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CEFORD LASERE LIMITED

GBFP2000 GAE PURIFIER

PREDELIVERY TEET AND CHECKLIBT

SERIAL NUMBER:.....c00cccascasoaas COMPRESSOR:

Calibration at LNas.ewennennnnn K Serial NDO.fs.svecenanna
Type MNOoZaceenosoanweana

Leak Tested: YES /7 NO WO MO.2avecamnncencusaa

Vaoltage: 240V / 110V

COMFONENT CHECKLIST:

1. Power Cable@...cccucrencrcuccunansuaunusannnsanasnanasmnnana YES/MND

2. Imner plastic lid and stopper.c.caaaerceeccccaconssananaa YES/NO

3. Outer 1lid and handl®. s s e ccveossaasnanaanasnsmnssssmesssas YES/NO

4. PTFE temperature control nut.....cconnorconsaaecaaaeena YES/NO
5. Complimentary Spares kKit:

{a) Fuses 240V . 30H=z (110V,50Hz) — 2 of+f 10A (15A)..... YES /NG

1 off 250mA. e enan-a YES/ND

(b)) Spare Fanel SCrBWS..crecacenmanannsnenansosoasssens YES /NG

{(C) Compressor diaphiragm. - s s vaoneasacosmnnamaceneesses YES/NG

(d) Feg Spanner...ccecoasssanaceananscananaassanacnsanns YES/NG

() Snocep leak detection Fluid..caceeimmnccccaccrcannana YES/NO

(£} Light bulbs — 3 off 24V, .. i i eicnnanammanan ammeaae YES/NO

{g) Latching 3-way DIN plug — I off. . .. vnnasannn= YES /NI

(h) 174" Swagelok nuts ~ 3 off . nn e mn e rcc i e c i e naas YES/NO

(1) 1/4" Swagelak ferrule pairs — 3 off..emeeicaaaaan. YES/NO
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SERVICING & BUARANTEE

Servicing

I¥ this instrument reguires servicing please contact OXFORD LASERB
directly — U.K. customers — or its overseas distributor from whom the
instrument was purchased. ¥ an overseas customer has been unable to
gain satisfactory answers to his enguiries +rom our disteibutor, Duford
Lasers should be contacted directly.

C{FORD LASERE LIMITEDP as a company is constantly striving to
improve its products to best serve the needs of its customers. The
company will gladly accept any suggestions from customers for
improvements to its products or comments regarding features already
installied which a customer has found to bhe useful.

ADDRESSES

Oxford Lasers Limited,
&0/862 Magdalen Road,
Outord,

UNITED KINGDOM OX4 1RD

Telephone: UkK.: (0BLHDIZD1I479
International: (44-8485)251479

Telex: BE78%97 OXLAZSE &
Telefax: (0BLHD72Z26733

Guarantee
OXFORD LASERS WARRANTY 1 JANUARY 1985

iy In the case of goods of our own manufacture, we shall replace or
repair free of charge any components or parts of any goods supplied
which Fail within twelve months of the date of despatch, saolely as a
result of faulty materials or bad workmanship, provided always that the
defective parts are despatched by the buyer at his expense to Oxtord
Lasers Ltd., Oxford, b K. within 30 days of the discovery of the defect,
unless otherwise arranged. Any labouwr costs involved in refitting into
the equipment will not be our responsibility.

2} In the case of goods or components such as capacitors or thyratrons
naot of our manufacture any guaranteses shall be limited to that given by

the manufactuwrer/supplier of the goods.

3) Certain parts, as specitied elsewhers in this manual, are regarded as
consumable components/materials and are not covered by any warranty.

4) The company shall not be under any liability in respect of defects in
goods delivered or for any injuwry damage or loss resulting from such

defects.

o) Bee our Terms and Conditions of Sale for complete details.

(i)

Oxford Lasers Limited Copyright ©§ 1985 VO7o
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GR202E

fperation

FULL ENGINEERING SPECIFICATIOHN

DIMENSIONS:
WEIBHT:
POWER REQUIREMENTS:

CPFERATING GAS PREBSURE:

LN, DEWAR CAFACITY:
LNy, CONSUMPTION:
TEMPERATURE RANGE:
TEMPERATURE STABILITY:
BAS FLOW RATE:

REF: 0%85

§ e

IMPORTANT NOTE:

240mm (W) »  &32mm (D) = 5%9Z2mm (HD
iz.gqn 24.8" 2E. 3"
44kg

Z71b

2.5kW (max’ single phase

220-248Y, 50Hz or 110-120V, &0M=
Z.4 bar
3.0 bar

7 litres

{4.4 bar absolute}! (30 psig!
(44 psig) continuous

~1 litreshour {(at

100 %

~HBOkK to ™150K

F1f

~18 litres/minute

Manual

The lifte ot the compressor diaphragm may be severely limited i+ the

unit i1s not fitted with an in—-lime dust filter.
disposable filter manufactured by Millipore Inc.,
The type number of the filter is WGGROAOWS1.
can be obtained through Oxford Lasers Ltd.
directly from millipore.

a sealed,
Ma., USA.

a consumable 1tem.

Jxford fLazers Limited

Oxford Lasers uses
Bedford,
The filters
or its distributor or

The compressor diaphragm 1s considered

Copyright & 1733
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OPERATION SUHKARY

This set of brief instructions is provided azs an aide memoire to the
experienced GFZ2000 user. Ensure vyou have read and {fully understood
this manual {particularly the section on safety) before operating this
equipment.
SETART Up

1. Ensure IN and OUT taps are closed then open PUMP QUT and
evacuate EF2000

2. Close FUMP OUT
2. Switch POWER ON
4. Fill Dewar with LN7 (see section 4.4}

D. Set TEMFERATURE CONTROLLER to desired temperature
{see section 4.2)

&. Activate TEMPERATURE CONTROLLER (see section 4.2)
7. Open DUT tap

8. Open IN tap

7. Switch on CIRCULATING FUMF

SHUT DOHM

i. Turn off CIRCULATING FUMPF

. Close IM tap

J. Close OUT tap

4. (For impurities removal see section 4.9)

5. Turn off TEMPERATURE CONTROLLER

&. Turn off FPOWER

)

dxford Lasers [Limited Copyright @ 1735 Vors
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SAFETY
Excimer laser gas mixtures invariably contain components which are
corrosive, toxic and oxidising. The user is recommended to refer to the

gas supnlier for necessary safety information.

Liguid Nitrogen LiNo should be handled with care and splash-proof eye
protection should be worn.

Investigation of the electrical circuitry should be undertaken by
gqualified personnel only.

The BFZ000 i= manufactured to meet British Standards BS 5772, D000,

4937, 1704, CEE 10 parts 1 and 2Z,and international standards IEC 512, 715
and DIN 7i74.

(vi}

Oxford lasers limited Copyright @ 17385 Vo7s
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f. INTRODUCTION

The GP2000 is a cryogenic trap which significantly increases the
single gas—fill lifetime of excimer lasers by the selective removal of
impurities ¥rom the laser gas mixture. When wused in conjunction with
periodic halogen donor replenishment, the GP2000 enables the output of
the laser to remain constant for ogreatly extended periods. The device
iz designed to be used with any excimer laser system and all the

commonly used excimer laser gas mixtures, l.e. KrF, Arf, XeCl and XeF.

. He Ne Xe SiF, HClI SF, cl, HF CCI,F
I # / ,/ /5/
4 / 2y
4001 / // 7y
// y /::'/
4 7 'y
o [ / ’, GCl,
L] N - L
g 100 /f /// /s
8) £ ..:.:;. / / / /
T . / v/ /
g ¥ _- ’/ /
" {8 g
o fi /
S ) 7 /
2 ! / /
A 10 N 7 7/ 4
s ) / ! Key
o o f / / D e
_ i / i
< ] / / | ;
= i/ / /o ‘
< : I l I |
o g f GP2000
Ly i / Operating
L} ! ] Range
' g /- / :
0 200 273
TEMPERATURE (K}

Figure 1: Parlial Pressures of excimer laser gases and common impurities as a function of temperature

Oxford Lasers Limited 1 Copyright 8 1985 Ve7s
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In normal operation, the gradual decrease in output from excimer
lasers is caussd by the increasing concentration of contaminant molecular
species in the gas mixture. To overcome this problem the GPZ000 and the
laser head are connected in 2 closed loop configuwration in which both the
halggen donor and the rare gas are retained and only impurities are
removed from the system. Once the impurities have been trapped by the
GF2000 they may then be purged from the laser/purifier system. This
ensures that the purifier is able to continue operating with maximum
efficiency. Figure 1 shows the partial pressures of excimer laser gases

and common impurities as & function of temperature.

