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1__ SAFETY

The following general safebty precautions must be observed during
the operation, service and repair of this instrument.

1.1 Protective Ground

To minimise shock hazard the instrument must be connectsd to an
electrical ground, The ground wire (green/yellow) in Ehe
instrument AC power cable must be connected to the installation
electrical ground system. Do not use extension cords withoubt =
protective earth conductor, Do not disconnect the protective
ground inside or outside the instrument. Do not have external
cireuits connected to the instrument when its protective ground
is disconnected.

1.2 Repair and Adjustment

Ensure that the instrument 1s disconnected {from the AC power
supply - {switching off the front panel POWER switch is not
sufficient) before the covers are removed or fuses are replaced,
otherwise dangerous voltages are accessible. Capacitors inside
the instrument and power connector filter, if fitted, may remain
charged after removal of AC power. These should be discharged
before starting work.

For fault finding and calibration the AC power supply may

reguire recconnection. This work may only be carried ont by
gKilled personnel who are aware of the hazard involved.

Iszsus 4 June 1989
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2 ITHTRODUCTION

2.1 Oze of this Manual

This manual provides operating and service information for the
Oxford Instruments Intelligent Temperature Conkroller model
ITc4.,

cections 1-4 provide essential information and should be read
bafore operating the instrument for the first time.

The remainder of the manual provides more detail on specific
aspactz and may be referred to as reguired. Section 16 attempts
te identify some of the more common operating pitfalls and may
be useful if problems are encountered.

ITC4 is a microprocessor based instrument and is controlled by
an oaparating program contained in a programmable memory chip
(EPROM). This program is referred to as the ITC4 firmware. The
firmware is coded with a two part number (e.g, 2,04) where the
first digit indicates a major version of the firmware and the
second - two digits cover minor revisions. This 1issue of the
manual has been prepared to coincide with the introduction of
Version 2 firmware. A small number of features of Version 2 are
either nobt available on Version 1, or behave differently. These
differchces are described at the approprilate place in the
manual,

2.2 Description of ITCH

ITC4 is a general purpose laberatory temperature contreller,
with a number of features specifically intended for use in
cryvogenlc applications. In its most common application ITC4d will
e used to conbtrol the temperature of some "sample", the
properties of which are being investigated as a function of
temperature, The sample will have a sensor monitering its
temperature, and a heater and/or some means of cooling, wherahy
its temperature may be varied, The whole will normally be
surrounded by some form of thermal insulatien te isclate the
sample Ffrom its environment. In this manual the term "sample"
will be used to refer to any object being controlled and the
term "system" will be used to refer to the complete asscmbly.

The basic ITC4 includes a single input channel for one sensorc, A
further two independant input channels may he added for aystems
with more than one sensor.

For wuse 1n cryogenic applicatlons ITC4 can acoept a wide range
af different temperature sensors and can provide up to 80W  of
heating power. In addition it contains internal logle to drive a
motorised walve as a means of controlling sample cooling in a
continuous £flow cryostat.

ITC4 displavs the sample temperature on a four and one half

Issue 4 Juns= 1959
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digit display, covering a range of up to -19999 to +19999.

Manual operation of the controller iz by means of front panel
push buttons and associated status lamps.

FRamgte computer control and monitoring is by means of a built-in
BS5232 interface.

The controller incorporates a number of safety features to
prevent damage to the system 1f a fault should occur in the
sensor or the controller itself. Where three sensors are fibttad,
all are continuously monitored for overtemperature, irrespective
of which sensor(s) are selected for control and display.

sensor calibration data and many of the controller operating

parameters are held in a non-volatile memory, which is retained
when the controller is switchsd off.

Izsua 4 Junge 1989
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3 THSTALLATION

3.1 Supply Connection

Belfore applying power to the inskrument, ensure thak bhe voltaga
gelector on the rear panel is correcltly set for the intended
supply voltage.

If necessary, open the voltage selector panel using the slob
provided, withdraw the wvoltage selector and replace it in the
correct orientation for the intended wvoltage. Check that the
correct fuses are fitted, then close the voltage selecltor panel.

Fuse ratings are:

100-120w 1.68 Type T {(Slow Blaw]
200-240v 0.8A Type T (Slow Blow)

3.2 Heater and Sensor Connections

Connections to the heater and sensor are by means of a 9 way
D-gsocket on the rear panel. Where more than one input channel is
fitted, separate connectors are used for each channel, The pin
connecticons are the same for each channel and the heaker
comnecltions are brought out in parallel on each channel.

Pin connections arce:

Input High

Input Low for Mormal Applications

Input GHD (Linked to pin Z, isclated from supply GHD)
Cuorrent Source +ve

Current Source -ve

Heater Oubkput +ve

licater Qutput =ve

Input Low for Thermocouples wilkh RT Ref, Junction
Chassis Ground

WO TR =] N L e lad phd =R

Connections between this socket and the actual sensor will vary
with the type of sensor in nse, as shown in the table below.

Thermo- Metal Ge/Carbon Si/Gahs

couplea Resisbtor Resistor Diode
Input High V+ V4 V= V-
Inpul Low W= V- V+ V+
current +ve nfe I= I+ Tk
Current -wve nfc Fr i Tt

Mote that the polarity of the wveoltage input connections is
reversaed for semiconductor resistors and diodes, For these
SCNSOrs, Ehe sensor resistance oF Sensor voltage falls with
ingreasing temperature.

For some thermocouple ™ranges a room  temperature reference

Issue 4 June 1989
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Junction may be usad. (Mol recommended for oryogenic
applications). It 1is important to note Ethakt the the rcoom
temperature compensating sensor iz mounted at the rear panel of
ITC4.~To geot accurake compensation it is essential  that  lLhe
thermocouple reference junckion is at the same temperature, This
in turn means that the cable linking the sensor to ITC4 musk pze
thermocouple compensating cable. If the rear panel in the region
of the connector iz 1likely to be exposed to temperakbure
fluctuwations, it will ba an advantage if a draught shield is
placed around the plwg, and the B EanSoT, positlonaed
immediately to its right.

The Input connections are electrically isclated from the
controller ground and the chassis ground, The Heater Oukput
connactions are electrically isolated from the input ground, the
controller ground and from the chassis ground.

Where more khan one dnput channel iz fitted Ehere is alseo
electrical isolation bestween separate input channels.

3.3 Serial Datka Line Connections

The bi-directional serial data 1link from the computer is
connected via a 25 way D-socket on the rear panel.

Pin connections at this socket are:

Received Data [(From Computer)
Transmitted Data (To Computer)
Linked ta 5

Linked to 4

+5% whan ITC4 is powered up
Signal Ground

+5¥ when ITC4 is powered up

R I g B R VI

A1l other pins are opan ciccuit,
Voltage lewels for the transmitted and received data arc:

Tx Data High * +5.5V
Tx Data Low £ —BiaW
Bx Data High Threshold ¢ +2.46V
Rx Data Low Threshold s 5 e AT
Max Bx Input Voltage +/-30V

o 4 June 1988
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Data protocols are:

Baud Rate g
Tx Start-Bits 1
Tx Data Rits a
Tx Stop Bits 4
BEx» Skart Bits 9]
Bx Data Rits a
Ex Stop Bits 1

For normal ASCII exchanges the Bth data bit is treated as a
parity bit. It is always set to "0" on transmitted data. It is
ignored on received data.

3.4 Auxiliary Port Conneclkions
The auxiliary port serves four separate functions.

1}1t provides a stepper motor drive and sense input for use wikh
an auntomatic gas flow conkrol accessocy [(AubkoGFS).

2)It provides an over-ride input to disable the heater ocotpul.
This is intended for uwse with a scparate over-temperaturs
cut-out switeh and displays the message "Hot 0.

3Tt provides a pseudo-analogue oukpot for wse with a charct
recorder. (An external passive fllter 1s reguired).

4)It provideg drive signal: to ona or more external heater
sglect relays for syskbams with morse than one heater. (Applies
from firmware Version 2,03 onwards).,.

Connections to the port are by means of a 15-way D-socket on the
rear panel,

The outputs are open-colleckor transistors (Specification as for
ULM2803A) and can sink up to 500mA from a supply of up to 25
volts maximum, When dreiving an induckive load, ik is recommended
that a diecde iz connected across the load to absorb the =stored
SMargy.

For: low power lpads, current may be drawn directly from pin 15,
which is connecked wvwia a dilode and fuse, o the dnternal
unregulated 11 wvolt line. A maximum total current of 500mA may
be drawn from bthiz source.

Heater-2 select relay ls energised when controlling on Sensor 2.
Heater-3 select relay is energised when conkrolling on Sensor 3.
Neither relay is energised when ‘controlling on Sensor 1.
({Applies anly to firmware Vesrion 2.03 onwards).

The input lines on the auxiliary sockeb are sultable for either
TTL level inputs or contact closures ko +5v. The input device is
a T4HCZ244 and 100K ohm pull-down resistors to Ov are fitted.

Issue 4 Jun= 1989
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The AutoGEFsS sense input on K5, should be linked ko +5wv when an
AatoGF3 is connected. (Applies t© firmware from Version 2.01
onwards)

If a thermal shat down device is connected bto sockeb KT, it
should be connected such that an overtemperature will pull the
pin above 2.5 volbks. The inkternal 100K resistor may be shunted
by an external resistor, 1f regunired to match a SENS0Or
characteristic.

PFin connections at this socket are:

1 Output Bit 0 (Stepper Motor)

a Ountpuet Bit 1 {Etepper Motor)

2 cutpunt Bit 2 {Stepper Motor)

10 Output Bik 2 (Stepper Motor)

3 Cubkput Eit 4 (Healker-2 Beleact Relav)
11 Cutpet BiE -5 (Heater-3 Selact Relavy)
4 Output Bit 6 [Spare]

12 Outpuet BiE 7 (EFseudo-hnaloaue ofp)

5 Input K4 {Auto GFS Sense)

13 Input K5 [Spars)

5 Input K& (Spara)

14 Input H7 ("Hot 0" Shutdown)

7 +5v

15 Driver Protection / +11v unregulated.

8 Ow

3.5 Analogue OQutput

The pasudo-analogoe output on pin 12 of the avxiliary port is
intended to drive a chart recorder for trend monitoring, The pin
iz alternately pulled to 0Ov and released with a bime dependank
waveform, the mean wvalue of which represents the analogue
output. To uzZe the output, a pull-up resistor should he fitted

to a suitable reference woltage (not greater than 25V) followed
by a passgive low pass filter +5 volts. A passive filter wilth =
cul—off froguency of about 1Mz should be connected bebwesn this

pin and the echart recorder input. A Recorder Oulpul Lead,
including a pull-up to +5V and a 2 =stage passive filter, is
available as an optional accessory Lf reguired.

The analogue oukpuk always indicates the walue currently shown
on the front panel display. Thus the DISPLAY SENS0R button may
he uzed to select any sensor for trend monitoring.

3.6 IEEE-488 Interface

For use on  Ekhe Genoral Purpose Interface Bus. (GPIB, UHEIR or
IFEE=-488) an IEBE-488 to R523? conversion unit iz available.
This locates externally and is linked by a cable te Ehe RS232
socket on ITC4. Tt requirss a separate mains power suopply.
Operating instructicons are supplied with this unit.

