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Sammanfattning 
Examensarbetet ”Mekanisk integration av en IR-detektor i en Stirlingkylare” har utförts på FLIR 
Systems AB i Danderyd. FLIR Systems designar, tillverkar och säljer värmekamerasystem. 
 
Examensarbetet är uppdelat i två delar, Produktionsmetod och Störningar. 
 
Produktionsmetoden rör positioneringen av en detektor på det så kallade kalla fingret, som ingår 
i IR-kameran. Detektorn måste positioneras mycket noggrant så att den sedan kan placeras med 
centrum i den optiska axeln, vilket gör att bilden ligger stilla under zoomning. Positioneringen av 
detektorn görs idag med hjälp av specialdesignade styrningar som sitter på en platta på toppen av 
det kalla fingret. Denna metod fungerar bra, men det är mycket dyrt att tillverka dessa plattor. 
Målet för detta examensarbete med avseende på produktionsmetoden var att ta fram en ny mer 
kostnadseffektiv metod med vilken man kan montera och positionera detektorn på det kalla 
fingret. 
Ett flertal konceptidéer togs fram med hjälp av olika konceptgenereringsmetoder så som 
klassificeringsträd och kombinationstabeller. Två av dessa koncept valdes ut för att 
vidareutvecklas. Valet av dessa koncept gjordes med hjälp av en konceptvalsmetod och ett 
konceptutvärderingsmöte. Det ena konceptet går ut på att positionera detektorn med hjälp av 
bland annat ett mikroskop. Det andra konceptet är en extern fixtur på vilken det finns styrytor att 
positionera detektorn efter. En prototyp av fixturen har tagits fram och utvärderats med avseende 
på funktion och kostnad. Detta visade att positioneringen av detektorn blev god. Fixturen och 
handhavandet av denna fick även ett positivt utlåtande av montörerna. Fixturen tjänas 
prismässigt in, i jämförelse med dagens platta, efter endast fyra detektormonteringar. 
 
Den andra delen av examensarbetet behandlar de störningar som ibland uppträder i bilden. Dessa 
störningar, här kallade flicker, tycks genereras av Stirlingkylaren då frekvensen hos flickret 
följer kylmaskinens frekvens. Orsaken till detta flicker är ännu okänt trots flertalet 
undersökningar. Målet för examensarbetet med avseende på störningarna var att genomföra ett 
par studier för att kunna avfärda eller bekräfta några av teorierna bakom uppkomsten av 
störningarna. 
Experiment, simuleringar och beräkningar har gjorts för att undersöka deformationerna i 
detektorn som en följd av tryckpulsationer i det kalla fingret och vibrationer i detta orsakade av 
Stirlingkylaren. Dessa studier kunde inte entydigt påvisa orsaken till flickret utan vidare 
undersökningar måste göras. 
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Abstract 
The master thesis “Mechanical Integration of an IR-detector in a Micro Cooler” has been 
performed at FLIR Systems AB in Danderyd. FLIR Systems is a world leader in the design, 
manufacture and marketing of thermal imaging camera systems.  
 
The thesis project is divided into to two areas, Production Method and Noise. 
 
The Production Method concerns the positioning of a detector on the cold finger within the IR-
camera. The detector has to be positiond with very high accuracy at the center of the cold finger, 
so it can be placed in line with the optical axis to avoid movement of the picture during zooming. 
The positioning of the detector is at present done with the help of specially designed guides on a 
plate on top of the cold finger. The design workes well but the special machining needed for this 
plate is very expensive. 
The goal concerning the production method was to derive a new more cost effective method for 
the assembling and positioning of the detector on the cold finger by replacing the guides on the 
plate with a reusable equipment or some other alignement operation.  
Several concept ideas have been generated with the help of concept generation methods in the 
form of concept classification trees and concept combinational tables. Two of these concepts 
were selected to be further refined. The selection was done with the help of a concept scoring 
method and a concept evaluation meeting. In the first concept the detector is positioned with the 
help of a microscope and in the second with the help of an external fixture. A prototype of the 
fixture has been manufactured and an evaluation was done concerning function and price 
aspects. This showed that the positioning of the detector will be good and the assemblers were 
positive towards the fixture and the handling of it. The investment of the fixture will be returned 
compared to the plate with the guides after only four assembled detectors.  
 
The Noise part of the thesis concerns a disturbance that sometimes can be seen in the picture. 
This disturbance, here called flicker, seem to be generated by the Stirling micro cooler since the 
frequency of the flicker follows the frequency of the cooler. The cause of this flicker is unknown 
despite numerous of studies. The goal concerning the noise was to do studies in order to confirm 
or refute some hypothesis. Experiments, simulations and calculations have been done to analyse 
the deformations in the detector caused by pressure pulsations and the effects on the detector by 
vibrations of the cold finger caused by the Stirling micro cooler. However these studies did not 
give a clear conclution to the cause of the flicker and therefore further studies have to be done. 
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1 Introduction 
This thesis is the final task towards receiving a Master of Science degree in Machine Design 
at the Royal Institute of Technology in Stockholm with specialization in Integrated Product 
Development.  
 
This chapter will describe the thesis background and purpose, its delimitations, the project 
planning and a risk analysis. 
 

1.1 Background and Project Description 
For high performing infrared cameras, detectors that need to be cooled down to very low 
temperatures are used. A typical temperature of the detector is around 70 K. The most 
common way to cool the detector today is with the help of a Stirling cooler in a miniature 
format, commonly called a micro cooler. A model over a Stirling micro cooler is shown in 
Figure 1. The Stirling micro cooler is designed as a piston compressor with two separate 
cylinders, one warm cylinder where the cooling medium is compressed and one cold cylinder 
where the cooling medium is allowed to expand.  

 
Figure 1. Model over the cooler 

 
On the end of the cold cylinder, or the so called cold finger, the detector is assembled and the 
cooled parts are contained within a vacuum vessel, called a dewar.  
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The thesis project is divided into to two areas, the Production method and Noise, as described 
below. 
 
Production method 
The detector has to be positioned with a very high accuracy at the center of the cold finger, so 
that it can be placed in line with the optical axis with great accuracy, to avoid any movement 
of the picture during zooming. The positioning of the detector is at present done with the help 
of specially designed guides on the top of a plate on the cold finger. The design works well 
but the special machining needed to acuire the required accuracy of the guides is very 
expensive. 
 
Noise 
Assembled detectors sometimes have to be discarded due to periodical disturbances in the 
picture. This disturbance, here called flicker, seems to be generated by the Stirling micro 
cooler in some way since the frequency of the flicker follows the frequency of the cooler. The 
cause of this noise is unknown despite the fact that numerous studies already have been done. 
 

1.2 Goals and Limitations 
Production method 
The goal for the thesis concerning the production method is to derive a new more cost 
effective method for the assembly of the detector onto the cold finger. The expensive guides 
on the top plate of the cold finger should be replaced with reusable equipment or with some 
other way of alignment operation. The alignment of the detector has to be done with great 
care since it should be positioned with high accuracy given that the pixel pitch is about 30 
µm. The glue that is used is an epoxy that has to be cured in an oven during a couple of hours, 
therefore the rate of production has to be taken under consideration while developing the 
process and also the cost of the equipment has to be taken in to account.  
 
The thesis work should result in two alternative solutions. A prototype of one of these 
solutions should be manufactured and an evaluation of this prototype should be done 
considering the function and price aspects. 
 
Noise 
In relation to that the shape of the cold finger is redesigned some additional investigations 
should be done to confirm or refute some hypothesis concerning the noise in the detector, that 
is assumed to be generated by the Stirling micro cooler.  
Some experiments, simulations and/or calculations should be done to analyse the 
deformations in the cold finger caused by pressure pulsations and the effects on the detector 
by the vibrations of the cold finger caused by the Stirling micro cooler.  
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1.3 Project Planning 
The planning of the project is done by first dividing the project into smaller activities that are 
then used in a so called Gantt chart. A Gantt chart is a method that shows different activities 
represented by lying parallel bars. The time can be displayed in days, weeks, months or years 
depending on the purpose of the Gantt chart. [1] The Gantt chart constructed for this thesis is 
divided into weeks and can be seen in Appendix 1. 
 

1.4 Risk Analysis 
The potential risks during the project will be analyzed so that a plan of action can be set up for 
the case that any of these risks should occur. This is done by speculating around what the 
worst scenarios during the project could be and figure out suitable strategies in case this 
would happen. The risk analysis is done by first defining the situations that can affect the 
project negatively and then value or rate how big the probability is for this to happen and also 
how big the consequences of this would be to the project. After this a plan of action is made 
for the worst risks. [1] 
 
The probability, effect and risk value in the risk analyze in TABLE 1 are defined as:  
Probability: The probability that a risk will occur, 1 = small, 3 = medium, 9 = large 
probability. 
Effect: The severity of the effect the risk will have on the project, 1 = small, 3 = medium, 9 = 
large effect. 
Risk value: The probability of the risk multiplied by the effect gives a value, the so called risk 
value. The lager this risk value is the greater effect will the risk have on the project, should it 
happen. 
 
TABLE 1. Risk Analysis. 
Risk Probability Effect Risk value 
Lack of time 9 9 81 
Long time to manufacture prototype 9 9 81 
Long start up time on the CAD-program 1 3 3 
Long start up time for other simulation 
programs  

3 3 9 

No access to the needed simulation 
programs 

3 3 9 

Difficulties with the idea generation  1 9 9 
Difficulties finding information within 
the company 

3 9 27 

Difficulties finding information outside 
the company 

9 3 27 

Time consuming tests of the detector 
positioning 

3 3 9 

Time consuming tests of the noise 3 3 9 
New problem formulations  9 9 81 
Lack of knowledge  9 9 81 
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Plan of action for the greatest risks: 
 
Lack of time:   

Stick to the time schedule in the Gantt chart. 
 Work overtime if necessary. 
 Include a time buffer in the schedule to use when unexpected problems occur. 
 
Long time to manufacture prototype: 

Start the investigations concerning the noise earlier and in this way make up for 
lost time due to the longer delivery time than expected of the positioning 
prototype. 
 

New problem formulations:   
If new problem formulations occur the importance of these must be investigated 
and an assessment be done whether or not these new problems should be 
included in the thesis work and what effects this will have on the time schedule. 
This will be done in consultation with the advisor. 

 
Lack of knowledge: 

Not hesitate to ask for help from knowledgeable persons such as co-workers and 
advisors. 
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2 Theory 

2.1 About FLIR Systems AB 
FLIR Systems is a world leader in the design, manufacture and marketing of thermal imaging 
camera systems. FLIR’s products are used in a variety of commercial and government 
applications including condition monitoring, research and development, manufacturing 
process control, airborne observation and broadcast, search and rescue, federal drug 
interdiction, surveillance and reconnaissance, navigation safety, border and maritime patrol, 
environmental monitoring and ground based security. [5]  
 
Figure 2 shown examples of when and where the FLIR cameras are being used in their three 
main fields, Government Systems, Commercial Vision Systems and Thermography. 
 