Most home—made and some commercial excimer laser systems suffer
from a Ffurther problem: that of dust creation within the laser volume.
This dust, apart from reducing laser output, can also cause +failure ot
the diaphragm of the compressor within the GF2000. It iz recommended
that a dust filter wnit is installed before the inlet +to the GPZQ00 to
overcome this problem. Oxford Lasers markets an appropriate unit as an

SCCESSOrya.

~

Oxfeord Lasers Limited 2 Copyright © 1985 Vo
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£e PRINCIPLE OF OQPERATIOR

in order to achieve the temperature reguired for effective trapping
aperaticon, the GP2000 gas purifier uses liguid nitrogen as the cryogenic
medium. However, since the vapow presswes of Xe and Kr are too low
at liquid nitrogen temperatures {~196°C = 77K} to allow thesae gases to
partake efficiently in the excimer laser reactions, it is necessary to
maintain the trap at temperaturss above 7778 (see table 1. The
temperature setting at which the GP2000 1s operated in a particular
applications is chosen to be high enough to maintain the regquired partial
preszure of the rare gas (Xe, Kr or Ar) in the system, but low snough to
remove those contaminant species which impair laser performance.

Recommended temperature settings are given in section 4.2

Temperature control is achieved by means of a patented regulator
system and +ine temperature stabllity is maintained electrically by a
proportionally controlled heater. The GF2000 incorporates a stainless
stesl/PTFE diaphragm pump which circulates the gas within the system in
a closed-lipop configuration. Contaminated gas is removed from the laser
head, pumped through the purifier and retuwned to the discharge region in

a clean condition.

TABLE ONE
VAPOUR PRESSURE DATA FOR RARE GASES AND HALOGEN DONORS
Vapour 1.3mbar I3mbar S50mbar 130mbar 525mbar I100Qwmbar
Pressure
He 0.3 1.7 2.3 2.7 3.7 4.4
Ar S54.8 62,1 &80 1 72.3 82.4 87.4
Kr 73.7 85.8 4.8 101.2 114.0 121.0
Xe 1045 120.2 131.8 140, 2 1595.9 1465.0
F o 50.0 58.9 &5.3 0.3 79.8 A5.1
MF 1 - 102.3 112.8 120.7 135.4 144.40
HCI 122.2 137.4 149.2 15%.0 177.7 188. 2

The table gives temperatures in Kelvin corresponding tao the chosen

equrilibrium vapour pressures of each gas.

Oxford Lasers limited 3 Copyright § 17835 Vars
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SINSTALLATION

3.1 INSTALLATION:

In order +for the GPZ000 to operate efficiently it is necessary to

establish a locop which contains the gas purifier and the laser head or

main gas envelope {(figure 2.

CXFORD LASERS KX series excimer lasers are provided with input and
output ports which allow guick and convenient installation of the GP2Z2000
gas purifier. Lasers manufactured by other companies may reguire some
madifications in order to connect the GF2000 in a configuration which
ensures the most efficient gas flow path. Briefly, the reguirement is
that the gas path should be along the length of the laser tube. A laser
which has its gas feed into the laser volume on one end flange and the
gas feed out of the laser on the other end Flange would satisfy this
reguirement. Lasers which have the GAS IN in close proximity to the GAS
QUT will need to be modified to increase the flow path. However, if the
laser system is fitted with an internal gas—mixing +an, it may not be
necessary to do this. The newer models of most manufacturer’'s excimer

lasers will already be {fitted with connection ports for the GP2000.

The GAS IN and GAS 0OUT

ports are stainless steel 174"

Clean Contaminated -
Gasin EXCIMER LASER Gas Out Swagelok connectors.
HEAD Connections to these showld be
made using 1/4" putside
A v diameter tube of some suitahle
material e.g. stainless steel,
FTFE, copper or nickel
. Circulating Opticnal {(instructions in appendix &.1.
Purifier jued p Dust
ump

Filter
The FUMF OUT port is also
GP2000 a 1/4" Swagelok connector and
should be connectied via suit-
Figure 2: Connection of the GP2000 to an excimer laser able tubing to & vacuum pump

or line. (The most convenient

Oxford Lasers limited 4 Copyright § 1935 Vers
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vacuum line is probably that from the laser head itself, and a branch of

this vacuum line may be connected to the PUMP OUT porth

3.2 TESTING THE INSTALLATION

N.B. Before filling the GP2000 with liguid nitrogen chesck that the
inetallation is laaktight.

With both 6AS IN and GAS OUT valves on the GPZ2000 fully open, the
purifisr/laser system should be pumped down to 0.1 mbar or less, Owing
to residual outgassing of sonme materials in the BP2000 it is advisable
to continue this initial pump down +or an hour oF more. I+, atter such
time, the system is unable to maintain a pressure less than or equal to
0.1 mbar, all new connections should be thoroughly checked. Similarly it
the vacuum pump is shut off and the pressure rises at a steady rate

towards atmospheric pressure these connections should again be checked.

If these tests indicate the presence of leaks somewhere in the

system, a simple procedure for locating them is the following:

1. Fill the laser/purifier system with helium to a pressure of

approximately .5 Bar over atmospheric pressure.

2. Apply the Srecep leak detector fluid —contained in
complimentary spares kit — to sach connection or union at

which leaking may occur.

3. Immediate and vigourous bubbling of the Sneooep fluid

indicates the presence of a leak.
4. In this case the connection should be tightened or re-made.
It should be noted that when using piping made From non—metallic
materials that it may be necessary to tighten Smagelok joints beyond the

number of turns recommended by the manufacturer in order to cebtain a

good vacuum seal.

Copyright & 1985 Vo75s
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IMPORTANT
Do not attempt to bring the GPZ2000 into operation until the entire

laser/purifier system is free from leaks.

Access  to GP2000. Although every effort is made to ensure that the

internal gas connections of the GP2000 asre leak—itight on despatch from
the factory, it may be Jfelt necessary to gain access to  these
connections at this stage. The procedure relating to servicing of the

GP2Z2000 is detailed in chapter 3.

3.3 PASSIVATION

3.3.1 Initial Passivation

Like any new excimer laser installation, the GP200CG/laser system will
require passivation. Passivation is the process by which the halogen in
a rare gas halide laser gas mixture reacts with the materials of the
system and forms more or less chemically stable lavers on the surfaces

of the materials.

Fassivation is best eftected using a mixture of the halogen in helium
(a rare gas halide laser gas mixture without the expensive rare gas)
This mixture should then be circulated in the system using the
circulation pump in the GP2000. The passivation procedure should be
carried out before the GP2000 1s Filled with liguid nitrogen. Aafter ten
minutes circulating this passivation gas mixture, the laser/purifier
system should be pumped down and the passiviation mix discarded. The

system 1s now ready {for normal operation.

3.3.2 Repasssivation

A similar passivation procedure to that described above should be
followed when the laser is changed +rom KrF, ArF or XeF aperation to

xe(l operation or vice versa.

Oxford Lasers Limited & Copyright § 1285 Vors
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#. OPERATING INSTRUCTIONS

4.1 THE CONTROLS

4.1.] General

The GP2000 has four controls: a POHER ON switchy a GAS CIRCULATING
PUHF switchy a TEHPERATURE CONTROLLER switch; and a combined

temperature readout and control unit.

The PONER ON switch controls the mains power input to the entire
unit and will be illuminated when switched on. The GAS CIRCULATING PUNF
switch controls the operation of the compressor within the unit. It
should be noted that the compressor cannct normally be switched on if
the unit is at pressure. The TEHPERATURE CONTROLLER switch enables
operation of the heater circuit for controlled temperature operation.
ACTIVE temperature control (see below) is only possible when the light in

the temperature control switch is  illuminated.

4.1.2 The Temperature Control Unit

The temperature control unit fulfils a number of functions. At the
mast basic level it merely provides a reading of the temperature of the
liquid nitrogen trap. Unless the alarm feature is to be used this is the
only use that the control unit will be put to when operating on ArF or
Fn. WUWhen the GP2000 is to be used for other excimer gas mixtures the
control unit continuously monitors the actual or real temperature
against a user—selectable preset value. If the temperature should fall
below the preset value the controller switches the heater circuit into
operation (provided the temperature controller switch is on) to bring the
temperature back to the preset level. I+ the temperature should rise

more than 10K above the set temperature an alarm mode is activated.

