
Uppsala University

1FA566- 5ECTS

Advanced Physics Project

Thermal Testing
On Silicon Inner Tracker

Prototype

Author:
Mara Corbetta

Student Number:
011193-T226

13th January 2017



Thermal Testing
On Silicon Inner Tracker Prototype Mara Corbetta

Contents

1 Introduction 2

2 Prototype Description 2

3 Glueing Procedure 3

4 Glue Thickness Measurement 4

5 Thermal Testing 5
5.1 Thermal Conductivity . . . . . . . . . . . . . . . . . . . . . . . . . . 5
5.2 Measurements Procedure . . . . . . . . . . . . . . . . . . . . . . . . . 6
5.3 Results Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

6 Conclusion 12

7 References 13

1



Thermal Testing
On Silicon Inner Tracker Prototype Mara Corbetta

1 Introduction

The studies realized for this project fall within the context of the R&D required for
the Inner Tracker of the ATLAS Phase II, foreseeing the installation of advanced
detectors into ATLAS in about ten years. The requirements of Strip Detector for
the Silicon Inner Tracker section mainly regard the radiation hardness of the sensors.
It is in fact expected an integrated luminosity of 3000fb−1, due to high-luminosity
upgrades, which for the most internal layers means a direct exposition to about 200
proton-proton interactions per beam crossing (with 25ns between each of them).
Besides, even if with new technologies it is not necessary for the Silicon sensors to
be cold all the time, it would be fundamental to know more about their behavior
under heat transfer to develop some kind of barriers to prevent moisture diffusion in
other sections of the detector. Whether applicable, this type of sensor would mean
a significant lowering of production costs while maintaining or even enhancing the
performance of the detector.

2 Prototype Description

The first step of the study on Silicon chips prototype was to create samples which
could be subjected to subsequent tests. The aim was then to create single-chip
samples, characterized mainly by three components. On top lays the Silicon sensor
itself, with dimensions 7mm×6mm×0.5mm. Since no electronics was involved, the
support layer was chosen to be a simple copper layer, with dimensions 10mm×20mm.
In between the two, a layer of glue was used to stick them together. In particular,
glue thicknesses were required to be 0µm, 80µm and 120µm, since the latters are
the ones budgeted for actual application.

Figure 1: Silicon sensors samples for thermal studies.
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3 Glueing Procedure

The main aim of the project being the thermal characterization of the glue which
sticks the chip to its support, the feature which was required to be adjustable was
the glue thickness.

Sample were prepared with the tool showed in Figure 2, specially build for this
scope. The C shape allows to lay the copper coated FR4 substrate under the chip,
while the latter is managed through a precise caliber, held by the upper branch.
Both were fixed to their supports with a drop of ordinary weak glue, in way to make
the set up more stable and manageable. The caliber was then used to set the desired
distance between the copper layer and the chip, which then corresponded to the glue
thickness between the two.

Figure 2: Tool used in the glueig procedure, with chip and layer in place.

The type of glue used for the study was the Dymax UV Multi-Cure 6-621 R©, an
adhesive which curing is activated by ultraviolet light exposition and completed by
heating. Once a suitable amount of glue was deposited on the copper layer, the chip
was placed with the caliber on a precise distance from the copper surface. After a
first phase of about 5 minutes curing with an ultraviolet light lamp, suitably built
to fit the tool, the process was completed with a baking phase of about 60 minutes
of exposition to a temperature of 100 ◦C.

The very same procedure has been repeated for all the fifteen samples, with the
three different glue thicknesses set to required values.
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4 Glue Thickness Measurement

Even if the glue thickness was set to the desired values during the glueing procedure,
it is then necessary to check the thickness between the chip and the copper layer
to measure its accurate value. This was done after the baking phase, with the glue
completely cured.

The measurement was realized with an Optical Coordinate Measuring Machine, ca-
pable of resolving dimensions down to about one micrometer. The procedure which
has been followed was to measure the z-coordinate at the four corners of the chip.
Picking a point on the chip and a nearby point on the copper layer, the total thick-
ness was obtained as the difference between the two. This thickness clearly includes
the height of the chip itself, which needs then to be subtracted from the measured
value. Since the chips were cut out from 500µm thick wafers, this value is identical
for all of them.

