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Ideal Scenario
with perfect TCC
at every
interface
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Actual T=358.5K
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Using TCC at
every interface

B

A: Steady-State Thermal
Temperature_All_Bodies
Type: Temperature
Unit: K

270;1202010:11 Perfect!
362.85 Max Actual T=358.5K

354.52
346.19
337.87
320.54
321.21
312.88
304.56
206.23
295 Min

||
||
O
| |
|
||
|

0.100(m)

0.025 0.075

\\

diamond




SETUP

MATLAB PROGRAMMED CODE ————

FOR PLOTING TEMPERATURE
MEASUREMENTS
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CARTRIDGE HEATER
ALUMINIUM BLOCK
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INDIUM FOIL
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Analysis

e Analysis of the Thermal Contact Conductance (TCC) in every case
e Temperature comparison using different Power Inputs (100W, 150W & 200W)

e Temperature comparison using different fluids at the interface between the cartridge heater
and the aluminium block and between the latter and the silicon crystal (Oil, Thermal Paste and
Bear Surfaces)

e Effect of the flow rate on the temperatures (Pump speed 3[21/min] and 5[201/min])

e Measurement of the temperature Drop across 7mm of the top surface of the silicon crystal

e Temperature measurement at the front surface of the silicon crystal near the copper manifold
e Temperature measurement along the length of the Cartridge Heater

e [Effect of the insulation with different Input Power (100W, 150W & 200W)

e Effect of clamping pressure on the TCC (15, 30, 45, 60, 75, 90N)

e (Calculationief power loss by convection and radiation in every case
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Temperature Along the Silicon Surface 45N
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Temperature Along the Silicon Surface 45N

No Insulation
Thermal Paste Re-applied
No Oil Silicon-Aluminium Block

PT100 Sensors

==m==Analysis at 100W 3D Clamps,
No Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
38

=@=Analysis at 100W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 41

==m==Analysis at 150W 3D Clamps,
No Insulation, No Qil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
39

=@==Analysis at 150W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 42

==m==Analysis at 200W 3D Clamps,
No Insulation, No Qil Aluminium-
Silicon, Re-applied Thermal
Paste on Heater Interface, Test
40

=@=Analysis at 200W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 43



Aluminium Block Temperature 45N
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Temperature (K)
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Aluminium Block Temperature 45N

364.5K
358.5K
200W
345.6K
339.7K 1342.1K
| |
s ﬂSK
332.3K,
No Insulation 150W 327 .9K

Thermal Paste Re-applied

354.4

349.4K*"

No Oil Silicon-Aluminium " 325.9K
Block
318.8K 318.6K
o
—
1 7k= 317.2K
100W 313.2K
"312.2K
0.5 1 1.5 2 2.5 3

PT100 Sensors

=m==Analysis at 100W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 38

=@=Analysis at 100W 3D Clamps,
With Insulation, No Qil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 41

=m==Analysis at 150W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 39

=& Analysis at 150W 3D Clamps,
With Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 42

=m==Analysis at 200W 3D Clamps,
No Insulation, No Oil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 40

=@=Analysis at 200W 3D Clamps,
With Insulation, No Qil
Aluminium-Silicon, Re-applied
Thermal Paste on Heater
Interface, Test 43



Temperature Along Heater
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Temperatur

Using different fluids at both interfaces

Temperatures Along Silicon Surface 45N

No Insulation

No Insulation

No Oil Heater Interface
Generous Oil Film
Silicon-Aluminium Block

Generous Oil
Film at both
interfaces

> -me-

200W

AN
/

=
T [ ]
()
307.2 306.9
u 306.5 +306.6
3069 1 l 30%25 b3
H T
150W '\ ~ m306.1
306.3 E
305.8
1%
R
303.1:\,g 5
[ ] L
100W 302.8 302.6 302.4
No Insulation No Insulation
Initial Thermal Paste Thermal Paste Re-applied
QOil Silicon-Aluminium No Oil Silicon-Aluminium
Block Block
1 2 3 4 5 6 7 8 9

PT100 Location

A Analysis at 100W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 28

=== Analysis at 100W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 34

<©==Analysis at 100W 3D Clamps, No
Insulation, No Oil at Heater-
Aluminium Interface, Oil
Aluminium-Silicon Test 37

==m= Analysis at 100W 3D Clamps, No
Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 38

A Analysis at 150W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 29

==o==Analysis at 150W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 35

==m== Analysis at 150W 3D Clamps, No
Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 39

A Analysis at 200W 3D Clamps, No
Insulation, Oil, Initial Thermal
Paste on Heater Interface, Test 30

==eo=> Analysis at 200W 3D Clamps, No
Insulation, Generous Oil film at
both interfaces, Test 36

