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90 GHz array – Bill of materials 
 

Part#  total #required  description  
CABLES    46  see cables bill of materials & wiring diagrams (pg 9,10)
 
COMPUTER – used to control the whole experiment, mounted off the turret. 

 Computer  1  19” rack mounted computer, 2.4GHz single CPU, running  
LINUX, Ethernet, parallel, 2 USB, & serial ports on  
mother board, CDRW, and floppy disk. 

IEEE interface card 1  PCI GPIB interface card with LINUX drivers. 
Serial port card  1  PCI serial port extender – provides two more serial ports. 
Custom IO card  1  PCI 16 channel fiber IO card, custom made by NIST. 

 
RFI enclosure – 19” rack   1  made by Green Bank, mounted on the turret. 
    DIGITAL ELECTRONICS BOX – part of the multiplexing electronics mounted in the RFI enclosure. 
 Rack   1  19” 3U high rack, custom backplane from NIST. 
 Digital feedback cards 8  Custom made digital feedback cards from NIST. 
 Clock card  1  Custom made clock card from NIST. 
 Facilities acquisition card 1  Custom made DAQ card from NIST. 
    Agilent 34970A  1  20 Analogue inputs, 4 Analogue outputs, 4 digital  

inputs/outputs, GPIB interface. 
    Agilent E3647A  1  dual power supply GPIB interface. 
    Lakeshore 370   1  16 channel scanning resistance bridge & temperature controller. 
    Power supply for the digital electronics box & the electronics tower. 
 Box   1  1U high 19” rack mount box. 
 Vicor VPA1104185 1  three channel power supply, 12V,12V, & 12V (adjustable). 

Vicor VPA1104077 1  three channel power supply, 12V,12V, & 3.3V (adjustable). 
Vicor VPA1104081 1  three channel power supply, 12V,15V, & 12V (adjustable). 

 
ELECTRONICS TOWER – part of the multiplexing electronics, located on top of the cryostat. 
 Box   1  Machined metal box by Penn. 

Power card  1  custom made by NIST. 
Address card  1  custom made by NIST. 
Pre-amp card  1  custom made by NIST. 
Bias cards  4  custom made by NIST. 

 
CRYOSTAT   1  see cryostat bill of materials & drawings (pg 19) 
 
INSIDE THE CRYOSTAT 
    Lakeshore RX-202A-AA-M 12  ROX thermometers, matched. 
    0.5W resistors   6  used as heaters, values 200−20kΩ. 
    Address card   1  custom card for multiplexing.  Made by NIST. 
    Series array   1  3rd stage of amplification for detector readout, at 3 kelvin. 
    Detector package  1  made by GSFC. 
    Optics tower   1  see optics tower bill of materials and drawings . 
    Heatswiches   2  He3 gas gap heatswitches from Chase Research. 
    PT405   1  2 stage pulse tube from Cryomech. 
    Sorption refrigerator  1  He3 adsorption refrigerator made by Penn. 
    Sorption refrigerator  1  He4 adsorption refrigerator made by Penn. 
    OFHC heat straps  7  to link; the PT405 to the base plates (2);the optics to the 3K 
baseplate; the heatswitches to the charcoal pumps (2); the He4 evaporator to the He3 condenser; the He3 evaporator to 
the array. 
 
Vacuum valve   1  KF40 style vacuum valve.
 
 
Spares are not included in this list. 
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Electronics - wiring diagrams and parts list 
 
 

 NOTES
 
The complete wiring diagram for the PAR is available on the website: http://chile1.physics.upenn.edu/GBT
. 
Username : GBT
Password : greenbank
 
Selected parts are included in this document. 
 