 
Figure 2. The three main fields for FLIR products. [18] 

 
 

2.2 Thermal Imaging 
Thermal imaging means the use of an infrared imaging and measurement camera to see and 
measure thermal energy emitted from an object. Thermal, or infrared energy, is light with a 
wavelength that is so long that it can not be detected by the naked human eye. The infrared 
energy is part of the electromagnetic spectrum that we only perceive as heat. All objects with 
a temperature above the absolute zero, 0 K (-273.15 °C) emit radiation. The higher the 
temperature of the object is, the greater is the radiation emitted.  
The infrared camera detects the infrared energy and converts it into an electrical signal. This 
signal is then processed to produce an image on a monitor and to perform temperature 
calculations. Heat detected by an infrared camera can be precisely measured so that by using 
the camera thermal performance can be monitored. It is also possible to identify and evaluate 
the relative severity of heat-related problems, because nearly everything that uses or transmits 
power gets hot before it fails. [6, 7, 8] 
 
In the year of 1800 the astronomer Sir William Herschel (1738-1822) discovered the infrared 
spectrum. Knowing that sunlight was made up of all the colours of the spectrum, and that it 
was a source of heat, Herschel wanted to find out which colour or colours were responsible 
for heating objects. He constructed an experiment where he used a prism, paperboard, and 
thermometers with blackened bulbs to measure the temperatures of the different colours. 
Herschel saw an increase in the temperature as he moved the thermometer from the violet to 
the red end in the rainbow of colours that was created by the sunlight passing through the 
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prism. He observed that the highest temperature lay beyond the red light, the radiation that 
caused this heating was invisible and Herschel termed this radiation calorific rays, today 
known as infrared. [9] 
 
The electromagnetic spectrum is divided into a number of wavelength regions called bands 
which are distinguished by the methods used to produce and detect the radiation, see Figure 3. 
The only difference between the radiation in the different bands is the difference in 
wavelength and the radiation in all the bands is governed by the same laws. 
Thermal imaging uses the infrared spectral band between the visual and the microwave radio 
bands. The infrared spectral band is often also divided into four subbands; the near infrared 
(0.75-3 µm), the middle infrared (3-6 µm), the far infrared (6-15 µm) and the extreme infrared 
(15-100 µm). [2] 
 

 
Figure 3. Schematic illustration of the electromagnetic spectrum. [19] 

 
In 1840 Sir John Herschel managed to create the first so called heat picture. This was based 
on the differential evaporation of a thin film of oil when exposed to a heat pattern focused 
upon it. The thermal image could be seen by reflected light where the interference effects of 
the oil film made the image visible. Sir John Herschel managed to obtain the thermal image 
on paper, which he called a thermograph.  
Another important step, in the development towards the infrared cameras of today, was the 
invention of the bolometer by the American astronomer Samuel P. Langely in 1880. This 
bolometer consisted of a thin blackened strip of platinum that was connected to one arm of a 
Wheatstone bridge circuit, to which a sensitive galvanometer responded. The infrared 
radiation falling on the strip heats it and changes its resistance and the circuit then operates as 
a resistance temperature detector. This instrument is said to have been able to detect the heat 
from a cow at a distance of 400 m.  
Sir James Dewar, an English scientist, first introduced the use of liquefied gases as cooling 
agents in low temperature research. Dewar invented a vacuum insulating container in which it 
was possible to store liquefied gases for days. This method is now used to enclose the cold 
parts in the infrared camera. 
The use of the infrared radiation was investigated and developed further in the beginning of 
the twentieth century especially during World War I when the military uses of the infrared 
radiation were explored for enemy detection, secure communication, remote temperature 
sensing and other uses. After World War I two improved detectors, compared to the 
bolometer method, were invented, these where the image converter and the photon detector. 
The image converter is an active system that needs the observed object to be illuminated by 
infrared search beams, this can give up the position of the observer and was therefore not a 
popular method in military use. A passive system was therefore developed around the 
extremely sensitive photon detector. After the middle of the 1950’s the military secrecy 
started to be lifted and thermal imaging devices began to be available to civilian science and 
industry. [2, 10] 
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Today thermographic cameras can be broadly divided into two types, those with cooled and 
those with uncooled detectors. Cooled detectors are normally enclosed in a vacuum-sealed 
vessel, the so called dewar and cooled down to very low temperatures. This increases their 
sensitivity since the detector temperature is much lower than that of the objects they are 
looking at. The most common cooling temperature is around 70 K. The uncooled thermal 
cameras use a sensor operating at ambient temperature or a sensor stabilized at a temperature 
close to ambient. Cooled infrared cameras provide superior image quality compared to 
uncooled ones. [11] 
 
There are two basic types of infrared imaging systems, mechanical scanning systems that use 
one or more moving mirrors to sample the object plane sequentially and systems based on 
detector arrays. Detector arrays operated as focal plane arrays (FPA) are located in the focal 
plane and would be the film in an analogue camera. The spatial resolution of the image is 
determined by the number of pixels in the detector array. The most common formats for 
commercial infrared detectors are 320x240 pixels (320 columns, 240 rows), and 640x480 
pixels. [12] 
 
Quantum Well Infrared Photodetector (QWIP) FPAs belong to the category of photon 
detectors. The absorption of an infrared photon results in some specific quantum event, such 
as the photoelectric emission of electrons from a surface, or electronic interband transitions in 
semiconductor materials. By an appropriate choice of material and design of the quantum 
wells, the energy levels can be made so that they absorb radiation in the infrared region. A 
hybridized QWIP array mounted onto a ceramic substrate is shown in Figure 4. [13] 
 
 

 
Figure 4. QWIP array mounted on a substrate. [13] 
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2.3 Study of the Integral Components in the Project 
The part of the infrared camera that is being studied in this thesis is the Integrated Dewar 
Cooler Assembly, IDCA, similar to that in the example shown in Figure 5, where the Stirling 
micro cooler and the dewar, i.e. the vacuum vessel, can be seen.  
 

 
Figure 5. An IDCA from Ricor. [20] 

 
Placed inside the dewar and mounted on the Stirling micro cooler is the so called cold finger, 
an example of a cold finger is shown in Figure 6. 
 

 
Figure 6. A cold finger within a part of a dewar. 

 

Stirling Cooler 

Dewar 

Cold finger 
with plate 
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The detector, similar to that shown in Figure 4, rests on a plate on top of the cold finger. This 
plate has today a triangular shape and there are three specially designed guides in each corner 
that are used to position the detector circuit board. The triangular shape of the plate and the 
guides are made by electro spark machining to achieve the very narrow tolerances that are 
needed for the positioning of the detector. The detector assembled on the cold finger plate can 
be seen in Figure 7. 
 

 
Figure 7. The detector assembled on the cold finger. 

 
A cold shield, also called a baffle, is placed on top of the detector circuit board and the three 
guides. The baffle can have different shapes as shown in Figure 8 but the purpose of the baffle 
is always to shield the detector from unwanted heating by infrared or thermal radiation that is 
reflected within the dewar. To be able to shield the detector the baffle should be cooled down, 
at best to the same temperature as the detector. To further prevent unwanted radiation getting 
to the detector the baffle is painted so that it has a high reflectivity on the outside, and a high 
absorption and low reflectivity on the inside. 

 
Figure 8. Example of different designs of baffles. [21] 

 
The method to position the detector with the specially designed guides works well. The guides 
are positioned on the cold finger plate with a positional tolerance of 0.04 mm compared to the 
local coordinate system of the cold finger. This coordinate system is also used when the cold 
finger is assembled on the Stirling micro cooler. In this way there will be a well defined 
tolerance chain through the whole system. 
The top plate is made very thin so that it does not add much weight to the cold finger. This 
would otherwise cause the Stirling micro cooler to have to work harder. Since the plate, made 
of Kovar, is so thin the electro spark machining has to be done very slowly in order to ensure 
that the three resulting wings will not bend due to the heat. This together with the narrow 
tolerances of the guides makes the machining of the plate very expensive. 
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3 Production Method 
In this chapter the part of the thesis concerning the production method will be studied.  
Concepts will be generated with focus on a new way of positioning the detector without the 
three guides on the cold finger plate in order to get away from the expensive machining that is 
currently needed. 
Two alternative concepts will be developed with the help of concept generation and selection. 
These concepts will be refined and a prototype of one of them manufactured. An evaluation 
will be done considering the function and price aspects of this concept.  
 

3.1 Concept Generation 
This chapter will describe the concept generation of the solutions for the detector positioning. 
To generate the concepts the problem was first broken down into subproblems and then the 
solutions to these problems were explored with the help of searches both internally within the 
company and externally. These subsolutions were then systematically studied and combined 
into concepts with the help of concept classification trees and concept combination tables.  
 

3.1.1 Idea Generation and Search of Solutions 
To get a clearer picture of how to approach the project it was decomposed into subproblems 
which were: 

• Positioning of the detector  
• Fastening of the detector  
• Positioning of the baffle 

 
To get ideas on how to solve the problem researches were done outside the company in 
similar industries and products. Due to a high secrecy surrounding these types of products this 
method showed not to be a successful approach.  
 
To benefit by the knowledge already within the company ideas were shared by the co-workers 
from different areas of expertise, such as from the mechanical, electronics and production 
departments. These exchanges of ideas where mostly done during unofficial meetings.  
 

3.1.2 Concept Classification Tree 
The idea generation resulted in many different solutions to the subproblems stated above. In 
order to get a clearer picture of the solutions they were organized into different categories 
with the help of concept classification trees as seen in Figure 9 to Figure 12. By studying 
these classification trees some branches were able to be disregarded to, due to for example too 
complex technology to be used for this application or too costly solutions, so that focus could 
be turned to the more promising branches. The ideas in the concept classification trees are 
further described in Appendix 2. 
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Figure 9. Concept classification tree – Positioning of detector 

 
The fixture branch continues from that shown in Figure 9 and is divided into further branches 
as shown in Figure 10. 

 
Figure 10. Extension of the concept combinational tree for the fixture branch 
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Figure 11. Concept classification tree – Fastening of detector 

 

 
Figure 12. Concept classification tree – Positioning of baffle 
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Some of the entries of the trees will be omitted from further studies due to various reasons as 
stated below. 
 
Positioning of the detector  
The sensor and laser ideas will only determine if the detector is in the right position or not and 
the positioning of the detector must be done with the help of something else. This is therefore 
a good evaluation method of the correctness of the detector position but not as a positioning 
device and will therefore not be considered here. 
 
Fastening of the detector  
The fastening of the detector circuit board will be made with the same epoxy as used today or 
an equivalent epoxy film. An investigation of suitable film adhesives has been done, which 
can be seen in Appendix 7. 
A fast curing glue or UV-glue would introduce new conditions in the dewar that would have 
to be tested and evaluated with respect to for instance their chemical reactions in vacuum and 
extreme temperatures. Because this could be a contamination risk within the dewar that can in 
turn seriously harm the detector directly or indirectly. These ideas can be taken into 
consideration in further developments but will not be treated in this thesis. 
 
The Clothes Peg idea will add too much material in the dewar and this would increase the 
cooling time. It will also make the fastening of the baffle harder and will therefore not be an 
option. For the same reason the Spring Clip idea will not be used either.  
 
It is hard to create snap fasteners with as high tolerances as demanded to a lower cost than the 
plate used today, therefore the Snap Fastening idea will not be further investigated. 
 
Positioning of the baffle 
A washer, i.e. a ring, will be used and placed on the circuit board due to consideration of the 
best way to disassemble the baffle, in case of any malfunction, with no or very little risk of 
damaging the detector. 
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3.1.3 Concept Combination Table 
To make concepts that are a solution to the whole problem a so called concept combination 
table was constructed so that different combinations of the solution fragments from the 
concept classification trees could be considered. The concept combination table can be seen in 
TABLE 2, which contains the solutions from the concept classification trees. The omitted 
solutions are greyed out and the positioning of the baffle is not included at all since it has 
already been decided that a washer should be used and placed on top of the detector circuit 
board. One more column has been added and that is the way of how to control the position of 
the cold finger while the detector is placed upon it. 
The columns in the concept combinational table correspond to the subproblems and their 
entries correspond to the different solution fragments from the concept classification trees.  
 
