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Selection of Glues

• Glue btw sensor and Flex 
• Peel strength 

• Proton irradiation 
• Environmental QA 

• Glue btw ASIC and TPG 
• should be “Thermal” glue. 
• Think about Parylene coating
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๏ Now we start working for module assembly

Module Assembly

- Precision of this process affects the difficulty of  
the wire bonding process. 
→ Worth considering, in order to suppress the cost. 

- Automation is necessary because it is too hard to manage  
such large number of modules by hand.. 

- Glue is required to be robust for irradiation, thermal cycle, and aging. 
Furthermore, it is prefer to be long path-length. 
→ Candidates used in any experiments (or new) are listed up  
    and should be tested.

FPC
Glue

Sensor

Selection of glue based on several  
tests and developing the gluing method.

ASIC
Thermal Glue

TPG

Parylene coating
Potting
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Araldite 2011 
KonishiEM (JP)

??

• Glue btw sensor and Flex 
• Peel strength 

• Proton irradiation 
• Environmental QA 

• Glue btw ASIC and TPG 
• should be “Thermal” glue. 
• Think about Parylene coating



Candidates of thermal glue
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Glue
Thermal 

Conductivity 
(W/mK)

Curing 
Method

SE4445 1.3 -  (Gel type)

EG7655 1.7 4h @ 80 C

EG7658 3.6 4h @ 80 C

It needs more time with 
lower temperature.

• Surveyed in terms of  
• Peel strength 
• Thermal Conductivity 

• Proton irradiation 
• Thermal cycle 

• Parylene



Proton Irradiation at CYRIC  2017 Nov.

• Proton energy : 70 MeV 
• Irradiated : 0.5 x 1016 neq/cm2  

• Monitored by thin Al plate
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Glue 
Sample

② Irradiation of Thermal Adhesive Test 

• 目的：放熱用の熱伝導接着剤の放射線耐性試験
• Thermal adhesive sample (SE4445, J-Thermo, EG7655, EG7658の4種類)
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Thermal conductivity 

sample Peel sample

照射前 照射後
Thermal conductivity test 4×3

Peel strength test 4×3 4×3

Shear strength test 4 4

ATLAS Japan Silicon Workshop @Osaka Univ.

Thermal Conductivity Test (実験値)

• 測定環境：Heater [1W], 水冷[20-25℃]

重り [SCT組み立てジグ : 1084g] 
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Glue 
Thickness

[μm]

ΔT
[K]

パリレン無し
(サンプル数=13) 391 5.73 ±0.45

パリレン有り
(サンプル数=12) 390 5.97 ±0.34

ATLAS Japan Silicon Workshop @Osaka Univ.



Peel Test  
before/after Irradiation

• SE4445 are changed to be weak. 
• EG series are still keeping enough strength. 

• e.g. Non-irradiated Araldite 2011 is 0.2 (N/mm) 6

Condition SE4445 
(N/mm)

EG7655 
(N/mm)

EG7658 
(N/mm)

Non-irrad. 0.1 
(Soft)

0.25 ± 0.15 0.55 ± 0.05

Irrad. 0.025 
(Dried, Cracked) 0.35 ± 0.04 0.40 ± 0.08
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Thermal Conductivity before/after Irradiation
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Thermal Conductivity Test (Irradiation)
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ID-56, 57は照射により破損
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Thermal Conductivity Test (Irradiation)
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ID-56, 57 were broken

• EG series do not significantly change T.C. by irradiation.

Thermal Conductivity Test (実験値)

• 測定環境：Heater [1W], 水冷[20-25℃]

重り [SCT組み立てジグ : 1084g] 

2017/12/21 5

Glue 
Thickness

[μm]

ΔT
[K]

パリレン無し
(サンプル数=13) 391 5.73 ±0.45

パリレン有り
(サンプル数=12) 390 5.97 ±0.34

ATLAS Japan Silicon Workshop @Osaka Univ.
• Some of SE4445 could not be measured due to broken.

SE4445

EG7655 EG7658

1 W ceramic 
heater

Thermal Conductivity Test (実験値)

• 測定環境：Heater [1W], 水冷[20-25℃]

重り [SCT組み立てジグ : 1084g] 
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Glue 
Thickness

[μm]

ΔT
[K]

パリレン無し
(サンプル数=13) 391 5.73 ±0.45

パリレン有り
(サンプル数=12) 390 5.97 ±0.34

ATLAS Japan Silicon Workshop @Osaka Univ.

