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First - A Word of Warning

Lifting and Handling the Cryostat
Please take care when moving and lifting the systeis heavy.
Using Cryogens

Cryogenic liquids are potentially dangerous. If yate not already familiar with the standard
procedures appropriate for the use of liquid ng&ro@nd liquid helium, please seek advice before
proceeding.

Operating this equipment involves the use of vacameh cryogenic liquids. Please read this manual
carefully before you operate the system — althailnggh is not a safety instruction manual, the text
describes our own procedures and this may helpdinl @ccidents.

The photograph above shows part of a badly damagtens. We do not want this kind of thing to
happen to you! Please ensure that all personneled in the use of the detector system are fully
accustomed with the techniques involved
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Introduction

» The Detector System. Type QFI/2LF

This is a QMC Instruments Ltd. detector system tgpiel/2LF which incorporates an Indium

Antimonide (InSb) hot electron bolometer. The diteds mounted behind the specially designed
condensing optic and low-pass blocking filter at 77Kese components are mounted in a type
TK1813 liquid helium cryostat built to our specdton by our sister company, Thomas Keating Ltd.

* The Type QFI/X(LF) Hot Electron Bolometer

The detector is an Indium Antimonide (InSb) hotcalen bolometer with increased length geometry.
The single pass wave detector is mounted direatlyinal the condensing optic on aph® thick
paper substrate. This substrate provides elecigsotdtion of the detector and good thermal contact
with the block.

This condensing optic has been specially desigoedite a flat spectral responsivity at long
wavelengths. In particular, it is designed to ceuefficiently to linearly polarised input with the
E-vector parallel to the workbench.

* Filter Performance

Unrivalled cryogenic efficiency and broad-band smission efficiency is achieved using our unique
multi-mesh filter (product code QMMF) which is moedton the liquid nitrogen radiation shield of
the cryostat. This 50ch(1.5THz) filter mounted at 77K greatly reduces thdiative heat load
incident on the liquid helium cooled stage from rotemperature objects by cutting off sharply at
the upper limit of the observing band and thenectihg all higher unwanted frequencies. The
measured transmission spectrum of the filter isgmeed imMppendix C.

* The Preamplifier

The system incorporates a ULN95 preamplifier. Tisignounted to the side of the body of the
cryostat to reduce signal interference. The pre#i@pis run either from internal rechargeable NiCd
batteries or from an external supply. The circatlides a bias potentiometer and a number of
test/monitoring facilities for ease of operation.

e Serial numbers

ltem Serial Number

QFI/2(LF) detector system
QFI/X(LF) detector
ULN95 preamplifier
TK1813 cryostat
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Packing List

The following items are included in this shipmeRtease check the contents against this list and
contact QMC Instruments as soon as possible ifsyspect that any items are damaged or missing.

Detector System Type QFI/2LF

o Thomas Keating Ltd. cryostat type TK1813 containing
»  Detector type QFI/X(LF)
« Specially designed cold condensing optic
«  55cm'LPE filter with 28mm diameter aperture mounted Z 7

o Cryostat fitted with
«  Transit protection fixtures
«  Over-pressure relief valve fitted to the cryostat plate
+ Non-return valve
«  Two-off preamplifier mounting screws

o Cryostat central neck safety baffle which includes:
«  Over-pressure relief valve

o 1-off ULN95 preamplifier, with power supply leaddarechargeable NiCd battery pack
o Outer vacuum case base-plate with O-ring
o 77K radiation shield base-plate
o Liquid nitrogen blow-out tube
o Spares kit which includes:
e O-rings
- Setof screws

ULN95 preamplifier power supply lead
M3 and M4 Allen keys

o Operating manual
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1. Unpacking and Preparing the System for Operation

The system is not supplied in a condition that rendeready for immediate use. A temporary
base-plate has been installed to protect the sybtmm damage during its journey. The following
procedure must be carried out to prepare the aetegstem for operation. To prepare the system for
transportation the following procedure should deofeed in reverse.

Photographs included in this manual are generaloghimat may not be specific to your particular
system.

Initial Inspection

Please inspect the flight case in which the gooeiewhipped, and the contents, for any obvious sign
that damage has occurred in transit. If you thimkt the package has been damaged in some way,
please contact us before proceeding further. Youipement is guaranteed for two years against
failure resulting from effects beyond your contrahd we will be happy to make any repairs at no
cost to you during this time.

The O-rings, bolts, screws and other small iteras d@ine required to prepare the system can be found
in the spares kit.

Transit baseplate

Photo 1.1.Transit base-plate



Removing the transit-plate

Refer to Photo 1.1

To allow access to the bottom-plate invert the stgbso that it rests on the stainless lifting rifg
avoid marking the ring, stand the system on somgtho protect it such as soft tissue, cloth or
bubble wrap.

The aluminium transit base-plate should be remadwgdinscrewing all the socket head screws
holding it in place and carefully lifting it fronié cryostat.