Issue 4 June 1989
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3.7 Ropom Temperature Thermocouple Reference

Bl1l thermocouples have at least two active Jjunctions. The
MEASURING junction is held ak the temperature being measured
whilst the REFERENCE junction is held at some known temperabure,
For some applications ik Is convenient £to allew the reference
junction to vary with room temperature (RT Reference). A
separate senzor bhen monitors room temperakure close Eo the
referance Jjunction and cowmpensates for the effect of room
temperature fluctunations. (RT Compensation).

For the highest precision work a fixed reference Function
temperature 1s always preferabla. However in many applications
the convenience of an RT reference ouktweighs the slight loss of
acgurdacy. In general, RT compensation is swuitable for high
temperature applications but not recommended for cryogenic work.
There are bLhre= reasons for this:

1)Thermocouple sensitiwiby tends bo fall at low temperatures
s a small RT error will cause a larger low Etemperature
arror,

1i)a ‘given temparature error (in degrees) is more likely to bhe
significanlk at low temperature than at high temperature.

ili)The actual thermocouple wires must be taken all the way from
the eryostat to the controllsr, gince no compensating cable
[zee below) is available for common cryedgenic Lhermocouples.

3.8 Use of RT Reference with Channel 1

The essence of accurate RT compensation is to keep the reference
junckion and the compensating sensor at the same temperature.
1TC4 incorporates an RT sensor on the rear panel close to khe
SENSOR 1 connector. Thus the reference junction is assumed bto be
made ak the connecktor. This i= achieved by bringing the actual
thermocouple wires hack to the connector, Alternatively, a
suitable thermocouple COMPENSATING CABLE may be used, This is
cable having a thermal EMF which matches the thermal EMI of the
actual thermocouple over a limited temperature range around room
temperature. Its advantages are that it is less fragile than the
thermocouple wire and unlike many thermoconploes, nesd nok be
made from preciocous metals.

The ITC4 AT sensor is normally set o provide a 3%aV//degres
compensation, which is correch for Chromel/Alum=sl and
Copper/Constantan thermocouples. Other wvalues of compensation
may bea obtained by changing the wvalue of R156 on the input PCE.
{(Value in Ohms eqguals uV/degree).

For use with BT compensation the sansor connectlions are made to
ping 1 and B8, as given in secticn 3.2. For best results, the
conneckor a2nd the BT sensor should be enclosed within a  draught
shield. 4

Issus 4 June 1984
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When RYT compensation is in use, the swikch settings for SW1 and
W< on the input card, will differ from settings for the same
thermocouple with a fizxed reference junction temperature.
Sectien’ 11.2 1isks the settings for a oumber of (a7 il ls]
configurations.

3.9 Use of RT Reference with Channels 2 & 3

ITC4 does not have a separate RT zsensor for channels 2 g 3
(where fitted). Where RT compensation is reguired on only one

channel of a multl echannel dinstrument, Channel 1 should be
employed for this purpose.

Where RT compensation is reguired on more than one channel, the
Channel 1 RT sensor is employed for all channels. This is
achiaeved by linking pin 2 on the SENSOR 1 connector to pin 2  on
the SENSOR  connector for any other channels reguiring
compensation. The -ve connections for all thermocouples are then
linked to pin B8 of the SENSOR 1| connector, whilstk the +ve
connections are taken te pin 1 of the dindiwvidual SENSOR
connaectors as usual. For best results all three connectors and
the RT sensor should be within a single draught shield.

Different Switch setbkings for SW1 and SW2 as described above,
will apply on all channels where BT compensation is used.

Icsup 4 June 19589
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HEATER

The normal way in which ITC4 effeclts its control, is by applying
powar ~to a heater. In MANUAL control the heater voltage may be
varied by RAISE and TLOWER. In AUTOMATIC control the heater
volbkage is varied 1in response to the difference between a
measured temperature and a seb-peoint.

Where more than one sensor is fitted, the SENSOR button may be
used to select which sensor is to be used for control. To aveoid
an inadvertant change of sensor whilst ITC4 iz econtrolling, the
SENS0OR button will only operate whilst the heater is in  MANUAT.
{and in LOCAL control).

In general, sensors mounted on different parts of an apparatus
are likely to be at different temperatures. Hence when switching
between control sensors, a change in sek point will be required,
ITC4 performs this change automatically. Where control has heen
established on one sensor, the optimum set point for the new
sensor 13 the prevailing temperature £or that sensor at the
point of swiktch over. This is the set point that ITC4 selectks,

Fressing AUTO or MAN switches between the MANUAL and AUTOMATIC
states. In either case, whilst the button is pressed the main
display gives an approximate indication of the oukput wvoltage.
(N.B. This is not a calibrated parameter. TIf a particalar
requirement needs an accurate value for the heater voltage, a
melter should be connected to the heater leads). When ITC4 is  in
REMOTE eontrol, switching between AUTO and MANUAL is disabled,
but it is still possible to wuse +the buttons to display the
ocutput voltage.

A 10 segment bar-graph is provided to give a continuous
indication of heater operation, whilst the main display is
showing temperature,

When the maximum heater voltage has been limited (see section
5)}s the main display will indicate the  ackual output wvoltage
wnilst AUTO and MAN are pressed. The bar-graph display will
automatiecally be scaled seo that an output on the 1limit will
light all 10 bars.

GAS FLOW

Twe buttons, with asspciated lamps, allow ADTOMATIC or MANDAT
control of gas flow to be selected. These are provided for use
with an avtomatic gas flow controller accessory (AutoGFS). They
may be used to vary the flow of refrigerant in the same way that
the heater controls are used to vary the heating power. If an
AutoGlPS accessory is fikked, the GAS MAW lamp will Elash for a
time after switch-on, whilst the controller establishes a
reference position for the needle valve. During this Eime the
Gas Flow Buttons will be disabled.

Tasns 4 June. 19859
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4 L.OCAT, OPERATION

4.1 Front Panel Controls

The front panel controls are grouped +together in logically
related blocks.

POWER

The main ON/OFF switch. A green lamp illuminates whenever the
instrumant is switched on.

ADJUIST

The red RAISE and LOWER bubtons provide he main means of
adjusting any parameter. They have no effect on their own but
are always used in conjunction with one of the other buktons.
Whenever a parameter is being adjusted, its current walue is
shown on the main display. Setlbing a value involwves pressing
RAISE and/or LOWER until the reguired value is shown.

Operation of the RAISE and LOWER controls has been designed to
allow large changes te be made relatively guickly whilst at the
same time enabling any value bto be sek exactly. TPressing RAISE
orF LOWER briefly will cause the vwalue to change by onc unit. If
the button i=s held in, the last figure will start to change at
about 5 wunits per second. After 2 seconds,; an approXximately
10-fold increase in rate will occur, followed after another 2
geconds by a further rate increase and so on. Altogether there
are 4 different rates. Whenever EAISE or LOWEE iz releaszed, the
next Iower speed will be selected. This allows the user to
"home-in" on the reguired wvalue most ergonomically.

CONTROL

Control of the instrument may either be LOCAL from the front
panel, or REMOTE wia the R5232 interface. The LOC/REM button may
be used to switch between LOCAL and REMOTE.

When LOCK is 1lit, the instrument is locked into either local or
remote control and the LOCSEEM button has no effect. At power
up, ITC4 is locked in LOCAL, since at that time the instrumsnkt
has mno way of knowing if there is a compubter connected to the
E5232 interfacae.

When ITC4 is in REMOTE, many of the front panel controls are
inoperative. Those contrels which only affect the display, will
still work but those which could change the operation of the

instrument are diszsabled,

Issue 4 Junz 1989
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SWEEF

The ITC4 incorporates a programmahle swecp facllity. This is
contrelled by a single RUN/PROGRAM button with thres lamps. Tt
is described in debail in section 6.

DISPLAY

The main display normally indicates the measured temperature.
Where mora than one input channel is fitted, the SENSOR button
may be used to switeh between input sengors. This affects only
Lhe displayed temperature, and so remains operakional even in
REMOTE control. Whilst the button i1z pressed, the display
gswitches to indicate the range code for the sensor being
s@lacted. This merely serves as a reminder of which sensor has
been associabed with which channel.

Pressing the SET button switches the display to indicate the set
temperature. Provided the controller is in LOCAL, the RAISE and
LOWER buttons may be used to adjust the set point.

Similarly, pressing the FROF, INT and DERVI buttons allows the

value of the corresponding control terms to be displayed and
modified,

The display block ineludes two addikbional buttons LIMIT and CAL.
These are rarely used controls and are recessed behind the front
panel to prevent inadvertent operation. They may be operaked
using a pointed objeck, =such as the point of a pencil. Their
operation 1s described in sections & and T respackively.

4.2 Firsk Time Operation

Switch on the instrument by means of the POWER switch. Check
that the green POWER lamp lights,

After about one second the word "PASS" will appear on the
display. This indicates that the TTC4 has compleked iks szelf
test and initialiszatian,

Bfter a further pause the internal SAFETY RELAY will will close.
This links the heater to the controller output, At the same
time, the display will show the measured temperature for Channel
s

If an AutoGFS accassory iz fitted, the GAS MAN lamp may contipue
to flash for several minutes whilst the needle valve is reset.
During this periocd, Gas Flow control is disabled, bumt all other
functions operate normally. (Firmware Version 2.01 onwards).

The ITC4 will now be under LOCAL control fraom the front panel,
with the HEATER and GAS FLOW in MANUAL and the heater woltage at

Izssus 4 June 1539
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4.3 Sensor Salection

Pressing the DISPLAY SENSOR button will cyele the display round
the three possible input sensors. (If only one channel is fitted
the display will still swiktch between channels but will nol giwve
a meaningful reading for sensors 2 and 3.

Similarly the HEATER SENSOR button may be used to select which
of the three sensors iz ko be used for automatic control, Thisz
button is disabled unless ITC4 is in LOCAL and the heater is set
to MANUAL. When changing control sensors ITC4 will antomatically
reset the SET temperature as described in section 4.1 under
HEATER. If a Heater GSelect relay accessory is fitted, the
appropriate heater will be selected as the control sensor is
changed

4.4 Betting a Desired Temperature

Press -the SET button to display the desired temperature., Whilst
holdihg SET pressed, RAISE and LOWER may be used toc change the
set point. ‘

The range of adjustment is normally determined by the full range
of the sensor in use. However a set point limit may be applied
if reguired (see section 5.3). After sekting the required value,
release SET then press it again. If the value sebk was above the
limit, ITC4 will have automatically reduced it to the limit.

When in REMOTE control, the SET bukton may still be used to
display the set peoint, but this cannot be adjusted by means of
BRAISE and LOWER,

4_5 Manpal Heater Control

Press Lkhe Heater H™MAN button to select mamnmal heater control.
Whilst the buntton iz pressed the display will indicate the
approximate oukput wvoltage. (Note that this is an uncalibrated
parameter and will wary to some extent wikth the heater loading).

Whilst MAN is pressed, the sutput voltage may be wvaried by means
of RATISE and LOWER.

If the controller is in REMOTE it will not be possible to switch
from AUTD to MANUAL @ from the fronk pansl, However if the
controller is already in MANUAL, pressing MAH will s21low  the
ocutpnt woltage to be displayved,; though RAISE and LOWER will have
no aeffect.

