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Abstract 
The design of optical elements compasses different de-

velopment areas, such as optics, structures, dynamics, ther-
mal, and control. Thermal designs of mirrors aim to mini-
mize deformations, whose usual requirements are around 
5 nm RMS and slope errors in the order of 150 nrad RMS.  

One of the main sources of uncertainties in thermal de-
signs is the inconsistency in values of thermal contact re-
sistances (TCR) found on the literature. A device based on 
the ASTM D5470 standard test was proposed and designed 
to measure the TCR among materials commonly used in 
mirror systems. Precision engineering design tools were 
used to deal with the challenges related to the operation at 
cryogenic temperatures (145 K) and under several pres-
sures rates (1~10 MPa) whilst ensuring the alignment be-
tween the specimens. We observed that using indium as 
Thermal Interface Material reduced the TCR in 10~42,2% 
for SS316/Cu contacts, and 31~81% for Al/Cu. Upon ana-
lyzing the measurements, we identified areas for improve-
ments in the equipment, such as mitigating radiation and 
improving the heat flow on the cold part of the system that 
were implemented for an upgraded version.   

INTRODUCTION 
Thermal contact resistance (TCR) is a parameter that in-

dicates the ratio between surfaces temperature gradients of 
two bodies in contact and the heat load and exchanged. 

A heat exchange measurement setup was developed for 
improving our database about TCR, especially for cryo-
genic applications, in which uncertainties become critical 
for the performance of the instruments.  

It is well-known that during mechanical contact between 
solid bodies, the surfaces typically touch each other from 
less than 1% to 2% of the nominal contact area [1]. This 
limited contact area plays an essential role in reducing the 
heat load exchange. The TCR is also influenced by several 
variables, encompassing thermal factors (material proper-
ties, interface temperature, and heat flow direction), mor-
phological aspects (shape, roughness, finishing), as well as 
mechanical conditions (applied pressure between the sur-
faces and potential deformations) in addition to those re-
lated to the other heat transfer mechanisms: radiation 
(emissivity) and convection (fluid characteristics between 
the surfaces), which is minimized in a vacuum environ-
ment. 

An experimental approach was chosen since the diver-
sity of models for calculating TCR values are limited to 
specific configurations. Among the known methods, in-
cluding T-type, Infrared Thermography, Laser-Flash 
Method, and 3𝜔, the one with the lowest uncertainties (2-
10%) [2] was selected: the Standard Steady-State Method. 
This method is comprehensively described in ASTM 
standard D5470-06 [3], and based on this standard, we de-
veloped a setup version for measurements at cryogenic 
temperatures. 

EXPERIMENTAL SETUP 
The standard test primarily involves column samples 

equipped with sensors. These samples are insulated to pre-
vent heat loss through radiation and convection. A heat 
gradient is generated between the samples by using a 
heater, which is installed at one end, and a cooling source 
at the other end. A force actuator can be introduced to vary 
the stress across the samples. A test schematic is presented 
in Fig. 1. The temperature acquisition takes place after the 
system achieves a stationary state, and from this infor-
mation, the contact region is determined.  

 
Figure 1: Diagram of how the data related to the standard 
steady-state method is obtained, from [4]. 

Thermal Management 
Some adaptations were made in response to the cryogenic 
condition. The system was designed for operation within 
vacuum chambers, under a pressure level of 1 ∙ 10ି mbar 
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produced by a turbo pump station. The cooling system em-
ployed was a Janis ST-100 open-cycle cryostat with relied 
on a liquid nitrogen flow and was maintained in contact 
with the system through copper braids. For a visual repre-
sentation of the system, please refer Figs. 2 and 3.a). 

 
Figure 2. CAD representation (a) and photo (b) of the 
setup. 

The support bases of the coldest temperature sample are 
depicted in Fig. 3.b). They were designed after a lumped-
mass analysis to isolate the cold parts from the external en-
vironment, whose temperature remained above the dew 
point (~15 °C). 

 
Figure 3: (a) CAD representation of internal view of the 
setup: 1. Piston; 2. Heaters Placement; 3. Samples; 4. Sen-
sor; 5. Copper Braid; 6. Alignment Ring. (b) Thermal 
steady-state simulation of down part.  