A full description of the unit is provided in the manufacturer’s

operation manual attached ta this manual. Basically, to set the

Copyright @ 1983 Vozs
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temperature sither of the UF or DOHN buttons on the unit is depressed.
& flashing light will be seen which indicates that the set temperature is
being obssrved rather than the real temperature. The appropriate UF or
DOEM button is held down for & period of about five seconds before the
set temperature will begin to change. The button is held down until the
desired temperature is reached. When the button is released the set
temperature will continue to show for a further period of about five
seconds then the display will revert to the real temperature. This new
value of the set temperature is now stored in the unit and will be there

even aftter the unit has been switched off.

The @UTPUT 1 lamp becomes illuminated when the heater circuit is
activated. OQUTRUYT 2 iz not used. The ALARM I lamp becomes illuminated
when the real temperature is in excess of 10K  above the set

temperature. ALARH 2 1is not used.

4.1.3 The ALARH out port

The output of the alarm from the temperature control uwnit is
transferred to a latching 3~way DIN socket located on the bottom panel
of the GFZ000. Pin 1 of this socket is common. Fin 2 grovides 24V DC
when the alarm is on, and pin 3 provides 24V DC output when the alarm is
off. These outputs are only suitable for driving loads which draw

between 2ZOmA and 120mAC
Fosssible uses for the ALARM out port include an extra flashing light
to warn of exhaustion of the liguid nitrogen or the initiation of an

automatic liquid nitrogen retfilling apparatus.

4.2 TEMPERATURE CONRTROL

The temperature of the purifier is indicated in Kelvin. The
temperature control unit has its own internal reference and sco the

reading of the temperature will always reflect that of the trap.

The operating temperature of the GF2000 is coeontrolled either
passively or actively. The passive control mode is normally employed when

the purifier is being used with ArFf or fp; gas mixtures. The active

Oxftord Lasers limited g Copyright © 1?85 Vazs
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control mode iz esmployved when gas mixtures such as KrF, Xell or Xef are

to be purified.

#.2.1 Pazzive Tepperatures Control (ArF and Fo opsration)

The design of the GP2000 is such that withput the integral heater
circuit operational the temperature will stabilise around 0K-100K when a
gas mixture is being circulated. This temperature is ideal for operation
of ArF and Fp; lasers. When the GP2000 is operated in this mode
(TEMPERATURE CONTROLLER =mwitch in the off position), the controls on the
control unit have no effect on the temperature - the operating

temperature is merely that indicated on the display.

4,2.2 Active Temperature Control (KrF, Xell and XeF operation)

khen the GFZ000 is operated in the active temperature control mode,
the warking temperature of the GFZ000 is selected by adiusting the set
temperature of the temperature controller wnit as described above.
However, for the controller to switch power through to the heater
circuits the TEWHPERATURE CONTROLLER switch must be operated. The
heater circuit is protected by an alarm circuit such that the heater can
only operate up to temperatures of ~310K and, additionally, only if the

real temperature is less than 10K above the set temperature.

4.3 QPERATING TEMPERATURES

4.3.1 ArF, KrFf and F, Upmration

The optimum operating temperature for ArF and F, laser gas mixtures
is between 20K and I00K. In most types of excimer laser a temperature
of ~OOK 13K is found to give the best results for Krf. Howewver, it
should be kept in mind that it is preferable to operate the GFZ000 at
the lowest possible temperature which still maintains the required partial
pressure of rare gas in the laser head. Some degree of experimentation
with the temperature may give better results since the exact gas mixture
requirements will depend on which company manutactured the laser.
However, experimentation is only possible when using active temperature

control.

Oxford Lasers lLimited ? Copyright @ I285 vozs
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4.3.2 Xell Operation

For Xell] laser gas mixtures the operating temperature is selected
according to the reguired partial pressures of Xe and/ocr the halogen
donor. The actual temperature is calculated by considering the reguired
pressures of Xe and halogen donor {obtained from the laser
manufacturer's handbkook) in conjunction with the wvapouwr pressure data
given in Table L. For example, i¥ Xell gas mixture is to consist of 3
mbar HCl and 40 mbar Xe the correct operating temperature of the GFPZ000
is 131K. (This would allow 3 mbar of HCI and 47 wbar ot Xe toc be present
in the gas mixture - if partial pregssures equal to or in excess of these

values had been put in the gas mixtwal

4.3.3 XeF Operation

For XeF operation a slightly different approach is reguired to
remove contaminants. The considerations outlined +for Xell operation
apply in this case also but there is an added complication — formation of
stable compounds containing xencn and Ffluorine at low temperatures. The
formation of these compounds reduces the partial pressure of xernon in
the laser gas mixture. This can have a worse effect on laser output

energy than any benefit gained by the removal of impurities.

It has been found that the best way ttﬁ operate the GP2000 on XeF
gas mixtures 1s in an intermittent mode. It appears that the various
xenon  {(multi—)fluorides take longer to +form than it takes to remove
impurities. Operation of the GF2000 for five minutes 1in every hour has
been found to produce significant increases in lifetime when operating at
pulse repetition frequencies of 1—-2H=. The times required +or higher
pulse repetition frequencies will have to be determined for particular
systems. The user is advised to contact the manufactuwresr of the

excimer laser for further information on this point.
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4.2 FILLING HITH LYQUID NITROGEN

$.4.1 Opmration with Arf, Krf apnd Fo

The liguid nitrogen filling port is located under the aluminium cover
on the top of the GP2Z2000. For ArF, Krf and Fa operation the PTFE nut
supplied with the GPZ000 showld be unscrewed from the base of the

stainless steel column and removed.

{a) Initial Filling wmith iNg

Procedure {(Cooling down from room temperature)
i. Remove the aluminium cover and the red PVC stopper.
2. Fill with ligquid nitrogen until the top of the stopper
hole. This ensures that liguid nitrogen enters the central
columr.

3. Replace FPVC stopper and aluminium cover.

4. Depress the PONER switch on the top front panel.

(b) Refilling wmith LN,

1. Remove the aluminium cover, the red FPVC stopper and the

white cover.

2. Fill with liguid nitrogen until a level just below the top
of the central stainless steel column is reached — take
care not to let liquid nitrogen down the central stainless
steel column.

3. Replace the white cover, the red PVC stopper and

the aluminium cover.

Ixford Lasers [imited 11 Copyright @ 1985 VO7S
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&.4.2 Operagtion with Xell and XaF

(o} Initiel Tiiling with LH2

For XeCl and Xef operation a higher purifier head temperature is
reguired, hence a slightly different procedw e is {followed. Before filling
with liguid nitrogen and while the trap is at room temperature, the FTFE
nut which is provided separately with the GP2000 should be screwsd into
position firmly at the bottom of the stainless steel column inside the

liguid nitrogen dewar.

Procedure

1. Remove the aluminium cover and the red PVC stopper.

2. Remove the white cover. Ocoess is now galned to

the liguid nitrogen dewar.

3. The FPTFE nut which is located at the top of the threaded
section of the central stem is screwed into hard contact
with the base of the liguid nitrogen dewar.

4. Replace white cover.

5. Fill with liguid nitrogen until the top of the stopper
hole. This ensures that liguid nitregen enters the central
column.

6. Replace FVE stopper and aluminium cover.

7. Depress the POWHER switch on the top front panel.

(b} Retilling wmith LN2

1. Remove the aluminium cover, the red FVC stopper and the

white cover.

L]

2. F1ll with ligquid nitrogen until a level just below the top
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of the central stainless stesel column is reached - take
care not to let liguid nitrogen down the central stainless

steel column.

3. Replace the white cover, the red PVD stopper and

the aluminium Cover.