It is important to ensure that power to the analog electronics tower is turned on after the digital electronics
To do this hold up capacitors delay the power-up of the Vicor supplies by different amounts. 
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Electronics items - sizes
Rack Below Cryostat
Component Height Width Depth
VME Crate 5.25" 19" 11.61"
1 HP E3647A Power Supply 5.2" 8.4" 13.7"
HP DAQ Box 3.48" 8.37" 13.7"
GPIB/Fiber Convertor 1.7" 3.5" 5.7"
LS370 3.54" 17.12" 12.48"
Vicor Box 1.74" 19" 11.5"
LS370 Scanner 3.056" 4.465" 6.273"
Fiber to TTL Box

CPU Rack 50" 21.062" 36"
Component Height Width Depth
CPU 7" 19" 20"
GPIB/Fiber Convertor 3.5" 1.7" 5.7"
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Vicor Schematic
Vicor Box

Connector Wall Mount Connector Vicor Power Relay Wall Mount Connector
Vicor 1 AC in AC in

AC      Bendix 6-1A Bendix 6-1 A
AC in AC in Bendix 6-1 B Bendix 6-1 B

1-1 in-
1-1 PC

Bendix 10 A Bendix 10 A .1Ω 1-1 Out+ Bendix 19 A Bendix 19 A
To Vicors 1-1 SC Bendix 19 B Bendix 19 B

RD1
Bendix 10 B Bendix 10 B 1-1 out-

1-2 in-
1-2 PC

Bendix 6-2 A Bendix 6-2 A 1-2 Out+
1-2 Sc

RD2
Bendix 6-2 B Bendix 6-2 B 1-2 out-

1-3 in-
1-3 PC

Bendix 6-2 C Bendix 6-2 C 1-3 Out+
To Vacuum Gauge 1-3 SC

RD3
Bendix 6-2 D Bendix 6-2 D 1-3 out-

Vicor 2 AC in AC in
2-1 in-
2-1 PC

Bendix 10 C Bendix 10 C .1Ω 2-1 Out+ Bendix 19 C Bendix 19 C
2-1 SC Bendix 19 D Bendix 19 D

RD4
Bendix 10 D Bendix 10 D 2-1 Out-

2-2 in-

To and From 
Agilent Boxes 

(Control and 
Monitoring

2-2 PC
Bendix 10 E Bendix 10 E .1Ω 2-2 Out+ Bendix 19 E Bendix 19 E

To Vicors 2-2 SC Bendix 19 F Bendix 19 F
RD5

Bendix 10 F Bendix 10 F 2-2 out-
2-3 in-
2-3 PC

Bendix 10 G Bendix 10 G .1Ω 2-3 Out+ Bendix 19 G Bendix 19 G
2-3 SC Bendix 19 H Bendix 19 H

RD6
Bendix 10 H Bendix 10 H 2-3 out-

Vicor 3 AC in AC in
3-1 in-
3-1 PC

Bendix 4 A Bendix 4 A .1Ω 3-1 Out+ Bendix 19 J Bendix 19 J
3-1 SC Bendix 19 K Bendix 19 K

RD7
Bendix 4 B Bendix 4 B 3-1 out-

To Analog Tower 3-2 in-
3-2 PC

Bendix 4 C Bendix 4 C .1Ω 3-2 Out+ Bendix 19 L Bendix 19 L
3-2 SC Bendix 19 M Bendix 19 M

RD8
Bendix 4 D Bendix 4 D 3-2 out-

3-3 in-
3-3 Pc

Bendix 6-2 E Bendix 6-2 E 3-3 Out+
To Cal Source Box 3-3 SC

RD9
Bendix 6-2 F Bendix 6-2 F 3-3 out -
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output cable
8 pairs

8x8 GBT Package

For muxing, only 8 addressed (16 wires) needed.

Power Card

Address Card

1st FB A

2nd FB A

2nd Bias A

3rd Out A

3rd FB A

Detector Bias A

8 pair 50Ω Flexline

Power Supply
(grounded to dewar)

Clock Card

Digital Feedback

Digital Feedback

Digital Feedback

Digital Feedback

Digital Feedback

Digital Feedback

User Interface

Fiber
DIO

(10 in)

IRC Software

Archive

SMB Coax

Digital Feedback

Digital Feedback

Single Fiber Optic

Computer Digital Electronics Analog Electronics

Power Supply
(grounded to dewar)

Power cabling

Woven NbTi/CuNi TekData cable

Woven Cu TekData cable

Legend

Cryostat

Passthru

Bias DAC

Bias DAC

PreAmp

Bias DAC

Bias DAC

Facilities Acq

Power Regulation
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Parts List (including spares):

Tower Cards:

2 Power cards (1 in use + 1 spare)
2 Address Interface cards (1 in use + 1 spare)
5 Bias DAC cards (4 in use + 1 spare)
3 Modified Bias DAC cards (2 in use + spare; modification for passthru channels)
2 Passthru cards (1 in use + 1 spare)
2 Modified 2/6 Passthru cards (2 in use; 2 normal, 6 partially isolated)
1 Modified 4/4 Passthru cards (1 in use; 4 normal, 4 partially isolated)
2 PreAmp cards (1 in use + 1 spare)

Cold Cards:

2 SA Mount cards (in use & spare)
2 Address Driver cards (as above)

Crate Cards:

10 Digital Feedback (Column Controller) cards (8 in use + 2 spares)
2 Clock cards (1 in use + spare)
2 Power Regulation cards (1 in use + spare)
2 Facilities Acquisition Cards (1 in use + spare)

Computer Cards:

2 PCI Fiber-fed DIO cards (1 in use + spare)

TekData Cables:

1 32-pair NbTi/CuNi woven, with Nanonics-65 on one end, soldered to Address Driver
1 24-pair NbTi/CuNi woven, with Nanonics-51 on one end, soldered to Terminator
1 8-pair NbTi/CuNi woven, with Nanonics-25 on one end, soldered to SA Board
1 24-pair Cu woven, with Nanonics-51 on one end, soldered to Terminator

SMB Cables:

10 short (6") SMB cables + spares
20 long (3'?) SMB cables + spares
12 fiber optic cables + spares

Flex Cables:
7 flex cables (8 50Ω striplines) in hermetic feedthrough; length TBD

Superconducting TES Array Detector Electronics Bill of Materials

ELECTRONICS
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90 GHz array - final cryostat parts list & drawings 
 
 
DRAWING REVISIONS   

• 1: the first draft 
• 1b: the first draft with parts y & ac completed + extra assembly drawings. 
• 2: 3K cold plate - extra feed through hole added, vacuum can - extra screw holes in base & thicker o-ring 

flange for ease of welding, missing dimensions etc corrected, some holes removed in 40K baseplate, 40K 
heatshield made 1/8 longer., new parts ad & ae, added lifting handles to assembly 1 

 
PARTS LIST & BILL OF MATERIALS 
 
Items marked with a * can be supplied by Penn from lab stock 
 

Part#  total #required  description  
 
   a    1   cryostat lid & mounting plate. 

D559B-4m-50 1*   pop valve, 0.5"NPT fitting. 
 
Assembly 1 : parts b to f  (1 needed). 
  b   1   doughnut outer flange. 
  c   1   doughnut inner flange & cone. 
  d    1    outer doughnut wall. 
   e    1   doughnut lid. 
   f    1   doughnut gortex clamp. 
   
Assembly 2 : parts g to i  (1 needed). 
   g    1   vacuum can o-ring groove. 
   h    1   vacuum can wall. 
  i   1   vacuum can bottom. 
 
Assembly 3 : parts j to l  (1 needed). 
   j    1   40K shield flange. 
   k    1   40K shield wall. 
   l    1   40K shield bottom. 
 
Assembly 4 : parts m to o  (1 needed). 
   m    1   3K shield flange. 
   n    1   3K shield wall. 
   o    1    3K shield bottom. 
 
   p    1   window clamp. 
 
   q    1   window blank. 
 
   r    2   large feedthrough blank. 
 
   s    1   large feedthrough for 50 pin D. 
 
   t    3   small feedthrough blank. 
 
   u    1      small feedthrough vacuum port. 

pti-nw40-lw-s  1*    NW40 weldable flange. 
 
   v    1   small feedthrough vacuum gauge. 

CRYOSTAT
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Assembly 5 : parts w to y (1 needed).  
   w    1   40K baseplate flange. 
   x      10   40K FR4 stand-off. 
   y    1   40K baseplate. 
 
   z    2   bronze bushing. 
 
Assembly 6 : parts aa to ab  
   aa   14   3K stand-off ends. 
   ab   8    3K FR4 stand-offs. 
 
   ac      1   3K baseplate. 
 
   ad    1   40K electrical feedthrough. 
 
   ae    2    3K electrical feedthrough. 
 