1O—I—Analysis at 200W 3D Clamps, No

Insulation, No Oil Aluminium-
Silicon, Re-applied Thermal Paste
on Heater Interface, Test 40
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Water flow rate comparison
Temperatures Along Silicon Surface 45N

No Insulation

311.4 Generous Oil Film at
311.1 & both interfaces
Pump Speed 3 (2I/min)
309.9
200W 309.6
309.2 25
309 6 6 309 4
V8 4
308 1
307. 5§
306 55

307.1m,
wz

150w 305.55 306 2 305 55 :
305N §

304.5 1
305\§ =

305.2

\/

100W

No Insulation
Generous Oil Film at both

308 31.

T311.2
interfaces L3109
Pump Speed 5 (20l/min)
§308 .9

§3o7.55
L
307.1%
5306.65
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304.2°%,
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~ . 7

L
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Not sure if the pump speed was at 5 for IOOV&\

1 2 3 4 5

PT100 Sensor

O Analysis at 100W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 34,
Pump 3

==m==Analysis at 100W 3D Clamps,
No Insulation, Generous QOil
film at both interfaces, Test 31,
Pump 5?77

O Analysis at 150W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 35,
Pump 3

=m==Analysis at 150W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 32,
Pump 5

O Analysis at 200W 3D Clamps,
No Insulation, Generous QOil
film at both interfaces, Test 36,
Pump 3

=m==Analysis at 200W 3D Clamps,
No Insulation, Generous Oil
film at both interfaces, Test 33,
Pump 5
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Temperature Comparison
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Temperature Drop across 7mm on the top surface of the Crystal

@ Position 2
@ Position 3
@ Position 6
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Temperature Drop Across the 15mm height of the Copper Manifold Footprint
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Temperature Along the Silicon Surface 45N vs 60, 75, 90N
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PT100 Sensors

308.75

% 311.6

309.95

200W

emp= Analysis at [00W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 41

A Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 46

emp= Analysis at ISOW 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 42

A Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 45

A Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
60N, Test 44

e=eomm Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 47

e=omm Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 48

e=mm Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
45N, Test 43

e=omm Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
75N, Test 49

ememm Analysis at I00W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
90N, Test 50

ememm Analysis at ISOW 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
10 90N, Test 51

ememm Analysis at 200W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon, Re-
applied Thermal Paste on Heater Interface,
90N, Test 50



Teemperature (K)
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Temperature Along the Silicon Surface 45N

312.5 Ansys Data
200w 3116
311 3113
) 3105 3104 310.38 310.38 310.4 31055
310.8
310.7 )
310.25
308.75
308
307.2 306.9 306.9
150W 307.3 %
307.05 06.6
305.5
303.56 1034 SNAEE ==
§_; T SUS.55 305.3
303.6
303.25
100W 303.1
302.5
1 2 3 4 5 6 7 8
PT100 Sensors

\

10

== Analysis at 100W 3D Clamps, With
Insulation, No Qil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, Test41

=—o—Analysis at 150W 3D Clamps, With
Insulation, No Qil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, Test 42

o= Analysis at 200W 3D Clamps, With
Insulation, No Qil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, Test 43

O Ansys Data Test 41
© Ansys Data Test 42

© Ansys Data Test 43
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3112
3108
310.4
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Temperature Along the Silicon Surface 90N

310.35

Ansys Data

200W §
308.94

306.2 §‘ ';%%07
150w
302.85 : 302.76
302.2
100W

N

10

=—g=Analysis at 150W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, SON, Test51

o Analysis at 100W 3D Clamps, With
Insulation, No Oil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, 90N, Test 52

== Analysis at 200W 3D Clamps, With
Insulation, No Qil Aluminium-Silicon,
Re-applied Thermal Paste on Heater
Interface, SON, Test 50
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TCC (W/mA2K)
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Applied Force (N)

95

—O—Test 41 With Insulation
Conv & Rad 100W 45N

—m—Test 42 With Insulation
Conv & Rad 150W 45N

—&— Test 43 With Insulation
Conv & Rad 200W 45N

—O—Test 46 With Insulation
Conv & Rad 100W 60N

—HB—Test 45 With Insulation
Conv & Rad 150W 60N

—— Test 44 With Insulation
Conv & Rad 200W 60N

—0O—Test 47 With Insulation
Conv & Rad 100W 75N

—m— Test 48 With Insulation
Conv & Rad 150W 75N

—&— Test 49 With Insulation
Conv & Rad 200W 75N

B Test 51 With Insulation
Conv & Rad 150W 90N

A Test 50 With Insulation
Conv & Rad 200W 90N
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