Cryostat visual inspection

Refer to Photo 1.2
Taking care not to disturb the wires that run altmgwork surface, remove the four support pillars.

The condensing optic, with detectors mounted adtwssperture slit, is bolted onto the cold-pléte.

is important for good detector performance thatatkedensing optic is in good thermal contact with
the work surface. You should confirm that it isyfly screwed in position. It is possible that vacuum
grease that is used to ensure good thermal cootdabe condensing optic with the cold-plate, and
small flakes of hardened GE varnish, which is doyelsubstance used to glue the wires to the
cold-plate, may be found in the cryostat. This igegmormal and will not give rise to operating
difficulties.

There is one filter which is located in the optieglerture of the liquid nitrogen shield. You should
confirm that it has not worked loose in transit.

Renloye Stpport Pillars

Photo 1.2.The four support pillars and the detector / optics



Fitting the cryostat base-plates

Refer to Photos 1.3 and 1.4, and Figure 1.1

The TK1813 cryostat has a liquid nitrogen cooled #adiation shield base-plate, and a room
temperature outer vacuum casing base-plate. Thesh#{d is located using the set of countersunk
M3 screws provided. The black OVC base-plate isatled using the M4 socket-headed screws
provided. It is important to check that the O-riagn place, that it is clean, well greased and itisa
seating is free of marks and scratches. The sctevating the OVC base-plate should not be
over-tightened, as this can distort the O-ring aedhaps cause vacuum leaks. If the screws are
equally tightened, it is normal for a small gasbow between the lip of the OVC base-plate and the
bottom of the cryostat casing.

A schematic of the cryostat is showrFigure 1.1.

Outer Vacuum L, : Nitrogen Shield
Case (OVC) (77K)

Base Plate Base Plate

~
(&
N

Photo 1.3.Cryostat base-plates

Photo 1.4.Liquid nitrogen base-plate in position



Fig. 1.1.Schematic showing the main features of the cryoiiat to scale
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2. Evacuating the Cryostat

Please refer tphoto 2.1.Before cooling the cryostat, the vacuum chambertrhasevacuated by
connecting a suitable pump to the evacuation pmrated on the top-plate. The pump should be
capable of reducing the pressure in the cryostaetow 10'mbar. This can with time be achieved
by using a rotary pump only, but for optimum cryoigeperformance of the cryostat it is better to
use a diffusion or turbo-molecular pump to reduneedressure still further.

The pumping system should ideally have a pressavge measuring the pressure as close to the
cryostat as possible. The spare NW16/KF16 porttéacan the top-plate of the cryostat can be used
to attach a pressure gauge to monitor the presstine cryostat directly.

Always check the quality of the pump system and piagnline prior to opening the cryostat valve.

The vacuum valve should be opened very slowly wthenpressure in the cryostat is at or close to
atmospheric pressure. This prevents rapid pressbhamges that risk damage to the delicate
components inside the cryostat.

Typically, the system could be ready for pre-cool(rgfer to Section 3) after pumping for thirty
minutes using a two stage pumping station.

Lifting handle

Spare KF16 access port. Not used

Photo 2.1.TK1813 cryostat top-plate fittings
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3. Liquid Nitrogen Pre-cool

IMPORTANT: Refer to the warning at the front of the manual before proceeding with
cryogenic cooling of this system.

A word about your vacuum pump

The pressure in the cryostat should drop rapidlynmiieng with liquid nitrogen because some of
the gas, mainly oxygen, begins to cryopump (conelearso the cold surfaces). The system can
remain attached to the pump during the pre-coabgdeaf the pump you are using is an oil diffusion
or turbomolecular type pump with a base presswerdhan 10mbar. If you are only using a rotary
pump, then the pressure in the cryostat will beeloduring the pre-cool period than the pump is
capable of generating, and the pump must theré®iietached immediately prior to cooling.

The need to pre-cool the central reservoir with ligid nitrogen

When a satisfactory pressure has been reachec iorylostat vacuum chamber, it is necessary to
pre-cool the cryostat with liquid nitrogen beforeotng with liquid helium. This will reduce the
amount of liquid helium used.

Fill both liquid nitrogen and liquid helium resemwith liquid nitrogen using the appropriate [sort
photo 2.1 Liquid nitrogen need only be poured in througle ohthe three liquid nitrogen ports. The
neck baffle assembly should be unscrewed and rednoom the central liquid helium port to enable
the liquid nitrogen cryogen to be poured into fleid helium reservoir.

For preference, transfer the liquid nitrogen disefrom a pressurized liquid nitrogen storage Dewar
which should take around 15 minutes to complete. May have to pour the liquid nitrogen using a
bucket and a funnel, as shownpinoto 3.1, which may take in excess of an hour to completé¢his
case, the funnel must be attached to a pipe whitdnds down into the neck and well into the
reservoir itself. For a TK1813 cryostat a lengthabfleast 200mm is needed. The pipe diameter
should be about 6mm (¥4 inch) to allow both reaskntivoughput and space outside of the pipe for
boiling nitrogen gas to escape.

