K100 Fridge Instruction Checklist v2.3 (Apr 2017)


Load Fridge with Cryostat Cold
Fridge Preparation

□ 1. Check oil in the pumps (needs to be done once a month).  
To do this, open the hinged door of the blue cabinet where the pumps are and check the level with a torch (there are lines indicating the minimum and maximum level.   If levels are low, need to refill.   
Due to high flow of gas, the oil in the pump can be pushed into the mist filter, so you can simply pour the oil from the filter back into the pump.  Although eventually the oil should be completely replaced with new oil (every year or two??) 
□ 2. With fridge in mobile support frame, pump dilution fridge lines (still and condenser) overnight.
a. Connect T-piece to both condenser and still lines at the same time.

b. Connect external turbo pump to the T-piece
c. Pump out the turbo pump  line first (with all fridge valves closed until Pturbo <1x10-3 mbar.
d. Open the gate valve to the Still.
e. Open the S/V to the Condenser (slowly) - pressure in turbo will rise slightly and drop back down.
f. Leave to run overnight (Pturbo <1.4x1-4 mbar)
g. Close all fridge valves and stop the pump.
h. Wait until turbo pump is vented before disconnecting turbo pump line and T-piece, put plastic caps on fridge insert flanges.
□ 3. Clean both sides of IVC indium seal with a light dish scourer, working so that scratches on the seal are concentric rather than radial. Wipe the seal surfaces with IPA soaked wipes.
□ 4. Plug in sample breakout box connectors (sample must be grounded) to the fridge. Check sample wiring connections and measure the resistances of each wire as well as for shorts to the fridge insert ground.  Check wiki page with wiring info so you know which pins are working or have known issues!
□ 5. Put your sample(s) into the sample holder.

□ 6. This step used to say to put radiation shield onto insert (However, we have stopped doing this for many years due to space and wiring constraints – Fridge operates fine without rad shield anyway).
i. 
ii. 
□ 7. Remove Sorb and heat it up for a few minutes with a heat gun to remove any water condensation. 
a. Be gentle (level 3 or 4 on heat gun) – if copper mesh is changing colour or smoking, then it’s too hot.  Leave sorb heating while you do the next step (Sorb should be warm when IVC goes on). 

□ 8. Ensure the IVC can is clean. To make an indium seal:
a. Cut a piece of Indium wire 30cm long.
b. Clean/straighten with a methanol soaked kimwipe. 
c. Vacuum grease Indium wire (very small amount). 
d. Wrap In wire around can-side seal/flange. Use a scalpel to close the seal and trim off any free ends. 

e. Dispose off any used indium in specially marked containers.
□ 9.  Replace Sorb
□ 10. Slide IVC onto the insert:
a. Align cutouts, take care not to damage pickup tube and snow trap.  Take care not to knock the rotator (if equipped).

b. Bring IVC into contact with the flange and finger-tighten all the screws.

c. Use an M4 size Allen key to tighten bolts one by one, rotating around the seal to close the seal evenly.

□ 11. Connect the external turbo pump to the IVC and pump the IVC out for 1-2 hours:
a. Use KF 16 elbow and KF 16-25 adaptor to connect the IVC port to the pumping line.

b. Open  IVC valve.

i. After around 1hr the pressure should be around 1.4x10-3mbar (good enough for some applications)

ii. If turbopump is left on overnight, the vacuum will get down to the x10-5mbar range.

c. When Pturbo  ~x10-4 mbar range or below, shut IVC valve

i. Power off turbopump & wait ~10mins, until turbo has vented before disconnecting turbo pump

ii. Remove KF-16 elbow and adaptor
□ 12.  Introduce half a neck-full of He exchange gas from an orange bladder into the IVC. To do this: 
a. Check IVC valve is shut.

b. Fill orange bladder with Helium gas and clamp the neck of the bladder to keep the He gas trapped in the bladder & control amount of He gas flow.

c. Attach orange He bladder via a KF16 tree directly to the IVC port, flush the fitting & clamp in place.

d. Next move the clamp on the neck of the bladder about halfway down and close it. This traps ½ a neckful of He between the bladder and the IVC valve.  Be sure the clamp is shut properly, so excess He is not introduced.

e. Open IVC valve to suck the ½ neckful of He gas into the IVC. Observe the lower half of the bladder’s neck flatten completely as it is now also under vacuum.

f. Shut IVC valve, disconnect the bladder from the IVC port. Add blanking plate and O-ring to the IVC to ensure it is completely sealed.