4.5 CO0L~DOHN TIKE

A temperature of between 77K and 85K should be attained atter
approximately five minutes. However, 1t after ten minutes the
temperature appears to have more or less stabilised at some point
significantly above the desired operating temperature, it may be
necessary to add more liguid nitrogen. In this case the procedure
described in section 4.2.1{a) or 4.2.2(a) above, is repeated and more liquid
nitrogen is allowed to enter the central column. This time however the
operation is a toppirg up measure and the amount of liguid nitrogen

involved will be small (M1 litrel

4.6 INTRODUCING THE LASER GAS HIXTURE

Frovided that the BF2000 is isclated from the laser head or main
nas envelope - that is the BGAS IN, GAS OUT and PUMP OUT valves are
closed — the laser can be filled with the required excimer laser gas
mixture at any point during the cooling down phase of the GPZ000 gas
purifier. It is important to keep in mind that if the purifier head is not
isplated from the laser during the introduction of the laser gases, and
if the temperature is too low, the device will act as a zink (by cryogenic
pumping action) for Xe and Kr. Consequently, an inaccurately prepared

laser gas mixture may result.
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4.7 NORKAL OPERATION — GAS CIRCULATION

Once the laser is fililed with the desired gas msixtwe and the
temperature of the purifier head has reached the reguired value, the GAS
aUT tap and then the GA5% IN tap should be +ully opened and the GAS
CIRCULATING FPUNP switech on the top front pannel switched on.

Once gas Flow is established in the laser/puwrifier loop, the
temperature of the purifier head can be expected to rise by several
degreses. The exact amount of the rise 1s determined by a number of
factors including the working pressure of the laser system and the flow

rate of the laser gas in the laser/purifier loop.

The GP2000 is designed so that with gas circulation and subsequent
temperature rise, the temperature at which the purifier stabilizes is
that reguired for normal operation on a Fo, or Arf system. This

tenperature is  between P0K and 100K,

If the GAS CIRCULATING PUHFP is switched off whilst the gas lines in
the GRP000 are above atmospheric pressure it is possible that the
compressor motor will not have sufficient torque to restart the piston.
It i= also possible that an attempt to start the wnit under load in this
way will cause the mains fuse to blow. I+ the compressor is twned off
for any reason the GAS IN and GAS OUT ports should be closed, the
pressure released via the impurity pump out port, the 645 OUT and then

the GAS 1IN port reopened and the compressor restarted.

4.8 HALOGEN DONGR REPLENISHMENT

For most purposes; it is desirable that the output energy of the
laser remains constant over the period of time during which the
experimental data is being accumulated. To achieve this the GFP2000 is
used in conjunction with halogen replenishment. Two methads of halogen
replenishment are possible: the first method involves manual, periodic

tapping—up and the second gives auntomatic replenishment.
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4.8, Hanusl Replenizhwent

The manual technigque is recommended for Arf and KrF laser gas
mixtuwres, that is, those RGH laser gas mixtures whose halogen donor is
molecular fluorine. The output energy of the laser is monitored and when
it has fallen below some specified level more fluorine is added to the
laser purifier system. From figure 3, it is clear that more freguent
additions of {fluorine result in more nearly constant outpet powsr.
However, it should be borne in mind that the addition of toco much
fluorine will result in decreased laser output. The actual frequency of

this fluorine topping—up pracess will be determined by the mayimum

F» Addition Fo Addition
TR e v o o o aom e amm o v — o = e — e l .._...,_._.__.___i mmmmmmm —
With GP200G J—__‘“\\
Without
GP 2000
f.aser
outout
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~
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~
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] I L i A 1 L 1 A ] I 1 L 1 5 A 1 a 1 A ] L A ' 'l L L 1 L i .
0 4 8 12 0 4 8 0 4 8 ;
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Day 1 Day 2 Day 3 ‘
Repetition rate : 2Hz

Figure 3: GP2000 typical results on single fill KrF

tolerated Ffall-off in laser output, which in turn is related to the
repetition rate of the laser and the fluorine compatibility of the
materials in the svstem.

Since the most common source of fluorine for ArF and Krf laser gas
mixtures derives from a dilute mixture of Ffluorine in helium, it 1is
inevitable that introducing additional fluorine into the laser leads to an
increase in the overall working pressure of the system. However, most
rare gas halide lasers will operate fairly efficiently over a moderately
wide range of operating pressures f{refer to laser manufacturer's
handbook). Thus, it the initial working pressure of the laser/purifier

system is chosen to be near the lower end of the operating range,
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additional fluorine in helium can subssquently be added wuntil the working

pressure of the laser reaches its given maximum.

When this condition is reached it is possible to reduce the pressurs
in the system to some polnt near the lower end of the operating
pressure range. I laser action is impaired after this {(or subseguent)
reductions in pressure it may be beneficial to replenish the A4r and Kr
components in their respective gas mixtures, since some of these gases
will have been lost in pumping down. The actual amount needed can be
pasily calculated by considering the initial Ay and Kr concentrations and

that in the gas +ill remaining after reducing the pressure.

Alternatively the rare gas (e or Kr only) can be held in the purifier

before the reduction in presswure in the mamner detailed in section 4.9.3

below.

4.8.2 Autcmatic Replenisheent

A technigue for the automatic replenishment of the HCI component in
KelCl laser gas mixtures 1is made possible by the GFZ2000. An excess of
HC1 1s introduced in the 1initial +illing of the laser. The resulting
HCl/Xe/butfer gas mixture {containing far too high a concentration of HC!
for optimum laser pertormance) is circulated in the laser/GBRFZ2000 system,
and a temperature is chosen such that only the reguired concentration of
HC1 is present in gaseous form (refer to Table 1. The remainder of the
HC1 is stored in the purifier head and when equilibrium is reached the
GFPZ20G00 will maintain a constant temperature and conseguently a constant
HC! partial pressure in the laser, even though there may be gqross HCI
depletion in the laser/purifier system.

IMPORTANT NOTE

Do not attempt to store more than ! litre—atmosphesre of HCI in the

GPZ000 as this may causa blockages.
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49 PUNPIRG QUT THE LASER/PURIFIER SYSTEM

%.9.1 Cilmaning the Purifier Head

Since the impurities which are removed from the laser gas mixture
are held in the GPZ000 purifier head it will be necessary from time to
time to discard this residue. It is recommended that this purging
procedure be carried out at regular intervals e.g. on a daily basis. The

method is described below

While the BGBP2000 is still cold .. at its selected working
temperature} isclate the unit from the laser by switching off the
circulating pump and closing the GAS IN and then BAS OUT valve. The
PUMF QUT wvalve is opened and, when the liguid nitrogen in the dewar is
exhausted {(or emptied), the GP2000 is allowed to warm up for a suitable
period of time {(e.g- overnight) thus releasing the trapped impwities. The
PUMF OUT valve is then closed and the GP2000 is again ready For normal

operation.

It is possible to bring the purifier to room temperatuwre more guickly
by putting the set temperature up to 300K and then activating the
temperature control circuit. Defrosting of the trap in this way should
take about half an hour — providing that the dewar was empty of liquid
nitrogen. It is not advisable to leave the GP2000 in this mode overnight

as any malfunction may cause considerable damage to the trap.

4.9.2 Refilling

The GFZ000 removes the greater part of those impurities whose
presence in the laser gas mixtures impair laser performance. However
there will be a gradual increase in species not removed by the GPZ000
puri-Fi.er“ and at some stage it will become necessary to pump out and

refill the laser system in order to maintain optimum laser performance.
The simplest refilling technique is to allow the GF2000 to warm up

and then discard the entire gas mixture in the laser/purifier system.

The GBF2000/laser system is then returned to normal operation.
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4.7.3 Rere Gax Reltrisval

At alternative refilling procedure, which allows the Kr and Xe
component of the gas mixtwre to be retained in the system, is made

possible using the GP2000.

The GP2000 should be filled with liguid nitrogen (Section 4.3} until
the minimum atiainable temperature is reached. This may reguire one or
motre liguid nitrogen Topping—up operations. The laser/purifier laocp is
held intact during this operation and the circulating pump is aswitched on
tor a short pericd. Bwitch off the circulating pump and wait a further
five minutes. The GP2000 should then be isolated by closing the GAS IN
and GAS OUT wvalves. The laser system is then pumped out in the usual

Wav.

The result of this technigue is that the greater part of the
original wvolume of Xe and Kr will be retained in the GP2000. Fresh
halogen and buffer gases can be introduced into the laser which is then
reconnected to the GPZ2000 gperating in its normal mode. The resulting
gas mixture will contain more or less the correct amount of rare gas and
operation of the laser may recommence. It may, however, be found
necessary to add a small amount of the rare gas component to the above
mixture to make up Ffor any loss which may have ocourred during this

procedure.

IMPORTANT NOTE
Do not allow the GPR00C to warm up above 100K with the rare gas

stored within as this can iead toc dangerous overpressure in the systaem.

