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First - A Word of Warning

Using Cryogens

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

Operating this equipment involves the use of vacamoeh cryogenic liquids. Please read this manual
carefully before you operate the cryostat. Althotigis is not a safety instruction manual, the text
describes our own procedures and this may helpdm @ccidents.

The photo below shows part of a damaged cryostat.déd/not want this to happen to you. Please
ensure that all personnel involved in the use efdtyostat are fully accustomed with the techniques
involved.
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Introduction

This is a QMC Instruments Ltd. type TK1810 liquieliom cryostat built to our specification by our
sister company Thomas Keating Ltd.

ltem Serial Number

TK1810 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.

Type TK1810 Thomas Keating Ltd cryostat

o Cryostat fitted with:
- Over-pressure relief valve fitted to the cryostgt plate for safety
« Non-return valve

o Cryostat central neck safety baffle in place whiatiudes:
Over-pressure relief valve

o Outer vacuum case base plate with O-ring (fitted)

o Base plate for the gas cooled radiation shieltefit

o Spares kit which includes:
Set of screws
« O-rings
« M3 and M4 Allen keys

o Cryostat operating manual
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1. Unpacking and Preparing the System for Operatio

Photographs included in this manual are generalgghihhat may not be specific to your particular
cryostat.

Initial inspection

Please inspect the box in which the goods werepsldipand the contents, for any obvious sign that
damage has occurred in transit. If you think thatpackage has been damaged in some way, please
contact us before proceeding further. Your equigmerguaranteed for two years against failure
resulting from effects beyond your control, and wi# be happy to make any repairs at no cost to
you during this time.

There is a spares kit accompanying the cryostatctigains O-rings, bolts, screws etc.

Cryostat inspection
Refer toPhotos 1.1, 1.2 & 1.3

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

Photo 1.1. View inside a TK1810 cryostat showing a detectounted in

position, and the three aluminium transit posts



The TK1810 cryostat has a radiation shield baste@ad a room temperature outer vacuum casing
(OVC) base-plate. The radiation shield base pkatedated using the set of M3 screws provided. The
black OVC base-plate is located using the M4 soehkeided screws provided. It is important to
check that the O-ring is in place, that it is clegreased and that its seating is free of marks and
scratches. The screws locating the OVC base-platald not be over-tightened because this can
distort the O-ring and may cause vacuum leakhdfscrews are equally tightened, it is normal for a
small gap to show between the lip of the OVC bdate@mnd the bottom of the cryostat casing.

Photo 1.2. Cryostat base-plates

Photo 1.3. Radiation shield base-plate in position
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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 cryogepéformance of the cryostat it is better to use a
diffusion or turbo-molecular pump to reduce thespree still further.

The pumping system should ideally have a pressungegaeasuring the pressure as close to the
cryostat as possible. Always check the qualityhef pump system and pumping line prior to opening
the cryostat vacuum valve.

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

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

Vacuum Valve

Open.valve slowly

Photo 2.1. Cryostat topplate 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 cryostat.

A word about your vacuum pump

The pressure in the cryostat should drop rapidlgmwhlling with liquid nitrogen because some of
the gas, mainly oxygen, begins to cryopump (conelemso the cold surfaces). The cryostat can
remain attached to the pump during the pre-codbgef the pump you are using is an oil diffusion
or turbomolecular type pump with a base pressuwerdhan 18mbar. 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 with liquid nitrogen

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

The cryostat neck baffle assembphoto 3.1, should be unscrewed and removed from the central
port to enable liquid nitrogen to be poured inte taservoirphotos 2.1 and 3.2

For preference, transfer the liquid nitrogen disefriom a pressurised liquid nitrogen storage Dewar
which should take less than 10 minutes to compkiternatively, pour the liquid nitrogen using a
bucket and a funnel, as depictedpinoto 3.2 In this case, the funnel must be attached topa pi
which extends down into the neck and well into #&eervoir itself. For a TK1810 cryostat a length of
at least 180mm is needed. The pipe diameter shbeldbout 6mm (1/4 inch) to allow both
reasonable throughput and space outside of thef@igmiling nitrogen gas to escape.

Safety valves

The top-plate fittings are shown jphoto 2.1 The reservoir access port should always be fiitel
the non-return valve to stop the condensation aétae within the neck. This moisture could freeze
and block the neck of the cryostat which in turnlddead to failure and damage.

The cryostat neck baffle is shown photo 3.2 The baffle incorporates an overpressure release
valve. Should an ice blockage form in the centeadknof 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 presfwm the reservoir.



Photo 3.1. Cryostat neck baffle

Photo 3.2. Using a funnel to fill the cryostat with liquid noigen



The pre-cool period

This cryostat is designed for use within a typwairking day. It should be ready for use within 2
hours of connecting to a pumping station and shoemdain cold for the remainder of the working
day. Note however that the length of pre-cool gemoll determine the efficiency of use of liquid
helium. A minimum of 30 minutes pre-cooling witlkyliild nitrogen is recommended.

Removing the liquid nitrogen from the reservoir

When the pre-cool period is complete the liquidagen in the reservoir should be removed. This is
done by first removing the neck baffle and therefidly inverting the cryostat and pouring the
nitrogen into a suitable cryogen-safe container

It is important that all the liquid nitrogen is rewed from the central reservoir before the liquid
helium transfer is started. Any liquid nitrogen @Emng in the central reservoir will be frozen Inet
liquid helium. Nitrogen ice forms an effective ifsting layer which will prevent the cold plate
reaching its intended operating temperature. Adangount of expensive liquid helium will also be
wasted in creating a small amount of very coldogién ice!
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4. Liguid Helium Transfer

When you are certain that all the liquid nitrogexs bbeen removed from the reservoir the cryostat can
be filled with liquid helium. The cryostat shoulé larranged such that the transfer tube reaches the
bottom of the cryostat and the storage Dewar sanelbusly.