□ 13. Pump & flush the 1KPot: 

a. Check that the N/V is shut

b. Connect 1Kpot line from ICEcube gas handling cabinet to the 1Kpot S/V on the fridge insert (may need small extension line if 1Kpot line is not long enough).

c. Switch over the He4 rotary pump exhaust – shut the yellow To Recovery ball valve and open the To Air yellow ball valve (or if using external turbo pump operate it in roughing mode)

d. Pump out the 1Kpot line - open the blue 1KPot valve on the ICEcube, P4 should drop.

e. Pump out the 1Kpot (1-2 min):

i. Open the 1Kpot S/V on fridge insert

ii. Shut the 1Kpot S/V (once vacuum is established P4 ~ x10-2mbar)

iii. Close blue 1Kpot valve
iv. When finished pump & flush cycle - Stop He4 rotary pump (or external turbo), switch to He4 pump exhaust close yellow “To Air” ball valve & open “To Recovery” ball valve & disconnect 1Kpot line
f. Flush 1KPot with Helium Gas:

i. Attach an orange bladder full of He to the 1Kpot S/V on the insert (flush fittings)

ii. Open 1KPot S/V (let He gas into the 1KPot)

iii. Open N/V slightly until you see the bubbles at the end of the pick-up tube (use beaker with methanol)

□ 14. Repeat pump/flush cycle multiple times if necessary until the pickup tube, N/V, 1Kpot  & lines are clear. 

a. At the end of the last flush cycle, keep the bladder on with He gas flowing out of pickup-tube (N/V slightly open) during the loading process, until insert is half-way down cryostat (prevents air from getting in).  
Loading the Fridge Insert
□ 15. Prepare to load the fridge insert into the Cryostat - attach metal lifting posts to top of fridge insert and put the fridge on the hoist.

□ 16. Ensure seal around the O-rings and O-rings themselves are clean between:

i. Insert and cryostat

ii. Insert and sliding seal
□ 17. Put sliding seal over the insert. Match the alignment markers and bolt it on. 
□ 18. Attach rubber hose to exhaust of sliding seal (via X-mas tree fitting) – check other end is not connected to the main bath line (as hose is full of air).
□ 19. Record Helium meter value and level meter %
□ 20. Set level meter to fast mode

□ 21. Load insert with sliding seal into cryostat :
a. Check there is an over pressure in the M.B. on the white control box, so no air gets in (heater should be set to auto to maintain P = 20, and will compensate for a drop in pressure).  If P is close to 60 (highest possible reading), open main blue Ball valve to exhaust to let the Pressure go down a bit before you open cryostat bung.
b. Take off L-plates on cryostat bung and remove cryostat bung
c. Carefully lift and slide insert into cryostat up to the black marker 
i. (ie. sliding seal just covers cryostat, so there is a good seal where no air can get into the cryostat) 
d. Wait for trapped air in sliding seal to escape through the sliding seal rubber hose.
e. Once He gas coming out of hose, attach rubber hose from sliding seal to the “To Sliding Seal” S/V on the M.B. exhaust line.
f. Open the “To Sliding Seal” S/V.

g. Open blue ball valve on the Main Bath exhaust line (if not already done), fat tube to the recovery – meter should start ticking.

h. Close red striped ball valve to force the He gas through the sliding seal to recovery 
□ 22. Lower the insert slowly into the cryostat 

a. Insertion speed - second last digit on the recovery meter, ticks over every 15 seconds.
b. The remainder of the loading process should take ~2hrs and the He level meter should drop by 5% in total.
c. Note: during the last leg of the insertion process, need to use heat gun and paper towels to keep sliding seal dry when loading in.