Other parts  

• o-rings: 
For weather shield & mating to turret: 
177" Allied seals inc 0.210 dia closed cell epd m medium density sponge cord   
177" Chromerics pola-strip RFI Gasket cord p/n 07-0101-0025-77  
 
Vacuum o-rings 
60" 3/16 round Buna-n o-ring cord (to make main vacuum o-ring) 
dash numbers  

• 1x254(fridge)* 
• 3x237(large feedthrough & window)* 
• 3x223 (small feedthroughs) * 
• 1x234(electronics tower)* 

Choose Buna-n as the material - available from McMaster & Penn. GET spares! 
 
 

• Vacuum sensor, 1/8 NTP ruggedized, DV-6R from Teledyne Hastings instruments 

CRYOSTAT
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Cryostat thermal loading calculations
between room temperature and the 1st stage:
legs
Room temperature 300.0 K
Temperature of 1st stage 40.0 K

LOADING
diameter of legs 1.00 inches
thickness of fr4/G10 0.020 inches A/l for fr4 is: 0.118 inches
number of legs 8 3.00E-03 m 4.67E-01 W
length of legs 4.25 inches

flex line cables
number of flex lines 7
width 0.850 inches
thickness 0.0060 inches
material Kapton A/l for kapton 0.0022 inches
number of wires 8 5.67E-05 m 4.19E-03 W
width of wires 0.095 inches
thickness of wires 0.0020 inches
material of wires Constantin A/l for Constantin 0.0007 inches
length 16.000 inches 1.69E-05 m 8.90E-02 W

housekeeping cable
number of wires 72
diameter of wires 0.0044 inches A/l 0.0001 inches
material of wires Manganin 3.48E-06 m 1.46E-02 W
length 8.000 inches

Radiation
diameter of 1st stage 17.500 inches Surface area of can 1485.7770 inch^2
length of 1st stage 18.275 inches 9.59E-01m^2 4.40E-01 W
blackness of surface 0.001 TOTAL 1.02E+00 W

between 1st and 2nd stages Temperature of 1st stage 40.0 K
Temperature of 2nd stage 2.7 K

legs
number of legs 6
diameter 1.000 inches
wall thickness 0.020 inches A/l for legs 0.055 inches
length 6.850 inches 1.40E-03 m 1.01E-02 W
material G10warp

flex line cables A/l for Constantin 0.0009 inches
length 12.000 inches 2.25E-05 m 6.47E-03 W

A/l for Kapton 0.003 inches
houskeeping cables 7.56E-05 m 8.56E-06 W
length 8.000 inches A/l for housekeeping 0.000 inches

3.48E-06 m 5.08E-04 W
optics tower support
diameter of tube 5.625 inches
length of tube 6.425 inches
wall thickness 1 0.015 inches
material 1 G10warp A/l material 1 0.041 inches
wall thickness 2 0.0005 inches 1.05E-03 m 7.54E-03 W
material 2 SS316 A/l material 2 0.001 inches

3.49E-05 m 3.07E-03 W
Radiation
diameter of 2nd stage 16.000 inches Surface area of can 1206.3716 inch^2
length of 2nd stage 16.000 inches 7.78E-01m^2 1.13E-04 W
blackness of surface 0.001

TOTAL 2.78E-02 W

both these are acceptable
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Optics – Bill of Materials 
 
 
 

Part#  Number required  Description 
 
optics tower 

ba   1  clamp for 40K filter 
bb   1  lens 1 holder and mount to 40 K baseplate 
bc   1  lens 1 clamp  
bd   1  G10 standoff  
be   1  3K filter clamp and heat shield 
bf   1  Lyot stop  
bg   1  lens 2 holder 
bh   1  lens 2 clamp and mounting plate for array  

 
Lens 1    1  diamond turned silicon, AR coated 
Lens 2    1  diamond turned silicon, AR coated 
Filter 1    1  40K filter – low pass 
Filter 2    1  3K filter – low pass 
Filter 3    1  0.3K filter – bandpass
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0.3K  mount

Electrical connectors

Array housing

Part bh
on optics tower

Kevlar suspension
system

0.3K filter clamp

A 3D sketch of the array mount (without heatshield)

4" 4"
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An exploded view of the array mount

Part bh
(2nd lens clamp)

0.3K filter clamp

0.3K mount

Array

Kevlar 
suspension system

Array housing

3K heat shield

6"
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