TABLE 2. Concept combination table 

Positioning of Detector Fastening of Detector Positioning of Cold Finger Diameter 

Microscopy Two Component Epoxy Chuck 

Cameras Clothes Peg Precision Hole 

Sensors Snap Fastening V-wedge 

Dial Indicators Spring Clip  

Fixture UV-glue  

Laser Fast Curing Glue  

Support fixture / Spring Glue Film  

Support fixture / Three points   

Fixture plate   
 
Several different combinations of these subsolutions were made and some of them can be 
seen in CAD-models in Figure 13 to Figure 17. The concepts are further described in 
Appendix 3. The CAD-program used for the designing of the fixture was SolidWoks 2006 
SP4.1. [25] 

 
Figure 13. Concept 1. 
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Figure 14. Concept 2.   Figure 15. Concept 3. 

   
Figure 16. Concept 4. 

 
Figure 17. Concept 5. 
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3.2 Concept Selection 
Concept selection is a process used for evaluating concepts on how well they meet the 
requirements and how well they compare to other existing solutions or competitor products. 
In this project the first step of the concept selection was using a concept scoring method. The 
final decision was then made during a concept evaluation meeting. 

3.2.1 Concept Scoring 
In the concept scoring method used, a matrix is created where all the concepts can be seen 
and/or named in different columns. The selection criteria that are going to be used in the 
evaluation are written in the rows. The concepts are evaluated by comparing them to a 
common concept, in this evaluation this will be the positioning method that is used today with 
the three guides on the cold finger plate. The concept scoring matrix can be seen in Appendix 
4.  
 
The selection criteria chosen for the concept scoring are: 

• Accuracy in detector position, xy-axis 
• Accuracy in detector position, rotation 
• Ease of positioning 
• Ease of handling, i.e. information ergonomics 
• Durability 
• Ease of manufacturing 
• Cost  

 
The selection criteria are of different importance to the final product and will therefore be 
weighted. This weighing of the criteria is done by giving each of them an importance value 
from 1 to 4, where 4 represent the most important criteria. The criterion “Accuracy in detector 
positioning” is assigned an importance value of 4, “Cost” 3, “Ease of positioning” and 
“Durability” 2 and “Ease of handling, i.e. information ergonomic” and “Ease of 
manufacturing” 1. 
 
Each concept is compared to the way of positioning the detector that is used today and is 
given a relative rating of 1 to 5, defined as:  

1  –  Much worse than the reference 
2  –  Worse than the reference 
3  –  Same as the reference 
4  –  Better than the reference 
5  –  Much better than the reference 

 
After the concepts have been rated compared to today’s solution the weighted scores are 
calculated by multiplying the weights by the concepts rate at the different criterion and a net 
score is calculated by taking the sum of the weighted scores. This gives the ranking order of 
the concepts. 
 
With the help of the concept scoring and a design review meeting, held with co-workers from 
the mechanical, electronics and production departments, the concepts 1 and 3 were chosen to 
be further developed with some changes, refinements and also some additional functions, 
which will be described in chapter 3.3. These chosen concepts are shown in Figure 13 and 
Figure 15. 
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3.3 Concept Refinement 
During the design review meeting it was decided that the concepts 1 and 3 should be further 
developed. Concept 1 will be further investigated and a possible solution and a CAD model of 
this should be presented. Concept 3 will be further developed and a prototype manufactured. 
At first the refinement of concept 3 will be described and then the refinement of concept 1 
since this was the order in which they were studied and some of the solutions in concept 3 
were reused in concept 1. 
 

3.3.1 Refinement of Concept 3 
As described in Appendix 3, Concept 3 is based on the same idea as the solution that is used 
today, with three specially designed guides, but in this case the guides is placed on an outer 
separate fixture instead of directly on the top of the cold finger plate. 
The back part, as seen in Figure 18, is not attached to the rest of the fixture and can be taken 
off. While the back part is opened or taken off the fixture, the cold finger is pushed into the V-
shaped cutout in the base, which will position the cold finger in the right distance to the two 
guides in the front. The cold finger rests on the top surface of the fixture and will therfore be 
horisontally positioned. The cylindrical pin on the base of the fixture, between the two front 
guides, will go into a cutout in the base of the cold finger and in this way keep it rotationally 
positioned. The rectangular cutout in the base of the cold finger can be seen in Figure 6. When 
the cold finger is in place the back part of the fixture is closed and pressed against the base of 
the cold finger so that this is held in place. The detector can then be placed on the cold finger 
and positioned with the help of the two front guides in the same way it would be done with 
the guides on the top plate used today. 
 

 
Figure 18. CAD model of Concept 3. 

 
 
The changes and additional functions that were requested on the design review meeting were:  

Back part 

Guides 

Cylindrical pin 
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• The movable back part of the fixture should be attached to the base of the fixture. 
• The movable back part should be able to be locked in the closed position. 
• The washer placed on top of the detector circuit board should be able to be positioned 

by the same fixture. 
• The cold finger should be clamped down, so that it will sit flat against the base of the 

fixture and thereby be in a horizontally correct position. 
 
The fixture that originally consisted of two parts is divided into four separate parts, to make it 
easier to manufacture. These parts are called the base, back, front and spring plunger holder, 
as can be seen in Figure 19. 

 
Figure 19. The fixture divided into parts. 

 
The whole fixture with a cold finger will, when the detector has been assembled with the help 
of the guides of the fixture, look according to Figure 20. 

 
Figure 20. A fixture after a detector has been assembled on a cold finger. 
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To attach the movable back part to the base of the fixture a hinge is constructed with the help 
of a shoulder screw and two flange bearings, as shown in Figure 21 where the fixture is seen 
from behind. The back and base parts are displayed in wireframe mode so that the 
components within them can be seen. To be able to lock the movable back part in a closed 
position an index plunger is used, this can also be seen in Figure 21. Cutouts have been made 
in the wall of the back part so that the hinge and locking device could fit. 

 
Figure 21. Hinge and locking device. 

 
When the back part of the fixture was designed so that it could be turned in and out of 
position, the base of the fixture had to be redesigned to enable the base of the movable part to 
fit into the V-shaped cutout in the fixture base. The wall of the cutout is made in an angle on 
the side where the base of the back part, i.e. the spring plunger holder part, swings in. The 
new design of the V-shaped cutout is shown in Figure 22.  
The two rectangular surfaces beside the V-shaped cutout are higher than the surrounding 
surface and it is on these that the cold finger will rest. These smaller surfaces have been 
created since it is now only on these smaller areas that the high demand on the tolerances has 
to be set. If the same demand on the tolerance were to be set on the whole surface of the base 
fixture it would be much harder to machine and therefore much more expensive. 

 
Figure 22. The base of the fixture seen from above. 
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The base of the cold finger is held in place in the V-shaped cutout by the force from the back 
part of the fixture when it is closed. There is a small difference in the size of the diameters of 
the cold fingers. This is compensated for by using a spring plunger that is mounted in the 
spring plunger holder part underneath the back part, as seen in Figure 23. The spring plunger 
consists of a sphere mounted on a spring and it is assembled in the fixture in such a way that it 
will always exert a force on the base of the cold finger as long as the diameter lies within the 
defined tolerances. 

 
Figure 23. Back part of the fixture and the spring plunger. 

 
The shape of the guides on the front part of the fixture has been changed as well. This has 
been done so that the tolerance on the surfaces used to position the detector can be set on 
smaller surfaces. The new shape of the guides and how the detector is positioned by the three 
guiding surfaces can be seen in Figure 24. 

 
Figure 24. Positioning of the detector seen from above. 
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To be able to position the washer on top of the detector circuit board with high precision the 
top of the front and back parts of the fixture had to be modified. When the back part is closed, 
this together with two cylindrical pins, on top of the front part, creates the positioning guides 
for the washer. These will create three contact points on the ring, which is sufficient for the 
positioning, see Figure 25. The detector circuit board is higher than the top surface of the 
front part of the fixture, the washer will therefore rest on the circuit board and not on the 
fixture. The assembled washer on the detector circuit board can be seen to the right in Figure 
25. 

   
Figure 25. The positioning of the ring seen from above and from the side. 

 
When the washer has been assembled and the glue cured, the baffle will be assembled. This is 
done by placing the baffle within the washer. The washer will steer the baffle into the right 
position on top of the detector circuit board. The baffle is then rotationally positioned with the 
help of the orientation mark that is scribed on the outside of its wall. The baffle is adjusted so 
that the orientation mark falls in line with a similar orientation mark that is scribed on the top 
of the back part of the fixture as seen in Figure 26. 

 
Figure 26. The positioning of the baffle. 
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The finished assembly of the detector circuit board, washer and baffle on the cold finger in the 
fixture will look as shown in Figure 27. 

 
Figure 27. The finished assembly. 

 
To hold the cold finger in place, in the cutout in the base of the fixture, loads will be applied 
downwards and sidewise. The force sidewise is created by the spring plunger, as stated 
earlier. The downward force is applied with the help of a spring clip shaped as a fork that fits 
around and on top of the base of the cold finger, as shown in Figure 28. 

 
Figure 28. The spring clip that presses the cold finger downwards. 

 
A stay is placed under the spring clip to create a lever. The stay is placed at a height that will 
make the fork parallel to the fixture when pressing down on the cold finger. The downward 
force is created with the help of an extension spring, attached to the fork and the base of the 
fixture. There are small screws placed underneath the fork in such a position that they will 
press down at the centre of the cold finger. 

Stay 

Spring 

Spring clip 
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The forces working on the fork, while pressing down on the cold finger, are defined as shown 
in Figure 29 as F1, at the stay, F2, at the cold finger and FS, at the spring.  

 
Figure 29. The spring clip and forces working upon it. 

 
If the cold finger has been shifted from its right position the force working on it by the fork 
should push it back in place again. This force is approximated by the force that is needed to 
pull or push the component against the base of the fixture, and is calculated to be 
approximately 0.7 N according to equation (1). [4] 
  

F2 = µN = µMg                  ( 1 ) 
 
The friction coefficient, µ, is approximated with that between two dry sliding aluminium 
surfaces, i.e. 1.4 and the mass, M, of the cold finger is approximately 50 g. [15] 
 
When in equilibrium the forces can be written as: 
 

FS = F1 + F2                   ( 2 ) 
F1 x1 = F2 x2                   ( 3 ) 

 
The distance between the spring and the stay, x1, is 6.9 mm and the distance between the 
spring and the contact point between the fork and cold finger, x2, is 28 mm. This gives with 
the help of equations (2) and (3) that the needed spring force is approximately 3.5 N. 
 
The angle that the tip of the fork will make between the positions when it is on the cold finger 
respectively resting on the fixture is approximately 8.8°. This gives that the spring will have 
to stretch 1.07 mm. When there is no cold finger in the fixture the spring should still be a little 
tightened to keep the fork and stay from falling of the fixture. With this in mind the fixture 
has been designed so that the spring will be stretched approximately 1.4 mm in total.  
 
The spring force at a given stretched length is calculated by: 
 

FS = s × c + F0                  ( 4 ) 
 
where s is the stretched length of the spring measured in mm, c the spring constant and F0 the 
initial force, i.e. the force that needs to be applied on the spring for it to start stretching. [16] 

F1 F2

FS

x1 x2



 25

If FS should be greater than 3.5 N and s approximately 1.4 mm a suitable spring is chosen. 
The chosen spring, from Lesjöfors with article number SF-DF 3339 has the dimensions; 
thread diameter 0.75 mm, outer diameter 6 mm, length at rest 30 mm, number of turns 27, 
spring constant 0.79 N/mm, initial force 3 N and a maximum allowed length of 48 mm. This 
gives, according to equation (4), a spring force of approximately 4.1 N which leads to a force 
of a little over 0.8 N on the cold finger, i.e. F2. This force is sufficient since it is greater than 
the calculated needed force of 0.7 N. 
 
