l R ool olaln]a) ‘,.j = & LS
e ] 2 &2 < | Gl Sy @ :ﬁ |l —
(mie ] z VY ; m}f’ 3 R T Fmvoees| B |3 Hegk
E Rils_| Ri2I R127 : Lceoj 3 P L LE =
) Q| |s| Emd |8 — s leez
& ‘%aa 3 (R ] ‘ !i_; =l i g k&3l
| & sl I R232, &
[ R1e1] (R % z E‘L&'.; P @ Re33 8
m m | 1 — LS caoé 22-33‘;
= el M N o - R236.
oo RN R237,
5 2 2 i
8@  CERE :398FZ 2 333
-0 1
o [y L
g’) = EI[E- o
cioy, RIE7 L
_ .
- + + =2 m nnwvo
327 T a03% §8% 35348 5 5
1~ }
_ . BEd gy 5 8Ed |
o (] a | s o e == I
. B2l g 2 358 B2 & 533 2agdel ]
s Cuae g8 &
A D | | .y o o BEEE B
16 Tuce 2l lg| |2l |z| [e] Bgo | .
i LR
. g o0 |y - |
ﬁ % T = = = ~ JEE‘\\ ‘ |
. umﬁ 8| e — |a| Bl ||
E LB OE| 8] ~ 3] "= | |
= — 5 2 — s T
E é 3 z o | [ruws] | gfﬁmﬁmmam
8 i L
/ ‘ & L] z | [(Ruoe
E o v ] \ 1 o
o fic} ‘ 5 | =
2 e ® AR EEEEN 2|3 j ‘ &
~
Mgl o o Ul |
n3ce gl — |t e | ® o o [R@® L
NORMAL O gl |3 a 3 5 - | § | _'“‘I e
g fRew ] | | e z H g |5 \ al |zl
§ ol |3 s’ k1
ol [l 2 ([l i |~
i i [ o UL SREginE
=] = .
[AMPLIFIERS AND INTEGRATORS [DEVIATION REFERENCE ]