ITC4 incorporates "bumpless" AUTD bto MANUAL and MANUAL +to  AUTO
transitions. This means that 1If the the controller is operating
in AUTO and is switched to MANUAL the heater woltage is held

Izs=zuo 4 Juna 1989




T4 FPage 18

constant ak its existing value. Zimilarly if the conkroller is
operating in MANUAL with the measursd temperature equal to the
sekl point and 1is switched to AUTO, the heater voltage will
remain unchanged. (If the measured temperature is nob at tho seb
point, the heater voltage will of course change when switched to
AUTO as the controller attempts to bring the temperature te the
Bet pointl.

4.6 Automatic Heater Control

Press the Heater AUTO button to select automatic heater control.
As for manual control, whilst the button is pressed the display
will indicate the approximate cutput voltage. The heater output
will be waried by the controller such that the measured
temperature is brought towards the set point,

When 1in REMOTE, switching from MANUAL to AUTO is prevented, buk
pressing AUTO whilst the controller is in AUTD will allew the
oubput veoltage to be displayed.

4.7 Seﬁtinq P, I & D Control Terms

The control terms may be displayed and set by mesans of the EROR,
INT and DERIV buttons.

PROP indicates the PROPORTIONAL BAND as a percentage of the
input span, covering a range of 0 to 199.9% in steps of 0.1%.

INT dindicates the INTEGRAL ACTION TIME in minutes, covering a
range of 0 to 140 minutes in steps of 0,1 minute.

DERLV indicates the DERIVATIVE ACTION TIME in minutes, covering
a range of 0 Lo 273 minutes (Though values beyond 70 minutes are
unlikely to be regquired in practice.).

RAISE and LOWER may be used to vary the control terms whilst in
LOCAL control. Once a set of values has been chosen, they will
be retained in the ITC4's non-velatile memory and will not neecd
resetting at switeh on,

The P, I and D terms cover a large range of values Lo cover
sysbtems ranging from a swall laboratory coryosktat to a large
furnace. For most laboratory applications a PROPORTIONAT, BAND of
2 to 20% will be appropriate, with an INTEGRAL TIME of 1 teo 10
minutes.

The main purpose of DERIVATIVE action is to reduce overshoot,
when approaching a new seb temperature. For many small systems
derivative action will not be reguired and may be left at zero.
(Hold LOWER pressed for a second after 0.000 is displayed to
ensure that there 1s not a small residual setting of lesss than
.05 minsg which will show as zero)

e
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The PROP and INT controls should not normally be set tEo ZRro,
since .this would correspond to ON/OFF control (See section 14).

Secktion 14 covers the theory behind P,I,D conktrol. However the
following procedure gives a good rule-of-thumb for setting tha
controls to a value that is close to optimum.

1.5et INT for a time much longer than the expectad responsze time
of the syskem.

2.8el DERIV to zero.

3.5elect AUTO and reduce PROP until the temperature starts to
oscillate above and below some mean value (not necessarily the
st point].

4.Time the period of oacillation. This 1is a measure of the
response time of Lhe system.

5.%et INT to a value approxiately egual to the response time. and
increase the PROP gsetting to a point where oscillation Jjust
ceases, then double this walue. This gives a good starting
poink for THE PROP and INT control terme.

#.Test how Lhe system responds to step changes in the SET point
and modify the PROP and INT settings for a reasonably fast
response wikhout excessive avershoob.

7.If overshoot remains a problem following a large step change
in S&SET, try the effect of adding some DERIVITAVE acktion. A
good initial sekbbing is half to one third of the system
response time measured above. This will probably require PROP
to be re-optimised for best results,

B.When optimisng P, I and D the aim should be +to achieve the
lowest values of all three terms, consistent with no
oscillation and an acceptably small amount of overshoot. This
will give the fastest response for the system.

When adjusting the control terms remember that reducing the
PROPORTIONAL BAND increases the controller gain., This can  cause
gome confusion when the concept of PID conlkrol is  first
encounbared,

4.8 Gas Flow Contrel (Beguires AubtoGFS and Version 2 firmware)

The AutoGFE accessory allows ITC4 to conkrol a needle wvalwve,
regulating the flow of cryogen used to cool a sample. With an
AuntoGFS connected, the GAS FLOW MANR lamp will flash following
switch-on and the controller will drive the valve towards its
closed position for approximately 4.5 minutes. This ensures that
the walwe iz fully closed (A =lipping clutch operates when the
closed position ig reached.) During this pericd the HEATER
controls may be operated normally, but thie GAS FLOW conkrols
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will be inhibited.

Dnce the cleozsed pogition has been established, the GAS FLOW
contrals may be used bto conktrol the wvalve, in much khe same way
as the HEATER controls are used. When either Gas Flow AUTO o
MAN dis pressed, the display will show the current position of
the walve, as a percentage of fully open. OUperating RATSE and
LOWER 4in conjunction with MAN will allow any wvalve position to
be set. Hote that since the new value can be set faster than the
valve cgan follow, the valve will continue to drive after MAN 1=
released, until the selected position is ‘achieved. If MAN is
pressed again during this process, the display will show the
position the valve has currently reached and it will stap
driving at this point. If further valve motion is required,
RAISE or LOWER should again be used to specify a new target
setting.

Automatic gas flow control may be selected by pressing Gas AUTO.
Automatic Gas flow may bo used either on itz own at a fixed
heater setbking, or more ususally in conjunction with automatic
heater control. (Since the control response to the gas flow
regulator is much slower than that to the heater, it is normally
pussible to achieve a more stable control with Ehe heater and
gas [low both under auktomatic control).

The walues of the PROP, INT and DEKIV sottings reguired for hest
control will not necessarily be the same for automatic gas
conktrol as for antomatic heater control. Having decided upon the
control mode reguired, the PID valuss should be optimiszed as
described in section 4.7 of the ITC4 manual,

When automatic gas control is used on its own, ITC4 attempts ko
control at the desired set temperaturs in the usual way. When
automatic gas flow is used in conjunction with automatic heater
control, the latter takes over responsibility of achieving the
desired temperature, whilst the gas flow control atbempts Lo
maintain a specific target heater power, This btarget heater
power di8 itself a preset function of the set temperabure, and
has been chosen to give the best balance between conkrol
stability and cryogen usage.

I=sues 4 June 1949




ITC4 Page 19

5 LIMITS

Limits may be placed on a number of the controller paramekers,
either- as a means of improving control performance, or to ensure
the safety of the system being controlled.

5.1 Limiting Maximum Heater Output

The normal full output of the centroller is 40v which is capable
of delivering up to B80W into a 20 ohm load. When eentrolling, it
is generally desirable to achieve an approximate balance hetwsen
heating and cooling such that the rate at which the temperature
rises with the heater full-on 1s approximately the same as the
rate at whiech 1t falls with the heater off. At low temperatures
this ¢an be achleved by means of a2 limit on the heatsr voltage.
Once set, the limit cannot be excdesaded in either AUTD or MAN.

To set a heater power limit, first ensurs that the controller is
in LOCAL and is swibtched to MAN, preferably with the heater
volts set to zero. Press the recessed LIMIT button and hold it
pressed. Now press  the heatear MAN bukton and relea=e it. The
display will switch %o show Ehe heater Jimit in volts
(approximate wvalue). RAISE and LOWER may then be used ko adjust
this, whilst LIMIT remains pressed.

A special case axists where the value of the 1limit i3 set Eo
zero., In this case the controller will dvnamically vary the
limit on the basis of the selected sat point. Thus a higher
limit will be provided at higher temperatures and a reasonably
constant balance bekwsen heating and cooling should be possible
avar bthe whole ranoce.

5.2 Limiting Sensor Temperatures

A limiting walue may be placed on the measured temperature.
Where more than one sensor 1s in usa, separate limits may ha
placed on each. All the sensors will be continwously chacked
against their respective limits, irrespective of which sensor is
used for display or control.

The limits are =set in the same way as that for output power
describsd above. First use the DISPLAY SENSOR button to sslect
Ehe sensor whose limit is to be set. Press LIMIT and hold ik
praessed, then briefly press and release the DISPLAY SEHEOR
putton, to indicate that a display sensor is to he adjustad. The
current 1imiting value will be displayed and EAISE and LOWER may
be used as usupal fto modify it. The same seguence may be repeated
for each of the other sensors. '

The limits should normally be st a2 little above the maximum
operating temperature for the system.

If any Ilimit is axceadéd the ITC4 will immediately display one
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of the massages:
Hot ] Hot 2 Hot 3

indicating which sensor has detected Ehe over-temperature. At
the same time the heater output voltage will be zeb to zero. IF
Lhis causes the temperature to fall below the limit, the message
Wwill clear and normzal operation will resume. If the heater iz in
AUTO, heater voltage will be reapplied as necessary to achiave
the SET temperature. (In MAN, the heater voltage will temain at
zarg until a new value is selected).

If after 10 seconds the temperature is still above the 1limit,
ITC4 will assume that a fault may have occurred in the heater
circuit, It will therefore open its output safaty relay,
completely isolating the heater from the controller output. If
this occurs the display will remain latched in the "Hot 1"
state, even after the system has cooled. To restore normal
operation, it will be necessary to switch ITC4 off and on again.

By setting a wrong limit; it is possible to end up.in a
situation where the "Hot n" message is displayed from switch-on.
If this occurs, refer to section 16.

3,3 Limiting Set Temperature

The Set Temperature, 1s automabtically limited to the Sensor
Limit described above, for the control sensor in use. Tt is
possible to place an additional temporary limibk (below the
Sensor limit) on the set temperakure. Howaver thiz limit will he
aubomatically cleared whenever the Conktrol Sensor is changed,
and will also be cleared at power up,

To set this limit, the SET button is pressed briefly whilst
holding LIMIT,., Then RAISE and LOWER are used as above,

5.4 System Over-Temperature Shutdown

An external over-temperature limit may be connected teo bkhe
PUXILIARY sockek, as deseribed in section 3.4. If this device
detects an over-temperature the message:

Hok 0

will pe displayed. The same protocol applies. If the conditdon
disappears within 10 seconds, normal operaticon will resume. If
it does not, the safety relay will open and the instrument will
remain latched in the "Hok 0" state.
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& SWEEP
6.1 Purpose of Sweep

The sweep facility allows the set polnt to be programmed to
follow a fixed temperature/time profile, The profile consists of
a series of constant temperature steps joined by linear rampsz.

A program may consist of up to 16 ramps and 16 steps. Each zamp
and step may last for a period programmable from 0,1 minute to
24 hours. Once programmed, the same seqguence may be repeated as
often as reguired and is retained in non-volatile memory when
ITCd i=s switched off,

The sweep iz controlled from the front panel by a single
RUN/PROGRAM button, operable only in LOCAL control.