Safety valves

The top-plate fittings are shown photo 2.1 The helium reservoir access port should always be
fitted with the non-return valve to stop the corsldion of moisture within the neck. This moisture
could freeze and block the neck of the cryostattvim turn could lead to failure and damage.

The cryostat neck baffle is shown oto 3.2 The baffle incorporates an overpressure release
valve. Should an ice blockage form in the centedknof the cryostat, gas will be unable to escape
through the non-return valve. Such an event willseathe overpressure relief valve, located at the
top of the baffle, to open thereby releasing pres&em the inner reservoir.



The pre-cool period

The length of pre-cool period will determine thetia efficiency of use of liquid helium. For a

TK1813 we recommend a minimum pre-cool of four Ispubut it is often convenient to leave a
cryostat overnight if, for example, it has beeraied to a pump throughout the day. Larger
cryostats (TK1840, TK1865 and TK1875) require agemminimum pre-cool period because the
additional gas cooled radiation shield is only wgakhked to the other temperature stages and

therefore cools slowly. For these larger cryostatstwelve hour minimum pre-cool period is
recommended.

T

Photo 3.1.Using a funnel to fill the Photo 3.2.Cryostat neck baffle
cryostat with liquid nitrogen

Removing the liquid nitrogen from the central resevoir

When the pre-cool period is complete the liquidagéen in the helium reservoir should be removed.
This is best done using a supply of compressedithygen gas and the blow out tube supplied. The
O-ring and tightening ring from the central resenaxcess port, and brass washer from the spares
kit, should be arranged on the blow out tube asvehia photo 3.3 The non-return valve should be
replaced with the adaptor nozzle. The liquid nitnogan now be removed from the central reservoir
by applying (through the adaptor nozzle) a smadirpxessure within the reservoir as showphito

3.4. The liquid nitrogen is directed into a safe corgajrand can be used to replenish the outer
reservoir.

It is important that all of the liquid nitrogen ismoved from the central reservoir before the tqui
helium transfer is started. Any liquid nitrogen &ning in the central reservoir will be frozen et



liquid helium. Nitrogen ice forms an effective ingtihg layer which will prevent the detector
reaching its intended operating temperature. Adangnount of expensive liquid helium will also be
wasted in creating a small amount of very coldogién ice!

The supply of dry nitrogen gas can be continuedl the stream of ejected liquid nitrogen ceases.
Ensure that the blow out tube does not block, ithatproperly located and it reaches the bottom of
the helium reservoir. In the case of an Indium Atnide detector, the detector impedance should be
monitored to check that the temperature is above 77K

blow-out tube

tightening ring

washer

Photo 3.3.The blow out tube

liquid nitrogen out

compressed nitrogen gas

-~

4
[

Photo 3.4.Arrangement to blow the liquid nitrogen out of tiggiid helium reservoir
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4. Liquid Helium Transfer

When you are certain that all liquid nitrogen hasioremoved from the central reservoir the cryostat
can be filled with liquid helium. The blow-out tusBould be removed from the central neck and the
cryostat should be arranged such that the tramsber reaches the bottom of the cryostat and the
storage Dewar simultaneously.

It is wasteful to transfer liquid helium too quigklA rubber bladder can be used to control the
pressure driving the transfer, and the rate oinfjlican be judged from the size of the plume of
exhaust helium gas rising from the cryostat.

The liquid helium transfer tube

It is important that the liquid helium transfer tubsed is designed to suit both the detector cryosta
and the liquid helium storage Dewar. The delivengl ®f the transfer tube should have a fully
evacuated section with diameter approximately 6imnch) and length at least 200mm. It should
therefore permit liquid helium to be delivered e#ntly into the central reservoir while at the gam
time leaving adequate venting for helium gas dutragsfer.

QMC Instruments Ltd. can arrange to supply a sletdquid helium transfer tube for your cryostat.
We offer a rigid transfer tube with a reach of 10@6@nproduct code QTT/R, and a flexible transfer
tube with a reach of 1000mm, product code QTT/Ea&t contact us, or your supplier, if you have
any questions regarding the suitability of youripqent.

Photo 4.1depicts a liquid helium transfer in progreBfioto 4.2shows a typical boil-off plume in
the phase when the cryostat is cooling between aK4.2K.Photo 4.3shows the larger, cloudier
and more erratic plumayhich results when the liquid helium reservoir ul.f At this stage the
transfer should be terminated. It should take albioiuty to forty minutes for a TK1813 cryostat to
cool down from 77K to 4.2K and to fill with liquibelium; and the whole process should consume
about four litres of liquid helium.

Helium gas recovery

Here in Cardiff we have no facilities for recoveyiapent helium gas, hence all the liquid helium
transfers undertaken in our laboratories are “opanthe manner shown in the photos. However
some installations offer recovery facilities wheyreb helium return line is attached to the exhaust
port of the cryostat. Use the black anodized alummtightening ring and O-ring from the central
neck fitting to make a seal around the liquid helitransfer tube. Under such circumstances, a
coarse flow-meter could be inserted in the retuma {o indicate flow rate from the transfer. Usyall

a steady flow rate is indicated during the cool &lghases of the transfer. When the reservoir is
full however, the flow rate becomes erratic, argltttansfer should be terminated.