□ 23. When insert is loaded just beyond the black marker, replace balloon on 1K pot with pump – Pump and Flush the 1KPot.
a. Shut N/V
b. Shut 1kPot S/V
c. Disconnect the orange bladder of He from the 1KPot flange
d. Connect 1KPot pumping line from ICEcube gas handling cabinet (add small extension line if needed) 

e. Switch He4 rotary pump exhaust outlet to get rid of air in the 1Kpot line – shut “To Recovery” yellow ball valve & open yellow “To Air”ball valve.
f. Start He4 rotary pump

g. Pump out 1Kpot line - open blue 1KPot valve on ICEcube (pressure on 1KPot line P4 should drop to x10-2mbar).
h. Switch back He4 rotary pump exhaust close yellow “To Air” ball valve and open yellow “To Recovery”ball valve.
i. Then pump & flush 1Kpot:
i. To pump 1Kpot:

1. Shut the N/V (between MB and 1KPot, stops He4 from flowing into 1KPot)

2. Open the 1Kpot S/V to the insert (vacuum out 1KPot, P4 drops to x10-2mbar range)
ii. To flush 1Kpot:

3. Shut the 1Kpot S/V to the insert (stop sucking out the He4)

4. Open the N/V (P4 should rise up to 1000mbar)

j. Repeat pump and flush cycle 2-3 times 

k. Pump out 1KPot and then leave N/V slightly open – this is important, if you close the needle valve it could get blocked and you wont be able to cool the pot later.
l. Close 1KPot S/V on insert and blue 1KPot valve on ICEcube.
□ 24. Continue to lower the insert slowly, so LHe boil-off is kept to a minimum - if suspect blockage check the 1Kpot every so often on the way down (pump & flush it) 

□ 25. When fridge insert fully in cryostat, bolt insert down to the cryostat with insulated plastic washer wrapped M4 screws.

□ 26. Close blue ball valve on the M.B. exhaust line and open red striped ball valve to He recovery. 
□ 27. Close “To Sliding Seal” S/V.
□ 28. Set level meter to slow mode.
□ 29. Record  He gas meter and level meter
□ 30. Connect the diagnostic cable (to lower fischer plug with yellow label).
□ 31. Turn AVS47-B on and monitor the fridge temperature (breakout box’s DB25 goes into pre-amplifier port at back of AVS).
□ 32. Turn sorb heater on for a while until fridge gets to 4K (Tmc ~ 2.78kOhms), should take about 30-45mins
□ 33. Once the Fridge is at 4K, turn off the sorb heater, wait 5 mins and then check that the 1kPot can cool.
□ 34. To cool 1Kpot:

a. Pump out the 1Kpot lines - open blue 1Kpot valve (P4 ~ x10-2mbar)

b.  Open  S/V  and wait till 1KPot is empty

c. Close the N/V fully
d. Open  N/V slightly  to keep  P4 between 8-10 mbar so that T1kpot~3.45 kOhm

e. Note: if the 1K pot does not cool above 3.3kOhm, then you will struggle to condense mixture.  This problem can occur if there is too much exchange gas in the IVC, or a leak in either indium seal, or if the NV is blocked, or if you did not call the fridge to 4K first.
□ 35. If pot is ok, 
□ 36. pump out the fridge lines (OR N2 Cold Traps first if these are warm followed by the fridge lines).
 Pump Out N2 Cold Traps

Note: This step can be done any time before the fridge lines (still and condenser) between the insert and ICEcube are pumped out.  
You can use the He4 pump in the icecube to do this as follows, or you can simply connect the external turbo pump (in roughing mode) to the speedivalve on the traps.
□ 37. Check that the 1Kpot line to the 4He pump is connected to 1Kpot S/V on insert and that the 1Kpot S/V is shut (if prev. connected)
□ 38. Turn on He4 rotary pump.
□ 39. Open light blue 1KPot valve to pump out the 1Kpot line (P4 ~ x10-2mbar range)
□ 40. Check that valves V13,12,11 on the ICEcube gas handling cabinet are shut

□ 41. Open V14 on ICEcube (line should be at vacuum, so almost no change in pressure)
□ 42. Check that V4 is closed
□ 43. Open V13 to N2 traps (P4 will right slightly before dropping down to x10-1mbar range).
□ 44. As mixing lines are being pumped out, heat N2 traps with heat gun to boil off any trapped gas. Apply heat for ~5mins, until hot to touch.
□ 45. To stop pumping out N2 cold traps:

a. Close in order V13, V14, blue 1Kpot valve on ICEcube

b. Stop He4 pump

Pump Out Condenser and Still Lines 

□ 46. Connect He3 condenser and Still lines from ICEcube to fridge insert.