The cold finger will also be held in place by the spring plunger that horizontally presses the 
cold finger against the front of the fixture socket. The force on the cold finger caused by the 
spring plunger should be greater than that from the fork, since it is easier to detect and correct 
a displacement manually there.  
The forces on the cold finger are sketched in Figure 30, where N1 is the force applied by the 
spring clip, which is approximately 0.8 N and N2 is the sum of N1 and the force due to the 
weight of the cold finger. The friction coefficient, µ, is as in the former calculation 
approximated with that between two dry sliding aluminium surfaces, i.e. 1.4 and the mass, M, 
of the cold finger is approximately 50 g. 

 
Figure 30. Forces acting on the cold finger. 

 
At equilibrium the force, FB, can be defined as: 
 

FB = FB1 + FB2                  ( 5 ) 
 
where FB1 = µ N1 and FB2 = µ N2 = µ (N1 + Mg) 
 
This gives that FB has to be greater than 1.8 N. No spring plungers with such low spring force 
were found. A spring plunger with a higher force, but suitable for the construction, was 
chosen. The chosen spring plunger, from Eugen Wiberger AB article number GN615 KN M4, 
has an initial and final spring load of approximately 6 N respectively 14.5 N.  
The spring plungers dimensions are; outer diameter d1 M4, bolt diameter d2 2.5 mm, body 
length l 9 mm and spring range w 0.8 mm. A model of the spring plunger used can be seen in 
Figure 31.  

    
Figure 31. Spring plunger. 
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3.3.2 Refinement of Concept 1 
As described in Appendix 3, in concept 1 the detector is positioned with the help of a 
microscope or a camera. In the following discussion the microscope alternative will be 
studied but the same principle holds for the camera alternative. 
 
To get further ideas to be able to refine the concept a brainstorming session was held. It was 
done in a group of six people with different areas of expertise and different knowledge about 
the problem. A short introduction to the problem was first held where the background and 
different problem areas were described. Everyone was then free to express their ideas on how 
to solve the problem. The ideas generated during the brainstorming session can be seen in 
Appendix 5. 
 
The discussion was held around the following statements, with the only base that a 
microscope was to be used: 

• The detector and/or the cold finger should be able to be moved sidewise in the x- and 
y-directions. 

• The detector and/or the cold finger should be able to be rotated. 
• The detector should lie horizontally flat on the cold finger plate. 

 
The QWIP detector is positioned with great accuracy on the readout integrated circuit (ROIC) 
with the help of a machine that uses the fiducial marks shaped as butterflies that lie in the 
corners of the ROIC. Such a butterfly mark can be seen in Figure 32 where it has been greatly 
magnified. The height and width of the mark is only 13 µm. 
 

 
Figure 32. Picture of the butterfly mark on the detector. 

 
These butterfly marks can be used to mark the right position of the detector on the cold finger. 
A reticle in the microscope will be used that have a crossline and a horizontal line. The centre 
of the butterfly mark is placed in the centre of the crossline to position the detector in the x- 
and y-directions and one of the lines of the frame, seen in the left corner of Figure 32, is made 
to follow the horizontal line and this will ensure that the detector is rotationally correct. 
 
 

Butterfly mark 
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The base of the cold finger should be held fixed compared to the microscope and the adjusting 
only be done on the detector. For this a modified design of the fixture in concept 3 will be 
used, as shown in Figure 33. 
 

 
Figure 33. The base fixture used to position and hold the cold finger in place under the microscope. 

 
When the cold finger has been placed in the fixture epoxy is spread over the plate, on the cold 
finger, which now has a circular shape. The detector circuit board is then placed on top of the 
plate. To get a good connection between the components the detector circuit board is gently 
rubbed until the connection is established which the experienced assembler can feel.  
Two pins are then lowered into cutouts on the detector circuit board, as seen in Figure 34. A 
positioning arm connects these pins to an assembly of a xy-stage and a rotary positioning 
stage that is placed directly underneath the centre of the cold finger, as seen in Figure 36. The 
pins and thereby also the detector circuit board can with the help of the positioning stages be 
moved in the x- and y-direction as well as rotationally. The pins that go down in the cutouts in 
the detector circuit board are small and dull, so that they will not damage the circuit board if 
they should accidentally be lowered onto it. The small pins come out of bigger cylindrical 
pins that will rest on the circuit board. These have been designed so that the area, where the 
pressure against the circuit board, will be defined and so that there will be less risk of coming 
in contact with the detector surface. 
 

 
Figure 34. Guiding pins. 
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For this concept the detector circuit board has to be redesigned with appropriate cutouts for 
the guiding pins. The best position for these cutouts is in line with the centre of the detector, 
as seen in the example in Figure 35. 

 
Figure 35. Detector circuit board with cutouts. 

 
The whole concept put together can be seen in Figure 36. The xy-stage and on top of these the 
rotary positioning stage are placed directly underneath the centre of the cold finger. The 
positioning arm goes from the stages to the top of the cold finger where the positioning pins 
have been lowered into the cutouts in the circuit board. The pins are connected to the 
positioning arm via a piece of spring steel with a known spring constant so that the force that 
the pins exercise on the circuit board will be known. The top of the positioning arm is 
connected to the rest of the arm via a hinge so the pins can be lowered respectively raised. 
The cutout in the top part of the positioning arm around the hinge makes sure that the pins 
cannot be raised too high to ensure that they will not hit the objective of the microscope. The 
stages are placed on a rail so that the whole positioning device can be moved to make it easier 
to mount and dismount the cold finger in the base fixture.  

 
Figure 36. The microscopy concept. 
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The microscope is always in the same position and is focused on a corner of the ROIC where 
the butterfly shaped fiducial mark lies. The microscope is in Figure 37 represented by an 
objective. A long working distance objective is needed to give a sufficient distance between 
the detector and objective so that the positioning device can be manoeuvred easily.  
A suitable objective that can be used for the positioning is a long working distance objective 
form Mitutoyo. It has a magnification of 50 times, a field of view of 0.36 mm, a working 
distance of 13 mm, a numerical aperture of 0.85 and a resolving power of 0.5 µm. This means 
that the objective can focus on the fiducial mark when it is at a maximum distance of 13 mm 
over the ROIC. This will give sufficient room for the positioning device. The diameter of the 
area that will be seen in the microscope is the field of view, as stated above. This will give a 
good view of the fiducial mark and the nearby corner of the ROIC. The resolving power of 
0.5 µm means that points or lines that lie this close together will be seen as clearly separated. 
This objective together with a microscope eyepiece that has a magnification of 10 times 
would give a sufficient view for the positioning of the detector. 
 

 
Figure 37. The microscope objective positioned over the ROIC. 
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When the detector has been assembled and the epoxy cured the baffle will be assembled on 
top of the detector circuit board. The baffle should be positioned with the help of the 
orientation mark that is scribed on the outside of its wall. To be able to do this the baffle has 
to be seen from the side with some kind of magnifier, a model of such an arrangement can be 
seen in Figure 38. There should be a vertical line on the magnifying glass or on a separate 
reticle so that the orientation mark on the baffle can be aligned with this line, as seen in Figure 
39. The positioning of the baffle can be done with good accuracy if the positions of the cold 
finger and detector are well known and this can be achieved if this assembly is placed in the 
same type of fixture that was used for the positioning of the detector. 

 
Figure 38. Positioning of the baffle. 

 

 
Figure 39. The baffle seen through the magnifier. 
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3.4 Temperature Study 
As the three specially designed guides has been taken off the top of the cold finger plate the 
direct connection between the baffle and the cold finger has also been taken away. The main 
cooling of the baffle used to go through this connection. Now the connection will be via the 
detector circuit board and the washer. 
Since the purpose of the baffle is to shield the detector from unwanted heating it is very 
important that the baffle is as cold as possible so that it, itself, does not radiate any heat onto 
the detector.  
To be able to determine if the change in the design of the cold finger top will influence the 
cooling of the baffle and thereby the sensitivity of the detector negatively some temperature 
simulations have been done with the help of COMSOL Multiphysics, version 3.4. COMSOL 
is a simulation program that uses finite element methods (FEM). [26]  
 

3.4.1 Temperature Simulations 
To make the simulations in COMSOL several CAD models of the dewar with the cold finger, 
cold finger top plate, detector and baffle was set up. The difference between the models was 
the connection of the baffle that was either to the guides, to the detector circuit board or to 
both of them. 
In all the simulations the detector circuit board was connected to the cold finger top plate via a 
0.05 mm thick glue film. The temperature was set to be constantly -200 °C (73.15 K) on the 
surface of the cold finger top plate and 60 °C (333.15 K) on the bottom of the dewar. 
 
Initially three simulations were done. In the first one the baffle was in contact with the guides 
only, in the second it was in contact with both the guides and the detector circuit board and in 
the third one only with the detector circuit board since the guides had been taken off the plate. 
In the simulations the baffles were connected to the guides via thin glue films that covered the 
whole surface of the guide-baffle connection and the connection of the baffle to the detector 
circuit board was through three small areas of glue film. 
 
The temperature distribution within the components within the dewar, for the simulation when 
the baffle was in contact with the guides only, can be seen in Figure 40. 

 
Figure 40. Temperature distribution. 
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To be able to disassemble the baffle with less risk of damaging the detector a washer will be 
glued on the detector circuit board and the baffle is then positioned on the circuit board within 
the washer.  
Two simulations were made, where the washer was used respectively not used. The same 
components were used as in the simulations above but due to complications in the simulation 
program when the ring was added some changes in the setup had to be done. Therefore the 
simulation where no washer was used will not give exactly the same result as the 
corresponding earlier simulation. In both of these simulations the guides had been taken off 
the cold finger’s top plate so that the baffle was connected on the detector circuit board via, in 
these simulations, one area of glue film. 
 
A comparison was made between the temperature distributions through the middle of the wall 
of the baffle. The temperature distribution charts can be studied in Appendix 6. The 
temperature of the baffle is approximately 122 K, 82 K and 83 K in the simulations where the 
baffle is in contact with the guides only, the guides and detector circuit board respectively 
with the detector circuit board only. The baffle is cooled better, according to the simulations, 
when it is in contact with the circuit board and it is only a difference of one degree whether or 
not the direct contact to the cold finger plate exists through the guides. The simulations give 
that the new design, without the guides, will not influence the cooling of the baffle negatively 
in such a degree that it is seen as to be too compromising to the sensitivity of the detector. 
The temperature of the baffle is approximately the same when the washer is used or not, so 
this will not be a decision factor in whether or not to use the ring. 
Some additional simulations, which are not further demonstrated here, show that the thinner 
the layer of glue is the better the cooling of the baffle will be. This is in part due to the fact 
that the glue is a polymer and is therefore a bad heat conductor. 
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3.5 Prototype 
A prototype of the fixture, Concept 3, described in chapter 3.3.1, has been manufactured and 
assembled as shown in Figure 41. On the left the opened position of the fixture is shown. On 
the rigth the closed position, including a cold finger before the assembling of the detector. The 
drawings of the fixture can be seen in Appendix 8. 
 

 
Figure 41. The prototype without and with the cold finger. 