6.2 SBtarting a Sweep
Press the RUN/PROGRAM button and release. The display will show
run

whilst the button is pressed and providing a program is present,
the SWEEP lamp will light whoen the button is released. The set
polint will start to ramp towards the value selected for the
first program step. When the first sweep time is complete, the
temperature will have reached its programmed sebk peint. The
SWEEP lamp will go cut and the HOLD lamp will 1light. This
sequence will be repeated for each of the programmed steps.
After the 16th step has been completed, both lights will go out
and the controller will be left with the set point equal to that
of the 16th step. Any steps with sweep and hold timeszs sebk to
zero will be bypassed. (If neither SWEEP nor HOLD lamp lighlks
when RUN/PROGRAM is relesased, it means that all 16 steps have
zero for both sweep time and held bime. )

Eemember thak the sweep facility programs the ITCd set point.
The measured temperature will tend to lag behind the set point
by an amount dependant udpon the response kime of kLhe system.
Rememther alsg that ITC4 must be =et to AUTD if the actaal
temperature 15 to be varied]

6.3 Monitoring the Progress of a Sweep

at any bkime during a sweep, the HOLD and SWEEP lamps will
indicate whether the set point is being ramped or held,

The SET button may be pressed at any time to indicate the
currant valpe of the set point.

If RUN/PROGRAM is pressed briefly, whilst the sweep is running,
the display will indicate:
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P nn

where nn is the current program step number in the range 1 to
16.

* WARMING #*
Do not hold RUN/PROGRAM too long, or the sweep will he
terminabasd, ses helow.

6.4 Stopping a Swoop

If left uninterrupted, a sweep program will continue &ill1 all
steps have been completed, If reguired it can he terminated
before it is complete by pressing RUN/PROGRAM, and holding it
until the display changes to:

End

The sweep program will be aborted and the set point will be leoft
at the value it had reached when the sweep was terminated.

6.5 Programming the Sweep

A Sweep Program may be entered from the front panel, starting
with the controller in LOCAL. The method is as follows:

Press RUN/PROGRAM and held it in.

Wait till the display changes from "run" to "Pro", then release
the button. ITC4 is now in the program mode and the display will
indicate

B 01

showing that the £irst program step Is to be examined. (If you
wait too long with the "P 01" display, ITC4 will automatically
leave the program mode and resume normal operation.)

Press and hold RUN/PROGRAM and the PROGRAM lamp will light and
the programmed set point for the first step will be displayed.
It may be adjusted if reguired, in the usual way, by neans of
RATSE and LOWLE.

Release RUN/PROGRAM and press it again. SWEEP will now light,
and the sweep time taken by the controller to reach this
programmed set point, will bs displayed. The time iz displayed
in minutes with a resolution of 0.1 minute (6 seconds). RAISE
and LOWER allow this to be adjusted bebwsen =ero and  1440.0
minutes (24 hours).

Wote that for fthe first skep, this will be the time taken to

swaep to the first set point from the set tempsrature when the
program rfun  commences.- Thus the actual sweep r©ate will be
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recomputed for sach run.

Releaging RUN/PROGRAM and pressing it again will cause HOLD +o
light, and will display the hold time at the first temperakure,
again in minutes. After this has heen set, RUN/PROGCRAM may he
released and the display will again show "P 01". If any of the
sattings reguire further modification, the sequence. can  be
repeabed as often as desired.

If RAISE is pressed whilst "P 01" iz displayed, the display will
change to "P 02", The same segquence may then be followed to sab
the programmed temperature and sweep and hold times for this
step.

All 16 steps may be programmed in the game Wa¥. TIE- ‘45 ok
necessary to examine or program the steps in any order. Once the
"P nn" display is shown, RAISE and LOWER may be used to =zelect

any step. The display rolls round from 16 to 1, so that pressing

LOWER when "B 01" is displayed gives a quick way of getting to
B 18",

Where a program of less than the full 16 steps is reguired, the
SWEEP and HOLD times for all the unused steps should be gzet to
zero, When the program is run, ITCd will automatically bypass
these steps.

The programmed temperature of step "P 18" has a special
slgnificance. This is the temperature at which the set polnk
will remain when the sweep is completed and should be set
acoordingly.

To escape from the sweep programming mode, simply leava the
controller with no buttons pressed and "P nn" displayved. After
about 5 seconds, ITC4 will switch back o a normal oparating
mode and display the measured temperature.

H.B. To achieve maximum accuracy, the sweep temperature gleps
are held internally as a fraction of the full temperature range
of the control sensor in use. Thus if an ITC4 has more than one
sensor, covering different ranges, the intended control sensor
should be selected bhefore the sweep is programmed. If a
differenlt control sensor is selected after proyramming and the
Swaep parameters are inspected, all the Cemperatures will he
found to have changed. lHowever restoring the original control
gsensor will also restore the original sweep parameters.
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7. CALTBRATION

7.1 Sensor Calibration

Ta match 1TC4 to the exack characteristics of a specific sensor
a calibration must be carried out at the two ends of Lhe working
range. This iz achieved by means of the recesscd CAL button.

Use DISPLAY SENSOR to seleclk the sensor bo he calibrated,

Cool the sengor to a known temperature as near to the bottom of
the range as possible, ar apply an sqguivalent input from a
calibrator.

Press CAL and whilst holding it pressed, use RAISE and LOWER to
sel the correct temperature reading. ITC4 will update the "ZERO"
value stored in its non-volatile memory.

Change to a temperature or calibrater input near the top of the
range and repeat the process. ITC4 will update its stored "SpaR™
valua,

Repeat until both temperatures read correctly. The nearer the
lower adjustment point 1s to the bottom of the range, the less
interaction thers will hbe.

ITC4 automatically decides whebher to calibrate ZERO or SPAN

depending on whether the input is in the lower or upper half of
its range.
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8. REMOTE OFERATION

8.1 Introduction

ITC4 may be remotely operated by means of its RS232 interface.
This allows a computer to @ interrogate the instrument and if
required, to ktake controal of it.

When in control, the computer has the option of locking out the
front panel controls, or of allowing the front panel LOC/REM
control to remain active, so that an operator may restore LOCAL
operation if reguired.

8.2 Communication Protocols
all dialogue with ITC4 is in 9600 baud serial form.

Data sent by ITC4 is in the form of 1 start bit, B data bits and
2 gtop bits.

Data sent by ITC4 during normal operation has the 8th {parity)
bit always set to zero. When receiving normal data, ITC4 ighnores
the parity bit. (In the "Y¥" and "2z" diagnostiec commands, all 8
bits are used for daka).

All commands consist of a string of printing ASCTI charackers,
terminated by a Carriage Return character, A Line Feed character
may optionally be sent after the Carriage Return but is ignored
by ITC4,

Unless the command starts with a "$" (dollar) character, all
commands will evoke a response from ITC4. The response will
consist of a string of one or more printing ASCIT characters and
will be terminated by a Carriage Return Character. This may
optionally be followed by a Line Feed character,

The response will normally be sent immediately following the
command. If a front panel bubton iz pressed when the command is

received, the response may be delayed until the button is
released,
If the first character of a command is a "$", the command will

be obeyed but no response will be sent. (See section B.4).

None of the RS8232 Modem control lines are reqguired by ITCOA,
though signals are returned on some of the more common ones for
maximum compatibility with other agquipment,

ITC4 will accept a command string at all times. If a computer is
unable to accept data from ITC4 at the full rate of the 9600
baud interface, ths "W" command may be used to instruct ITC4 to
send more slowly.
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8.3 Commands and Responses

Commands ko ITC4E all econsist of a single upper-case letter,
optionally followed by a numeric parameter, the whole being
terminated by a Carriage Retwurn. The response sent by ITC4
yaries depending on bthe command. Usually it eonsists of the
Command letter received, follow=ed by the wvalue of any data
reguested. Where a command instructs ITC4 ko carry out an action
rather than to =send data, the command letter alone will he
returned.

If a command is not recognised, has an illegal parameter or
cannot be obeyed for any reason, an error response will be sent.
This consiszsts of a "2" (guestion mark), followed by all or part
of the command string in guestion. To simplify error handling in
the computer, the "?" will always be the first character
returned.

The most ocommon reason for a command error is attempbing to
execute a control command whilst ITCd iz in LOCAL control. If in
doubt, the "X" command may be used to debtermine the current
status.-

8.4 Mumeric Paramcters

A1l numeric paramebters are breabted as signed integers and are
sent as a string of decimal digits. The range of acceptable
numbers iz 32768 to +32767. Alternatively, positive numbers in
the rangas @ to 65535 will be accepted, if preceesdsd by a "#"
(hagh) svmbol. Humbers outside this range will give an error.

For positive numbers, the "+" sign is optional, as are leading

Zercs. Any spaces, Ifull stops and commas embedded within kthe
number are ignored.
Thus to set a temperature of 20.0 the preferred command form is:

T200
The alternative:

20,0

woild be accepbted and correctly obeyed, but the alternative:

T20
would result in a set temperabture of 2.0 not 20.0. Hence unless
you can be confident that your computer will always send. a
specific mumber of decimal places, it is preferable to convert

all data to integers. For example in BASIC, the instruckiont

LET'H = THT(10¥*T})
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might be used.

The same convention is adopted by ITC4 in returning numbers to
the computer. Thua 23,09 wounld be returned az +02300.

Tha convention of sending all npumbers as integers has been
adopted to maintain compatibility with the maximum number of
computers. Tt avoids any problems caused by the various formats
used by different machines, to represent fleating point numbers,

8.5 Use with OXFORD ISOBUS

The OXFORD ISOBUS allows a number of instruments to be driven in
parallel from a single RS232 port on a computer, using a special
cable assambly.

To allow separate instruments to be distinguwished, each is
allocated a unique address in the range 1 to 8. Depending on the
instrument this may be set up in hardware, or held in
non-volatile mewmory. In the case of ITC4 the latter option is
usad,

When operating on IS0OBUS an instrument must be able to recognise
and respond to commands addressed to it, whilst ignoring
commands addressed tTo other instruments. This is achieved by
starting all commands with a special IS0BUS control character.

When more than one powered-up instrument is connected on ISOBIIS,
no  command should be issued which does not have an IS0BUS
control character as its first character. Issuing such a command
would result in an unintelligible response, as all instruments
would reply together. (N.B. This will only result in lost data.
g hardware damage will be caused).

Following the control character and its parameter (where
rogquired), the rest of the command follows the form described
above. The response of the instrument depends on the initial
control character in the following manner:

@n (At) addresses the command to instrument number n, where n
iz a digit in the range 1 to 8. This instrument obeys the
comanand and returns its usual TesPonSe, All olhers

instruments ignore the command and send no reply.

5 (Dellar) instructs all instruments ko send no reply. This is
normally used +to precede a command being =zenk to all
instruments simultaneously, and prevents a conflict as they
all echo the command together.

It may alsc hbe wused in non-ISOBDS applications if the
computar does not wish Eo racsive a response.

It should be used with caution however, since all responses
are suppressed, including the "7V error responss. Thus the
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compubter has no way of knowing if a cowmmand has been
received or even if the instrument 1s connected.

If a command is to be addressed to a gpecific instrument,
but no reply is required, it is permissible to uze "$" and
"&n" together, The "$" should always come First.

& { Ampersand) instructs an instrument to ignore any following
ISORUS conterol characters, It is included in the ISORUS
protocel f£o allow instruments whose command repertolro
includes “a&", """, "&" or "I" to be used on ISOBUS. TITC4
does not reguire the use of this command.