□ 47. Connect external turbopump to S/V labelled “He3” under the ICEcube using a short tube and adaptors.

□ 48. Start turbo pump and pump out all the air in the turbo line first.
□ 49. Open “He3” S/V to the turbo pump slowly and watch P2 on the Still line drop. 
□ 50. Open V9 on ICEcube
□ 51. Open V10 (slowly) to condenser - watch P1 drop from 1atm down to 0mbar 
□ 52. When finished, close V10, V9 and the small “He3” S/V on cross piece to the turbo pump 
□ 53. Pump till P2=1x10-3 mbar
□ 54. (**Note – we normally stop pumping the lines just before we condense the mixture, see section “Cool fridge to Base Temperature from being parked at 4K”).

a. 
□ 55. 
□ 56. 
Cool Fridge to Base Temperature from being parked at 4K
3 main stages to the process:

· Cool 1KPot

· Condense He3/He4 mixture

· Circulate He3/He4 mixture

Procedure:
□ 57. Turn the sorb heater On (30mA ) and wait till Tmc=2.78 kOhm (30-45mins) 
a. 
□ 58. Fill the N2 traps.

□ 59. Turn He4 rotary pump ON 

□ 60. Record  T1Kpot  AVS CH1.
□ 61. If you are using rotator, remember to turn the rotator off or have static voltage = 0V before condensing or there will be a heat load on the MC!

□ 62. To cool 1Kpot (first make sure sorb heater has been off for atleast 5 mins):

a. Pump out the 1Kpot lines - open blue 1Kpot valve (P4 ~ x10-2mbar)

b.  Open  S/V  and wait till 1KPot is empty
c. Open 1kpot N/V to feed  LHe into 1Kpot  and see P4 rise to 1000 mbar 
d. Wait 15 s
e. Close  fully the N/V
f.  
g. Open  N/V slightly  to keep  P4 between 8-10 mbar so that T1kpot~3.45 kOhm
h. Wait for 1Kpot temperature to stabilize. 
□ 63. Ready to start condensing mixture when T1kpot = 1.626K (3.42k(), P4 = ~2.5-14mbar,  P2 = 5x10-4mbar. If the pot won’t cool below this, it is very difficult to condense mixture!
□ 64. Stop pumping fridge lines: Shut  He3 speedyvalve, stop the turbopump
□ 65. Close V10 and V9
□ 66. Insert He Trap into cryostat 
a. May need a 2nd person to help support the condensing lines to the He trap as it is lowered

b. 
c. 
d. Slowly insert He Trap, so not too much LHe is boiled off & ensure the trap is kept straight 
e. When finished inserting He trap, ensure seal around He trap to cryostat is tight
□ 67. Condense the He3/He4 Mixture:
a. Check that LN traps are filled

b. Open both green "dump in" & "dump out" valves ontop of the mixture dumps behind the ICEOxford cabinet
c. Switch on He3 rotary pump to circulate mixture through ICEcube.
d. Watch P3 pressure gauge at back of He3 pump rise. 
e. Open lines to fridge insert – open Still gate valve and Condenser S/V . Check P2 is dropping. 
f. Open V9, to equalize  both the condenser line and still line.
g. Open V10  to condenser line 
h. Open V6 to the dumps (at the back of He3 pump) 
i. Record starting P3 value in back of log book.

j. Open V5 (to N2 cold trap Input) 

Start opening  V4 slowly  (P3 should start dropping and P1 rising) and monitor:
Keep 
P1 - below 200mbar (control this pressure via V4)
T1KPot – should remain  above 3.1 kOhm (<2.2K ).
**IF in the event that P1 > 200mbar, check 1Kpot temperature – if T1KPot > 2.2K (<3.1kΩ), it means that 1KPot is empty of LHe4 and fridge is warming up rather than cooling!! If this happens:

 Shut V4 
Open N/V a bit more to bring it above 3.1 kOhm 



Start Opening V4 again
Keep opening V4 until  P1=P3=200mbar. 