When the transfer is complete the transfer tubailshbe removed carefully but swiftly and the
safety valves fitted without delay. This kind oftelgor exhibits a rapid increase in resistance as i
approaches liquid helium temperature and this camuded as a check on the final stages of the



transfer. The InSb bolometer resistance can beumnegsising a multimeter across pins D and E of
the preamplifier input connector as showmpioto. 4.4.

Photo 4.1.liquid helium transfer

Photo 4.2.Helium gas exhaust during fill



Photo 4.3.Helium plume when complete

Photo 4.4.Electrical port pin assignments. Detector attadbguins B-E

Keeping the cryostat cold

It is important to keep all the neck fittings aradedy valves in place whenever the cryostat is.dbld
these are removed for liquid helium transfer, thbguld be removed only at the last moment when



all other preparations have been made. They shioeldeplaced as soon as the transfer tube is
removed.

The cryostat can be kept continuously cold by regz#a replenishing the cryogens. Hold times for
both the liquid helium in the central reservoir digghid nitrogen in the outer reservoir are shown i
Table 1 in Section 6.

Note that the liquid nitrogen in the outer reserwail require topping up more often than the lidui
helium, and that the first fill liquid helium holithe may be shorter. This is because the initiplid
helium boil off rate may be high if significant fbher cooling takes place when the transfer is
complete.

When transferring liquid helium into a cryostattthready contains liquid helium, the transfer tube
should be fully cooled before it is inserted inb@ tcryostat neck. This prevents the warm transfer
tube and warm helium gas from boiling away exaesamounts of the liquid helium already in the
cryostat. In this case the transfer tube is indeméo the storage Dewar and the pressure control
bladder inflated slightly to pass gas through thigetto cool itWhen the transfer tube has cooled,
thick milky helium gas emerges from the deliverglgnhoto 4.5 and the transfer tube can then be
manoeuvred carefully to the cryostat and loweréal the central neckhe refill can then proceed in
the way described above.

Detector system operation

The detector system is ready for use as soon adgjthée helium fill is complete. The performance
may improve very slightly during the first hour so after the first fill liquid helium transfer whil
the detector and filters cool to their final opergttemperature.

Remember that the resistance of the detector isnatibn of current once it is at operating
temperature.

Photo 4.5.Liquid helium emerging from a cold tube



QML Instruments Lid

5. The ULN95 Preamplifier

Background

The ULN95 (Ultra Low Noise) preamplifier is a vali@a mode low noise preamplifier designed for
use with cooled detectors. It can be powered eitioan internal rechargeable batteries or from an
external £15V DC supply. Switchable gain optionspaentiometer bias supply control and full
detector status monitoring are provided. OutplGQ bnc as standard, and the circuit is housed in
an RF shielded enclosure designed to mount diréctiyre detector cryostat to reduce interference
and provide a common ground.

The input impedance is high, so the preamplifien ba used with a range of cooled detectors,
including InSb hot-electron bolometers (types QFIREI/XB and QFI/XBI) and composite Silicon
and Germanium bolometers (types QSIB/X and QGEB/X).

The technical specification of the ULN95 is givarTiable 5.1below.

Output impedance50Q bnc Bias Supply: 0-10V multi-turn potentiometer
Input impedance>10GQ Voltage Gain: x100, x1000 switchable
Bandwidth 0.5Hz to 1MHz Output Noise: = 1nV HzY? rms > 1kHz

(input shorted)~ 3nV Hz'? rms at 10Hz
Table 5.1.ULN95 Technical specification

Mounting the preamplifier

The batteries in the preamplifier have been diseotad during transit. Open the front of the ULN95
by unbolting the 4 bolts that hold the lid in pladde battery pack should be fixed in position as
shown inPhoto 5.1a,using the 4 plastic fixing screws.

The battery connecting leaBhoto 5.1b,which can only be fitted one way, should be corebdo
the 4-pin connector at the top of the left handcwtr board as viewed with the battery pack
uppermost in the box. The preamplifier should be mea onto the black anodised vacuum window
surrounding the 10-pin electrical feedthrough whihocated on the side of the cryostat. The two
mounting bolts can be found screwed into this. Omoeinted, the preamplifier 10-pin electrical
input lead should be connected to the cryostat fiGef@ctrical feedthrough through the hole in the
lower section of the preamplifier housiriRhoto 5.1a.

Powering the preamplifier

The ULN95 can be operated from the internal basear from an external power supply. External
power is supplied via the 4-pin socket locatechattop of the preamplifier control panel. The three
isolated pins are used while the earth tag is setiuA twin channel power supply, an example of
which is pictured irPhoto 5.2 will be needed to run the preamplifier from exrtdrpower. A power
lead is supplied for this purpose. The internal dNigatteries, which may not necessarily be charged
before despatch, are recharged from the externvaéipsupply via the same socket. Please note that



the NiCd rechargeable batteries will not be ablddorecharged and used indefinitely. Through
normal and proper use they will need replacingrab®ut 200 charge/discharge cycles.