In (Exclamation) instructs the instrument that from now on its
address is to be n. This command is included here since ik
iz relevent to ISOBUS operation. However for covious
reasons, it should not be sent when more than one instrument
is powered up and connected to ISOBUS. (It would result in
all instruments having the same address!). The command is
intended for initial setting up of instruments, one at a
time. To avoid inadvertantly changing addresses, the "1"
command will only be obeyed following a "U" command with a
non-zero password. (See section 9).
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8. COMMAND LIST

A brief summary of the available commands is given helow.

details are given in the following section.

Commands £all into 3 categories:

MONITOR COMMANDS which are always recognised.

CONTROL COMMANDS which are only recognised when

control.

SYSTEM COMMANDS which are only recognised after receipt

coreect

In the list which follows, "n" represents a decimal digit

"UNLOCE EEY".

MONITOR COMMANDS (always recognised)

n

an

En
Unnnnn
v
Wnnnn
X

CONTROTL

ALl
Dnnnn
Fn
Gnnn
Hn
Innnn
Mnnn
Onnn
Pnnnn
sn
Tnnnnn

SET

CONTROL LOCALfREMOTE/LOCE

DEFINE COMMUNICATION PROTOCOL

READ BPARAMETER n

UNLOCE FOR "1™ AND SYSTEM COMMANDS
READ VERSION

SET

WATIT INTERVAL BETWEEN OUTPUT CHARACTERS

EXRMINE STATUS

COMMANDS (recognised only in REMOTE)

SET
SET
S5ET
SET
sET
EET
ST
SET
SET

AUTO/MAN FOR HEATER & GAS
DERIVATIVE ACTION TIME

TO DISPLAY PARAMETER n

GAS FLOW (in MANUAL only)
SENSOR FOR HEATER CONTROL
TNTEGRAL ACTION TIME
MAXTMIUM HEATEE YOLI'S LIMIT
OTRUT VOLTS (in MAHUAL only)
PROPORTIONAL BAND

START/STOP SWEEP

SET

DESTEED TEMPERATURE

Eage &0

Fuller

REMOTE

of the

-9,

SYSTEM COMMANDS (recognised only after correct Unnnnn command)

L
g

Z
:

Issues 4

LOAD LINEARISER TABLE n
LoAD ENTIRE BAM CONTENTS
DUIMP ENTIRE RAM CONTENTS

GET

IS50BUS ADDRESS (See section B.5)
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10. COMMAND SYNTAX

Cn COMMAND

The control command sSets ITC4 dinto LOCAL or TEMOTE and
determines whether the LOC/REM hutton is LOCEED or active. AL
power up ITC4 defaults to the 00 state. Allowed values are:

0 LOCATL, & LOCKED (Default State)
2] REMOTE & LOCKED

o2 LOCAL & UNLOCKEED

3 BEMOTE & UNLOCEED

On COMMANID
Defines the communication protocol.
Currently only 2 wvalues of n are significant:
Qo "Hormal" (Default Value)
02 Sends <LF» after sach <CR»
En COMMAMD
The READ command allows the computer to inkerrogate any of a
number of variables. The rebturned value is always an integer as
defined in section B.4. Allowed values for n are listed below.

(R11 and above are intended as service diagnostics and are
unlikely to be of use to the user).

RO SET TEMPERATURE
R1 SENSOE 1 TEMPERATURE

R2 SENSOR 2 TEMPERATURE

B3 SENSOR 3 TEMPERATURE

H4 TEMPERATURE ERROR (as % of sensor span)
REG HEATER OfP (as % of current limit)
B& HEATER O/P (as Volts, approx.)

R7 GAS FLOW O/P (arbitrary units)

RB PROPORTIONAT, EBAND

R3 INTEGRAL ACTION TIME

R0 DERIVATIVE ACTION T'IME

R11 CHANNEL 1 FREQ/4

R12 CHAMNEL 2 FREQ/S4

R13 CHANMEL 3 FRE()S4

UInnnnn COMMAND

The UNLOCE command allows aceess ko the SYETEM commands. This
sek of commands are intended for diagnostic and configurakion
purposes and have the power to erase or modify the conbenlks of
the non-volatile memnory. The U command must be followed by the
correct KEY paramsbter before these "dangerous" commands may be
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used, The walue of the KEY iz given in section 12.7 of this
manual. The whole of section 12 should be read before any
attempt is made to use the keyl

A lower level of key protection is provided for Lhe "7 command,
to avoid accidental errors. Allowsed values of U ara:

1] LOCKED {Power-up Defanlt)
1y "1 COMMAND UNLOCKED
Unnnnn  "L", "¥" & "i" COMMANDS UNLOCKED

WV COMMAND

The VERSION command requires no parameters. It returns a message
indicating the instrument type and firmware wversion number,

Wnnnn COMMAND

The WAIT command sets a delay interval before each character is
gent from ITC4 via the serial interface. This allows ITC4 to
communicate with a slow computer with no input buffering. The
parameter nnnn specifies the delay in milliseconds. It defanlts
Lo zero at power-up.

(H.B. the W command doss not reduce the rate at which ITC4 can
accept data from computer.)

A COMMAND

The EXAMINE command allows the computer to read the current ITC4
STATUZ. It reguires no parameters and will return a message
string of the form:

HnAnCnSnn

whaere the digits "n" have the following meaning:

in SYSTEM STATHOS [Alwayﬂ ZEED l:!urL'E!ﬂ'tl}'}
An AUTO/MAN STATUS (n as for A COMMAND but see helow)
n LOC/REM/LOCE STATUS (n as for C COMMAND)
Ernn SWEEP STATUS {nn=0-32 az follows)
nn=0 SWEEER NOT BUNNING
nn=2p-1 SWEEPING to =tep P
nn=2r HOLDING at =tep P

On systems fitbked wikh AutoGFS, the
digit following "A"™ will bhe increased
by 4, during the initial calibration
period whilst the GAS MAN lamp is
flashing.
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An COMMAND

The AUTO/MANUAL command allows the heater and gas flow conbrol
funetions to be sel to AUTO or MANUAL. Allowed values are-:

Al HEATER MANUAL, GAS MANUAL
A HEATER AUTO, GAS MANUAL
B2 HEATERE MANUAL, GARE AUTD
M3 HEATER AUTO, GAS AUTO

N.E. "MANUAL" in the context of REMOTE control means that the
HEATER or GAS FLOW may be set directly by an "O" or "G" computer
Commard .

"A2" and "A3" commands will not be accepted during the initial
AutoGFS calibration phase, whilst GAS MAN is flashing.

Pnnnn, Innnn & Donnn COMMANDS

Set PROPORTIONAL, INTEGRAL and DERIVATIVE control terms. The
values taken by n correspond to those given in section 4.7.

Fn COMBEATLD

The FRONT PANEL DISPLAY comnand sets the display to show one of
the internal parameters rather than Ehe normal moasurad
temparabure. Normal display operation may be restorad by
pressing the SENSOR button. The command is intended chiefly for
use during tesk and fault diagnosis. n may take the same values
as for the "R" command above, with the same significancs.

Gnnn COMMAND

Sets the GAS FLOW to a defined wvalue nnn. (For use with
AutoGFS). The "G" command will not be accepted during the
initial AutoGFS calibration phase, whilst GAS MAN is flashing.

Hn COMMAND

The HEATER SENSOR command defines the sSensor to be wused for
automatic conltrol, n may take the values 1-3 corresponding to
the thres input channels.

Mnnn COMMAND

The MAXIMUM HEATER command sets bEhe maximuom heater woltage that
ITC4 may deliver, under auktomakic control or in responss to an
"0" command. This performs the same funckion as the Output Timit
described in section 5.1. nnn is specified in unibts of 0.1 vall,
and is approximate. :
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"MO" may be used to specify a dynamically varying limit as
dezscribed in section 5.7.

Onnn COMMAND

Sebs  the reqguired heater output in MANUAT,., The parameter nnn is
expressed as a percentage of the maximum heater voltage set by
the "M" command in units of 0.1%. Hence range of nnn is 0 to
999,

Gn COMMAND

The SWEEP command may be used to start and stop a sweep
remotely.

50 STOPS5 SWEEER
51 STRETS SWEEFR

Yalues of n £rom 2-32 may also be sent and have the effect of
entering the sweep program parlk way through. The value of n  has
the same significance as for the 5 part of the status message
(z=e above)l. Hote however that if n is an odd number other Lhan
1, the sct point will immediately change to bthe programmed
:?mpcrature for the preceeding step and start its sweep from
~here.

Tnonnn CTOMMAND

The TEMPERATURE command seks a set point temperature. The
parameter is the reguired temperature, sent as an integer in
adogrdance with section 8.4.

Note that if a sweep is running, the temperature set by the T
command will be over-ridden by the gsweap.

Ln COMMAND

The LINEARISER LOAD command lcocads one of the three customisable
non=-volabile dakta tables with linearisation for a partieunlar
sensor. oee section 12.

¥ COMMAND

The ¥ command allows the entire contents of the RAM memory to be

loaded in binary, ¥via the serial interface. It is not intended
as a user comnmand,
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7 COMMANRD

The & command allows the entire contents of the RAM memory to be
dumped in binary, via the serial interface., It is not intended

as a user command,
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11. SENSOR RANGE CONFTGURATION

11.1 Introduction

Each sensor inpubk channel of ITC4 may be configurad to a ranga
suitable for use with a specific sensor. Normally an instrument
is supplied with the specified range(s) configured ready for
use. However it is possible to reconfigure it for use with
different sensors should this be reguired.

The existing eonfiguration may be determined by the eode(s)
dizplaved when the DOTISPLAY SENSOR button is pressed, Limitabkions
of a 7-segment display, mean that bkhe characters are a rather
stylised mixture of upper and lower case. "K" is particularly
obscure and is shown as:

]

ITC4 comes with data for many of the most commonly used ranges
included in the program memory. A further 3 ranges may be
accommodated as cusbom calibrations in the non-volatile memory.
(Version 2 firmware allows space for many more standard ranges
than version 1).

For soma sensors ranges are availazble with either a Centigrade
or FKelvin display. To identify these, the sensor rcade for all
Centigrade ranges has an extra decimal point following the final
digit, (This convenktion only applies from the introduction of
varsion 2 firmware).

The table in section 11.2 shows range details for the standard
ranges included within the program memory of Version 2.03
firmware. (The standard ranges may be changed from time to  time
in response to variations in sensor popularity). The temperature
range listed ig the useful working range, On many ranges TTO4
will continue ko indicate slightly outside this range.