When P1=P3=200mbar, open V4 fully and wait till both P1 and P3 drop to 50 mbar to start circulation





i. 
ii. 
iii. 
iv. 
i. 
k. 
l. 
□ 68. Circulate the Mixture:
a. Close V9 to seal direct link between condenser and still lines
b. Close V6 to dumps

c. Open V8 to pump out everything else from dumps

d. Open NW40 (slowly) to He3 rotary pump to start circulation  and monitor:
e. Keep P1 - below 200mbar 
i. P3 at the back of He3 pump, should be  about 200 mbar during the whole process
ii. 
f. When P2 ~50mbar open up NW40 fully.
g. 
h. When P2 drops  tp  0.3 mbar  Close V8. 
i. We never do this step anymore (as of 2014), but if you want to you can turn on Still heater - plug it to diagnostic box pins 21 and 22 (set current to 3.6mA for 6mW of power output)

i. This helps to promote flow from the dilution phase liquid into He3 gas back up through the still pumping line into the dumps.

j. At base fridge is around: TMC~37mK, T1kpot~1.6K, P1~< 50mbar, P3~<50mbar, P2~0.35mbar, P4~9mbar.
□ 69. Once you are running the fridge at base, remember to regularly log the Temperatures and pressures and level/ 
gas meters of the fridge every day.

□ 70. Also check the He4 pump oil level every week. You may need to pour oil from the filters back into the pump.
□ 71. Remember not to let He level go below 20% or you risk crashing the fridge! (if level is too low, the NV cannot 
suck liquid helium into the pot which causes it to warm up and stop condensing mixture).
□ 72. If you are not using the magnet, the level meter should drop a few % per day.  With magnet being constantly 
used, you will boil off atleast 10-15% per day! (unless you use persistent mode)
□ 73. To minimise noise/ground loops for measuring, disconnect the thermometry, and use foam to prevent the 
Fridge pumping lines and sample lines from touching the metal of the cryostat.
Lift Fridge out with Cryostat Cold
There are 3 main stages to lifting out the fridge:
· Stop circulation of mixture
· Stop 1KPot (condensation of mixture)
· Heat the fridge up to pull the mixture out, using the He3 rotary pump
□ 74. Before starting you will need: protection gloves, a ladder, allen keys, a heat gun, plastic caps for pumping lines.
□ 75. Disconnect sample from instruments and ground it.

□ 76. Check dump taps open.

□ 77. Close V5, to stop circulation.
□ 78. Open V9 to equalize pressures in the two lines (condenser and still).

□ 79. Open V6 to provide a path to dumps (if not already so). 

□ 80. Close V8 so mixture is forced into dumps via the back of the He3 pump through V6 (the mixture will be pulled out using the He3 rotary pump)

□ 81. Shut 1KPot by closing N/V
□ 82. Note that at this stage, most of the mixture is still in liquid form
□ 83. Next start heating up the fridge:

a. Turn Sorb heater on [connect Sorb heater to breakout box pins 19, 20 & set i = 30mA]. 
b. Pump out 1KPot till it is empty
c. Turn M.C. heater on [TS-530A BNC out to pin 23, gnd cap to pin 24]. Use TS-530A controller values Bias = 20%, Range = 100mW, readout set to power [pin 23 to TS-530A, pin 24 – grounded]
d. Turn Still heater on [connect Still heater to pins breakout box 21, 22 & set I = 7mA]

□ 84. Finishing values (after waiting for a while):

i. P2 = 7x10-4mbar, P4 = 3.4x10-2mbar, P3 = 600mbar, P1 = 0mbar

ii. TMC = 2.38kΩ, T1kpot = 2.34kΩ, Tsorb = 0.64 kΩ, Tstill = 2.5kΩ, TCP = 2.60 kΩ 

□ 85. To pull mixture out, close and open the NW40 S/V:

a. First Close NW40 valve
b. Start to open NW40 slowly, such that P3 rises
c. Leave this open for 1hr, whilst waiting for P3 to reach 600mbar
d. When done pressures are: P2 = 8.0x10-4mbar, P4 = 2.1x10-2mbar, P1 = 0, P3 = 600mbar
□ 86. Record final P3 value in back of log book.

□ 87. Switch off all heaters (Sorb, Still & MC).

□ 88. Close V4, V9, V10, NW40 and V6.

□ 89. Close dump valves.

□ 90. Shut Still, Condenser and 1KPot valves on fridge insert.

□ 91. Shut blue 1KPot valve on the ICEcube.

