THERMAL CONDUCTANCE OF GOLD PLATED METALLIC CONTACTS AT LIQUID HELIUM TEMPERATURES
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ABSTRACT

The thermal conductance of gold plated OFHC copper, 6061-T6 aluminum, free-machining brass, and 304 stainless steel contacts has been measured over the temperature range of 1.6 to 4.2 K, with applied forces from 22 N to 670 N.  The contact surfaces were prepared with a 0.8 m lapped finish prior to gold coating.  It was found that for all materials, except stainless steel, the thermal conductance was significantly improved as the result of gold coating the contact surfaces.

INTRODUCTION

Complex scientific instruments are often cooled through bolted links to their refrigeration systems.  In order to adequately model and design these thermal links, a knowledge of the thermal conductance of the bolted and pressed contacts is crucial.  This is particularly true at cryogenic temperatures where such joints are known to have anomalous behavior.1  Thus, an extensive data base of contact conductances is of interest to the designers of cryogenic space flight missions.  The design of such joints caused considerable difficulty on the Infrared Astronomy Satellite (IRAS) and is of prime concern on planned missions such as the Space Infrared Telescope Facility (SIRTF).  OFHC copper, 6061-T6 aluminum, free-machining brass, and 304 stainless steel are materials often used in such applications.  The thermal conductance of contacts made of matched pairs of these materials has been measured previously.2-5  This early work explored the effect of surface finish of uncoated contacts.  In practice, surfaces are often gold coated to improve their conductivity and to protect the surfaces from the degradation caused by oxidation.  This paper presents the results of a series of measurements of the conductance of gold plated matched contact pairs.  The pairs were made of OFHC copper, free-machining brass, 6061-T6 aluminum, and 304 stainless steel.  

METHOD
A diagram of the apparatus is shown in figures 1 and 2.  A more detailed description of the apparatus and the experimental method has been described previously2, but will be described briefly here.  The measurements were made with one contact linked to a liquid helium bath that varied in temperature from 1.6 K to 4.2 K.  A range of forces from 22 N to 670 N was applied to the pairs.  The forces were applied by a lever that was pulled by a wire.  A motor drive external to the cryostat could apply a force to the wire.  The wire and the rocker arm assembly are thermally anchored to the liquid helium cooled cold plate.  In between the lever and the sample is a stack of insulators.  A heater is placed between the insulators and the upper sample.  Thermometers are placed in the upper and lower samples, in the upper insulator, and in the cold plate.  Prior to testing the gold coated samples, an uncoated brass sample with a  0.8 m surface roughness previously tested4 was re-lapped and retested.  The data correlated within 20% of the original data. 
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Fig. 1.  Thermal conductance cryostat.
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Fig. 2. Detail of thermal conductance apparatus.

The contacts were prepared by first lapping them to a 0.8 m surface finish.  They were  then cleaned ultrasonically using 1,1,1 Trichloroethane followed by a reagent grade surfactant (Tergitol), rinsed in de-ionized water, cleaned ultrasonically in acetone followed by isopropyl alcohol, rinsed in de-ionized water, and blown dry in clean nitrogen gas.  Following this procedure, all samples were inspected.  Significant oxide growth was noted on the brass and copper samples.  Immediately prior to coating, these surfaces were further cleaned in a 30% HCl solution followed by a de-ionized water rinse and blown dry with dry nitrogen.  In the coating process, the contacts were first ion milled.  Then a 100 nm layer of chromium was deposited, follow by 2 m of gold.  Overall dimensions of the sample pairs were 12.7 mm diameter and 8.89 mm height for the upper sample and 10.2 mm diameter and 15.2 mm height for the lower sample.

RESULTS

For each sample pair, data was taken at 8 forces (22, 44, 112, 224, 336, 448, 560, and 670 N), 8 heater powers (0, 0.1, 0.2, 0.5, 1, 2, 5, and 10 mW) and for a variety of bath temperatures between 1.4 and 4.2 K.  (For the stainless steel pair the 10 mW heater power was not used and a 0.75 mW power was added.)  For each force the resulting data set of upper (Th) and lower (Tc) sample temperatures, and heater powers (Q) was fit to the function: 






Q + Qo =  EQ \i(Tc ,Th, aTn dT) 
(1)




where Qo is the parasitic heat flux.  The parameters to be fit are Qo, , and n.  Qo was found to be ~0.1 mW.  The thermal conductance is 


k =  Tn
(2)

The fitted thermal conductances are shown in figures 3-6 for aluminum, brass, copper, and stainless steel respectively.  The fitted  and n are also listed in Table 1. 