The remainder of =section 11 shows how to configure the
instrument for use on one of these installed ranges. Section 12
takes configuration a stage further and shows how a completely
ned custom range may be desiqgned and installed., In the following
description, abbreviated component references are wsed. Thus SWI
refers to SW301 on channel 1, SWS501 on channel 2 and SW401 on
channel 3.
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11.2 Range Data

CODE SEMSOR EANGE Tref 5w SH2

! [Hear Bwitch) (Front Switeh)
STAMNDARD RANGES (See Note 1)
Lim Lin=ar Ranges 0=-9943.9 (As required, See MNote 2)
Hull Centre Zero +/-19999 {2z regquired, Ss== Hote 2)
Con 1 Conductance -12.9%09m= 00037 11110 1001 010710
'S 5 AuFe 0.03/Chr 2-500K 42K 11000 11111 Qooo0 11000
TS 5§ AuFe 0.03/Chr 2-500K TTK 11000 11100 Qeaod 11000
TG 5 AuPe 0.03/Che 2=-500K° 273K 11000 10100 Qoo0d 11000
TG 57 AuFe 0.07/Chr 2=300K (Tref and Switches as for AuFe 0.03)
TT 5 Copper/Const. 20-500K 77K 10100 11111 00000 11000
TT 5 Copper/Const. 20-500K RT 10100 11111 00000 10100
TT 4. Copper/Caonst, -250-4000 77K 10001 107111 02000 11000
T d- CDppEIfCDnEt. -250-400C ET 100017 11100 Q0000 10720
TK 10 Chromel/Alumel 0-1000C 0C 01111 10111 0¢000 11000
TE 10 Chromel/Alumel 0-1000C ET 011171 10111 00000 10100
TK 13.Chromal /Alume]l-200~-1370C 0OC 01110 10100 o000 11000
TE 13.Chromel fAlumel -200-1370C RT 01110 11117 00000 11000
RF 5 ERhFe Resistor 1.5-500¥ Curve—-i L1 B s ot i O o 5 | 10010 10000
RF 51 RhFe Resistor 1.5-500K Curve—gB K1 (6 iy o O o o | 10010 10000
RPF 5 Flat Resistor Z0-500E Pure 10010 11111 010710 10000
RP 51 Flat Resistor 50-500K Ballasted 109010 11111 1010 10000
BRI, 3 CLTS 2-300K 111 01111 1010 10100
DS 3 5i Diode (0L} 2=300FK o001 0 QOO0 Qo110 11200
Ds 31 2i Dicde (LS) 2-300K aoand 00o0g0 aciio 11000
OC 35 C=Glass CREQD 2-300K (Typ conly) 00001 11011 10001 01010
CA 21 100R Allen Brad 4-250E 00111 11000 01001 031010
Ca 22 A70R Allen Brad 4-250K pO011 10010 01007 01010
C5 01 470R Speer 0.250-9_.99%K ooott 11010 0101 01010
Notes:

1.5witch s=ettings in this table are intended as a guide only.
In particular the span and zero settings defined by SW1 may
change £for different sensors. In the case of thermocouples,
the zoro switch getting will vary with the reference junckion
temperature. Settings are given above for some of the more
common  combinations. Obhers may easily be ohtained
empirically (see section 12.5).

2,The Lin and Null ranges are gensral purpose ranges and may be
set up for any desired span and zero. Both provide a linear
relationship between i1nput and display. One provides a
unipolar display, whilst the other is cenktre =zero.

3.HMote that whilst it is theorstically possible to use a Room
Tenperaturs reference junctien with a cryogenic thermocouple
such as AuFe/Chromel, this is not recommended. The accuracy
and stability obtained are unlikely to be acceptable for
cryogenic dpplications.
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41.The spread of 27 Ohm Rhodium Tron Sensors is  such  that  two
typical curves are included. Curve A should bes used for those
gengors having a 4.2K resistance of 2 ohms or greater, yhilst
Cupve B should be used for =sensors with a 4.72F resistance
lesz than 2 ohms, Use of tha appropriate curve should rTesulk
in linearisation errors of less than 1K over the full
temperature range., For a more accurate fit to a sSpecific
zensor, a custom calibration should be ordered.

3.Two platinum ranges are provided, one faor a pure platinum
element , the ather for a hallasted aelamant to
BS1904/DINA3760. The latter element is more readily available
but its performance below 73K is currently unspecified., (The
data between 50K and 73K is based on BS1904:1964 rather than
B51904:1984) .,

11.3 Access to Configquration Controls

Configuring ITC4 involves setting switches on ths input hoard
and selecting the apprapriate linearisation data table. To CAYTY
out this work the top cover of the instrument must be ramoved.
Bafore attempting this, read tho Safety Tnformation in Section 1
of this manual.

To remove the top cover, first remove the 4 scraws securing ik,
The cover may then be s51id towards one side, wntil the oppozite
side may be lifted clear of the =ide casing.

Where.a second input board is fitted for 2/3 channel wuse, this
will Jlocate over the c¢hannel 1 board, The switches on the
channel 1 board are placed at the edge of the board such that
they remain acecessable, On the upper board, the switches are

associated with the two channels in a logical manner, such thal
the channel 3 swikches are nearer the left hand side of the
instruments. On all hoards 5W1 is nearer the rear panel. HN.B.

The full component references used on the PCB for SW1 are SW301,
5W501 and SW401 for channels 1-3 respectively. Except when
referring ko a specifiec channel, the first digits are omitted
herea.

11.4 Hardware Configuration

Configuring the input stage hardware involves setting up the
correct pattern on the two sebs of DIP switches associated with
the channel bheing configured. The preceding table gives the
correct pattern for each of the standard ranges. In =ach case a
"1" represents a swikch in the "ON" position (nearer the left
side of the instrumenk) SWi1 i= the s=t of switches nearest bhae
rear panel.

It is not necessary bo know the function of the switches, in

order to set them correckly, However a brief indication may
prove helpful, >
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8W1 is split into two sections each of %5 switches. SWifl  ta
5W1/5 define the input span, whilst SW1/6 to 8W1/10 define the
input zero. The pattern on the switches may be regarded as a
binary number with the highest numbered switch being the least
significant bit. The all "ON" position gives the smallest span
and zero whilst the all "OFF" position gives the largest.

sW2/1 to B8W2/3 define the magnitude of the sensor energisation
current, when reguired.

SW2/4 selects constant current energisation for  metallic
resistance thermonetercs,

SW2/5 selects constant voltage energisation for semiconductar
raesistance thermometers.

SW2/6 selects normal voltage sense operation,
5W2/7 selects a negative zeroc offset for supressed zero TANTES .
SW2/8 sclects a positive zero offset for slevated zero ranges.

SW2/9 selects a small zero offset for use with semiconductor
resistance thermomsbers,

SW2/10 is unused.

11.5 Linearisation Configuration

To seleect the correct software data table, proceed as follows.
Switch the ingtrument on and ensure that the DISPLAY SENSOR lamp
is showing the channel which is to be configured. If necessary

press SENSOR to change channels.

Now press the RED button SW1 on the main printed circuit hoard.
The messags

EESE
will appear followed shortly by:
E 00
Press LOWER and release; to displayv:
t 07
Then press LOC/REM. The display will show
Lokd

followed shortly hy:
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Lin

which is the code for the first one of the available =standard
ranges. :

Press RAISE or LOWER to cycle through the available ranges until
the code for the required range is displayed. Custom rangss that
have not had data installed, will show as a hlank display.

Press TLOC/REM and the range will be configured. ITC4 will then
leave the test mode and start normal operation with the "pPassg®
message.

After re-configuring a range, it will be necessary to carry out
the calibration described in seckion 7.
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12, SENSOR RANGE DESIGN

12.1 Introduction

The preceding section described how to configqure ITCY to use 3
range already installed in either the program or non-volatile
memaries. This section describes how a range may be designad and
loaded into one of the non-wvolatile memery tables. To load the
data reguires entering some 260 numberg, without error. It is
strongly recommended that the numbers be prepared as a data
table on a computer and loaded automatically. That way errors
may be corrected withouat having ko start again at the beginning.

Before installing a new range, check that the data Eable to  be
loaded is not already in use. Once new data is loaded, the ola
data will be irretrievably lost (See secticn {f3 e

12,2 Types of Sensor

The first stage in designing a range iz to decide what type of
52ns50Y .18 to be used.

The wvarious sensors may be divided intoc a number of classes on
the basis of the input configuration they reguirae.

Thermocouples acl as voltage sources and their output voltage is
measurad.

Metallic Resistance Thermometers have a resistance which risesg
approximately linearly with temperature. ITC4 passes a  constantl
current LChrough the sensor and measures the voltage produced
(4-wire resistance measurement).

Semiconductor Resistance Thermometers have a resistance which
falls very non=linearly with temperatura. By measuring the
sensor conducktance, a function is obtained which riscs with
increasing Lemperature and is more nearly linear. ITCY achieves
& 4-wire conductance measurement by controlling the sensor
current in such a way that the voltage across the sensor iz held
constant. The sensor current is then measured to  indicate
Cemperature. aApart from providing a more linear measuring
funcktion, this mekthod hazs the added advantage that =ensor
dissipation is automatically reduced as the temperature falls.

Semiconductor Diodes have a wvoltage which falls with rising
tomperature. ITC4 provides a constant currenk energisation for
these, an for metallic resistance thermometers, but the
connections to input high and low are reversed, so that input
high still receives a voltage which rises with increasing
temperature.
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12.3 Selecting Input Configuration

Hawing decided wupon the Sensor type the input shage
configuration may be determined and the settings for SW2/4 to
SW2/9 established.

SW2/4 BW2/5 8W2/6 sW2/7 sSu2/fB SW2/9

THERMOCOUPLE OFF OFF ON (See Below) OFF
METAL RESISTOR O OFF ] ] M OFF OFF
SEMI. RESISTOR OFF ON OFF ON OFF 0O

SEMI. DIODE on OFF o oM OEE OFF

sW2/7 and SW2/8 s=set +the polarity of the =zero offset. For
thermocouples the setting of these is determined by the relation
betwaen the bottom end of the range and Lthe thermccouple
reference Jjunction temperatuyre, Where the reference junction
temperature is close to or above the bottom of the range, SW2/7
should be ON. Where it is gubstantially below the bottom of the
range, SW2/E should be OM.

Where a thermocouple range is intended for use with a
compensated room temperature raference, SW2/8 should he OH.

12.4 Selecting Sensor Energisatien

For resistance thermometers and diodes the preferred sensor
energisation may be set by SW2/1 to sw2/3.

For Metal Resistors and Diodes, constant ocurrent energlsabiom is
used and the possible currents are:

BW2Sf1 BW2/2 SW2/3

10 ud QFE DERF o
100 uA OFF [N OFF
1 ma 0N QFF OFF

Hote that thess currents are nominal values and there will be up
to 10% wariation between instruments.

For semiconductor resistors, the current reduces with falling
temperaturse. The current fto select, iz that which may flow at
the highest operating temperature. This iz determined Iy SW2/S1
ta 8W2/3 in accordance with the table above.

12.5 Belecting fZero and Span

Remember that S8W1/1-5 and §6-10 correspond to binary numbers
defining the =span and =ero rcespecktively, in a logarithmic
sequence (Sechkion 11.4). To seb bhese it is necessary bo be able

to simulalte the sensor input conditions whilst monitoring the
voltage between TEPI and TPO on the input board.

First establish a gern swiktch setting SWI/S6-10 by trial and
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error, such that with an input corresponding to the beottom of
the range, the voltage at TP3 iz as close to zero as possible,
whil=t remaining peogitive. (Typiecally Lhis will be arcound 0.5
volts) .

Now change to an input feor the btop of the range, and s=t 3W1/1=5
Lo achieve a voltage as clogse to 5 volts as possible, without
excesding 5,25 wvolts. (Typlically 4.8 - .0 wolts).

There will be some interaction between the two s=ts of awitches
and a second iteration may be found to he necessary.