 
To achieve the best tolerances for the detector positioning the assembled fixture had to be 
measured and the position of the guides adjusted. This was done with the help of a measuring 
machine; a Mitutoyo coordinate measuring machine BHN506. The measurements and 
adjustments were done according to the adjustment program described below. 
 
The fixture is designed so that the guides can be adjusted. This is done by moving the front 
part of the fixture compared to the base part as illustrated in Figure 42. To enable these 
movements the holes for the screws have been made large on the front part to create a loose 
fit. The front part can be moved sideways so that the right guide comes into the right position 
as this one is used to position the detector circuit board in this direction. The front part can 
also be adjusted in the distance to the cold finger centre by using shims that are placed 
between the front and the base parts. 
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Figure 42. Illustration of the possible movements to adjust the guides. 

 
To make this adjustment an adjustment program were set up as follows. 
 
Adjustment program 
Define the coordinate system of the measuring system by: 

• Measure the rectangular surface on both sides of the V-shaped cutout in the base of the 
fixture. This gives a plane. 

• Measure the centre position of the cold finger by using a dummy. 
The dummy consists of a cylinder of equal diameter as the cold finger, a flange so that 
it rests on the base of the fixture. The dummy is much higher than the actual cold 
finger. It is higher than the guides and the back part of the fixture this enables the 
measuring equipment to reach it. 
The centre is found by measuring four points on the envelop surface of the dummy. 
The measured points should be as evenly distributed around the diameter of the 
dummy as possible. 
This gives the origo, i.e. the centre of the dummy. 

• Measure the centre position of the base pin, that is used to make sure that the cold 
finger is rotationally correct, compared to the origo. 
This gives a direction. 

 
Adjust the assembly: 

• Measure the distance between the side surface of the guide on the right and the origo 
at a direction perpendicular to the direction given in the defined coordinate system. 
Adjust the guides in the sidewise direction so that this measured distance is as close to 
10.25 mm as possible. 

• Measure the distance between the two front surfaces of the guides and the centre of the 
cold finger. 
Adjust the guides in the length direction by assembling shims between the front part 
and the base part of the fixture. The shims that can be used are 0.01 mm, 0.02 mm or 
0.03 mm thick. The distance between the centre of the cold finger and the guides 
should be 4.25 mm. 
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The fixture was adjusted so that the nominal values, as stated above, were met as good as 
possible. The distance between the centre of the dummy and the positioning surface on the 
right was measured to be 10.254 mm. The distances to the two front positioning surfaces 
compared to the cold finger centre were 4.255 mm and 4.259 mm for the right respectively 
the left surface. The dummy used in the adjustment measurements have an diameter, at the 
base, of 21.010 mm instead of the nominal 21 mm, this difference in diameter have been 
considered in the measurement results stated above. 
The guides on the top plate of the cold finger have a positional tolerance of 0.04 mm. The 
guiding surfaces on the fixture lie well within these tolerances. This gives that the positioning 
of the detector circuit board with the help of the fixture will give as good accuracy as the 
positioning method used today, i.e. when only the position of the different guides are 
considered. 
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3.6 Evaluation of the Fixture 

3.6.1 Function Evaluation 
To evaluate the function of the fixture a test has been done where one detector circuit board 
was assembled on a cold finger. This assembly has then been studied and the position of the 
detector measured. 
Before the assembling of the detector circuit board onto the cold finger started, an illustration 
on how to use the fixture was made. The co-worker, from the production department, who 
was going to carry out the assembling of the detector was then able to test and get a feel for 
the functions of the fixture. One detector was then assembled on the cold finger in the fixture 
with the same technique as with the guides on the plate used to day, i.e. the right corner of the 
detector circuit board should rest against both the front and side guiding surfaces and the left 
corner should only rest against the front guiding surface.  
The position of the detector circuit board was looked at through a microscope and 
photographed before and after the curing of the epoxy, some of these photographs can be seen 
below. Figure 43 shows an overview of the detector circuit board as it has been positioned 
with the help of the fixture, before respectively after the curing of the epoxy. During the 
curing the whole fixture and assembly were placed in an oven with a temperature of 
approximately 85 °C. In Figure 44 has the left corner of the detector has been zoomed in and 
in Figure 45 the right corner, before respectively after the curing. 
 

 
Figure 43. The assembled detector before and after curing. 

 

 
Figure 44. The left corner of the assembled detector before and after curing. 
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The left corner of the detector circuit board should rest against the front surface of the fixture. 
As seen in Figure 44 there is a small distance between the circuit board and the fixture both 
before and after the curing. This distance is a little bigger after the curing due to the thermal 
expansion of the fixture. The fixture is made of aluminium which have a thermal expansion 
coefficient of 23.2⋅10-6 K-1. This gives that the 40 mm long top of the front part of the fixture, 
i.e. where the guide surfaces are, will expand approximately 55 µm when the fixture is placed 
in the 85 °C warm oven. The base of the fixture will also expand in the same way, and will 
therefore compensate for the expansion in the front part, but since the base part is much larger 
and thicker this will take a longer time. An assessment in the picture by comparing the size of 
known geometries on the circuit board to the distance between the detector circuit board and 
the front guide surface of the fixture has been done. The distance has been estimated to be 
approximately 10 µm before and 20 µm after the curing. 
 

 
Figure 45. The right corner of the assembled detector before and after curing. 

 
The right corner should be in contact with the fixture on the front and side guide surfaces. 
Before the curing the circuit board was in contact with both these surfaces. After the curing it 
was only in contact with the side surface and had been pushed a distance of approximately 20 
µm from the front surface due to the thermal expansion of the fixture as described above. 
 
The position of the detector compared to the defined coordinate system of the cold finger has 
also been measured according to the measurement program below, with the help of the 
Mitutoyo measuring machine.  
 
Measurement program 
Define the coordinate system of the cold finger by: 

• Measure the bottom surface of the cold finger. This gives a plane. 
• Determine the centre of the cold finger by measuring four points on the outer envelop 

surface on the bottom of the cold finger.  
This gives the origo, i.e. the centre of the cold finger. 

• Measure a line on a side surface on the base plate of the cold finger by measuring two 
points on it, with one axis locked. The cutout in the base plate is too small to be able to 
do this measure in, otherwise this would have been preferred since it is this cutout that 
is machined with high tolerances to the centre of the cold finger. 
This gives a direction. 
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The measured positions of the surfaces on the detector circuit board compared to the centre of 
the cold finger in the defined coordinate system are: 

• To the right side surface 10.230 mm, this is an offset of 20 µm. 
• To the right front surface 4.236 mm, this is an offset of 14 µm. 
• To the left front surface 4.236 mm, this is an offset of 14 µm. 

 
The measurements indicate that there is no rotational error in the detector position, since the 
distance to both the left and the right front surfaces are the same. 
To minimize the effects caused by the thermal expansion the fixture could be made of another 
material with a smaller thermal expansion coefficient or the front part of the fixture could be 
redesigned so that the top is much shorter and will therefore expand less. 
No measurements have been done of the actual position of detectors that have been positioned 
with the help of the specially designed guides on the top plate of the cold finger that is used 
today. Therefore it is hard to evaluate the positioning with the help of the fixture. The guides 
on the top plate have a positional tolerance of 0.04 mm. Old photographs of detectors show 
that the detector is not always in contact with the guides, therefore the positional tolerance of 
the guides can not be compared directly to the offset of the detector positioned with the 
fixture. The design and/or material and the adjustment of the fixture can be optimized and 
would lead to an even better accuracy of the positioning of the detector. 
 
After the fixture and assembly have cooled down, after the curing of the epoxy in the oven, 
the washer and baffle can be assembled.  
The washer is placed and glued on top of the detector circuit board and held in the right place 
with the help of the two guiding pins on the front part of the fixture and the front surface of 
the back part, as seen in Figure 46. The detector circuit board is higher than the top surface of 
the front part of the fixture, the washer will therefore rest on the circuit board and not on the 
fixture. 
 

 
Figure 46. The washer on top of the detector circuit board. 
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The baffle is assembled by placing it within the washer and rotated into the right position. The 
baffle is only glued to the washer. The finished assembly of the detector circuit board, washer 
and baffle can be seen in Figure 47. 
The assemblers overall impression of the fixture and of using it was very positive.  
 

 
Figure 47. The finished assembly in the fixture. 
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3.6.2 Cost Evaluation 
In this chapter a cost evaluation will be done by comparing the cost of using the fixture and 
using the triangular plate on the cold finger for the positioning of the detector circuit board. 
 
Manufacturing cost of the fixture: 
Two prototypes, as described in chapter 3.5, were manufactured to a price of 9800 SEK. The 
price includes the programming for the machining, complete manufacturing of the five parts 
and a surface treatment of yellow chromating. This gives a price of 4900 SEK per prototype. 
If more fixtures with the same design as the prototype would be manufactured the price per 
fixture would decrease since the programming for the machining of the parts already has been 
done. As an estimate in the cost evaluation will the 4900 SEK per fixture be used for the 
manufacturing of the fixture. 
 
Cost of standard components, such as screws, cylindrical pins, springs etc.: 
Standard components often have to be purchased in a large number, but as an estimate for the 
cost evaluation an approximation of the price will be done per component. In TABLE 3 the 
price per part are estimated and from this a total cost for the integral parts is calculated. 
 
TABLE 3. Cost estimation of integral components. 
Component Quantity Name Supplier Price/part 

(SEK) 
Total Price 
(SEK) 

Screw 8 MC6S 4x12 
 

BUFAB Bix 1.25 10 

Screw 2 MC6S 3x8 
 

BUFAB Bix 2.83 5.66 

Screw 1 MC6S 4x6 BUFAB Bix 
 

2.31 2.31 

Screw 2 MCS M1,6x3 
 

BUFAB Bix 2.54 5.08 

Cylindrical pin 1 CP h8 6x50 BUFAB Bix 
 

5.48 5.48 

Cylindrical pin 2 CPK m6 3x10 BUFAB Bix 
 

2.52 5.04 

Cylindrical pin 1 CP h8 1,5x6 BUFAB Bix 
 

1.04 1.04 

Cylindrical pin 1 CP m6 4x10 
 

BUFAB Bix 1.16 1.16 

Cylindrical pin 2 CP m6 2x5 
 

BUFAB Bix 0.86 1.72 

Index plunger 1 GN717 ANI 4  
 

Wiberger 46.50 46.50 

Spring plunger 1 GN615 KN M4 Wiberger 
 

23.80 23.80 

Bearing 2 BB 0608 DU-GGB Nomo 
 

12.70 
 

25.40 
 

Extension spring 1 SF-DF 3339 Lesjöfors 13.00 
 

13.00 
 

Total price     146.19 
 



 41

Assembling of the fixture: 
The fixture needs to be assembled and the guiding surfaces measured and adjusted. This will 
in total take approximately one day of work, i.e. 8 hours. The cost per hour is here estimated 
to be 750 SEK, this will give a total cost of 6000 SEK for the assembling and adjustments of 
the fixture. 
 
Processing cost of the triangular plate: 
The triangular shaped plate with the guides on top of the cold finger is created by electro 
spark machining. The cost for these plates is now 7050 SEK when the plate is made of Kovar. 
The manufacturer have recently purchased a new electro spark machine which will make the 
machining much easier which in turn will lead to a decrease in the cost of this part. The 
approximated new price is 3500 SEK. 
 
Price comparison: 
The assembling procedure is almost the same when the fixture respectively the triangular 
shaped cold finger plate is used. Therefore the cost of the assembling will be assumed to be 
the same. 
The cost of the electro spark machining is the difference between the price of the old and new 
design of the cold finger. 
 

