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CRYOGENICS AND DEWAR DESIGN 
 
The dewar outside dimension must be less than the 36” diameter hole of the GBT receiver room turret with 
all external components conforming to this footprint.  Although no explicit weight limitations are imposed, 
the ever increasing load on the feed arm is a concern, justifying efforts to minimize the total weight.  Table 
1 gives the weight totals estimated or measured from existing components.  The top cover is designed to 
minimize the deflection created from pressure differential induced stresses and moments from internal 
components when tilted. Unlike the other receivers the top plate and turret mount are integrated into one 
machined piece of Alcoa MIC-6 cast aluminum.  The cover will be machined with the feed mounts and a 
strength rib, reducing the deformation to a maximum of 0.019”.  An Inventor drawing which generated the 
stress analysis is shown in Figure 1. 
   
 

 
 

COLD ELECTRONICS 
 

The fully populated cryogenic dewar load must not exceed the lift capabilities of a Model 1020 refrigerator.  
This restriction is based on the number of cryogenic lines available (six) and the abilities of the cryogenic 
laboratory to service and provide spares for the receiver.  A larger refrigerator would consume the entire 
mass flow capabilities of a compressor and subsequently reduce the number of cooled receivers available. 
In order to ensure adequate cooling and temperature stability, operation in the middle of the load 
performance curve is desirable as shown in Figure 2.  Most of the thermal loading is easily calculated and 
given in Table 2.  
 
As this juncture, the approach that mitigates the thermal contraction of the components, reduces the thermal 
load, and meets the stability specification is under investigation. Estimated thermal coefficient of expansion 
considering aluminum components with TCE of 22 x 10^-6 m/m K and length L = 0.5 m, ΔT = 285º K 
gives 3.1 mm. With order centimeter wavelengths this change is significant.  Previous designs use long 
stainless steel coax to solve these problems.  This technique has known reliabilility problems and 
complicates the design with added coax to waveguide transitions.   A possible solution is ss waveguide 
with flexible bends, or a telescoping wg design that compensates for the contraction (Described below).  
Our intention is to prototype each in a cryogenic test dewar with repeated thermal cycling.  The stability 
will be measured with a noise source and lab spectrometer. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



K-BAND FOCAL PLANE ARRAY RECEIVER

TABLE OF WEIGHTS
LAST UPDATE: 2/20/2008

Weight Required Total Required Total
Component: each for weight for weight Notes

pounds 7 pixel 7 pixel 61 pixel 61 pixel
Feedhorn 0.461 7 3.227 61 28.121 Actual
Vacuum window assembly 0.22 7 1.54 61 13.42 Estimate
Thermal transition, less G-10 0.22 7 1.54 61 13.42 inventor model
G-10 standoff 0.013 28 0.364 61 0.793 inventor model
Circular to square transition 0.11 7 0.77 61 6.71 Estimate
Phase shifter 0.22 7 1.54 61 13.42 Estimate
45 degree twist 0.125 7 0.875 61 7.625 Actual
OMT 0.33 7 2.31 61 20.13 Alum, 1lb each if brass
Noise source module 0.205 7 1.435 61 12.505 Estimate
Isolator 0.17 14 2.38 122 20.74 Actual
Amplifier 0.313 14 4.382 122 38.186 Actual
Output wg assembly 1 7 7 61 61 inventor model
Dewar top plate 128 1 128 1 128 Inventor model
Dewar bottom plate 75 1 75 1 75 0.75" 6061-T6, inventor model
Dewar cylinder 79 1 79 1 79 SS304, inventor model
CTI 1020 refrigerator 33 1 33 1 33 Actual
Cold straps 0.04 14 0.56 244 9.76 Estimate
15K cold plate 30 1 30 1 30 3003 al, .125 thick, inventor model
Top radiation shield plate 2 1 2 1 2 3003 al, .0625, estimate
Floating heat shield 3 1 3 1 3 3003 al, .0625, estimate
70 radiation shield 3 1 3 1 3 3003 al, .0625, estimate
Charcoal trap 1.598 1 1.598 1 1.598 5x11 inch, inventor model
Common dewar wiring 0.165 1 0.165 1 0.165 1200 cu wires, 18" long, 36awg ma
Dewar heaters 0.092 2 0.184 6 0.552 Actual
Temperature sensors 0.011 2 0.022 2 0.022 Actual
Vacuum valve assembly 11.023 1 11.023 1 11.023 2" manual MDC valve
DV6R vacuum gage 0.104 2 0.208 2 0.208 Actual
Common hardware 1 5 5 10 10 Estimate
Downconverter 0.661 7 4.627 61 40.321 Estimate from Matt
LO module 5 1 5 1 5 Estimate
LO to downconverter cables 0.05 14 0.7 122 6.1 .085 cu, 12" long,qty 120, with sma
Cardcage 10 1 10 1 10 Estimate, current cardcage
Computer interface 10 1 10 1 10 Current MCB interface
Radome assembly 16.8 1 16.8 1 16.8 Inventor model
Lifting rings 0.25 4 1 4 1 Estimate
Receiver support rails 3 4 12 4 12 Estimate
Dewar feedthru connectors 1 2 2 2 2 Estimate
Amplifier bias distribution 5 1 5 1 5 Estimate
RFI gaskets 0.5 1 0.5 1 0.5 Estimate

Totals 466.75 731.119

General notes:

Possibly use tin plated aluminum .085 coax for LO 
Fabricate LO distribution using alum housings
Computer interface and cardcage unknown at this time
Wiring outside the dewar not included.  To be determined
May need refrigerator extension tube. To be determined
May need receiver support structure for transport.  To be determined
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Figure 1. Top Cover Plate Stress Analysis Drawing.