12.6 Caleculation of Linearisation Data

Take the raw sensor data; voltage, resistance or conductance as
appropriate; and split it into 256 equal intervals. Work ont the
temperature for each point defining these intervals (257 points
in all counting first and last).

Note the actwual wvalues of the first peint T(0) and last point
T{256)« These will be neaded shortly.

How normalise the daka such that the first point i3 zern and the
last is 65535. If T(0) is the first and T(256) the last, each
point T(i) may be normalised to give H{i)} by:

H{i)=(T(i)-T(0) }*65535/(T(256)}-T(0))

Use T(0) and T(256) to calculate a display offsek, and display
gaing

M{offs)
H{gain}

32768 + T(0)
{T{256)-T(0))/2

H.B. T{0) apd T{(256) should be inkegral multiples of the
intended least significant digit.

How select a decimal point code N{decimal} using the following
list:
Hidecimal ) Number of Decimal Places
L Mo Decimal Poini
1 0
2 1
4 !
B 3
16 £

Finally compobe values for the sensor display codes H{icodel) Lo
Hicoded4) for the four characters, by adding together the wvalues
of all the segments to light, using the diagram below to asign a
value ko sach segment.
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16 G4

. @
32 128

Combhine thess into two pairs by:

Hicodel2)
Ki{icoda3id)

256%H{codatl ) + Nicode2)
256*%N(codeld) + Hicoded)

12.7 Loading Linearisation Data

First unlock the memocry probtection with the command "“ug9ggg™,
{(Thiz is the elusive kby 1)

Then send "Ln" where n is a number in the range 1-3 and
determines which of the 31 eustonm linsarisation tables 1 Eo bhe
loaded.

How sSend the following 264 numbers in the order listed bhelow.
Each number must be preceded by a #(hash) and tesrminated by a

carriage return. (Note only the number iz sent, not the text
"H{0)}" etel). :
Number Example Notas
M0} ff ) Will always be 0
Hi1}) H200
Mi{2} #387
- ete, -
W(255) EE5300
M{256) #65535 Will always he G5535
N{gain) #5000
M{offs) #327a88
Hidecimallé2 Faor 1 decimal place

H(codedd) #28220 For "st"
Hieodal2) #15422 For "Ec"

0 20 Spare, must he zero
0 #0 Spare,; muskE be zero
The data is npow loaded. To dinstall this data, follow the

procedure given In sSectign 11 to Iocate and load the code for
the new sensor.
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13. THEORY OF CALTBRATION AND LINEARISATION

In the interests of long term stability and ease of adjustment,
ITC4  contains no conventional calibration presets. Instead the
calibration constants are held in the non-volatile memory and
"adjusted" to makeh a particular sensor by means of the fronk
panel controls. This section covers the theory behind this,

13.1 Hardware Calibration

The input signal is amplified to produce a signal within the
range 0 to 5 wvolts at TP3 on the input board.

The rele of the span and zero switches SW1 is to ensure that a
given input range occupies as much as possible of this 0 ko &
volt range without ever going outside ik, The ratio betwsen
successive switech positions is never less than 0.7 so it is
always possible to fill at least 70% of the 0 to 5 volt range.

The 0 to 5 wvolt signal is passed to the following voltage to
frequency converter, where it is converted into a frequency in
the range 0 to 65kHz approx. This is read as a 16 bit number by
the microprocessor.

13.2 Input Software Calibration

The raw fregquency count has a ZERO value added and is multiplied
by a 5PaN, ko convert it to a number which runs from 0 to &G5535
for the full working range, This serves two purposes. It allows
interpolation between the switch steps and it allows variation
between individual sensors to he calibrated out. When RATISE  and
LOVIER are operated with the CAL button pressed, it is the values
of ZERO and SPAN which are adjusted.

13.3 Linearisation

The lineariger proper takes the 16-bit (0-65535) number from the
input calibration and remaps it ko a new 16-bit number correchted
for sensor non-linearity. This 1is achieved bLy defining 256
cgqually spacad lin=ar segmnents. The correct segment is
established and a linear i1nterpolation performed within this
sagmenk .

Usa of a set o0f linear segments regquires much greater memorcy
storage than would be reguired for example for a polynomial fit.
However it is quicker to calculate, in real time and given the
"kinked" nature of many cryogenic sensor calibrations, geonerally
gives a better fit.

It is the linearised 16-~bit number which is used within ITC4d for
control purposec.
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13.4 Display Calibratieon

To produce the reguired physical representablion of the l16-hit
number for display purposes a further multiplicabtion and zero
shift now takes place using the GAIN and OFFSET parameters,
Thase map the 0-65535 to the required signed number sxpressed as
degrees. The values of GAIN and OFFSET are determined as part of
the range calibration {as described in ceckion 12.6). IE iz only
at this final stage that the accuracy of the numbers may ba
reduced by rounding. Inkernally within ITod all arithmetic is
dAone on the full 1é6-bit mumber.
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14. THEORY OF CONTROL

14.1 General

The aim of a controller is to maintain the temperature of a
system as close as possible to some desired temperature (the SET
POINT) and as far as possible to eliminate the effect of changes
in the heat 1loss from the system. When a steady state is
established, the heating provided by the controller will exactly
balance +the heat lost by the system to its surroundings. &
further function of the controller is to follow any changes in
the set point as rapidly as possible. Thus the criteria for good
control are:

CONTROL ACCURACY The mean temperature of the system
should be as close as possible to
the desired bemperature.

CONTROL STABILITY The fluctuations above and below
the mean temperature should he
amall.,

CONTROL RESPONSE  The system should follow changes
in the set point as rapidly as
possinle.

In the following sections a number of possible control systems
of increasing complexity are described, culminating in 3-TERM or
P.I1.D. control; as used in ITCd.

14.2 Open Loop Operation

In an open loop system, a fixed heater power is applied and Ehe
gyatem is allowed to come to eguilibrium. There is no control as
such, since the heater power can only be changed Ly the
intervention of a human operator. The system takes a long time
bo reach equilibrium and any changesz in the heat loss from the
system, produce corresponding changes in the system temperature.
The hot plates on a domestic cooker form an example of this form
of "control". This mode of operation can bo obtalned with ITC4
in its MANUAL mode.

14.3 On-0Qff Control

Im an on-off (or "bang-bang") control system the heater power is
gither full on, if the temperature iz below the =set point; or
off, if it is above. The contreol accuracy and response can be
made wvery good with this form of control and the system can be
made largely immune to changes in heat loss. Howewver the control
gstability can never be made wery good since the system
temperature must alwavs cycle above and below Lhe sebk poinlk. The
magnitude of the temperature fluctuations depends on the thermal

Issue 4 June 19849




ITC4 Page 47

properties of the system. For some systems, where temperature
fluctuations are not important, this i= a perfectly sakisfactory
and simple system of control. (e.g. the domostic electric OvEn) .

14.4 Proportional Contrel

R proporticonal control system overcomes the problems of
tempoerature cycling by allowing the heater power =la] be
continuously waried. The heater wvoltage at any instant i=s
proportional to the error betwesen the measured and desired
temperatures. Thus a large negative error will produce a large
heater voltage in order to correct that error.

If the output voltage were proporticnal to the error over the
whole range of the instrument, a negative error equal to half
the total span of the instrument would be reguired in order to
generate a full output woltage. Thus, although the control
stability might be good, the accuracy would be very poor.

By increasing the GAIN of the controller the output can be made
proportional te the error over part of khe total range of the
instrument. Oukside this range the output is either fully on or
completely off. The range over which the output is proportional
to €he dnput is the PROPORTIONAL BAND. This dis normally
expressed as a percentage of the tokal span of the instrument.
Thus a Proportional band of 100% is equivalent to a galn of
uni ty,

By reducing the propertional band, the accuracy of the
controller may be improved =ince a smaller error will then hbe
necessary to produce a given change in oubput.

This would seem to imply that, by sufficiently reducing the
proportional hand, any reguired accuracy could be ohtained.
Unfortunately as the proportional band is progressively reduced,
there will come a poink at which temperature oscillations
reappear, (In the limit, a controller with a proportional band
of 0% is an on-off controller, a=z described above).

The reduction in proportional band which ean be achieved bafore
the onset of oscillations, will depend largely on the design of
tha system being controlled. In some systems it may be possihble
to achiewve the reguired control accuracy without oscillations
but in most cases this will not be so.

14.5 Integral hction

To overcome this problem, INTEGRAL ACTION isg introduced.
Congider a system controlled by proportional action as described
above, with the proportional band sufficiently large to prevent
o80lllation. The resalt will be stable control but with a
residual error babtween the measured and desired temperakures.
Suppose this error signal is fed to an integrator, the cutput of
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which is added to the existing controller output, The effect of
thiz will be to wvary the overall output until control is
achieved with no residual error. At this point the input to the
integrator will be =zero and this will therefore maintain a
constant output. Integral action has thus served to remove Ehe
residual error. Provided the contribution from the integrator is
only allowed to vary slowly, proportional action will prevent
the occurrence of oscillations. The response of the integrator
is characterised by the INTEGRAL ACTION TIME. This is defined as
the time taken for the output to vary from zero to full output,
in the presence of a fixed error equal to the proportional band.

To ensure that the integrator itself does not give rise to
oscillations, it is usual to employ an Integral Action Time of
at least the response time constant of the system.

When a controller is responding to a large change in set point,
the integrator will charge whilst the system is approaching the
new set point. If left unchecked the integrator is likely to be
fully charged by the time the temperature comes within the
proporticnal band, This will inevitably result in a large
overshoot. To overcome this it dis usual to incorporate an
INTEGRAL DESATURATOR whose function is to hold the integrator in
its discharged state when the measured temperature is outside
the proportional band. This can considerably reduce the amount
of overshoot. In ITC4 a more sophisticated DESATURATION
ALGORITHM ig employed, which rather than discharging the
integrator, deliberately pro-charges it in such a way as to
further minimise overshoot.

14,6 Derivative Action

The combination of Proportional and Integral Action will suffice
to ensure that acourate and stable control can be achieved at =
fixed temeprature. However when the set point is changsed many
systems will tend teo overshoot the reguired wvalue., By means of
Derivative Actlon this effect may be reduced or eliminated
completely. Derivative Action monitors the rate at which the
measured temperature is changing and modifies the control oubput
such as to reduce this rate of change. ([Derivakive Action i=
exactly analagous to the use of welocity feodback in servo
systems and serves the same funhction).

Like Integral Action, Derivative Action is characterised by an
action time. If the measured temperature 1is changing ak a rate
of one proportional band per DERIVATIVE ACTION TIME, Derivatiwve
dection will contribute a signal sufficient to reduce a full
output o zerc or wice versa.

In ITC4,; use of the integral desaturalbion algorikhm referred to

above, may be sufficient teo limit overshoot in many systems. In
Lhis case no derivative action will be required.
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14.7 Horth American Terminology

In Morkth America, a different terminology exists for I—term
control.

PROPORTIONAL BAND is replaced by its reciprocal, GAIN. (e.g. A
proportional band of 2% is equilvalent to a gain of 50).

INTEGRAL ACTION is replaced by RESET. This may either be
spepcified as a time (as for dAntegral action) or a= its
reciprocal, "REPEATS PER MINUTE".