Photo 5.1a.Preamplifier layout

Power Option a) Using an external PS

Photo 5.2 shows a typical twin channel laboratory power $yipphich can supply 30V dc per
channel. It is a Farnell Instruments Ltd, stabdigwwer supply 2 x 0-30V, 1A. The photo shows
how the power lead supplied with the detector sthéel connected to such a supply.

When powering the preamplifier, make sure thatvibiéage output is at zero before switching on,
and then increase the voltage gradually on bothepewpplies simultaneously to 15V.

If the power supply has a current limiting facilithis should be set to 200mA. The current supplied
to the power socket is limited internally but odoaally transients can blow the 500mA protection
fuses.

A current of approximately 90mA will be drawn whesing a £16.5V external power supply to both
power the amplifier and recharge the amplifier dradt.

Approx 35mA will be drawn when using a £16.5V ex@rpower supply to power the amplifier.

When connecting a discharged preamplifier (offdbfeast 10 seconds) to an external power supply
there is a surge to about 130mA for the initialrgirag of the circuits / components.



Photo 5.1b.The preamplifier boards

External supply switch-on procedure is as follovesf the following initial settings:
RECHARGE =OFF; POWER =EXT; INPUT =SHORTED,; BIAS = OFF

Ensure that the power supply output voltages areos®/

Connect the power lead as showrPimoto 5.2 Plug the other end into tiRECHARGE SOCKET
of the preamplifier

Increase the two output voltages to 15V gradudlhe redPREAMP ON light should illuminate
Set the INPUT switch to th@PEN position

Set the BIAS switch to th@N position

Select the desired GAIN

N

°oukw

At this stage, you can “Say Hello” to your detectdrhand waved rapidly in front of the detector
window should generate a readily visible respomsarooscilloscope.

Power Option b) Using the internal batteries

Battery supply switch-on procedure is as followsirthe following initial settings:
RECHARGE =OFF; POWER =EXT; INPUT =SHORTED,; BIAS = OFF

Set the POWER switch ®ATT . ThePREAMP ON light should illuminate

Set the INPUT switch to th@PEN position

Set the BIAS switch to th@N position
Select the desired GAIN

PwbnE



Fully charged batteries will be able to operate gheamplifier for at least 12 hours. However, this
does depend to an extent on the level of outpud.udge power drain on the batteries is higheraf th
signal level is large.

Set current limits to 200mA.

Black -20 V

Photo 5.2.Power supply connections

Recharging the batteries

Battery recharge procedure is as follows from tlewing initial settings:

RECHARGE =OFF; POWER =EXT; INPUT =SHORTED,; BIAS = OFF

Ensure that the power supply output voltages areseero

1.
2. Connect the power lead as showrrhmoto 5.2 Plug the other end into tiRRECHARGE SOCKET
3.
4
5

Set the RECHARGE switch ©ON
Increase the voltage to +/-15V as described abidvePREAMP ON light should illuminate
Increase the voltage gradually to +/-18V. RECHARGE ON light illuminates brightly

Do not exceed a supply voltage of +/-20V. If yowgaed according to these instructions it is not
possible to overcharge the cells. The batterielsbeifully charged after no more than eight hours.

You can operate the amplifier and recharge theebast simultaneously.



When switching off, remember to switch the powenapswitch to external supply, otherwise the
batteries will drain.

Altering the detector bias

The detector requires a d.c. bias currgntwhich is supplied by the preamplifieg iIs set to the
optimum value during testing at the QMC Instrumghtnce it should not normally be necessary to
alter the bias conditions of the detector. Howeltewill have to be optimised if the temperature of
operation is altered, for example by pumping araling the helium bath to 1.5K.

Photo 5.3 View of the switchboard and amplifier circuit bdadentifying
the voltage test points and multi turn potentiomete

The bias voltage ysupplied to the bias load resistor can be measusied the test points within the
preamplifier box. On the board closest to the Ipatpack there are four test points and a variable
resistor which are assigngzhoto 5.3 as follows:

TP1 Zero volt test point

TP2 Vg test point

TP3 Ig test point (ImVuA)

TP4 Detector voltage test point, Wet
VR1 Vg adjust

To measure ¥ connect a voltmeter across TP1 and TP2. To setadjust the multi-turn
potentiometer VR1. ¥ will have been set at QMC Instruments Ltd durirgfitey but can be altered
using the potentiometer VR1 and measured betweeh drfel TP2. To measurg konnect a
voltmeter across TP1 and TP3 and convert the medsuoltage in mV to g/pA using the
conversion factor ImWA. Vpet is measured by connecting a voltmeter across HelT&®4. The



operating resistance of the detector can then leelated from R, = Vpedlg. Occasional monitoring
of this voltage will confirm that the detector temg@ire and the bias current are correct and stable.