• The total price for one fixture is approximately 11050 SEK.  
• The total price for one triangular plate is 3500 SEK.  

 
When only four detectors have been assembled the investment of the fixture has already been 
returned compared to the plate with the guides. 
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4 Noise 
The noise that can be seen in the picture as fast fluctuations that occur in different areas, is 
here called flicker. The pace of these fluctuations is linked to the frequency of the Stirling 
micro cooler. The reason for this noise and in what way the cooler affects the picture is not 
known but there are a lot of different theories. A few of theses theories will be studied further 
in the coming chapters. 
The theories that will be investigated in this thesis are how the variations in the gas pressure 
within the cold finger affects its dimensions, primarily in the length direction and how the 
vibrations of the cold finger induced by the Stirling micro cooler will affect the detector. 
 

4.1 Integrated Components in the Flicker Study 
The Stirling micro cooler used, in the scope of this thesis, has Helium as cooling medium. The 
working procedure of the Stirling micro cooler, seen in Figure 1, can be sketched out as 
follows: 

• The gas is compressed isothermally with the help of a piston in the warm cylinder. 
• The gas passes through a regenerator and is cooled by this, while the volume of the 

gas is held constant. 
• The gas is allowed to expand isothermally in the cold cylinder by the pistons 

movement, at which heat is taken from the cold finger.  
• The gas passes through and is now warmed by the regenerator on its way back to the 

warm cylinder. At the same time the regenerator is cooled by the gas and therefore a 
thermal steady state can be preserved.  

 
This process gives rise to a Stirling cycle, here represented in pV- and TS-diagrams, i.e. 
diagrams of the pressure versus the volume respectively the temperature versus the entropy. 
 

 
    pV-diagram TS-diagram 

 
 
 
 
 
 

1

3

2

4

p 

V 

T 

 

1

3

2

4



 44

The different steps the gas goes through in the idealized Stirling micro cooler, shown in the 
pV- and TS-diagrams can be described as: 
 
Process 1-2: Isothermal compression 
The gas is isothermally compressed in the hot cylinder with the help of the piston and heat is 
exchanged to the surroundings in such a rate that is needed to keep a constant gas 
temperature. 
 
Process 2-3: Cooling at constant volume 
The gas passes through the regenerator and is cooled by this. The compression of the gas in 
the warm cylinder still continues while the expansion of the gas in the cold cylinder starts and 
therefore the volume will be held constant. 
 
Process 3-4: Isothermal expansion 
The gas in the cold cylinder is allowed to expand isothermally by the movement of the piston 
and the gas now absorbs the heat from the cold finger. 
 
Process 4-1: Regeneration 
The gas passes through the regenerator again and is heated by it on its way back to the warm 
cylinder. The expansion in the warm cylinder continues as the compression in the cold 
cylinder starts, in this way the gas volume will be held constant. 
 

4.2 Changes in the IDCA 
Since a few years back an increase of the number of cameras having flicker has been seen. 
Therefore a study has been done of all the changes made within the integrated dewar cooler 
assembly since several years back. This has been done by studying all the change orders 
concerning this assembly. There is only one change of all these that now is considered to be 
able to affect the flicker and that is a change of the design of the cold finger plate. 
 
The old design of the cold finger plate had a circular hole in the middle as seen in Figure 48. 
In the new design this hole was taken away, as seen in Figure 49. This was done in order to 
get a good thermal connection to the detector. Tests had shown that the hole worked as a 
thermal insulator between the cold finger and the detector circuit board, this resulted in a 
temperature gradient of approximately 4 K. Because of this the Stirling micro cooler had to 
work harder to cool the detector sufficiently. When the hole was taken away this temperature 
gradient decreased significantly. 
 
When the old design of the cold finger plate was used the detector circuit board was glued to 
the three edges of the plate, this can be seen in Figure 48 where these three areas are shown in 
darker gray. 
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Figure 48. Illustration of the areas used for gluing the detector to the plate. 

 
When the new design of the cold finger plate is used the glue is applied on the circular surface 
in the centre of the plate, as seen in Figure 49. 
 
 

 
Figure 49. Illustration of the area used for gluing the detector to the plate. 

 
These differences in design will be taken under consideration during the following 
simulations. 
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4.3 Calculations and simulations 
In this chapter some calculations and simulations will be done concerning the possibilities that 
the noise in the detector is caused by the variations in the gas pressure in the cold finger or the 
vibrations of the cold finger caused by the Stirling micro cooler. 

4.3.1 Influences on the Detector Caused by Gas Pressure Variations 

4.3.1.1 Theoretical Calculations 
When the gas is pressed back and forth in the Stirling micro cooler it will exercise a pressure 
inside the cold finger. This pressure will give rise to changes in the geometry of the cold 
finger. In particular are the deformations in the detector of interest. 
To investigate the changes in the geometry of the cold finger caused by the pressure it will be 
approximated with a thin walled cylindrical pressure vessel. This can be done since the 
average radius, a, of the cold finger is much larger than the thickness, h, of its walls (a is 
4.5625 mm and h is 0.125 mm). The pressure, p, inside the cold finger is assumed to be 
uniform over the inside of the cold finger. The definition of the dimensions used and the 
pressure is sketched out in Figure 50. The theory concerning the effects by pressure in a 
closed cylindrical vessel has been studied in reference [3].  

 
Figure 50. Sketch over the thin walled vessel that the cold finger is approximated with 

 
A cut is made perpendicular to the lengthwise direction of the cold finger and the stress inside 
the cold finger is introduced as shown in Figure 51.  

 
Figure 51. The normal and shear stresses in the cold finger 
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The pressure from the gas is acting on the gable, which has a radius of 2ha − . Since the 
thickness of the wall is much less than the average radius of the cold finger the radius of the 
gable, on with the pressure is acting, will be approximated with a, i.e. the average radius. 
 
The momentum equilibrium equation about the centre of the cold finger is given by: 
 
x: 02 =⋅ aahz πτ ϕ                   ( 6 ) 

0=ϕτ z                    ( 7 ) 
 
The force equilibrium equation in the lengthwise direction of the cold finger can be stated, 
with the same approximation as above, as: 
 
       : 02 2 =−⋅ apahz ππσ                   ( 8 ) 

h
pa

z 2
=σ                    ( 9 ) 

 
The force equilibrium equation in the vertical direction is given by: 
 
   : 022 =− paLhLϕσ                 ( 10 ) 

h
pa

=ϕσ                  ( 11 ) 

 
There is no pressure on the outer envelop surface of the cold finger and the pressure on the 
inner envelop surface in the radial direction is p, i.e. the radial stress lies within the interval     
p ≤ σr ≤ 0. 
 
The radial stress, σr, is so small compared to σz and σϕ that it will be approximated as σr ≈ 0. 
 
This gives the stresses on the cold finger as: 
 

0=rσ                  ( 12 ) 

h
pa

z 2
=σ                  ( 13 ) 

h
pa

=ϕσ                  ( 14 ) 

 
The strain given by Hooke’s law is as follows: 
 

( )zrr E
νσνσσε ϕ −−=

1                 ( 15 ) 

( )zrE
νσνσσε ϕϕ −−=

1                 ( 16 ) 

( )ϕνσνσσε −−= rzz E
1                 ( 17 ) 
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Hooke’s law together with equations (12) through (14) gives the strain on the cold finger in 
the length direction: 

( ) 





 −=






 −=−= νννσσε ϕ 2

1
2

11
Eh
pa

h
pa

h
pa

EE zz               ( 18 ) 

 
The change in the length of the cold finger, δ, is given by: 
 

δ = εL0                 ( 19 ) 
 
The gas pressure in the studied Stirling micro cooler, when turned of and at ambient 
temperature, is approximately 40 bar (1 bar = 105 Pa). The gas pressure is estimated to vary 
between approximately 22 bar and 49 bar while the cooler is running and a temperature of 
about 70 K on the detector have been reached and is being held constant. 
 
The average radius, a, is 4.5625 mm, the wall thickness, h, 0.125 mm and the length of the 
cold finger is 58.9 mm. The Young’s modulus and Poisson ratio used in these calculations for 
Ti6Al4, which the cold finger is made of, is approximated with 105 GPa respectively 0.3. [14] 
 
The stress on the cold finger in the length direction varies between 40.15 MPa and 89.43 
MPa, calculated according to equation (13). The strain, also calculated in the length direction 
varies between 153⋅10-6 and 341⋅10-6. This leads, according to equation (19), to a pulsation in 
the length direction of almost 11.1 µm, since the cold finger is elongated due to the pressure 
with at minimum 9.0 µm and at maximum 20.1 µm. 
 

4.3.1.2 Simulations 
Simulations of the effects on the cold finger by the gas pressure have been done with the help 
of the simulation program ANSYS. ANSYS is a simulation program that uses finite element 
methods (FEM). [24] 
A simulation was set up with a model of the cold finger and the pressure inside was varied 
between 22 and 49 bar, as in the calculations in chapter 4.3.1.1. Figure 52 shows the cold 
finger when no pressure exists, to the left, and to the right is the directional deformation of the 
cold finger shown in its length direction at a gas pressure of 22 bar. The baffle is also included 
in the simulations but is hidden from view so that the detector can be studied.     

     
Figure 52. Directional deformation of the cold finger in the length direction. 
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The simulations gave that the cold finger will be elongated between approximately 7.7 µm 
and 17.2 µm at the respectively minimum and maximum gas pressure, which gives a variation 
of 9.5 µm. This is a little less than the theoretically calculated variation, which can be 
expected since the cold finger has a thicker base in the ANSYS simulations, as can be seen in 
Figure 52, which is more accurate to what the cold finger really looks like. 
 
The total deformation of the detector surface was also studied during this pressure variation to 
see if any specific deformation pattern arose due to the pressure variations. As the pressure 
changes within the cold finger it deforms, as shown in Figure 53 where the total deformation 
is displayed when the pressure is 22 bar respectively 49 bar. The diameter as well as the 
length of the cold finger changes.  
 

  
Figure 53. The total deformation of the cold finger as the pressure is 22 bar respectively 49 bar. 

   
The detector moves up and down as a rigid body, no matter which of the two existing versions 
of cold finger plates that were used. The total deformation of the detector when the pressure 
varies from 22 bar up to 49 bar and then down to 22 bar again can be seen in Figure 54. The 
displacement of the detector varies between 7.7 µm (shown as blue) and 17.2 µm (shown as 
red). 
 

 
Figure 54. The total deformation of the detector. 

 
The weight of the baffle will exercise a force on the detector circuit board that will affect the 
detector. This effect is almost constant as the pressure varies and therefore the movements of 
the detector will be seen as a rigid body as stated above. The deformation of the detector, by 
the baffle, at the gas pressures of 22 bar and 49 bar can be seen in Figure 55. 
 

   
Figure 55. The directional deformation of the detector during the pressure pulsation. 
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4.3.2  Influences on the Detector Caused by Vibrations  
As the cold finger vibrates due to the Stirling micro cooler the baffle will exert a force on the 
detector circuit board. Some simulations will be done to verify if this force can affect the 
detector circuit board in such a way that the detector will show the characteristic flicker 
pattern. 
 
A measurement of the acceleration of the detector has been done to give an indication on how 
big the forces on the detector circuit board can be while the IR-camera is running. A small 
accelerometer was glued upside down on the detector surface, as seen in Figure 56. The 
measurement shows that the acceleration is less than 4 m/s2 in all directions. 

 
Figure 56. The accelerometer glued to the detector. 