Table 1.  Results

  

Force
   Aluminum
     Brass
   Copper
Stainless steel

(N)

n

n

n

n

22
0.17

±0.01


1.05

±0.02
0.27

±0.01
1.22

±0.02
0.29

±0.01
1.60

±0.02
0.110

±0.002
0.78

±0.01

44
0.22

±0.01


1.07

±0.03
0.19

±0.01
1.56

±0.02
0.29

±0.01
1.66

±0.03
0.083

±0.002
1.10

±0.01

112
0.26

±0.01


1.31

±0.03
0.28

±0.01
1.53

±0.02
0.39

±0.02
1.67

±0.03
0.137

±0.003
1.19

±0.01

224
0.40

±0.01


1.36

±0.03
0.46

±0.01
1.43

±0.02
0.50

±0.02
1.79

±0.04
0.202

±0.004
1.17

±0.02

336
0.53

±0.01


1.37

±0.03
0.61

±0.01
1.38

±0.02
0.69

±0.03
1.76

±0.04
0.257

±0.006
1.10

±0.02

448
0.85

±0.01


1.21

±0.03
0.72

±0.01
1.38

±0.02
0.77

±0.03
1.85

±0.05
0.310

±0.009
1.10

±0.02

560
0.92

±0.02


1.28

±0.03
0.86

±0.01
1.36

±0.02
0.79

±0.04
1.97

±0.06
0.36

±0.01
1.09

±0.02

670
0.88

±0.02


1.40

±0.04
0.88

±0.01
1.41

±0.02
0.71

±0.05
2.15

±0.06
0.42

±0.01
1.07

±0.03
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Figure 3. Thermal conductance of gold coated aluminum, 0.8 m finish.

[image: image4.wmf]
Figure 4. Thermal conductance of gold coated brass, 0.8 m finish.

[image: image5.wmf]
Figure 5. Thermal conductance of gold coated copper, 0.8 m finish.

[image: image6.wmf]
Figure 6. Thermal conductance of gold coated stainless steel, 0.8 m finish.

Because the thermometers are not mounted at the contact surfaces, there is a temperature difference between thermometers and the contact due to the bulk thermal conductivity of the samples.  For the aluminum, brass, and copper samples, these temperature differences are on the order of the resolution of the thermometers.  For the stainless steel sample, the temperature data was corrected to account for the bulk conductivity.  This correction amounted to approximately 2.6 K for 5 mW at 4.2 K and depended on temperature.  

DISCUSSION



The conductances of the gold coated contacts are compared to the conductances of the previously measured uncoated contacts in figures 7-9.  From these comparisons it is seen that the conductances of the aluminum, brass, and copper contacts are increased by approximately a factor of 2 by the gold coating.  A comparison with stainless steel is not shown, however, because the gold coated stainless steel contact pairs showed no increase in conductance over previously tested uncoated contact pairs.

[image: image7.wmf]
Figure 7. Comparison of thermal conductance of uncoated and gold coated 0.8 m aluminum sample pairs.

[image: image8.wmf]
Figure 8. Comparison of thermal conductance of uncoated and gold coated 0.8 m brass sample pairs.

[image: image9.wmf]
Figure 9. Comparison of thermal conductance of uncoated and gold coated 0.8 m copper sample pairs.

The reason for the gold coating apparently not improving the conductivity of the stainless steel contacts is not known.  One uncertainty in the comparison between the coated and the uncoated contacts is that the sample pairs were made several years apart, thus they were not made from the same batch of material.  The reported bulk conductivity of 304 stainless steel  varies between batches, and the temperature correction made to the data may not adequately reflect the true bulk conductivity of a particular batch.  In correcting the data reported here the published recommended conductivity was used.6  As a second point, considerably more care was taken in making the coated stainless steel measurements to allow the apparatus to reach thermal equilibrium between data points, both by allowing more settling time, and by refining the apparatus. Stainless steel measurements are less tolerant of settling time anomalies and parasitic heat inputs because of the low bulk thermal conductivity of the material. The previously tested uncoated stainless steel samples will be retested in the refined apparatus, employing the above mentioned correction. In addition, stainless steel is harder than the other materials and considerably harder than the gold.  The thin gold layer may not significantly increase the contact area.  (Pressed contacts only conduct heat at the few points on the contacting surfaces that actually touch.1) Finally, the soft gold layer creates an acoustic mismatch to the stainless steel, reducing the conductivity. 
CONCLUSIONS

The thermal conductance of gold plated OFHC copper, 6061-T6 aluminum, free-machining brass, and 304 stainless steel contacts having a 0.8 µm lapped surface finish has been measured over the temperature range of 1.6 to 4.2 K, with applied forces from 22 N to 670 N.  It was found that for all materials except stainless steel, the thermal conductance was significantly improved as the result of gold coating the contact surfaces.
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