Figs. 5.1(a, b give typical input shorted noise of the ULN95 aifig at a gain of x100

Troubleshooting

If after recharging the battery packs performarteesto fall it is likely that the NiCd rechargeabl
battery packs will need replacing. It is normal fICd rechargeable batteries to need replacing
periodically when they no longer hold charge. Reghaent battery packs can be obtained from RS.

If problems are suspected with the ULN95 preanglithere are some basic checks that can be
carried out. Disconnect the ULN95 from the exteswglply and then open the box it by undoing the
four bolts. Check the following:
* Check the five 500mA fuses to make sure that tlagmot blownphoto 5.4
* The switchboard should be firmly attached to thesRielded case
* The switchboard and amplifier board should be firattached to one another
* The 10-pin plug should be firmly attached to thgostat 10-pin electrical feedthrough
» Confirm that the battery packs are firmly attachegosition to the RF shielded casing, and
that they are connected to the switchboard
* Confirm that there are no obvious problems with gh&chboards and amplifier board. The
boards can be detached and removed from the casesfoection. Check for any loose
components or blackened areas

* 2112 Amp
Fast :Blowing Fuses

Photo 5.4.View of the switchboard and amplifier board,
showing the location of the 500mA fuses
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Fig. 5.1a Typical preamplifier input shorted noise spectra
Amplifier gain = x100. Noise at 1kHz = 1.0nV.HZ
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Fig. 5.1b.Typical preamplifier input shorted noise spectra
Amplifier gain = x100. Noise at 20kHz = 1.0nV.Hz
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6. System Calibration and Test Results

The detector is calibrated using QMC Instrumentgum range of mesh filters to provide an
appropriate level of signal within a known waveldngange. A blackbody source is used to provide
a broad band signal, which is passed through a ic@tidn of filters. This provides a measured
amount of incident power on the cryostat windowlogk-in amplifier and / or signal analyser are
used to measure the detector output signal. Theunmdantimonide hot electron bolometer is
calibrated at a standard signal wavelength of 1.X@#6GHz).

The typical spectral responsivity of an InSb deteetith inhomogeneous magnetic field tuning is
shown inFig. A2. in Appendix. A. The response function was measured using an FTrepester
and the response of the InSb detector is ratioathsigthat of a thermal bolometer coupled with the
same window and filters but, for operational reas@nsather different optical set-up. We do not
therefore expect the data in A2 to be accurate ligh degree. It is intended only as a guide to
expected performance.

The optical performance parameters of the deter®rdefined below and the arrangement for the
optical tests is shown fRig. 6.1

Cryostat

Aperture, A
Distance, D |Detector

< %E\:U It

Black body Room filtering Cold filtering

Bias battery | U g;,510ad

resistor
Phase reference

Low noise
Preamplhifier

Spectrum

Oscilloscope
P Analyser Phase Sensitive

Detector

Fig. 6.1 The optical test arrangement



The system optical responsivitygdias is defined as:
Roptical = Vou Pdet

where \4; is the voltage response at the input of the ampl{f.e. assuming a preamplifier gain of
1) and Retis the power incident on the window of the crybstahin the field of view determined by
the cold optics.

The incident power, f, is calculated using

_ AA 2kKBAT (I/3 _Vs)

det — Dz 302 2 1

where

- A; andA; are the aperture areas of the black body sourt¢hanreceiving optics respectively

- Ds the distance between these points

. K =1.38x107JK" is Boltzmann's constant

- B is an attenuation factor, which accounts for th@mw temperature filter transmission losses
and the square-wave modulation

.« AT =500K is the temperature difference between the blackybsdurce temperature,
Ts = 800K, and ambient temperaturg,=T300K

. c=3x10ms"is the vacuum speed of light
v, and vy define the upper and lower frequency of the fiftassband

The rms noise voltagd, generated by the detector system is measuredhtz dandwidth at a spot
frequency of 1kHz using a signal analyser. Thel$® referred to the input of the amplifier.

The sensitivity of the system is represented bystrstem optical Noise Equivalent Power (NP

It is this parameter which predicts the signal/aomtio that will be produced when a certain known
signal flux density is incident at the cryostat dom within the field of view. NE represents the
power incident that will produce a voltage respoegeal to the noise voltage i.e. a signal to noise
ratio of 1.

The System Optical N.E.P. is defined as follows:
NEP = Nn/RopticaI

System Cryogenic Performance

The liquid nitrogen and liquid helium hold-times thie system are measured in QMC Instruments
Ltd. tests and tabulated frable 6.1 The liquid helium boil-off is measured over a fdays to allow
the internal components and radiation shields withe cryostat to reach thermal equilibrium. When
equilibrium is reached the base boil-off is meaduamd used to determine the liquid helium
hold-time of the cryostat. The hold-time indicateglow is the subsequent fill hold-time. Note that a
first fill will not last for as long due to the Hginitial boil-off when the cryostat is cooling fro
liquid nitrogen temperature.