DERTIVATIVE ACTION iz replaced by RATE. BAgain this may be
speaified as a Lime or as repeats per minplte,
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15. BSERVICING

15.1 Cirewnit Description

Tha majority of the circuitry involved in TTC4 i= conventional
and can be readily understood from the cirecuit diagrams. The
notes which follow cover those areas where some additicnal
explanation may be reguired.

The power supply i1s totally conventional, providing a high power
DC heater supply and a separate S5v supply for the logic. The raw
11 volts from which the 5v is obtained, is used on the main PCB
to monitor mains veolts. Should this fall below 8 volts, 3 RESET
is performed, protecting the data in the Hon-Volatile HMemory.
(If ITC4 is operated on very low mains volts, it may kaep
resetting. This may be didentified by the "Pass" message
reappedring during use. )

The main Utransformer also generates an 18v AC supply for the
input circuits. A separate transformer on the input board splits
this into separate isolated supplies for the input amplifier and
the cuprent source. Regulated reference supplies of +/-6.2v are
generated on the input board.

The input amplifier uses a chopper stabilised amplifier for hest
stability. This incorporates internal protection against
alectro-static dizcharge ([ESD) and further protection is
provided by the inpul filter and the fully fleoating supplies.

The ladder networks associated with SW1 have been dssigned to
give approximately egqual ratios of 0.7 hetweon steps.

The sensor current source U103A floatks on its own power supply.
Howewver it derives its reference supply from the main input
stage reference rails, using the three amplifier instrumentation
confilguration U103 B, C & D, to provide the necessary common
mode rejection.

Note when testing the current source, there muslt be some
eglactrical path between the current source and the input
amplifier, to ensure that Lhis remains within the common mode
range 0of the amplifier. In use, this path iz provided via the
csensor leads, For testing, it is suggested that pins 3 and 5 of
the input conneclktor should be linked,

Referencing the corrent source from the main inpok rceference
permits an  easy re-configuration Eor a brue 4-wire conductance
measurement. This is achieved by opening SH2/6 and SW2/4 and
closing SW2/5. The main amplifier now operates open laop and the

overall feedback loop is closed wia the current source. The
normal zero network is used ko define an expechtad sensor voltage
and the feedback loop now slaves the sensor current Lo achieve

this. A capacitor across B8W2/6 ensures AC stability in this
configuration,

'’
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The high level signal from the input stage 1s fed via a filter
te a voltage to frequency converktor and thence via a high speed
opto-isolator to a counter on the microprocessor board.

The microprocessor cireuit is conventional and incorporates CPU,
EPROM, RAM, CTC and USART chips. The keyboard and display are
mapped directly as ifo ports on the microprocessor bus and the
CPU handles all the display decoding and multiplexing in
coftware.

The oulput stage accepts a high freguency time proportioned
wavalform from #the microprocessor wvia the opto-isclator U207 .
This is converted to a 27 v p-p waveform at TP203.

A DC level is established from this by filtering and iz upsed in
a conventional analoguse output stage. R217, R218 and 0203
provide Safe Operating Area protection for the output devies
Q204.

0201 and Q202 provide protection to the heater in the event of a3
failure within the digital eirconitry, Should this ceccur, the
drive - to the output stage would remain fixed in one or other
state., IL it ig ON, the heater output is zeres and no problem
ariges. If it 1is OFF, C201 will charge, swvitching on Q202 and
taking the heater outpot to zaro. In normal use the
microprocessor ensures that the output drive is always pulsed on
briefly, so switeching on Q201 and preventing 2201 charging.

The protection relay RL1 allows the microprocessor to switeh off
the heater under circumstances where failure of the output stage
is suspeaclad,

15.2 Test Mode

ITC4 performs a basic self test of the microprocessor and memory
ak switch on, before displaying the "PASS" message, L more
detailed hardware test mode is accoessced by pressing bhe internal
RED button SW1 on the main circuit board.

One  application of this has already been described in seclhion
11.5. Other test roubtines which may be of pse to the user are
described below. Selecting a given test invelves using RAISE and
LOWER to display the test number reqguired, then pressing LOC/REM
bt activate the test.

*#+ WHARHING *+

Never press any obther butten whilst the internal BED bukton is
depressed. To do so could result in erasure of the HON-VOLATILE
memory content with the loss of any installed custom ranges.

Taest 01 lights each LED or display segment in turn, then pulls

each of the auxiliary output lines low in turn. When the test is
complets, ITC4 re-enters the hesk mode.
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Test 02 Lesis the control buttons. When the test is entered, the
display will be blank. If the bubkbtons are pressed, one at a
time, each should light a single segment in the upper half of
the display. Stuck buttons will give a permanently 11t segment.
If more than one segment lights for a single bukton, track
shorts are indicated. To leave test 2, POWER must be switched
off.

Test 04 allows Lhe front panel display to be seb Lo indicate one
of the intermal parameters rather than the normal measured
Lemperature. This produces the same effectk as Lhe "Fn" command
described in section 10, without the need to connect a compuksr,
When test 4 is selected, the display will show:

F 00

RAISE and LOWER may be unsed to select an option in the range 0
to 15 for front panel display. The opbkions are as given in  the
list for the "R" command in section 10. When the reguirsd option
has beoen selected, pressing LOC/REM srill implement it. ITC4 will
retuorn to normal operation bubk with the selected parameter on
display. To restore a normal display, the display SENSOE  butkon
may be used.

Tegt 07 provides sensor configuration as described in seckion
¢ B B

Test 03 and Tests 05 & 06 are currently unused.
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16. TN CASE OF DIFFICULTY

This section indicates some of the more common pitfalls  and
operaktor errors.

Display always shows "Hot O"
Cryastat safely sensor faulty or disconnected,

Display always shows "Hot 1", "Hot 2" or "Hot 3"

Sensor not connected; or faulty.

Sensor limlt inadvertantly set to zero (see section 5.2). In
this case it will be necessary Lo reset the limit, but since the
display will always show the "Holk" message, this must be done
"flying-blind", The preocedure shown below should be used. This
15 the same procedure normally used to change a limit, but the
absence of a display can be disconcerting! If more than one
limit is wrongly set it may be necessary to reset =ach in turn.

1 Switch on POWER

2 Use DISPLAY SENSOR to select the sensor shown in the "Holk"
messSage.

3 Press LIMIT and hold in.

1 Press SEHSORE and release,

5 Bti11 holding LIMIT,; press RATSE and held for 1 secend.

6 Release LIMIT, swikbch off POWER and switch on again., All

shonld now ba well, with the LIMIT sSet to maximum.

Ho Heater Oobkput
The heater limit has been zet eclose to zero. (Sec section 5.1).

Heater Output Voltage Varies with Set Temperature
This 4is intentiocnal when the heater limit is =z=et to zero. [See
sackion §5.1).

RATSE and LOWER appear not to work
Controller is set to REMOTE

HEATER ZENSOR appears not te change sensor
Controllar iz in REMOTE or AUTO

ITCd appears to control with a large offset
INT time has be=n set to a very large value.

ITC4 only moves very slowly towards set point
DEEIV time has besn set to a vary large valus.

When SWEEP used, LED's light but the temperature does not change
Hot switched to AUTO.

Set Point changes without pressing SET

SWEEP RUN/PFROG prassed.

HEATER ESENSOR changed (sec section 4.3).

"PASS" message appears during operation

Low mains yvoltage. ITC4 is resetting. Tt will switch to MaN with
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output at =zero., Check mains voltagse setting is correct.

ralibration changes when RAISE/LOWER pressod
CAL button stuck. in.

Cannot get SPAN & EERO calibration correct together

The calibration points chosen are nok sufficiently near the ends
of the range, so ITC4 is adjusting the same constant, (=.g9. the
RERO) at both points (zee sechtion 7.1).

The span DIP switches (SWi/1 to 8W1/5) are wrongly set so  that
the wvoltage at TP3 stops a long way short of 5 volts (see
saecktion 12.5).

Measured Display will not Reach Full Range

Either the span or zero switches (SW1/1 to SW1/10) are wrongly
set =0 thabk the wvoltage at TP3 goes below zero or above 5,75
wvolts ak Lhe extremes of the range (see section 12.5]).

No Display or Abnormal Display (e.g. Multiple Decimal Polnts)
This probably indicates a hardware defect but can occasionally
be due to corruption of the non-volatile RAM content. There are
twe reset procedures which may assist in diagnosing the problem.
A two-button reset is carried out by holding the RAISE button
pressed, whilst pressing and releasing the internal RED test
buttorn 58W1l on the main PCE (See section 11). This partially
resals tha RAM content and will always restore a "PASS" message
and a mnormal display 1f no other £faulls are present. A
three-button reset should be used with exbreme caontion. IE
completely resets the entire memory, wiping out all calibration
information and any custom lincarisation curves which have been
installed. It should only be used when the RAM content is Known
te be bevond recovery (e.g. after replacement of the RAM chip).
It is carried oul by holding both RAISE and LOWER pressed whilst
pressing and releasing SW1 on the main PCE. After a three-hbutton
reset, any custom ranges must be zre-installed, tha range
configuration described in Section 11.5 must be carried out and
finally the %ero and Span calibration described in Section 7
must be carried out.
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17. SPECIFICATION

INPUT CHANNELS
INPOT BEANGE
INPOT OFFSET
CURRENT S0OURCE

SENZ0OR TYPES
Voltagse Input
Eeslistance Input
Thermocoupls
Pt, BhFe Resisctor
Ge, Carbon Resistor
Z1, Gahks Diode

HEATER QUTPUT
HEATER RESISTANCE
QUTEUT POWER

AUXILTARY I/0
CHART RECORDER o/fp

DISPLAY TYPE
DISPLAY RANGE

CONTROL METIIOD
SAMPLE EATE

INPUT RESOLI'TION
OUTEPUT RESOLUTION
INTERENAL ARITHMETIC

E5234 INTERFACE
HANDSHAKE
BAUY RATE
IEEE-4BE INTERFACE

CONMNECTORS
POWEER IN
SENSOR INPUT
AUXILIARY I/0O
RS232

POWER REQUIREMENTS
POWER CONSUMPTION

CASE S5TYLE
DIMBENS LOKS
FREESTANDING

RACK MOUNT

WELGUT

Izsue 4

Page 55

1 standard, 3 optional
RV TO 2V FSh
=2V to +FV

10ua, 1T00ua, TmaA [+/-10%)

fmv Ea 2V IM'SD

d-wire, 5 Ohm to 200 K Ohm FSD
Ses List.
dogire resistance measurement
d-wire conductance measurament
Volts =sense at constant current

-4~ DO
Z0 ahms min
B0W max into 20 ohms

For gas controller
Time Prop Signal on AUX Socket.
(Reguires external passive filtar)

0.5 inch RED LED
-189959 TO +198593

igital 3-Term (2,I,0)
4 H=

16 Bit

16 Rit

16 Bit for P & D Terms
32 Bit for I -Term

Configured as DCE

Hone Reguired

9600 Baud

Opbtion, wia axternal convertor.

IEC 3 pin

9 way D socket
15 way D socket
25 way D socket

100-240V 50/60H=
120VA approx

Preoestanding Metal Case
Optional Rack Mount Ears
446mm ¥ 106mm x 298mm

19 inch = 200 % 298mm

B.5kyg
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