 
Several different force vectors have been applied on the detector in the simulations but no 
pattern similar to that of the flicker has been seen. The simulations can not refute the 
hypothesis that it is the vibration of the cold finger that causes the flicker, because the 
simulations showed that the vibration will cause the detector to be exposed to induced strains 
and stresses. Even though the pattern of the flicker has not been seen in the simulations other 
patterns can be seen and it is possible that with the exact right force vector the characteristic 
flicker pattern would arise.  
 
For example alternating forces in the x and y directions, of 7.5 mN, have been tested. This 
will, in this example, give rise to a circular movement of the cold finger. The sequence of the 
deformation of the detector in the length direction of the cold finger can be seen in Figure 57 
as the force shifts. 

 
Figure 57. Directional deformation of the detector. 

Accelerometer 
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5 Analysis 
In this chapter an analysis will be done for the two parts of the thesis project, the Production 
Method and the Noise. 

5.1 Analysis of the Production Method 
Two concepts have been designed for different ways of positioning the detector, one with the 
use of a microscope and one with the use of an external fixture.  
The concept in which the positioning is done with the help of a microscope would result in the 
best accuracy of the detector position of the two concepts. This concept is the most 
complicated of the two to use, design and manufacture and would also be more expensive.  
A prototype of the second concept, i.e. the fixture, has been manufactured. The designed 
prototype works well and has been well received by the assemblers that used it.  
One test where a detector has been glued to a cold finger and positioned with the help of the 
fixture has been done. This test showed that the detector circuit board, after the curing of the 
epoxy, lied rotationally correct but with an offset from the nominal position compared to the 
centre of the cold finger. These offsets were 20 µm and 14 µm in the x- respectively y-
directions. 
No measurements have been done on detectors that have been positioned with the help of the 
specially designed guides on the top plate of the cold finger that is used today. Therefore it is 
hard to tell how the positioning with the help of the fixture is compared to the positioning by 
the plate. The guides on the top plate have a positional tolerance of 0.04 mm. Old photographs 
of detectors show that the detector is not always in contact with the guides, therefore the 
positional tolerance of the guides can not be compared directly to the offset of the detector 
positioned with the fixture. The design and/or material and the adjustment of the fixture can 
be optimized and would lead to an even better accuracy of the positioning of the detector. 
The evaluation of the cost aspects showed that the investment of a fixture such as the 
prototype would be returned, compared to the plate with the guides, after only four assembled 
detectors.  

5.2 Analysis of the Noise 
The simulations and calculations concerning the pressure pulsations in the cold finger show 
that this will cause the body of the cold finger to vary in width and length. The variation in the 
length of the cold finger will cause the detector to move up and down. The total difference in 
length as the pressure pulsates was calculated to be 11.1 µm and simulated, with the help of 
ANSYS, to be 9.5 µm. The simulation is likely to give the most accurate value since this was 
performed on a cold finger with a shape more similar to what it really looks like. 
The detector moves up and down as a rigid body, no matter which of the two existing versions 
of cold finger plates that were used. 
 
The simulations of the vibrations of the cold finger caused by the Stirling micro cooler show 
that the vibration will cause the detector to be exposed to induced strains and stresses. Several 
different force vectors have been applied on the detector but no pattern similar to that of the 
flicker has been seen. Even though the characteristic pattern of the flicker has not been seen in 
the simulations other patterns can be seen. It is possible that with the exact right force vector 
the characteristic flicker pattern would arise. This simulation can therefore not refute the 
hypothesis that it is the vibration of the cold finger that causes the flicker in the picture. 
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6 Recommendations for Further Work 
This chapter will give recommendations for further work that can be done concerning the 
production method and noise. 
 

6.1 Recommendations – Production Method 
• More tests should be done to verify the accuracy of the positioning of the detector 

circuit board with the help of the fixture. 
• Measurements of the position of the detector circuit board positioned with the guides 

on the top plate should be done in order to be able to compare this to the results of the 
positioning with the help of the fixture. 

• A prototype of Concept 1, i.e. the microscope alternative should be manufactured. 
This prototype should be tested and evaluated concerning the function and price 
aspects compared to the fixture and the plate used to position the detector circuit board 
today.  

• Some tests ought to be done to verify the thermal simulations made with the help of 
the simulation program COMSOL Multiphysics, on the cooling of the baffle with and 
without the guides. 

• The proposed adhesive films in Appendix 7 should be verified and validated. 
 
Changes and improvements of the fixture: 

• To be sure that the cutout in the base of the cold finger goes around the pin in the base 
of the fixture, that control the rotation of the cold finger, a cutout in the spring clip 
should be made so that the pin and base can be seen. 

• The transition between the surfaces, with different heights, on the base part of the 
fixture should be made smoother in order to make the insertion of the cold finger 
easier. 

• Make two shallow rounded holes, approximately 2 mm deep, underneath the fork 
shaped spring clip to keep it in a stable position.  

• Use a stronger extension spring for the spring clip, for example the spring SF-DF 3365 
from Lesjöfors or instead of a spring use a Destaco clamp to lock the base of the cold 
finger in place. 

• To minimize the effects caused by the thermal expansion, the fixture could be made of 
another material with a smaller thermal expansion coefficient or the front part of the 
fixture could be redesigned so that the top is much shorter and will therefore expand 
less. 

• Make a higher surface in front of the V-shaped cutout in the base of the fixture so that 
the cold finger can rest on this as well as the two surfaces on the sides of the cutout. 
This would make the cold finger more stable.  

• The edges between the guiding surfaces and the top surface on the front part should be 
sharp. This is so that the detector circuit board can not easily glide up over the edge. 
No notice of this was done in the drawings of this prototype and therefore all the edges 
of the fixture have a small radius. 

6.2 Recommendations – Noise 
Further investigations should be done concerning the noise in the picture. The cause of this 
noise could come from vibrations, temperature changes and thermoelectrical effects, induced 
stresses, an optical phenomenon within the dewar, microphoni, piezoelectric effects etc.  



 54

 
 
 
 
 



 55

7 References 
 
1. Monica Lööw. (1999). Att leda och arbeta i projekt. Liber Ekonomi Upplaga 1:1 ISBN 

91-47-04459-4 
2. Ranger HRC Operator’s manual. FLIR. Publ. No. TM_611 338 745 Rev. B. English 

(EN). March 22. 2007 
3. Hans Lundh. (2000). Grundläggande hållfasthetslära. ISBN 91-972860-2-8 
4. Sören Andersson. (2005). Systemutveckling Funktionsprinciper, mekaniska komponenter 

och gränssnitt. KTH Maskinkonstruktion Kungliga Tekniska Högskolan Stockholm 2005 
 
 
Websites: 
5. http://phx.corporate-ir.net/phoenix.zhtml?c=95372&p=irol-irhome, 2008-02-19 
6. http://www.flirthermography.com/about/, 2008-02-19 
7. http://www.flirthermography.com/about/how_infrared_cameras.asp, 2008-02-19 
8. http://www.flirthermography.com/about/why_ir.asp, 2008-02-19 
9. http://www.flirthermography.com/about/ir_history.asp, 2008-02-19  
10. http://infraredregistry.com/infraredovertime.php, 2008-02-20 
11. http://en.wikipedia.org/wiki/Thermographic_camera, 2007-11-15 
12. http://www.acreo.se/templates/Page____226.aspx, 2007-11-15 
13. http://www.qwip.se/, 2007-11-15  
14. http://www.ceramtec.com/pdf/5thSymp-1-11.pdf, 2008-02-13 
15. http://www.engineershandbook.com/Tables/frictioncoefficients.htm, 2008-01-14 
16. http://catalog.lesjoforsab.com/catalog/stockspring/1/064-72.pdf, 2008-03-17 
17. http://www.techfilm.com/faq.html, 2008-04-04 
 
 
Pictures: 
18. http://www.flir.com/SE/   2008-02-20 
19. http://www.flirthermography.com/sweden/about/  2008-02-20 
20. http://www.ricor.com/_Uploads/116SofradirK548.pdf 2008-02-25 
21. http://www.optiforms.com/3000products/3200coldSHIELDS.html   2008-02-26 
22. http://www.edmundoptics.com/onlinecatalog, 2008-03-17 
23. http://www.sanouchuck.com/sanou/82-k11.asp, 2008-03-27 
 
 
Programs: 
24. ANSYS Workbench 11.0. Build Date: 01/12/2007 03:08:09. ANSYS, Inc.  
25. SolidWorks 2006 SP4.1. SolidWorks Corporation 
26. COMSOL Multiphysics, version 3.4. COMSOL 
 
 
 
 
 
 
 
 
 



 56

 
 
 
 
 



 57

Appendix 1 Gantt chart 
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Appendix 2 Subsolutions 
 
Microscopy: 
The detector circuit board is looked at through a microscope. It is positioned with the help of 
marks that are on the circuit board together with a reticle with a crossline in the eyepiece. 
 
Cameras: 
The detector is zoomed in and looked at by a camera and the image is displayed on a 
computer screen. The detector can then be positioned with the help of a reticle with a 
crossline as in the microscopy idea or the position in the image can be calculated and 
displayed as a mark or a crossline on the screen.  
 
Sensors: 
There are different types of sensors that can be used to determine the position of the detector, 
inductive, capacitive, mechanical or optical sensors. 
 
Dial Indicators: 
Dial indicators are instruments that are used to measure small distances. The detector circuit 
board can be placed between two dial indicators and two screws, as seen in the sketch in 
Figure 58. The detector can be pushed into the correct position with the help of the screws as 
the position in the two axes is read on the displays of the dial indicators. 
 

 
Figure 58. Positioning with the help of dial indicators. 

 
 
Fixture: 
An external mechanical fixture is used, by which the detector circuit board is positioned.  
 
Laser: 
Laser beams are used to detect the position of the detector. 
 
Two Component Epoxy: 
The detector is connected to the cold finger with the help of a two component epoxy. This is 
the method used today. 
 
 
 
 
 



 59

Clothes Peg: 
The detector circuit board is held in place with the help of a clip. The clip has a similar 
construction as a clothes peg with a spring that presses it together. The clip is shaped as a 
rounded Y so that it fits around the cold finger under the plate, on which the detector is 
placed, and so that it does not get in the way of the detector surface. A sketch of the Clothes 
Peg idea can be seen in Figure 59. 

 
Figure 59. Sketch of the Clothes Peg idea. 

 
 
Snap Fastening: 
The detector is fastened on the cold finger with the help of snap fasteners. 
 
Spring Clip:  
The detector circuit board is attached to the cold finger with the help of a spring clip that has a 
similar construction to a paper clip but with a u-shape as to fit around the cold finger and 
detector. A model of the Spring Clip idea can be seen in Figure 60. 

 
Figure 60. Model of the Spring Clip idea. 

 
UV-glue: 
UV-glue is quickly cured with the help of UV-light and can therefore be cured while the 
detector is held in place in a stationary fixture and does not have to be moved to an oven to 
cure. 
 
Fast Curing Glue: 
The epoxy used today is still used in this idea for the fastening of the detector circuit board to 
the cold finger but it is held in place during the curing process of this epoxy by another kind 
of glue that cures much faster and can later be removed so that it will not in any way 
contaminate the dewar. 
 
Glue Film: 
To make it easier to assemble the detector so that it lies flat on the cold finger a pre prepared 
film of glue can be used. 
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Washer on Circuit Board: 
The washer is a ring that is used to position the baffle within. The washer is glued on the 
detector circuit board and the baffle is glued to the washer. If the baffle has to be taken of 
there will be less risk of harming the circuit board since the baffle will not be glued to this.  
The washer is placed on top of the circuit board. 
 