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

The liquid helium transfer tube

It is important that the liquid helium transfer eubsed is designed to suit both the cryostat aad th
liquid helium storage Dewar. The delivery end of trensfer tube should have a fully evacuated
section with diameter approximately 6mm (¥ inch) #&mhth at least 200mm. It should therefore
permit liquid helium to be delivered efficiently smthe central reservoir while at the same timedeav
space for spent helium gas to escape without d-ogpilof pressure within the cryostat.

QMC Instruments Ltd. can arrange to supply a sletéafuid helium transfer tube for your cryostat.

We offer a rigid transfer tube, product code QTTdRd a flexible transfer tube, product code QTT/F,
with a reach in excess of 1000mm. Please contgobrugour supplier, if you have any questions
regarding the suitability of your equipment.

Photo 4.1depicts a liquid helium transfer in progreBioto 4.2shows a typical boil-off plume in
the phase when the cryostat is cooling between ahK4.2K.Photo 4.3shows the larger, cloudier
and more erratic plumeayhich results when the liquid helium reservoir idl.f At this stage the
transfer should be terminated. It should take alfiftgeen minutes for a TK1810 cryostat to cool
down from 77K to 4.2K and to fill with liquid heliupand the whole process should consume about
three litres of liquid helium.

Helium gas recovery

Here in Cardiff we have no facilities for recoverisgent 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 whereb helium return line is attached to the exhaust
port of the cryostat. Use the black anodized alwmmtightening ring and O-ring from the central
neck fitting to make a seal around the liquid halimansfer tube. Under such circumstances, a coarse
flowmeter could be inserted in the return linertdicate flow rate from the transfer. Usually a diea
flow-rate is indicated during the cool and fill @es of the transfer. When the reservoir is full
however, the flow rate becomes erratic, and thestest should be terminated. When the transfer is
complete the transfer tube should be removed direbut swiftly and the safety valves fitted
without delay.



Photo 4.1. Liquid helium transfer

Photo 4.2. Helium gas exhaust during fill



Photo 4.3. Helium plume when complete

Keeping the cryostat cold

It is important to keep all the neck fittings aradety valves in place whenever the cryostat is dbld.
these are removed for liquid helium transfer, tekguld be removed only at the last moment when
all other preparations have been made. They shioelldeplaced as soon as the transfer tube is
removed.

The first fill liquid helium hold-time may be shertthan that for subsequent helium fills. This is
because the initial liquid helium boil off rate mbhg high if significant further cooling takes place
when the transfer is complete.

The cryostat can be kept continuously cold by resua replenishing the liquid helium. The
subsequent fill hold time for the liquid helium &hown inTable 5.1 in Section 5. While this
TK1810 cryostat is principally designed to be ushding the working day and to warm up
overnight, it is possible to keep it cold overnigiit continued use the following day. To do thisg t
cryostat should have been cooled during the dayaaudher (subsequent) liquid helium transfer
carried out late in the day to fill up the reserweith liquid helium. It might be necessary to gaout
this subsequent fill during the evening and tovarearly the next day to top up the cryostat again
(refer toTable 5.1, Section § but it will allow for continued operation of tleeyostat where time is
at a premium.

When transferring liquid helium into a cryostatttafready contains liquid helium, the transfer tube
should be fully cooled before inserted into theostat neck. This prevents the warm transfer tube
and warm helium gas from boiling away excessive wan® of the liquid helium already in the



cryostat. In this case the transfer tube is inden¢o the storage Dewar and the pressure control
bladder inflated slightly to pass gas through thigetto cool itWhen the transfer tube has cooled,
dense, milky helium gas emerges from the delive;, photo 4.4 and the transfer tube can then be
manoeuvred carefully to the cryostat and loweré¢al the central neckl he refill can then proceed in
the way described above.

When the liquid helium transfer is complete we advihat you wait about fifteen minutes before
using the cryostats to allow any components on ¢k @ate to reach thermal equilibrium.

Photo 4.4. Liquid helium emerging from a cold tube
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5. Cryostat Cryogenic Performance

The liquid helium hold-time of the cryostat is maasl in QMC Instruments Ltd. tests and tabulated
in Table 5.1.The liquid helium boil-off is measured until thedration shield within the cryostat
reaches thermal equilibrium. When equilibrium iaaleed the base boil-off is measured and used to
determine the liquid helium hold-time of the cryaistNote that a first fill will not last as long as
subsequent fill hold-time due to the high initiailboff when the cryostat is cooling from liquid
nitrogentemperature.

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

Reservoir capacity / litres 1.0
Base helium boil-off / litres of gas perminat S~ 1.1
Liquid helium first fill hold-time / hours 11+2

Liquid helium subsequent fill hold-time / hours 17 +£2

Table 5.1 System cryogenic performance of the TK1810 c@tost
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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

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 forrapen of the cryostat, together with QMC Instrurtseltd.
test performance data, against which our guaraatgaen as stated above. The user is advisedaih tfes
document carefully prior to operation of the crgbsind is reminded that our guarantee will be ideséd if
the equipment is damaged through misuse.

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:

Ken Wood (Sales and Marketing Director)
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