□ 92. Record P3, He level, recovery gas meter, room temperature and pump temperatures in the log book. All valves at this stage should be closed. He level (set to fast mode) and recovery gas meter.
□ 93. Turn pumps off (He3 first then He4)

□ 94. Take He trap out of cryostat carefully – Open blue ball valve to release pressure in the cryostat, untighten nut around He trap to lift out, make sure to keep it straight as it is being lifted out, and put cryostat bung back on immediately when trap is out. Close the blue ball valve again, and then warm the He trap up with a heat gun to room temperature. 

□ 95. Disconnect fridge lines to insert in order (1Kpot, Still, Condenser) – ensure their Speedivalves are closed first.
a. Blank off fridge line ends to ICEcube using the same plastic clamps and O-rings used b/w the lines and the cryostat. Put plastic caps over flanges on the insert.
b. Now P1 = P2 = P4 = 1000mbar (coz at ATM) & P3 ≈ 500mbar
□ 96. Prepare to lift out insert:
a. Record He gas meter and He level.
b. Disconnect diagnostics cable.
c. Attach metal lifting posts to top of fridge insert. Tie sample boxes with thick wire and attach hoist.
d. Undo plastic insulated screws holding sliding seal to cryostat.

e. Check fridge is clear of all cables and pipes, so nothing will catch when lifting.
f. Turn on MB heater on white control box by pressing the 2 buttons simultaneously a few times

g. Start lifting the fridge  - monitor pressure in the cryostat, want positive P in the M.B. so no air gets sucked in during lifting.  You can connect He Gas cylinder to sliding seal hose to maintain pressure.
h. Ensure that sample cables and anything else is not getting caught as you lift!

□ 97. When fridge insert is almost out ie. Reached the black mark on the sliding seal: 
a.  Check “To Sliding Seal” S/V on M.B. exhaust line is closed and remove the rubber bypass hose from the M.B. exhaust line. 
b. 
c. 
d. Get ready to lift remainder of insert out faster (need 2 people – one to lift, one to guide). First wait for a bit for pressure to build in M.B., then lift the insert all the way up carefully and slide it away from the cryostat.

□ 98. Put back top bung in the cryostat and tighten it with special L shaped corners and short M4 screws.
□ 99. Disconnect rubber hose from sliding seal. 
□ 100. Turn MB heater off again by pressing escape on white control box.

□ 101. Record values after liftout – He level (set back to slow), He recovery Gas meter, PT2, Pressure in MB and Heater.

□ 102. Remove sliding seal carefully from insert - undo screws which hold sliding seal and tilting insert slightly as 
necessary to take out the sliding seal.

□ 103. Mount fridge insert on mobile fridge support stand. Use a G-clamp and strip of perspex to lock it in position 
securely. Be careful the stand doesn't roll away from you.
□ 104. Leave insert on support stand overnight for IVC and insert’s internals to warm up to room temperature before 
removing IVC.
□ 105. As fridge is left overnight, hook up a turbo-pump to fridge lines of the insert via a T-piece [*see step2 on page 1]
Take off Inner Vacuum Chamber can and Access Sample

□ 106. Once at room temperature, there’s still a vacuum in the IVC.

□ 107. So first vent the IVC by opening the IVC valve (if there’s a blanking plate, remove it)
□ 108. Undo the screws from the IVC. Keep holding the IVC in place, and then use two special jacking screws to break 
the indium seal. Careful! – sometimes the IVC can come off by itself without jacking screws.
□ 109. Slide down the IVC can carefully.
□ 110. 
□ 111. Now the sample is accessible.

Cooling Cryostat from Room Temperature

Cryostat Preparation

If cryostat hasn’t been used for a while and is sitting at room temperature (ie. Is filled with air), need to pump and flush:

· The M.B.
· The Lambda Plate (attach orange bladder) 

· The 1KPot

Procedure:

□ 112. Prepare to Pump and Flush the M.B. of the Cryostat

a. Connect large exhaust line (cross piece) to M.B. exhaust port

b. Connect external turbo pump to M.B. valve on cryostat

c. Pump down M.B. until pressure is 5.1x10-1mbar

□ 113. Pump out the 1Kpot

a. Connect fridge lines to the 1KPot

b. Switch on He4 pump near 1KPot.

i. Watch the pressure gauge on the M.B. drop to 1.8x10-1mbar.

ii. P4 (1Kpot gauge) should drop from 1000mbar to 1.8mbar

iii. When open N/V (b/w 1Kpot and M.B) P4 drops further down to 1.6x10-1mbar. 