Once the z-coordinate of each corner was measured, the average value of the four
was calculated to obtain the average thickness of the glue layer. Repeating the pro-
cedure on every same-thickness sample, the final value of the glue thickness has been
taken as the average over the five samples.

As an example, the data for the 80µmChip is here reported, followed by the re-
sults obtained for the three different glue thicknesses. It should be noticed that is
was impossible to realize actual zero-thickness samples, due to the limited precision
of the tool and the presence of some quantity of glue, even if extremely small.

chip z1[µm] z2[µm] z3[µm] z4[µm] zav[µm] zglue[µm] σz[µm]
A 560 580 565 572 569.25 69.25 0.5
B 588 576 585 569 579.50 79.50 0.5
C 583 590 578 578 582.25 82.25 0.5
D 570 575 561 565 567.75 67.75 0.5
E 582 579 558 575 573.50 73.50 0.5

zglue(0µmChip) = 11.65µm

zglue(80µmChip) = 74.45µm

zglue(120µmChip) = 122.50µm

For what concerns measurement uncertainties, the instrument sensitivity was the
main contribution. Being it about 1µm, through error propagation a final total
uncertainty of 0.22µm was obtained.
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5 Thermal Testing

5.1 Thermal Conductivity

To decide the optimum way to proceed with measurements, it is necessary to analyze
from a theoretical point of view the behavior of the system when subjected to heat
transfers.

The aim of the study is in particular to estimate the value of the thermal conductiv-
ity (i.e. heat transfer) of the glue component of the sample. Thermal conductivity
is in general defined as follows:

K =
Q/A

∆T/∆L
=
[ W

K ·m

]
Since the glue is located in between the silicon chip and the copper layer, the tem-
perature difference will be measured considering these two surfaces. It is therefore
necessary to consider both thermal conductivity of the silicon chip, which will be
directly heated, and the one of the glue. We neglect here any contribution from the
interfaces interaction and convection, which give anyway the same contribution for
all samples.

The two thermal conductivities are related as follows:

1

K
=

1

KSi

+
1

Kglue

It can now be considered which is the actual value we expect to have for these
components. The value of KSi is quite well known, and at room temperature is of
the order of ≈ 150W/mK. On the other side, the expected value of Kglue is much
lower, around ≈ 0.05 − 0.1W/mK. There is thus that Kglue � KSi, which makes
negligible the Silicon component in the previous expression.

Another consequence of this inequality regards instead the measured temperature
difference. Considering the thermal conductivity expression of the whole system,
the component ∆T/∆L has to be present for both Silicon and glue.

1

Kglue

=
A

Q
·
(∆TSi

∆LSi

+
∆Tglue
∆Lglue

)
However, the inequality relation between thermal conductivities makes the temper-
ature difference through Silicon negligible:

KSi ∝
∆LSi

∆TSi
� ∆Lglue

∆Tglue
∝ Kglue
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Being the thicknesses of glue and Silicon chip about of the same order of magnitude
(102 µm), it is left that

∆Tglue � ∆TSi

It is then here assumed that the measured temperature difference only regards the
glue heat transfer. It leads to the following expression for the glue thermal conduc-
tivity, which will be used in the subsequent analysis.

1

Kglue

=
A

Q
·
(∆TSi ·∆Lglue + ∆Tglue ·∆LSi

∆LSi ·∆Lglue

)
≈

≈ A

Q
·
(∆Tglue ·∆LSi

∆LSi ·∆Lglue

)
=
A

Q
·
(∆Tglue

∆Lglue

)

5.2 Measurements Procedure

The aim of the measurements was then to obtain the value of the temperature dif-
ference between the Silicon chip and the layer below the glue stratum. To do so, the
experimental set-up was prepared as shown in Figure 3. The copper layer with its
support was fixed to an underlying cooling plate, while the Silicon chip was put in
contact with an electrical resistance.

Figure 3: Experimental set-up for thermal measurements.

The value of the resistance was 100 Ω, and it was biased with a voltage power supply,
tunable in the range 0V − 10V . It was chosen to collect measurements in particular
in the range 0V − 5V , with unitary steps, to get a measurement of the trend of
temperature variation as a function of the heat provided to the system.