ThermalLoadTotals.xls

e e

Date:12/17/2007 1 Stage Refrigerator  Load 2nd Stage Refrigerator  Load
Thermal Load Analysis:
Pixels: 7 61 7 61 7 61

 Radiative  Conductive * * Radiativ * * Conductiv * *
[W] [W] [W] [W]

Shield 12.26 0.022 7 61
Top Cover 6.05
Bottom Cover 6.05
Thermal Gap 0.003 7 61 0.002 7 61
SS Waveguide(35/5 cm) 0.07 14 122 0.021 14 122
G-10 Standoff 0.052 21 47
HEMT Amplifier 0.022 14 122
Manganin  Bias (32 awg) 0.000 140 610
I*R Man. Wire Loss 0.001 70 976
Noise Module 0.015 7 61

Total Total
TOTAL 7 Pixels 24.35 0.91 25.26 0.17 1.87 2.04
TOTAL 61 Pixels 24.35 7.93 32.28 1.50 8.71 10.21

Page 1

swhite
Note
Table 2: Thermal Loading Table
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Figure 2: Refrigerator Load Curves



 
 

WR-42 waveguide slip-joint 
 
 

Introduction 
 
The densely-integrated RFE pixel configuration of the GBT K-Band Focal Plane Array does not lend itself 
well to the use of conventional stress-relieving methods.  As a possible alternative solution to the adverse 
effects of thermal contraction and expansion, R. Norrod has proposed a telescoping waveguide assembly, 
or slip joint, in which a thin-wall (0.010-inch wall thickness) stainless-steel waveguide is fit into a slightly 
larger guide, and sealed electrically by an EMI gasket.  The slip joint would be located in the dewar output 
waveguides, near the vacuum window.  This configuration is shown schematically in figure 1.  M. Stennes 
presents here the results of a preliminary EM analysis of the proposed K-band waveguide slip joint. 
 
The frequency of operation has been defined as 18.0 < f < 27.5 GHz.  Total thermal contraction of the RFE 
assembly has been estimated as 0.080 inch. 
 
The initial CST EM model was simplified as follows: 
 

• PEC conductors, including the wire-mesh EMI gasket 
• Vacuum in waveguide, as opposed to air. 
• Foam plug (behind vacuum window) tan δ = 0.0000, εr = 1.06 
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Figure 3.  Diagram of waveguide slip joint. 
 
The waveguide slip joint was modeled using CST Microwave Studio.  The initial model was simplified, in 
that it did not incorporate a waveguide iris, and it did not take into account any irregularities in the gap (see 
definition of “GAP” in figure 1), except for the special case of a lateral offset in which two of the four WG 
walls were in contact. 
 



The EM model was built with a 0.010-inch gap between the outer wall of the SS waveguide and the inner 
wall of the fixed WG which holds the foam plug and vacuum window.  The gap width was chosen as a 
reasonable estimate, considering mechanical tolerances of both the SS waveguide, and the machined 
section containing the vacuum window.  The foam plug is 0.300” thick, and the distance from the inner 
surface of the plug to the bottom of the gap is equal to d+0.700 inch. 
 
The primary aim of this preliminary work was to predict the effect of the air gap depth on return loss, and 
also to consider the case in which there is a lateral offset of one waveguide with respect to the other, 
making two of the four waveguide walls in direct contact. 
 
 
Analysis Results 
 
Resonances occur at frequencies corresponding to gap depths equal to odd multiples of one-quarter of a 
guide wavelength.  These are present in both cases:  the resonances remain after the waveguides are shifted 
relative to each other – effectively closing the gap on two sides of the joint. 
 

 

Vacuum 

EMI 
Gasket 

Gap Depth 

 
 
Figure 4.  A cut plane view of the waveguide slip joint, illustrating the gap depth. 
 
 
 



 
Figure 5.  S11 as a function of gap depth, with a constant gap width of 0.010 inch on four walls. 
 
Note:  Gap depth = (d – 130) 
 

 
 
Figure 6.  S11 for varying gap depth, this time without foam plug. 
 
 
 



 
 
Figure 7.  Illustration of the effect of large scale variations in gap depth on s11. 
 

 
Figure 8.  S11 as a function of gap depth, with two of the waveguide wall in direct contact. 
 
 
Conclusions 
 
Initial EM analysis confirms that the proposed waveguide slip joint can give a return loss of -20 dB or 
better.  However, an air gap between the sliding SS waveguide and the fixed 300K section can introduce 
frequency resonances – if the gap is sufficiently deep.  The resonant frequencies occur for gap depths that 
are odd multiples of a quarter-wavelength.  Since the expected magnitude of the thermal contraction is a 
significant fraction of a quarter-wavelength, the gap depth should be designed for minimum depth.  Setting 
the gap depth at 0.080” at room temperature, for instance, would produce a gap depth of nearly zero inches 
when cooled – due to thermal contraction. 
 



There are many parameter-space combinations, and tuning options that have not yet been investigated.  
Plans are underway to further parameterize the model, and add tuning elements. 
 
A knitted wire mesh EMI gasket is suggested, such as the 20-X1110t offered by Teknit. 
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