Washer under Circuit Board: 
The washer is placed under the circuit board but with cutouts so that it will stick up over the 
edge so that the baffle can be placed within the washer. 
 
Baffle Directly on Circuit Board: 
There will be no washer and the baffle is placed directly on the circuit board. 
 
Chuck: 
The cold finger is positioned with the help of a chuck that will make sure that it always will 
be centred. An example of such a chuck is shown in Figure 61. 
 

 
Figure 61. Picture of a chuck. [23] 

 
Precision Hole: 
The cold finger base is positioned by being placed in a hole with very narrow tolerances. 
 
V-wedge: 
The cold finger base is positioned with the help of a V-shaped contour so the diameter of the 
cold finger tangents the contour at two points and is then held in place by establishing 
pressure at a third point as shown in the sketch in Figure 62. 

 
Figure 62. Sketch of the cold finger base in the V-shaped cutout. 
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Support Fixture with Spring: 
The detector will be held in place during the curing of the glue with the help of a spring 
design as sketched out in Figure 63. 

 
Figure 63. Sketch of the fixture that can hold the detector in place. 

 
Support Fixture, Three Points: 
The three guides from the plate of the solution used today are moved out to an external fixture 
but will be used to position the detector in the same way. A sketch of the Three Points Fixture 
idea can be seen in Figure 64. 

 
Figure 64. Sketch of the fixture that can position the detector circuit board. 

 
Fixture plate: 
The positioning of the detector will be done on a plate with two towers as guides for the 
detector. When the detector has been placed in the right position it is held in place by a pin 
that presses against it. The cold finger is placed in a fixture and the plate with the detector is 
turned and placed on top of the cold finger by letting the plate be steered by the three pins 
coming out from the base of the fixture, see Figure 65. 

 
Figure 65. Sketch of the fixture that uses a plate to orient the detector. 

Guides 



 62

Appendix 3 Concept ideas 
 
Concept 1 – Microscopy / Cameras + Chuck / Precision hole 
The two subsolutions, microscopy and cameras are for now combined into one idea because 
the same principal positioning method of the detector is used. The only difference is the way 
of observing the detector, through a microscope or via a camera. 
The cold finger could be placed in a precision hole or a chuck similar to that shown as an 
example in Figure 61, which gives a good centring of the cold finger.  
The positioning of the detector on top of the cold finger is done with the help of an arm that 
holds the detector in one end and is attached to a positioning board in the other. The detector 
is then positioned by a xy-stage with which the detector can be linearly moved and the rotary 
positioning stage with which the rotation of the detector is adjusted. Examples of such 
positioning stages are shown in Figure 66. To find the right position of the detector circuit 
board a reticle with a crossline in the microscope eyepiece respectively in the camera can be 
used and positioned over a mark on the detector circuit board. A model showing how this 
concept could be designed is shown in Figure 67. The cold finger is placed in the chuck, on 
the right in the figure, and the detector is positioned with the positioning arm that is moved 
with the help of the positioning stages. 

          
Figure 66. Pictures of examples of a xy-stage and a rotary positioning stage. [22] 

 
 

 
Figure 67. Model over a chuck and xy-stage together with the positioning arm. 
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Concept 2 – Dial Indicators + Precision Hole + Support Fixture / Spring 
The second concept proposal is a combination of dial indicators to position the detector on the 
top of the cold finger and a fixture to hold it in place while the epoxy is curing. 
The cold finger is placed in the precision hole on the so called support fixture. This whole 
fixture is then pushed into position between the screws and dial indicators as shown in Figure 
68. The detector is adjusted into the right position by pushing it with the help of the two 
screws and its position is read and controlled by the dial indicators at the opposite sides from 
the screws. This will position the detector right in the x and y directions but it is harder to 
control the rotation of the detector. When the detector has been positioned the three edged 
holder on the support fixture is lowered and it will keep the detector in place and pressed 
down against the cold finger with the help of the force of a compression spring that is 
positioned between the three edged plate and the top of the support fixture. The support 
fixture and cold finger with the detector can now be moved without risking that the detector 
position will shift. 
 
 

 
Figure 68. Model over Concept 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Support Fixture 

Dial Indicators 
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Concept 3 – Fixture + V-wedge + Support Fixture / Three point 
The third concept is based on the same idea as the solution that is used today, with three 
specially designed guides, but in this case the guides will be on an outer fixture instead of 
directly positioned on the top of the cold finger. 
While the back part (the left side of the fixture in Figure 69 below) is opened the cold finger is 
pushed into the V-shaped cutout in the base of the fixture, this will position the cold finger in 
the right distance to the two guides in the front and in the right hight as the cold finger also 
rests on the top surfase of the base of the fixture. The cylindrical pin between the two front 
guides will go into a cutout in the base of the cold finger and in this way keep it rotationally 
right. When the cold finger is in place the back part of the fixture is closed and this will press 
against the base of the cold finger so that it is always held in place. The detector can then be 
placed on the cold finger and positioned with the help of the two front guides in the same way 
as today. 

 
Figure 69. Model over Concept 3. 

 
Concept 4 – Fixture + V-wedge + Support Fixture / Three Point 
In this concept the detector will be positioned in the same way as in the previous concept, i.e. 
with the help of the two guides as seen in Figure 70. The detector will be held in place by a 
spring loaded hook that is closed when the detector is in the right position. The positioning of 
the cold finger base is made with the help of a V-shaped cutout in the base of the fixture. 

 
Figure 70. Model over Concept 4. 

Back 

Guides 

Guides 
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Concept 5 – Fixture + Chuck + Fixture plate 
In this concept the cold finger is placed in the base fixture that is a chuck. The chuck makes 
sure that the cold fingers always are centred independently of the variation in their diameters. 
The cutout in the base plate of the cold finger is placed round the pin on the chuck and this 
holds the cold finger rotationally in the right position. The top plate of the fixture can be 
separated from the rest of the fixture as seen in Figure 71. On the lower surface of the top 
plate there are two triangular towers that the detector is positioned after and when the detector 
is in the right position it will be held in place with a pin that is pressed against it with the help 
of a spring load. The top plate is then turned over and fitted to the three pins, coming out of 
the base of the fixture and pushed down on top of the cold finger. 
 

 
Figure 71. Model over Concept 5. 
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Appendix 4 Concept Scoring Matrix  
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Appendix 5 Brainstorming Session, Concept 1 
The notes taken at the brainstorming session concerning the further development of concept 1 
are stated here. 
 

• Continue to use the epoxy in liquid form. Start with rubbing the detector onto the cold 
finger and then move the assembly to the fixture under the microscope. 

• Position the cold finger base by its diameter and the cutout in the base. 
• The cold finger base should be held fixed in place compared to the microscope. 
• The surface of the QWIP FPA should never be touched at any time during the 

positioning procedure. 
• The detector circuit board could be moved by having two holes in it that external pins 

go through that are connected to a positioning device that allow adjustments in the x- 
and y- directions and also rotational.  

• The detector circuit board could be moved by letting very sharp pins go down and 
press against the ceramics. The sharp pins are connected to a positioning device that 
allow adjustments in the x- and y- directions and rotationally. 

• The detector circuit board could be gripped around by a device similar to a collimator 
but can only be approximately 270 degrees to ensure that the bonding pads will not be 
touched.  

• Make a rough adjustment first so that it is easier to localize where on the detector 
circuit board one are looking when using the highly magnifying microscope. This can 
be done through the microscope with a less magnifying objective or with a mechanical 
construction. 

• The crossline in the reticle does not have to be over a butterfly mark, any other 
distinctive line or mark can be used on the ROIC since these are positioned with very 
narrow tolerances to the position of the butterfly marks. 

• Let the cold finger be adjustable and use a computer to calculate and have control over 
its position. Keep the detector circuit board in a fixed place and let the computer 
calculate the position of the butterfly marks on the ROIC. The computer can then 
calculate where and how the cold finger should be moved so that it is in the right 
position. The detector circuit board or the cold finger then has to be moved down or up 
and a force needs to be applied to get the glue to stick. 

• Use a spring clip to hold the cold finger in place and in a fix position compared to the 
microscope. 

• The baffle could be positioned with the help of the orientation mark on its outside wall 
by looking at it with some kind of magnifying device, for instance a microscope or a 
magnifying glass. 

• It would be good to be able to control that the detector circuit board lies horizontally 
flat on the top plate. For example by moving the microscope over it and see if the 
sharpness in the picture, i.e. the focus, is the same. 
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Appendix 6 Results from the temperature simulations 
The temperature distribution through the middle of the wall of the baffle, from the bottom to 
the top, is given by the diagrams in Figure 72 to Figure 76. 
 

 
Figure 72. Temperature distribution in the baffle for the simulation – Contact with guides only. 

 

 
Figure 73. Temperature distribution in the baffle for – Contact with guides and detector circuit board. 
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Figure 74. Temperature distribution in the baffle for – Contact with the detector circuit board only. 

 

 
Figure 75. Temperature distribution in the baffle for – Contact with the detector circuit board only, no ring. 

 

 
Figure 76. Temperature distribution in the baffle for – Contact with the detector circuit board and ring. 
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Appendix 7 Adhesive Film 
A question has been raised concerning what type of glue that should be used when the 
detector circuit board is assembled onto the cold finger plate, epoxy in liquid form or an 
epoxy film. The advantages of using an adhesive film instead of glue in liquid form are that 
air bubbles can be avoided and the area and thickness of the glue can be more controlled.  
A two component liquid Epoxy that is thermal conductive and electrical insulating is used 
today. A search for an equivalent adhesive film has been done which lead to two samples of 
thermally conductive films from TechFilm called T2781 and TF0040-63. 
TechFilm T2781F is a high performance, highly thermally conductive and electrically 
insulating adhesive film. It features high thermal conductivity and good adhesion to various 
substrates.  It also features good chemical, heat and moisture resistance.   
These films are thermoset adhesives which mean that once they have cured they are 
irreversible and will not reflow. The films are B-Staged adhesives which mean that they are 
partially cured to a uniform thickness. The curing is initiated by heat. 
The films can be applied by hand and are usually supplied with a release liner on each side. 
To apply the film one of the release liners is removed and the film is placed on the component 
and then the release liner on the other side is removed and the second component is placed on 
top. After the components have been put together a pressure must be applied on the assembly 
to enable the film to stick to the components. The needed magnitude of the pressure varies 
between different applications and thicknesses of the used film adhesive. In general will the 
force have to be in the range of 1500 Pa to 35000 Pa. [17] 
 
The thermal conductivity is a measure of how well a material can transfer heat. The thermal 
conductivity, k, with a unit of W/(mK) can be calculated as: 
 

T
d

At
Qk

∆
⋅⋅

∆
∆

=
1                             ( 20 ) 

 

where 
t
Q

∆
∆  is the rate of heat flow, A the area of the contacting surfaces, d the thickness and 

∆T the temperature difference of the two contacting surfaces. 
 
The thermal conductivity of the TechFilm T2781 is 2.63 W/(mK) which can be compared to 
the 12 W/(mK) of the Kovar that the cold finger plate is made of. Even though the film is a 
thermal conductive adhesive it will work as a thermal insulator between the cold finger and 
the detector circuit board. It is therefore important to use as thin film as possible.  
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Appendix 8 Drawings 
The following pages show the assembly drawing of the fixture and the drawings of the 
integral parts. 
 
The order of the drawings is: 

• Assembly drawing of the fixture 
• The Base Part 
• The Front Part 
• The Back Part 
• The Spring Plunger Holder 
• The Spring Fork 
• The Washer 
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