The two temperatures T1 and T2, as illustrated in Figure 3, was measured using
thermo-camera pictures, for each voltage values. A compact FLIR ONE R© camera,
hardware device attachable to Android smart-phones was used. An example of the
obtained picture with relative temperature detection is shown in Figure 4.
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Figure 4: Examples of thermo-camera images.

5.3 Results Analysis

The voltage set on the power supply is subsequently converted into heat load through
the resistance value:

Q = V I = V · V/R = V 2/R

voltage [V ] 0.00 1.00 2.00 3.00 4.00 5.00
power [W ] 0.000 0.010 0.040 0.090 0.160 0.250

Since the resolution of the voltage supply is of 0.01V , the uncertainty on the final
power value has been calculated through error propagation to be 0.0002W

For what concerns the analysis on the temperature difference measurements, it is
here reported in detail the procedure followed for the 80µmChip sample set. The
same was done with the two other sample set, 0µmChip and 120µmChip, for which
only the final results has been reported.

To each of the five samples with the same thickness was transferred a certain amount
of heat through the contact with the resistance, and the difference in temperature be-
tween the copper layer and the Silicon chip was calculated. Afterwards, the average
temperature difference over the five samples for each voltage value was calculated,
in way to obtain a data set which related a single temperature difference value to
each heat transfer step.

The uncertainty on each temperature difference was estimated considering the sensi-
tivity of the thermal-camera together with the oscillations in temperature occurring
while taking the pictures, about of ±0.1◦C. It gives a total uncertainty on ∆T of
σ∆T = 0.2◦C.
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voltage [V ] T1(chip) [◦C] T2(layer) [◦C] ∆T [◦C]

80µmChipA
0.00 24.5 24.2 0.3
1.00 24.8 24.2 0.6
2.00 25.5 24.9 0.6
3.00 27.3 25.1 2.2
4.00 30.1 25.5 4.6
5.00 33.6 26.6 7.0

80µmChipB
0.00 22.2 22.0 0.2
1.00 22.6 22.2 0.4
2.00 24.2 22.8 1.4
3.00 27.0 23.1 3.9
4.00 30.8 24.0 6.8
5.00 37.4 28.5 8.9

80µmChipC
0.00 24.2 24.1 0.1
1.00 24.4 24.1 0.3
2.00 25.4 24.6 0.8
3.00 25.8 24.5 1.3
4.00 32.1 26.0 6.1
5.00 36.2 27.5 8.7

80µmChipD
0.00 22.3 22.2 0.1
1.00 22.6 22.3 0.3
2.00 24.2 23.1 1.1
3.00 26.4 23.6 2.8
4.00 31.0 26.1 4.9
5.00 34.7 26.9 7.8

80µmChipE
0.00 24.3 24.2 0.1
1.00 24.8 24.6 0.2
2.00 25.6 24.8 0.8
3.00 27.6 25.4 2.2
4.00 29.9 25.6 4.3
5.00 33.9 27.2 6.7
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Using the relation between temperature difference and thermal conductivity derived
in Section 5.1, it can be rewritten in a more convenient way. It can in fact be
expressed the trend of temperature different as a function of the heat transfer, here
the power of the voltage supplier. In this case, thermal conductivity enters the
expression as a coefficient in the linear relation.

∆Tglue = ∆Lglue ·
Q

A
· 1

Kglue

⇒ ∆T =
zglue

A ·Kglue

· P

This last expression has here be written in terms of the previously quoted quantities:
∆T is the measured temperature difference, P is the applied power, zglue is the glue
thickness measured in Section 3. The value of A is here the area through which
the heat flows, generating the temperature difference, and it corresponds here to
the surface covered in glue. It is then simply the area of the Silicon chip, which by
construction is 7mm× 6mm = 42mm2. Finally, the value of Kglue is the parameter
which should be determined by the analysis.

It appears then useful to realize plots of the temperature difference as a function of
the power, obtaining in this way an estimation of the requested parameter through
a linear fit. Plots with respective first order polynomial fits (y = p0 + p1 · x) are
here reported for the three different glue thicknesses.