□ 114. Pump and Flush with N2 gas (x3)

a. Pump out the M.B. (via turbo pump)

i. Note: Since there’s a lot of volume in the M.B., the valve to pump the M.B. should be left mostly closed, until M.B. pressure gauge on the exhaust line starts to drop. Only then open up the valve to the M.B. fully to pump out the whole thing (otherwise damage pump).

ii. Ensure pump out everything (M.B., Lambda Plate, 1Kpot) then close valve connections between Lambda Plate and 1KPot to the M.B. 

b. To flush M.B. with N2 gas:

i. Ensure blue ball valve is shut, attach N2 gas dewar to the end of the M.B. exhaust line.

ii. Open blue ball valve to N2 gas dewar to flush M.B. and monitor M.B. pressure on white control box (on side of ICEcube)

5. Note: With the current setup, the white oxford box readout shows 64mbar for M.B. pressure, this is only an overpressure reading.

iii. When M.B. pressure stops rising ~64mbar max., close blue ball valve to stop flushing with N2.

c. To pump:

i. Slowly open valve from turbo pump to M.B. pump, to pump out N2 gas. Wait till M.B. pressure drops to ~1mbar

6. Note: whilst we do this, the 1Kpot is being pumped through the pickup tube between 1Kpot and the M.B.

d. Once this pressure is reached, 

i. open valve to the lambda plate

ii. Open N/V
iii. Turn on He4 pump to pump out 1KPot completely

iv. Open 1KPot S/V on the insert to the 1KPot

7. Eventually M.B. pressure should drop to 3.6x10-1mbar and 1Kpot pressure P4 should drop to 5.8x10-2 mbar.

e. Repeat this pump and flush cycle a total of 3 times

f. Ensure the M.B. is completely pumped out before begin flushing with He

□ 115. Pump and Flush with He gas (x2)

a. Flush with He Gas

i. Check blue ball valve on M.B. exhaust line is closed, remove N2 inlet from end of M.B. exhaust line and replace with He inlet (flush fitting first)

ii. Close S/V to M.B. turbo pump (stop pumping)

iii. Open blue ball valve to let He into M.B.

8. M.B. pressure gauge on exhaust line >100mbar, and P4 on 1Kpot line slowly rises to 1.1x10-1mbar and higher.

iv. Open valve to orange balloon attached to lambda plate (Balloon fills with He and expands)

v. Then flush N/V (by opening it, letting He through, then closing it)

vi. Open 1KPot S/V on the insert to allow He to flow through the 1Kpot and be pumped out via the He4 pump, then close the 1Kpot S/V on the insert.

b. Pump out He Gas:

i. Close blue ball valve to stop He4 gas flowing into M.B.

ii. Check all valves are closed (lambda plate, N/V, 1Kpot valve)

iii. Open M.B. S/V (slowly) to pump out He4 in M.B. 

9. M.B. pressure gauge on exhaust line should drop <100mbar

10. *can also hear change in pitch of M.B. pump  

iv. Open valve to lamba plate balloon (which deflates as He is pumped out), then close the valve.

v. Open N/V to pump out, then close it.

vi. Open 1Kpot valve to pump out 1Kpot. Watch P4 drop to 5.4x10-2mbar. Then close 1Kpot valve.

vii. Close S/V to M.B. pump.

c. Repeat steps a & b one more time for the second He pump & flush cycle.

□ 116. Once He Pump & Flush cycle is completed, check all values are closed

a. Turn off turbo pump attached to M.B. exhaust line

b. Turn off He4 rotary pump

Compressor Stage

□ 117. Turn Compressor on (room next door).

□ 118. Takes a total of ~3days to drop down to the right temperature

□ 119. To monitor the temperature as fridge is cooling, read out magnet resistances as well as the resistance of the cold head PT2.

	Time
	P M.B.
(mBar)
	PT2

Cmpr (()
	Rmagnet
(()
	R1

(()
	R2

(()
	R3

(()
	

	
	
	257 - 279
	47.4
	214.2
	235.9
	241.7
	Room Temp.