In order to achieve these figures it is importéwat the operating instructions laid out in this ongn
are followed, and that care is taken to ensure ttiatcryostat is completely full before the liquid
helium transfer is terminated.



The system test log sheet is giverAppendix B. This shows exactly what steps were taken to run
the system and the elapsed time between each action.

Liquid helium reservoir capacity / litres 1.7
Liquid nitrogen reservoir capacity / litres 14
Base helium boil-off / litres of gas per minat S° 0.20
Liquid helium subsequent fill hold-time / hours 110 + 11
Liquid nitrogen hold-time / hours 24+ 4

Table 6.1 System cryogenic performance

Detector Test Results

T/K Pins D-E. InSb hot

electron bolomete

300 190.80
77 8g7m "
4.2 318k "

Table 6.2.Measured resistance of the InSb detector as aidunaf temperature
T/K as the detector is cooled. The measured resistaalues are non-rectifying

NOTE: The values tabulated ihable 6.2are only intended as a guide. They are dependetiieon
actual temperature of the detector element an@titameter’s measuring current at 4.2K.

System Optical Configuration

Liquid nitrogen 77K shield aperture 28mm diameter
Condensing optic field of view f/2 at 28mm diameter
300K window 1.7mm thick planar HDPE
77K shield filter 55cm* Low Pass Edge QMME

Table 6.3.0ptical aperture sizes and filter details



Optical Calibration Results

Bias Resistance 220kQ
Bias voltage, ¥ 8.2V
Bias current,d 34uA
Detector voltage, Vet 0.81V
Detector operating resistancg,R 24kQ

System rms output noise at 1kH 6.4nV.Hz‘i/2
System rms output noise at 10k 5.5nV.Hz‘l/2
System rms output noise at 25k 5.0nV.Hz”

System optical responsivity 5.0kV W*
System optical NEP at 1kHz 1.3pW.HZ"*
System optical NEP at 10kHz ~ 1.1pW.Hz"
System optical NEP at 25kHz ~ 1.0pW.HZz"

Table 6.4 System calibration summary

The system output noise spectra are givefgs. 6.2(a, b).The spectra were measured using a gain
of 100 on the ULN95 preamplifier.

Noise at 1kHz =6.4nV/rtHz
Noise at 5kHz = 5.5 nV/rtHz
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Fig. 6.3a System output noise spectrum (<6.4 kHz). x106 gai
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Fig. 6.3h System output noise spectrum (<25 kHz). x100 gain
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Appendix A. Theory of Operation of the InSb
Hot Electron Bolometer

The detecting element is a QMC Instruments Ltd. élettron bolometer (HEB) type QFI/X(LF).
The active crystal element is a square of sidecqimately 5mm. Four elements are arranged in a
serial array and mounted on a paper substrateciyiséal is thermally anchored to the surface of its
mount.

Photo A.1.InSb detector manufactured as a toaster elemembt®d on a quartz substrate

Absorption of radiation by free carrier electrorsults in a rise in their mean temperature awawy fro
and above that of the host InSb crystal latticee fiobility, u, of the electrons is a function of
temperature and is given by

,u:CT%

where C is a constant. This change in electron litpis detectable as a change in the impedance of
the crystal. The low effective mass of the carrevides for a relatively fast detection mechanism
At 4.2K the relaxation timescale is of order3corresponding to a -3dB instantaneous bandwidth
of approximately 1MHz. Thus this type of detectofetd both sensitive and fast detection in the
millimeter and sub-millimeter wavelength range.

This particular type of detector uses high puritdaped n-type InSb and has a geometry which not
only gives high electrical impedance, but preseméximum detection area to the incoming signal
over a wide range of wavelengths and therefore cesliuthe problems associated with signal
coupling, particularly at long wavelengths.



This detector is usually operated at 4.2K. Howeweslight increase in sensitivity is available by
reducing the operating temperature by pumping emthin liquid helium bath. At higher operating
temperatures, speed of detection increases akffemnse of sensitivity.

The optimum bias conditions for the detector willyvas a function of temperature. Clients wishing
to operate detectors at temperatures other that gh@uld contact QMC Instruments technical staff
who will be happy to advise.

Magnetically Tuned Detectors

The standard hot electron bolometer without magnetihancement of any kind has particularly
good sensitivity at frequencies below 600GHfgure A.1, where the absorption coefficient is
relatively high. Above 600GHz however, the abserptifalls with the square of the frequency such
that sensitivity has fallen by more than one omfemagnitude at 1.5THz, and by more than two
orders of magnitude at 2.5THz.

In the presence of an appropriately oriented magmietd, however, absorption is enhanced at the
cyclotron frequency. The central frequereyf the resonance peak is given by:

w=eB/m
where e is the electron charge, B is the magnietid, fm = 0.01359mis the effective carrier mass
in INSb. m is the electron rest mass = 9.11X1q.