#.10 INTERHITTENT GPERATION

An alternative to the normal, continuous mode of operation is to use
the GF2000 in ann intermittent mode. Although such non—continuous
aperation often produces more startling results the overall laser
performance 1s generally poorer than that obtained when the GFPZ0O00 is
used continuously. However there may be some applications where

intermittent operation is preferable in which case the following procedure
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should be adopted.

While the laser is operating the GP2000 should be kept isolated from
the laser (GAS IN and GAS OUT wvalves closed) until gas clean-up is
required. The interval between these clean—up periods will be determined
by the cleanliness of the laser system and the repetition rate at which
the laser is operated. The length of the clean—up period depends on the

volume of the laser system and must be determined by the user.
It 1s important that immediately prior to and during the clean-up

period operating temperature of the GPZ000 be maintained at that

required for the relevant gas mixture.

Oxtord Lasers Limited 1?2 Copyright & IF785 Vors



GRIOO0 Fas Puriftier Operation Manual

S.SERVICING

In normal operation the GP2000 puwifier should require little or no
maintenance. However should servicing be reguired, the +ollowing section

should be read carefully betore commencing.

5

J.1 ACCESS

CAUTION: MAINS VOLTAGESB ARE PRESENT

Access to the mechanical and electrical compoenents of the GPZ2000 is
via the front panels. It is not advisable to attempt to remove the top,

rear, or bottom panels.

For most purposes it will be sufficient te remove only the upper
front panel (that is the control panel) which gives access to all  the
contral circuitry and all gas connections. This panel may be completely
removed by disconnecting the cables from the terminal block and the

thermocouple inputs.

Alternatively the upper panel may be lifted out and, using the lower
edge as  the pivat, swung forward and secured in this position with a
length of wire joining the holes in the upper side of the panel to those

in the frame.

The lower panel is removed by First removing the upper panel and

disconnecting the gas lines {from the valves.

5.2 MECHANICAL

Mechanical Ffailure is manifested in two modes: gas leakage and

failure of the gas to circulate.

by
]
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3.2.1 Gas lLeakage

The source of the lesk should be identified {see procedure section
3.2). If the 1leak is in the Swagelek connectors these may be further
tightened or, if necessary, the ferrules may be replaced. if the Ii=ak
appears +to be in the compressor head then the procedurs outlined in

part {(b) of the foliowing section should be {followed.

J.2.2 Failure of the gas o circulate

There are two possible reasons why the gas may fail teo circulate:
either a blockage has occurred, o there is a fallure in the circualating

pLmp.

Blockages are usually the result of an excess of trapped species
within the purifier head. Blpckages can be removed by {following the

procedure described in section 4.%.1.

The circulating pump has two possible failure modes:

{a) the motor 1is not working. In  this case all electrical fuses,
connections, etc. should be thoroughly checked before informing

Oxford Lasers Lid. or its distributor.

() the pump appears to be operating but is not circulating gas. In this
case the top of the comprescor head may be taken off. This can be
done without removing the compressor from the case provided that
the two +Front panels are opened and the right hand side panel is
removed. However, it may be found to be easier to remove the
compressor entirely if difficulty i1s had removing the locking nuts
which are located on the reverse side of the compressor head. It is
necessary to disconnect the gas lines from the wvalves on the lower
front panel and this panel may then be swung down thus allowing

access to the pump without breaking any electrical connections.

Failure of the gas to circulate, despite the pump motor running, is

the result of two modes:

1. The wvalves in the pump head are not operating correctly
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2. The diaphragm is damaged. This will usually cause a gas
laeak in the system. Short diaphragm life is caused by
excessive dust creation in the laser. Should this be a

problem, a dust filter should be installed.

Ta rectify (1) above, the socket head cap screws (#5542 on
marufacturers’ drawing? are removed and the cover plate (#3346} litted oput
to give access to the valve strips (#29 & #30&). The wvalves can then be
cleaned and reinstalled. Betford the pump head is reassembled the O-rings

(#5400 & #541) and their grooves should be thoroughly cleaned.

To rectify (2} above the spare diaphragm and FPTFE cover supplied
with each GPZ2000 unit shouwld be fitted. To gain access to the diaphraagm,
the screws (#328) and their assoriated locknuts(#3F) are removed and the
valve plate (#3303 can be lifted out. The diaphragm and cover are held
under the top washer (413} which must be unscrewed to release them. A
special teool is provided {for the removal of the top washer. It is best
to remove the two +front panels and the right hand side gpanel, and
possibly remove the compressor entirely, in order to carry out this

operation.
Other mechanical damage or failure in the pump 15 not user

servicahle and in thie case Oxford Lasers Litdt or 1ts distributor should

be notified.

5.3 ELECTRICAL

The electrical system of the GFPZ000 incorporates temperature
readout and control circultry, switches for these circuits and for the

gas circulating pump and fan.

Failure of the temperature controller to elevate the temperature of

the GFZ000 may be due to two causes:

(al) The heater element is broken. The room temperature resistance of

the hszater looking between terminals i1 and 12 of the terminal block
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should be 150 — 250, {(This test should be carried out with the
other side of terminals 11 and 12 disconnected from the terminal
block). A fault in the heater element is not user—servicable and the

GF2000 must be returned to Oxford Lasers or its distributor.
) Temperature controller unit not working. Reter to manufacturer's
handbook (included with this manual) or to Oxford Lasers Ltd. or ifts

distributor.

Any other electrical fault should be investigated wusing the circuit

diagrams accompanying this manual.
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SWAGELCOK Tuba Fittings come to you
completely assembled, finger-tight.
They are ready for immediate use.

50 gco\O TUBE FITTINGS

Disassembly before use can resull in dirt
or foreign material getting into the fitting
and causing leaks.

| INSTALLATION INSTRUCTIO!

STEP1
Simply inserl the tubing into the SWAGELOK
tube fitting. Make sure that the tubing rests
firmly on the shoulder of the fitting and
that the nut is finger-tight.

STEP 2
Before tightening the SWAGELOK nut, scribe
the nut at the 6 o'clock position.

SWAGELOK Tube Fittings are Instalied in three easy steps.

STEP 3

Naw while hoiding the filling body steady with
a backup wrench, tighten the nut 1-1/4 turns?
Walch the scribe mark, make one complete
revolution and continue to the 9 o'clock
position.

By scribing the nut at the 6 o’clock position as
it appears lo you, there will be no doubt as to
the starting position. When tightened 1-1/4
turns* {o the 9 o’clock position you can easily
see that the fitting has been propetly
installed.

Use the Gap Inspection Gage (1-1/4 turns
from finger-tight to assure sufficient pull-up).

TRor 1R g

HIGH PRESSURE
APPLICATIONS,

HIGH SAFETY FACTOR
SYSTEMS

Due to the variation of tubing diam-
eters, a common starting point is
desirable. Therefore, use a wrench
to snug up the nut until the tubing
will not turn (by hand) in the fitting.
At this point, scribe the nut and
body of the fitting. Now tighten the
nut 1-1/4 turns and the fitting is
ready to hold pressures well above
the working pressure of the tubing.
Use the Gap Inspection Gage (1-1/4
turns from snug) to assure sufficient

pull-up.

Conneclions can be disconnected and
re-tightened many, many times and the
same reliable, leak-proof seal abtained
every time the reconnection is made.

Fitting shown in disconnecied position.

Tubing with pre-swaged lerrules inserted inlo
the filting until front ferrule seats in fitkng.

Tighten nut by hand. Rolate nut aboul 1/4 turn
with wrench {or 1o ariginal 1-1/4 tight positien).
Then snug stightly with wrench.

s amasf

S woo\O% TUBEFITTINGS

Whe
tings in cramped quarters or where
ladders must be used, it may be advan-
tageous o use a pre-swaging tool. This
will allow you to pre-swage the ferrules
onto the tube in a more open or safe
area. After using the tool, tubing can be
easily attached to a fitting by simply
following the re-tightening instructions.

Oversized or very soft tubing may
occasionally stick in the toal after pull-
up. If this happens, remova tha tube by
gently rocking it back and forth. DO NOT
TURN the tube with pliers or other {ools
as this may damage sealing surfaces.

While pre-swaging tools can be
used many times, they do have a
finite life. After frequent use, ask
your local Sales and Service Rep-
resentative to have them checked.