	
	2 (fixed)
	3611
	40.1
	234.1
	260.6
	260.9
	End of compressor run.


□ 120. At the end of the compressor run, the readings from the white compressor control box should be around:

P(M.B.) = 17 mbar
Heater = 347 mW
PT2 = 5499 Ω

□ 121. From diagnostics, temperatures of the fridge parts are:

Sorb 
(Ch0)   =  1.38 kΩ

1KPot 
(Ch1)   =  2.41 kΩ

Still 
(Ch2)   =  2.44 kΩ

Cold Plate   (Ch3)  =  2.50 kΩ

Mixing Chamber  (Ch4)  =  2.53 kΩ  (Femto Power)

□ 122. Once set, prepare to do LHe transfer (see separate LHe transfer sheet).

Maintenance during Operation at Base Temperature
□ 123. Connect transport dewar to recondense vapour (if find there’s too much He boil off) 
a. Connect orange bladder to transport dewar to create positive over pressure.
b. Connect rubber hose from transport dewar nozzle to M.B. S/V labelled “To Transport Dewar”, using an X-mas tree fitting.
c. Flush the fittings.
d. Open vent valve on transport dewar.
e. Open the “To Transport Dewar” S/V.
□ 124. Disconnecting the Transport Dewar (if He level in dewar is getting too low)
a. Shut S/V labelled “To Transport Dewar” on M.B..
b. Shut vent valve on transport dewar.
c. Disconnect rubber hose from the M.B. exhaust line.
□ 125. Clean the Cold Head
(Theoretically the K100 system should have zero boil off, but sometimes we lose 2% per day on the level meter- this could potentially be caused by a dirty cold head)

Note: Boil off occurs when the level meter drops but the He recovery meter doesn’t move

a. He losses in the fridge that’s not being recovered via the recovery line.
b. Plug in the D-9pin cable to the heater & sensor port on the white control box attached to the IceCube.
c. Set cold plate heater power to maximum 1285mW.
d. Turn compressor off.
e. Let it be for ~2hrs.
f. Turn off cold plate heater by unplugging the D-9pin cable and turn the compressor back on.
□ 126. How to operate Cold Plate Heater of cryostat:

a. If Pressure in Main Bath is not positive or is too low : Set cold plate heater to max power on the white control box
b. Ensure the D-9pin connector to the “heater and sensor” port on the white control box is plugged in. 
c. Raise the temperature of the heater to the maximum possible - 1285mW (press escape, then press A+B until reach max. Heater mode, then press OK). 
d. To stop cold plate heater either  disconnect the DB9 cable from the cold head controller box, or just press escape.
What to do if there is a Fridge Crash
Don't panic.

Take records and make fridge safe

Record P1, P2, P3, P4, MC temperature, 1kpot temperature, pump temperatures.

Turn all the heaters off

Shut NW40 speedy valve

Shut V5 to stop circulation

Open V8 to dumps

Open V9 to equalize still and condenser pressures 

Identify the problem and Ring Oleh:

(A) 1k pot empty. If it is true 1kpot resistance < 3.1 kOhm.

Check helium level. Fridge will not run if it is below XX%.

Cool the 1k pot following the procedure from the fridge instructions. When 1kpot is cold:

Open V5. Wait till both P1 and P3 <100 mbar.

Close V9

Follow the circulation procedure from the fridge instructions. (Please inert link to instructions here). 

(B) Pumps are off. If it is true pump temperatures are ~room temperature (what does this mean???) or/and red light (mains failure) on the fridge electrical switchboard is on.

Check the cooling fans on the blu pump box are running. Check exhaust air temperature. 

(C) N2 traps are blocked

(D) He traps are blocked 

Nomenclature

M.B. = Main Bath

S/V = speedivalve

N/V = needlevalve

How to operate the Turbopump (blue, portable)

e. Start the pump in rotary mode 

□ 127. use arrows < > to navigate to mode 023:Motor TMP off mode and pump down to around 5x10-1 mbar. This takes a few minutes.  Then switch turbo mode ON
□ 128. Stop turbopump (but do not disconnect – leave it for ~10mins to decelerate and vent back until it is around atmospheric pressure before disconnecting).

~ 8 ~