In InSb m is small compared to the electron mass, so relgtibigh cyclotron resonance
frequencies are attainable using the smaller &fehgths available using permanent magnets.

For detectors subjected to a uniform magnetic fidd resonance peak FWHM is of order 400 - 500
GHz, and such detectors are ideal for FIR laseliagijons or relatively narrow band spectroscopy.
The spectral responsivity of this type of deteatoishown inFigure A.1l. Tuning with a single
magnetic field strength cannot cover the full paedrgpectral range of the detector.

The inhomogeneously tuned InSb detector, firstoohiced in 1994, lies in an inhomogeneous
magnetic field. In such a configuration, the resmeapeak is broadened. The result is excellent
absorptivity to frequencies below about 1.5THz. Bpectral responsivity of this type of detector is
shown inFigure A.2. The dips and peaks are genuine and reproduciliiey Bre caused by
interference affects resulting from the thicknesghefplanar InSb detector element, and interference
effects from the optical filters used - a planabd®* blocking filter. The measurement is for this
reason not a true measurement of the detector res@bone.

Considerable magnetoresistance is observed in thagaetic field conditions, and the level of noise
measured from the detector is relatively high comgao the Johnson noise associated with the
operating impedance of the device. However, asrthgnetic field leads to a much more significant
increase in responsivity over a broader range exfuencies, the advantages of magnetic tuning far
outweigh the disadvantages.



100.

- : v KEY
g, } At
Standard detector.
Sl I Enhanced at 2 THz.
Enhanced at 2.5 THz.
70.

RELATIVE REGSPONSE
i
(0]
I

ang, =
30—
20, [~
i0.
LA T
o. TRV T T T S A 0 U S U U 0 I O A T T T Sy O s T A el o el L
a. 10 20 30 40 50 (s]8] 70 BO 90 100 118 120 130 140 150

WAVENUMBERS [CM-1]

Fig. A.1. Spectral responsivity of a QFI/X detector with nagnetic field applied and two
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Fig. A.2. Spectral responsivity of the Type QFI/XBI detector

Temperature Stability

Figure A.3 below shows the measured temperature, over adoefidl00 seconds, of an InSb
detector mounted on a 1mm thick quartz substrate itypical configuration. The measured
temperature in this configuration where the detedilock is bolted on to the cold stage is
4.2K £ 20QuK.



Mounting the detector block on to I of Kapton tape reduces the thermal fluctuations llactor
of about 10; measured temperature is around 4.28uK 2However, the detecting element takes a
few hours to reach thermal equilibrium

Typically the InSb detector is mounted on a quattiastrate, though sapphire and diamond (CVD)
are other options.
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Operating Impedance of the Detector Element

The typical operating impedance of an untuned ld&bctor is 2R to 5kQ. A tuned detector has an
operating impedance of around(8ko 15K2. The operating impedance, when an operating cuisen
passed through the detector, is lower than the lactaasured resistance of the InSb. The detector
resistance at 4.2K will depend on the physical reatif the InSb wafer from which the detector is
prepared, and its treatment at QMC prior to beiogimted in the detector block.

An 800K blackbody signal with a HDPE window on ttrgostat ovc and low pass filtering on the
cryostat will generate a resistance change of abowif.
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Appendix B. System Test Log Sheet

QMC Project Reference: Product Code:

Date | Time Action Comment
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Transmission

Appendix C. Filter Transmission

W950 55cm-1 LPE
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Fig C.1. Transmission spectrum for the 55¢how pass multi-mesh filter
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Fig. C.2.Measured transmission of a 2mm thick HDPE windmwnf 20cni to 600cnT-
The polyethylene characteristic absorption incréastearly seen around 73¢m
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Contract details and guarantee

This equipment is guaranteed for a period of twargdrom the date of delivery against failure caubg
defective materials or workmanship. Defective paitsbe repaired or replaced on return to thelfswpplier
at no cost, provided that failure is not due tousesor mishandling after delivery. QMC Instrumentsited
will assume no liability for loss of life or damateproperty arising from the use or misuse opitsducts.

Purchase Order Number
Purchase Order Date
QMCIL Reference
System Serial Number

On receipt of your shipment

Please check that your equipment has arrived safgase advise QMC Instruments if you suspect any
damage has been incurred during transport andesiglor if any of the items are missing.

This operating manual contains instructions forrafien of the equipment, together with QMC Instrumse
Ltd. test performance data, against which our quesais given as stated above. The user is adteseshd
this document carefully prior to operation of thetettor system and is reminded that our guaraniédev
invalidated if the equipment is damaged throughusgs

Ken Wood - Director, QMC Instruments Ltd.

QMC Instruments technical staff will be happy toriad you if you have any questions or difficultidhe
contact details are:

QMC Instruments Ltd.
Cardiff University
School of Physics and Astronomy
Queens Buildings
The Parade, Cardiff
CF24 3AA
UK

T. +44 (0) 29 2045 1071
F. +44 (0) 29 2045 1271
E. k. wood@terahertz.co.uk
www.terahertz.co.uk