1. Assemble SWAGELOK nut and farrules to pre-swaging took, insert tubing until it bottoms ir

the fitting body, and tightsn nut §-1/4 turns”

Hydraulic swaging units are now avail-
able in /2", 5/8", 3/4" and 1" sizes. For
further information consult your local
SWAGELOK Sales and Service
Representative.

2. The nut is loosanad and the tubing with pre-swagad ferrulas is remaoved from Lhe
pre-swaging tool.

-

3. The connection can now be made by
merely snugging up the nut as described
in tha re-tightening instructions.

“Ror 1167 1/87 31167 2, 3 & 4mm size tube fittings, only 3/4 turns from finger-tight is necessary.
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Fig. 4 shows a diaghragm assembly as used in gas circulating pumps or gas
COMPressors. ’

The fixing method is somewhat different as the top washer and 3/8" Whitworth
screw are combined into one component. A special peg spanner must be used
when removing or replacing the diaphragm assembly. This spanner is available
from our works, the part number is 442,

The diaphragm used with this kind of fastening is a special type being
manufactured to a very fine limit on thickness. lts part number is 415CF and itis
important to use this particular reference when ordering spare diaphragms for
pumps with the type of fastening shown in Fig. 4.

Alt machines using this special lype of fastening and diaphragm have the figure
416 or 296 as part of their type reference, e.g. D/416—4, or D/286—4.

5

Fig. 5

Fig. 5 shows the diaphragm assembly being retightened. Make sure that the |

edges of the diaphragm are clear of the recess as shown (e havethe e_ccentric
turned to its highest point} before attempling to tighten the screw. Alsgitisimportant

io see that the 3/8" Whitworth screw is properly inits countersink with the locking flat \

fitting the flat in the top washer
Tighten the assembly firmly inlo place. The 2BA screws and nuts where used
should be fitted and tightened before the diaphragm assembly is presented to the
connacting rod.
o
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Sales and Service

Eurotherm Companies

Great Britain

Eurotharm Limited,

Faraday Close, Durtington,
Werthing, West Sussex, BN13 3PL.
Telephone Worthing (0903) 68500.
Telex 87114, EUROWG G.

Also regional offices.

Australia

Eurotherm International Pty. Limited,
Suite 1A,

44-46 Oxford Street,

Epping, Sydney,

New South Wales 2121,

Telephone Sydney (021 863-1099.

Telex 74362 EIASYD.

Also regional offices.

Belgium Luxemburg & Netherlands
Ewrotherm, Intarnational Benelux B.V.,
Joban Frisostraat 1,

2382 HJ Zosterwoude,

Holland,

Telephene Leiden (071} 4118471

Telex 39073 EIBNL NL.

Also regional cffices.

Canada

Euvrotherm Corporation,

490 NeNicoll Avenue,
Willowdale, Ontario M2H 2E1.
Telephone (416) 497-0155.
Telex 06-386766.

France

Eurotherm Automation,

Parc 0’ Atfaires Dardilly,

6 Chemin Des Joncs,

B.P. 55.

69572 Dardilly Cedex.
Tefephone {Lyon}{7) B66 19 43
Telex 380038 EURTERM F
Also regionat offices.

Hong Kong

Eurotherm [Far East) Limitad,

49-61 Wong Chuk Hang Road,

Flat A & B 19/F, Derrick Ind. Building
Aberdeen

Telephone Hong Kang (5) 5462391,
Telex 72449 EFELD HX.

italy

Euratherm S.p.A.,

Via XXIV Maggio,

22070 Guanzate {Coma),
Telephone {031} 977 103 R.A.
Telex 380893

Printed in England 0984

Sales and Service in 32 countries.

For countries not listed all enquiries/orders to:

Eurotherm Exports

Faraday Close, Durrington,
Worthing, West Sussex, BN13 3PL.
England

Telephone Worthing {0803) 68500
Tetex 87114 EUROWG G

Japan

Riippon Eurotherm K.K.

Sakae Building 154-5,
Asagaya-Minami 1-Chome,
Suginami-Ku, Tekyo.
Telephone Tokyo (03) 315-1826.
Telex 02324016 EUROJA J.

Sweden

Telemetric AB

PO Box 24,
Hantverkaregatan 18,
23200 Arloev,

Telephone 4615243028,
Telex 32317 TELSAND S
Also regional offices.

Switzerland and Austria
Eurotherm Preduckte {Schweiz) A.G.,
Kanalstrasse 17,

8152 Giattbrugg,

Telephore Glattbrugg {01} 810 36 48,
Telex 56533 EPSAG CH.

U.S.A.

Eurotherny Corporation

11485 Sunser Hills Road,

Reston, Virginia 22090

Telephone Reston (703) 471 4870.
Telex 893449 EUROTHERM RSTN.
Adso regional office.

West Germany

Eurotherm Regler Gmbh,
Ottostrasse Postfach 1453

8250 Limburg a.d. Lahn 1.
Telephone Limburg (06431) 23050.
Telex 484791. EUROT D,

Also regionat cfrces.
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Figure 3. The 2A relay output drives a contacter for heating and the 1A triac output operates a INSTALLATION
solenoid valve for cooling. A thermocouple is used as the input sensor.

] The instrument plugs into a panel-mounting sleeve which reguires
a DIN size 92 by 92mm cut-out as Hlustrated. Remove the
instrument from the sleeve by opening the front panel door and
with a screwdriver turn the screw, in the bottom-hand correr,
counter clockwise. The instrument will start to withdraw from the
sleeve and once the screw has been turned to its furthest extent
the instrument can be withdrawn by hand. Remove the top and
bottom mounting clamps from the sleeve by gently levering
outwards and easing downwards inside the sleeve. insert the
sleeve through the cut-out via the front of the panel. Fit the
mounting ctamps in the slots from inside the sleeve and from the

L lomoneey LN
T 2L

Solenoid Valve

Contoctor lﬂJ

] Cooking rear of the mounting panel tighten with a screwdriver.
= TR Wal
i ot By hand ease the instrument into the steeve to its furthest extent.
L@Lcm—qmermccnuple With a screwdriver turn the screw in the bottom right-hand corner
clockwise untit tight. The instrument will be pulled completely inta
the sleeve, engaging the rear terminals and be fully secured.
Figure 4. A remate input 810 contraller whose setpoint is controlled by an 811 Setpoint Generator. Note: Do not attempt to dismantle the instrument without
referring to the Maintenance Manuak.
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CONNECTIONS AND WIRING

Electrical connactions are made via 3-way terminal blocks on the rear of the instrument. All
connections are low current and a 16/0.20mm wire size is adequate. Labels on the
instrument and sleeve indicate the specific connections for the instrument.

EURO TIHERM
NORTHING EMERAND TELEX 87114
Serial Mo: 6. ALDER

3l X MUR EURO THERM
Aodei Mo: “'fog" 009-003-818-02-09 | 1 yonrwing cngLanD TELEY 87014

Serial Mo: &.ALDER
Hedel tlo:  810-047-000-003-418-12-09
-00

4= SCROLL BOMTOM £NABLE ACCESS.
¢ - 1200 °0. IVPEK (NifTe - MatM) $04

1. v
3. MEUTRAL
8. LO&IC »
9. LogiC -
18, EARIA
.+
2. T -

[0 - 1700 %t TRk {4:ICr - N2/R1) Clﬂ]

Rear Terminal Connections

1] 2t0v 28
2| 120v l@m
3] NiMp) 30
Setpoint ¢ *1 1 n
%) spe 5 "% {32
15| sp- 63 i e
7 L TiCe i 25 %
Isol. DC
8| + 8 | LOGKC* {17 35
3l — 9] oc- 1o Tttty *
=) [ocur[zs
Resistance :3_1—25 {ocimlzs| Sy
7

Rear Terminals

Figure 1. Three-phase fast cycling, close delta synchronised system using the logic output from an 810
Controller to drive a pair of Eurotherm 450 series thyristor units with thermocouple sensor.
A Eurotherm Alarm Collecticn unit 603 gives, in this case, an audible warning of partial load

failure.

Ecrotherm
Alarm

Collection
Onit 603

TYPICAL WIRING SCHEMATICS

Ly L La N

ENCHEE

Controller 810
T

| Comp. Cable

al
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2

Lood

‘q Thermocouple

U070 2L OV

106/110120v

Figure 2. Relay output (heat) directly switching load with thermocouple sensar.
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Triac

With controllers provided with triac output, connections are made to terminals 28 and 29 as
shown. The triac is connected across the line and load terminals, with a live supply
{1A/284V ac max} connected to the line and one side of the load connected to the load
terminal. The other side of the load shouid be connected to the neutral line. During the
‘ON’ time the circuit between 28 and 29 is closed.,

Cool Qutputs

Triac

{see abovel.