Testing Apparatus 
The system was installed in an EMIC machine [5] 

(Fig. 2.b)). The force was transmitted unidirectionally to 
the samples in-vacuum through a specially designed bel-
lows-piston feedthrough containing fittings to ensure the 
alignment and polymeric insulators to minimize heat leaks 
(Fig. 3.a)). 

Samples with 35 mm diameter were selected to ensure 
that the range and resolution of forces provided by the 
EMIC actuator would result in pressures consistent with 
those applied in optical instruments at beamlines such as 
mirrors and monochromators. Additionally, this choice al-
lowed for the accommodation of sensors with a significant 
temperature gradient between them. 

Data Acquisition and Actuation 
A CompactRio 9045 [6] device equipped with 9226 

module was employed to monitor the temperatures from 
the Pt-2k thermal sensors whereas a 9403 module was used 
to regulate the 0~10 W heaters by sending the signal to an 
in-house designed amplifier [7]. Vacuum levels were read 
using a MKS cold cathode gauge [8] distinct from the 
pump station. 

The heat load can be calculated from the heater current 
or from the slope of the curve using thermal conductivities 
from literature. 

Force measurements were obtained via a script devel-
oped specifically for the EMIC machine, considering dis-
placement inputs. 

PRELIMINARY RESULTS 
The prototype was applied for the determination of TCR 

of two contacts frequently present in thermal paths of opti-
cal instruments: Cu-SS and Cu-Al, both with and without 
indium as TIM (Thermal Interface Material). 

Loads were incrementally applied, ranging from 0 to 
12 kN, and subsequently returned to 0, with such cycle be-
ing repeated three times. The repetition aimed to ensure re-
producibility of the data while also considering that, during 
the initial steps, under low loads, indium is not subject to 
plastic deformation. 

The results for Cu-Al and Cu-In-Al when 1 kN 
(0.331 MPa) is applied are shown on in Fig. 4. The markers 
refer to the readings of the temperature sensors, which are 
interpolated to the contact region to calculate the tempera-
ture gradient and, consequently, the TCR.  

 
Figure 4. Temperature sensors positions vs temperatures 
for Cu-Al samples under 1 kN. 

A summary of the TCR calculations at various pressures 
is presented in Fig. 5. The values range from  
1.7E-5 m²K/W (Cu-In-Al @ 13.2 MPa) to 1.9E-3 m²K/W  
(Cu-SS @ 0 MPa). As expected, the inclusion of an indium 
layer results in a significant reduction in TCR, with the 
TCR decreasing as the applied pressure increases. 
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Figure 5: TCR for Cu-Al and Cu-SS pairs with and without 
indium as TIM as a function of the applied load. 

Each point required a considerable amount of time to 
achieve the steady-state, particularly when dealing with 
low-diffusivity materials such as stainless steel and tita-
nium. Conversely, due to the high thermal conductivity of 
copper, small temperature gradients emerged among the 
sensors, which compromised the data resolution. Besides 
that, the absence of radiation shielding also compromises 
the obtained values.  

PERSPECTIVES 
An upgraded setup is under design with the goal of im-

proving the results accuracy and to shorten the test duration 
time. The upcoming version is incorporating a radiation 
shield and the heat exchange between cryostat and samples 
will be optimized, besides the exchange to a higher power 
heater.  

Silicon samples have been machined for the evaluation 
of Cu-Si and SS-Si contacts. Moreover, we expect to ex-
tend the analysis by investigating varying levels of rough-
ness on some pairs of material.  

Finally, the addition of a mathematical analysis of errors 
and uncertainties associated with the measurements is re-
quired for a more accurate estimation of the final values. 

CONCLUSION 
A setup for the evaluation of thermal contact resistance 

(TCR) at cryogenic temperatures was proposed. Prelimi-
nary studies led to the conclusion that using indium as 
Thermal Interface Material reduced the TCR in 10~42% 
for SS316/Cu contacts, and 31~81% for Al/Cu.  

We have ongoing plans for equipment enhancements, 
such as the introduction of a radiation shield, further inves-
tigations into contacts with varying surface roughness, and 
the application of mathematical analysis to refine result ac-
curacy. Our work expects to advance the understanding of 
TCR and contribute to more effective thermal designs for 
optical instruments. 
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