Power [W]
0 0.05 0.1 0.15 0.2 0.25

 T
 [
d
e
g
C

]
∆

0

1

2

3

4

5

6

7

8

 / ndf 2χ  3.817 / 4
Prob   0.4314
p0        0.1173± 0.1383 
p1        0.9182± 28.27 

 / ndf 2χ  3.817 / 4
Prob   0.4314
p0        0.1173± 0.1383 
p1        0.9182± 28.27 

m µTemperature Difference VS Power  0 

power [W ] 0.000 0.010 0.040 0.090 0.160 0.250 ±0.0002
∆T [◦C] 0.2 0.7 1.0 2.6 4.7 7.3 ±0.2

Figure 5: Temperature data and plot for the 0µmChip sample set.
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Power [W]
0 0.05 0.1 0.15 0.2 0.25

 T
 [
d
e
g
C

]
∆

0

1

2

3

4

5

6

7

8  / ndf 2χ  5.432 / 4
Prob   0.2458
p0        0.1232±0.05445 − 
p1        0.9641± 30.78 

 / ndf 2χ  5.432 / 4
Prob   0.2458
p0        0.1232±0.05445 − 
p1        0.9641± 30.78 

m µTemperature Difference VS Power  80 

power [W ] 0.000 0.010 0.040 0.090 0.160 0.250 ±0.0002
∆T [◦C] 0.2 0.4 0.9 2.5 4.8 7.8 ±0.2

Figure 6: Temperature data and plot for the 80µmChip sample set.

Power [W]
0 0.05 0.1 0.15 0.2 0.25

 T
 [
d
e
g
C

]
∆

0

2

4

6

8

 / ndf 2χ  2.345 / 4
Prob   0.6725
p0        0.1173± 0.1701 
p1        0.9184± 34.58 

 / ndf 2χ  2.345 / 4
Prob   0.6725
p0        0.1173± 0.1701 
p1        0.9184± 34.58 

m µTemperature Difference VS Power  120 

power [W ] 0.000 0.010 0.040 0.090 0.160 0.250 ±0.0002
∆T [◦C] 0.1 0.6 1.7 3.1 5.7 8.9 ±0.2

Figure 7: Temperature data for the 120µmChip sample set.
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To calculate now the required value of glue thermal conductivity, the fit coefficients
from the three plots have to be considered. They are summarized in the following
table. Notice that from now on, since we are dealing with temperature differences,
these quantities will be expressed in Kelvin instead of Celsius degrees.

chip p0 [K] p1 [K/W ]

0µmChip 0.14± 0.12 28.27± 0.92
80µmChip −0.05± 0.12 30.78± 0.96
120µmChip 0.17± 0.12 34.58± 0.92

For what concern the plot offsets it can be seen that the results are quite coherent
with the expectation of a null value, given the significant uncertainty on the deter-
mination of the parameter.

The parameter p1 is instead used to revert back to the value of interest as follows:

p1 =
1

Kglue

· zglue
A

Values correspondent to each sample set are then substituted to get the numerical
value of the thermal conductivity.

K0
glue =

z0
glue

A · p10
=

11.65µm

42 · 106µm2 · 28.27K/W
= 0.0098 · W

mK

K80
glue =

z80
glue

A · p180
=

74.45µm

42 · 106µm2 · 30.78K/W
= 0.0576 · W

mK

K120
glue =

z120
glue

A · p1120
=

122.50µm

42 · 106µm2 · 34.58K/W
= 0.0843 · W

mK

The contribution to the final total uncertainty on these values comes from the errors
on the thickness measurements and the ones of parameters p1 estimation from fit
procedure. Through error propagation the value of σK is calculated. It is here
reported the final result.

chip K [W/mK] σK [W/mK]

0µmChip 0.0098 0.0004
80µmChip 0.0576 0.0019
120µmChip 0.0843 0.0024
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6 Conclusion

The results illustrated in the previous section show that the study was successfully
accomplished. As expected (Section 5.1) the value of thermal conductivity of the
Dymax UV-Glue is found to be of the order of magnitude of 10−2W/mK, confirming
the correctness of the assumptions made to simplify the treatment of the dependen-
cies of this parameter.

Moreover, considering that both interfaces interaction and convection processes has
been neglected, a rough estimation of their contribution can be obtained from the
measurement of the 0µmChip samples. According to the expression used in the
analysis (Section 5.3) one would in fact expect to have zero-conductivity for zero-
thickness samples. The non-zero measured value represents then the contribution of
neglected effects, which might be subtracted to the other measured values to obtain
a more precise estimation of Kglue. It would represent for both cases a decrease of
the 12− 15% with respect to the measured values.
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