Alarms

Canirollers provided with relay alarm outputs are internally connected to terminals 31, 32
and 33 for Alarm 1 and to 34, 35 and 36 for, Alarm 2, Terminals 32 and 35 are N/ O when the
relays are de-energised. When energised the voltages at terminals 31 and 34 are switched
through to the output terminais, 32 and 35 respectively. Relay contact rating 1A/264V rms.
Caontact suppression is provided between the N/C contacts and the wiperwith the refay de-
energised in alarm {fail safe}. Suppression is provided between the N/O contacts and wiper
with the relay ‘energised in alarm’.

Options

Remote Analogue Setpoint.

Voltage or current input for remote analogue setpoint is appiied to terminals 14 and 15 as
shown. The remote analogue satpoint can be set by means of an external 10K ohm
potentiometer, connect as shown to terminals 13, 14 and 15.

When rear selection of the Local/Remote facility is required an external latching switch
should be connected between terminals 11 and 12.

External Power Limit

Maximum heat output can be set externally be means of an analogue input or a 10K {o 47K
ohm potentiometer as shown, )

2nd Setpoint

A 2nd setpoint can be selected by a front pushbutton, annotated SETPOINT 2, and/or an
external selection button connected to the rear terminals 11 and 12 as shown. When front
and rear selection are provided, connected in parallel, closure of either the front or rear
contacts selects 2nd setpoint.

Digital Setpoint Trim

An instrument with a digital setpoint trim accepts a full scale analogue setpoint signal to
which is added a £10% digital setpoint trim. The analegue signal may be a voltage or
current input to terminals 14 and 15 or a 10K ohm potentiometer connected between
terminais 13, 14 and 15.

Analogue Setpoint Trim

An instrument with an analogue setpoint trim has fult scale digital setpoint to which is
added a +10% analogue-trim. The analogue trim may be a voltage or current input to
terminais 14 and 15 or a 10K ohm potentiometer connected between terminals 13, 14 and
15.

Analogue Retransmission

This unlinearised 0-10V or 0-BY (10mA max!} analogue output is available on terminals 16
and 17 as shown.

Three Term Conirol Parameters

Three term control parameter values for optimum control are a matter of application. if the values are
unknown the Tollowing method will give acceptable settings which can then be finally adjusted o give the
optimum controi.

1. The practical approach is to control the load with an on-off systern and measure the resulting osciliation
and the number of times it ocecurs per minute.

Set the foliowing conditions:

Proporiional band, Ph% = 0.50 Maximum power, HL% = 100
Integral time, ti = OFF Approach, AP =  1.00
Derivative time, td = OFF Setpoint, = As required

2. Switch on the process and cbserve the stari-up and ruaning conditions which sheuld appear as shown:

“““““““““ TN s ~ | ~ Sige
SETPOIRT e me e m e e o — e g e b e o o D of
DegCt /7 N1/ NS oscillation
T
Cycle period
TIME

3, From these-observations the following-initial -parameter values can be approximated.

Ph = D/Full scale x 100%

(Set to next higher value i between fixed settings}
ti = T seconds
td = T/5 seconds

{Set to next lower value if between fixed settings)

4. Reset instrument with the values calculated in para. 3 and restart the process.from cold. If oscillation still
resuits increase proportional band/decrease derivative.

5. Example:-Using a 1200 deg C Muffle furnace with setiings as in para. 1, the following waveforms
resutted.

Pb = 0.50 Pb = 2 Pb =3 Pb =3
ti = Off ti = 600 ti = 600 ti = 600
td = Off td = 150 td = 60 td = 60
HL = 100 HL = 100 HL = 100 HL = 100
AP = 100 AP = 100 AP = 100 AP =




6. The Approach conirol adjusts the start up characteristics of the furnace by releasing the drivative action
at some variable point away from setpoint. This term is expressed as the number of proportional bands away

from the setpoint value. Below are shown various waveforms for the same PID settings but with different
Approach vaiues.,
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Supply

Power supply for the instrument is connected to terminals 1, 2 and 3. Neutral to terminal 3
and either 200/220/240V to terminai 1 or 100/110/120V to terminal 2. The ground
connecticn is made to terminal 18.

Instrument Earth

nputs

Nate: On some instruments a filter module is fitted, above the input terminal block. Ensure
that the GREEN lead is connected to terminal 18 and one BLUE lead is connected to
terminal 27 for T/C inputs or to terminal 26 for all other inputs, and the other BLLUE lead to
terminal 17.

Thermocoupls

Thermocouple connections are made to terminal 25 and 27, positive lead to 25 and negative
lead to 27. Compensating cable of the correct type must be used between the
thermocouple and the instrument and must be connected in the correct polarity. To check
compensating lead poiarity |t the feads off the thermocouple, twist them together and
apply heat to the junction, The digital readout vaiue should increase.

An open circuit thermocouple normally causes the digital value to move upscale and the
heat is turned off. For processes where the heat must remain on for open circuit
thermocouple, downscale indication (option 24) is specified.

Error indicators show direction of break protection and when the upper/{ower limit of scate
is reached the display blanks.
Resistance Thermometer

Platinum resistance three wire thermometers are connected to terminals 25, 26 and 27.
Connect the single connection side of the bulb to terminal 25 and the double connsection to
terminals 26 and 27.

Millivolts Signais

Inputs are connected to terminals 25 and 26 as shown.

Heat Outputs
Relay

The controller is fitted with an output relay which has a single changeover contact,
connected internally between terminals 4, 5 and 6. With no supply to the instrument the
relay is de-energised and terminal 4 is normally open (N/Q). The relay is energised to appily
power to the load and the voltage at terminal 6 is switched through to terminal 4. The
contact is rated at 2A/264V rms and is suitable anly for use with low-power loads. Slow
cycle time-proportioning or on-off controtf is available. Contact suppression is provided
hetween the N/Q contacts and the wiper.

Logic

A logic output is provided at terminals 8 and 9. This output is an unisclated 10mA at 14Vdc
minimum signal with slow or fast cycle time proportioning or on-off. This output is suitable
for use only with the Eurotherm Thyristor Units.

Isclated DC

An isolated dc output is provided at terminals 8 and 9, see code for relevant ocutput.




Local/Remote

Indication of a remote facility on local/remote instruments is by the LED in the centre of the fascia. Selection
of gither the front panel Local/ Rermote pushbutton or closure of the switch for rear selection causes this LED
to illuminate in remote and extinguish in local.

Auto/Manual

Indication of the manual faciity on Auto/Manual instruments is by the LED in the centre of the fascia,
Selection of either the front pane! Auto/Manual pushbution or closure of the switch for rear selection
causes this LED to illuminate in manual and extinguish in aute. If an optional Local/Remote facility is used
the remote LED will dluminate when in Remote.

Setiing Up

Setting up is achieved by access to the parameters through a scrolf button which is located behind the front
door panel,

—Slide Swiich
4 Enabled
The instrument is supplied with the scrof bution disabled. 10p j'Disalbled
Values of proportional band, integral and derivative times are set - — -

to a standard to suit the average application. To modify these
values the scroll button has to be enabled. To enabls the scrofl _]"I
button, remove the ingtrument from its sleeve. Locate the switch ~—
at the rear of the microprocessor circuit board (as shown), If a
slide switch is fitted, slide the switch towards the top of the
instrument to enable the scrofl bution. If a link switch if fitied,
press down on tha link and engage the hook {as shown). To T

disable the scroil button slide the switch towards the bottom of the — L —
instrument or disengage the link switch as appropriate. = L U
BOTTOM
mMicroprocessar
Board

To the left of the scroll button and on the inside of the door panel are listed a series of control parameters,
pertinent to that instrument, Each parameter is shown in abbreviated form. Operation of the scroll button
causes the abbreviation to appear in the left hand segments of the digital flucrescent indicator panel. After
approximately two seconds the abbreviation Is replaced by the value of that parameter. NOTE: Until the
scroll button is released the first digit of the abbreviation is not displayed. Adjustment of a parameter is
achieved by means of the UP/DOWN huttons. Subsequent operation of the scroll button selects the next
parameter listed.