@

piirilevy AUSY?DE SIJOITTELUT 01.04.96 RU-Elektroniikka Oy Picouatt

Revised: 2004-05-28

Page 44



Instruction
Manual

AVS-47A

AC Resistance Bridge

ll Pa01
] eeccccccse
- 2 [=]
RU-Elektroniikka Oy o] 5 8 LZ3 . eeeoe o . o oo o o .
PICOWATT z 20
To| |oR a
¥ [@d =
o ol s
[PTGTTAL UOCTHETER] Sa| (%8| |z %[@ ‘@’
DIGITAL UOLTMETER =1 L o -
[ . LI o .o.....oo- ......l Jeo3 u| o LVt Peot
. S |e
T Fraeen | Feet: =“§%3l
S e [} ... CIC ) ® =
i °oeol o JP101 % s e Jpeo
- o c102 o/®R103 J® JP102 ] : o : : 'm.
3 1
he o - @ n ®|e . L] JP103 ° s ° 8 .. Qe
S el S ee ® * g o o .ol & 0 El
o ® . . °
a 5 ° ° =3
. . z o o o = o |0 o oo oo lo
ol o e O =0 o S e e ° o S |o o o obe |0
z e o ® ® o |0 e o o * .
z Sl e o |® L4 ® op |0 o o o
ol e o ® ® o o0 . d s © e mp [] O
° . R?ﬂ8 o © ® o o o o o ® o o .. . ° o S
a o " - LI el é LS [} '.\ ° kY
ae” jee o . @0 9 o o o @ o e S ® 9 e S e
S| e o (@ o = o = ep = o = e °° o O o I "
Ol el Sale o o P o ° o 2 o o ° o
S [ ] ° M_BJSY o o o [}
Ry e @@ a0l 0 2 *Jd L s . A S o .o
" e m:'. ° ° ° .. R_®LK ° e0e0ce0ee sssccee 2000
o |8 oo |aoflm . ° arm ® ~Jolol P
o S |o (gD |2 |Slel—Te @ °® ' o G ® o ':ume. U213 ‘Eﬁmm“@
* o [ c.“-‘f o L Poﬁ" N H Tecoeeee moesee e X
e e 0 - PON_ BT~ ®  nTERF_SU INgERF_GND LA J
] [ 0 L ® o " eeeee [
SRS NIE 1S 22922 R _SU INTERF 6D [PRIMARY INTERFACE]
e o o o o ol BN
soo-oooe ° o o o .Qz . e . . . .
000000, o o o ° e
arocggy . o o ° 7905 7805 ° ™ 7805 TIP31A [TIP31A TIPY2
ér\!u Tﬂ: ’3 = ® ° u4o1 U402 u403 Q401 Q402 Q403
we| 0o’ b o7
llgeole =2 ®
eel, - I3 °
® e oo + .=z D D DOVLY en L4
ee © 2 a7 P Ps3% r%" Y
ce - Z "hbor @ RLGND
Yo |oooo oo TXXLE 8 may
XXX ]
g: . (X X XXX XX ® ® DYGND
(] . DYS
(24 * o ' *.0° oo ‘meme
'Y z L) ) s
o6y ® i 1 . . DGND AlA -
o QZD z
DX Q. _D5A Eoqon Nz @%+12V o
. BTy BE R 2 2 v @ 2R 9
. o OOAXETTT &g I [T i ORY1Y (@ o
1fme ] b %0 0 0% % %" Mumu-mul‘ll. v C415 o .
oo ... : | o ° ° . STQRTongOmm . 402 _ o[ R415
8 . %, |00 ° o ooy ®R417 e
eo, o o« ®ooes ° oo o[Riis
ool | Rew e oo . ° 0409
oe® ST e . ° o[RU21L
ST ) LX) =
o e® ST (] ® [ ] L]
“lee ... or .(5) 03 [] o O
.
o e Sleak =kl oEle |
° e 0@ b=}
®ee N1g . o
+12 e R423
®e SG e o Y o ST401
©e ® Cyi1 @
©e * ooe ° ® .
LA p301 _® 300 5 * A ._nmua_. sTu02
o o~y ue : S el ooe|[0 8 @ @ i ®
%1 1v] o5 | D407 —
%% sz @ o secsccoenm ®osccsem o e — o—pr - ;
[] o ? o D408 <
° F g
oe ssepgpes . U304 ugos ° o iz o—pr & = . § g N
D409
gé......l. * ® o—p & . ERIE
Lol o) . ° a e ([0 6 @ @ > @ °
oo eeeeceen o0c0c0cccosn of = & o
. oo ® 7| ® o .
o | U308 le |g u309 oo [® 7 @ —
=11 o “ o =
olg L4 @® [ ]
(O . e ® .. (] o
1| [ L] (d Y
oo B4 o
I e o ° ® o ole_lo D410 2 e
= eeccceem cececsen D1t P Flo |3
@ [y
518 o P usi® U313 e L\ B L 2 o
el L usty hd o D412
Yy ® o o o By e ] (e}
ec ssssevs® o o . o ° n D413 i L@ |
oooooo- .:oooooo- eecccecesn : c413 N @
ol D414
2|0l | U3lsS o .o U3 U317 ° ° o—pr
*® Geeesse L b
°
IRQNGE ETC. SELECTORSI POWER SUPPLY U401 o

pilirilevy AUVSHZES qgamiad tRU-I11AktPENRKREIEGrPIddkka 10y Picowatt

juotospis

teet ja mol. kerr. yhteiset

vedot

Revised: 2004-05-28

Page 45



Instruction
Manual

AVS-47A
AC Resistance Bridge

D1
@ s B K0 ge000000 @
¢ o m{—o U3
o[ kil Jo 2% Teeeeeee o 7 e
oo 00000eee [ o[ RIS e
T 00000000 oF7 |0
2 o0 uz o[ R14 |@
= meeeeoeee . o[ Ri3 |@
) 2 Teeeeeee o riz e
9 s o Ro @
*\0 0 =
N L I_ooooooooooooo
RN ® 0 meoooooocoooe’
e €7 C5 C4 cely
2 2 emile |5|¥ Om J1 O = S
[we) fue] L |ooooooooooooo
o[ Rz o o/ Heeeoee000c00e

Capacitance Compensation Board AVS47F

Picowatt 2004-03-23

Compensation is disabled when header pins are shorted
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