NOTE: If no action is taken by the operator within eight seconds of the last action, the display will
automatically revert to indicating the measured valus.

Parameters

Lirmnit Alarms

When a high or low deviation or band alarm is fitted the alarm setpoint can be
adjusted between 0 and a top limit, where the top limit is 20% of the span. The
limits for a full scale alarm are the limits of the span of the instrument.

Al - Alarm 1

To set the limit for one of the alarms depress the scroil button so that ‘Al is
displayed. After approximately one second the digital readout will indicate the
temperature setting of Alarm 1. Ta set the limit to the required value depress the
respective UP/DOWN buttons until the limit, top or bottom, is reached. This limit
will appear in the display.
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AZ - Alarm 2

To set the limit of the other alerm depress the scroll bution so that ‘AZ is now
displayed. To set this limit depress the respective UP/BOWN buttons until the
required limit is reached,

SP - 2nd Setpoint

For instruments with a 2nd setpoint facility depress the scrol! bution so that ‘'SP’ iz
displayed. Depress the UP/DCWN buttons to set the 2nd setpoint to the required
value,

St - Digital Setpoint Trim
For instruments with a digital setpoint trim facility depress the scroll button so that

‘St is displayed, Depress the UP/DOWN buiton to set the degrees of trim, which
is adjustable =10% of the instrument span.

SP - Analogue Setpoint Trim

For instruments with an analogue setpoint trim facility depress the scroll button so
that '5#" is displayed. Depress the UP/DOWN buttons 1o set the digital setpoint.

AL - Alarm

For instruments fitted with Local/Remote, Znd setpoint or trim facilities and an
alarm channel, depress the scroll button so that ‘AL’ is displayed. To set the limit
of the alarm depress the respective UP/DOWN buttons to set the required limit.

Pb - Proportional Band, On/Off Hysteresis %
instrument span

Depress the scroll bution so that 'Pb’ is displayed. Depress the UP/DOWM
buttons to set Pb to required value. The proportional band settings are in 15 steps
from 0.5 to 100% . With on/off contro! instruments Pb sets the ON/OFF hysteresis
in % of span,

ti - Integral {Secs)

Depress the scrofl button so that ‘i’ is displayed. Depress the respective
UP/DOWN buttons to set the integral time to the required settings in 14 steps
fram indicating OFF to 1800 seconds.

td - Derivative {Secs)

Dapress the scroll bution so that 'td’ is displayed. Depress the relative UP/ DOWN
buttons o set the derivative time. The derivative settings are in 13 steps from
indicating OFF to 600 seconds.

AP - Approach

Degress the scrall button so that ‘AP’ is displayed. This control aiows adjustment
of the rate of change of temperature as setpoint is approached. The approach
value is set by the respective UP/DOWN buttons and selectable from 0.25 10 3in 9
steps.

Hec - Cycle Time (Secs)

Depress the scroll button so that ‘He' is displayed. Depress the UP/DOWN
buttons to set the required cycle time. Cycle times availahle are G.3, 1.5, 10, 20, 40
and 80 seconds. Forlogic outputs it is normally set to 0,3 and for relay outputs to
20 secands. {Settings below 20 seconds for relay outputs can cause increased
cortact wear and premature failure). Wih dc outputs the cycle time is fixed at 4.3
saconds, The cycle time setting is inoperative for ON/QOFF control instruments.



HL - Maximum Power {Heat)

Depress the scrolt button s¢ that ‘HL' is displaved. Depress the UP/DOWN
buttons to set the percentage of the required power, normaily 100%. Settings
available are 0 to 100% in increments of 1%.

HL - External Powsr Limit

For an instrument with an external power limit facility depress the scroll butten
until "HL" is displayed. Depress and hold depressed one of the UP/DOWN buttons
and adjust the external power limit potentiormneter to the required power setting.

Cc - Cool Cycle (Secs)

Depress the scroll button so that ‘Cc’ is displayed. Depress the UP/DOWN
buttons to set the required cycle time. The cool cycle time is set from 0.3 to 80
seconds and should ideatlly be set {o the highest time possible.

Note: On non-linear cool outputs {code 093) whenever cool is demanded the cycle
time is automatically set to 10 seconds, therefore no setting of the cool
cycle time is required.

Cr - Relative Cool

Depress the scroli button so that ‘Cr’ is displayed. Depress the UP/DOWRN
buttons to set the required cocl gain, which is relative to the primary output and
adjustable in 9 steps from 0.25 and 3.

CL - Maximum Power {Cool)

Depress the scroll button so that "CL’ is displayed. Depress the UP/DOWN
buttons to set the percentages of the required power. Maximum power settings
available are 0 to 100% in increments of 1%.

End

Once all parameters have been scrolled the term ‘END’ is displayed. After eight
seconds the 'END’ term is automatically replaced by the measured value.

Control Variables {steps)

Standard 810:

Prop band {%) 0.50; 0.75, 1.00, 2, 3, 4, 6, 8, 12, 35, b0, 100

Integral {secs) off, 15, 30, 45, 60, 90, 120, 150, 200, 300, 400, 600, 300, 1260, 1800
Derivative (secs) off, 5, 10, 15, 20, 30, 40, 60, S0, 150, 200, 300, 400, 600
Approach {rel Pb) 0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 2.00, 2.50, 3.00

Cycle Times (secs) 0.3, 1, 5, 10, 20, 40, 80

Maximum Power {%)} 0 to 100 in 1% steps

Relative Cool .25, 0.50, 0.75, 1.00, 1.25, 1.50, 2.00, 2.50, 3.00

810 Auto/Manual

Prop band (%) 0.5, 0.8, 1.1, 1.7, 2.5, 4, 6, 8, 13, 20, 26, 34, 50

Integral {secs) off, 5, 7, 10, 15, 25, 40, 65, 100, 145, 210, 300, 450, 70C, 1100, 1700
Derivative (secs} off, 1.5, 2.5, 4, 6, 9, 12, 17, 24, 33, 46, 65, 90, 130, 180

Cycle Times (secs} 0.3, 1, 5, 10, 20, 40, 80

Maximum Power {%) 0 to 100 in steps

OPERATION

Temperature Setting

When power is connected the fiourescent indicator panel witl display the measured vatug of the temperature
in digital form. Depress and release either the UP or DOWN button and the display will indicate the setpoint
value for five seconds and then revert to the measured value.

To alter the setpoint depress the respective UP/DOWN button and after a delay of 3 seconds the setpoint
will change in the required direction.
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Manual Power Setting

With an Auto/Manual instrument selected to manual the manual power output wili be actual power being
delivered at the instant of selection. Depress and retease either the UP or DOWN bution and the display will
indicate the current output power in percentage. To alter the power depress the respective UP/DOWN
button and the power will change in the required direction.

Indications

The fluorescent indicator panel measured value, setpoint and all parameters particular to the specific
instrument. These can include alarms, PID settings approach, heat/cool cycle times, maximum power, 2nd
setpoint settings and setpoint trim.

When a parameter other than measured value is displayed, indication is provided by means of a flashing dot
at the top of the display.

In the event of a thermocouple break the numeric display goes blank when the maximum scale range is
reached.

Error Indications

The nine segment bars situated to the left of the digitai readout provide error percentages of measured
values of temperature with respect to the set temperature. [lumination of the centre bar only indicates within
0.5% of setpoint.

The bars above and below the centre bar indicate, when iliuminated, the upscale and downscate errors
respectively, in increasing magnitude. For instruments with a setpaint trim facility operation of the
UP/DOWN buttons causes the nett setpoint {setpoint and trim} to be displayed.

Alarms

The respective ALARM LEDs will illuminate whenever an alarm is ON. Optionally, -an instrument can have
the numeric display flashing in an alarm condition with no alarm boards fitted and therefore the ALARM
LEDs are inoperative. {Not applicable to Auto/Manual instruments).

Outputs

The QUTPUT LEDs illuminate when ever an output is operative, Normally OUTPUT 1 LED indicates a heat
channei and OUTPUT 2 LED a cool channel cutput. If a triac heat channel is incorporated QUTPUT LED2 will
fliuminate for the heat channel and any associated coo! channel is indicated by the QUTPUT 1 LED.

2nd Setpoint

Indication of 2nd setpoint, either front or rear selected, is by LED in the centre of the fascia. When
illuminated the 2nd setpoint is selected and when extinguished the instrument reverts to its nermal setpeint.