Water heat sink



Peel Test before/after Thermal Cycle (including normal glue)
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Non-irradiated 
Araldite 2011 
0.2 (N/mm)

• Thermal cycle range : -55 - 60 C. 
• Samples with 0, 10, 50 and 100 cycles. 

• KonishiEM and EG7655 are increasing strength.

# cycles

Black : Araldite2011 
Red : KonishiEM 
Blue : EG7655 
Magenta : EG7658

Pe
el

 st
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 (N
/m

m
)

• EG series have no trouble w/ thermal cycles.



Compatibility with Parylene (Type-n) 
Peel strength
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Condition Araldite2011 
(N/mm)

EG7655 
(N/mm)

EG7658 
(N/mm)

No Parylene 0.22 ± 0.04 0.33 ± 0.02 0.17 ± 0.02

Palylened Easily peeled off 
by hand 0.39 ± 0.07 0.37 ± 0.06

EG series have good adhesive level with parylene !  

Peel Test

• 接着面積は20×10 [mm]

• 照射後引き剥がし
• J-Thermoは2/3が引き剥がし前に破損
• EG7655, EG7658は照射後も強度は十分

2017/12/21 10

Peel sample

Peel
Strength

Non-Irrad
[N/mm]

Irrad
[N/mm]

SE4445 0.1 0.025

J-Thremo 0.005 0.01

EG7655 0.25 0.35

EG7658 0.55 0.4

ATLAS Japan Silicon Workshop @Osaka Univ.

50 µm thick  
Kapton

Al or parylened-Al 
plate

Glue



Compatibility with Parylene (Type-n) 
Thermal Conductivity
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EG series are not terrible to parylene  

Thermal Conductivity Test (計算値)

• 実験値との比較のため, サンプルの熱抵抗[K/W]を計算
Al ： 20×10×0.5 [mm] 
Glue (SE4445) ： 10×10×0.4 [mm]
N-parylene： 10×10 [mm]×7 [μm]

2017/12/21 6

Al

Al

Parylene

glue

パリレン有りサンプル

Al

Al

glue

パリレン無しサンプル

0.011[K/W]

2.99 [K/W]

0.011[K/W]

0.011[K/W]

2.99 [K/W]

0.011[K/W]

0.28 [K/W]

サンプル全体
3.012 [K/W]

サンプル全体
3.291 [K/W]

として計算

ATLAS Japan Silicon Workshop @Osaka Univ.Condition T.C. (K/W)
No parylene 5.7 ± 0.5 

(Soft)Parylened 6.0 ± 0.3 
(Dried, Cracked)

No parylene Parylened

Total T.C. 
3.0 (K/W)

Total T.C. 
3.3 (K/W)



Of cause, MASKING is safer choice for Parylene

• All tapes masked Parylene well. 
• By visual inspection and continuity test.
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https://indico.cern.ch/event/609082/contributions/2723392/attachments/
1525031/2384270/ITK_Module_JP_20170918.pdf

ITk meeting at Sep. 2017

Masked by dicing tape

And also it depends on the sequence of assembly.



Conclusion

• SE4445 is not applicable for high radiation environment. 
• EG7655 and 7658 are good properties for irradiation, thermal 

cycle and parylene.
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• Thermal conductivity at lower and higher temperature of EG series. 
• Another thermal glue ?

Further study



Backup
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Parylene type
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Figure 1. Parylenes N, C, D and  
Parylene HT Chemical Structures 

Introduction
Parylene is the name for members of a unique  
polymer series. The basic member of the series, 
Parylene N, is poly(para-xylylene), a completely 
linear, highly crystalline material. Parylene N  
is a primary dielectric, exhibiting a very low  
dissipation factor, high dielectric strength, and 
a low dielectric constant invariant with frequency. 
The crevice-penetrating ability of Parylene N is 
second only to that of Parylene HT®. The Parylene 
structures are shown in Figure 1.  

Parylene C, the second commercially available 
member of the series, is produced from the same 
raw material (dimer) as Parylene N, modified only 
by the substitution of a chlorine atom for one of 
the aromatic hydrogens. Parylene C has a useful 
combination of electrical and physical properties 
plus a very low permeability to moisture and  
corrosive gases. 

Parylene D, the third available member of the series, 
is produced from the same raw material as the 
Parylene N dimer, modified by the substitution of 
chlorine atoms for two of the aromatic hydrogens. 
Parylene D is similar in properties to Parylene C 
with the added ability to withstand slightly higher 
use temperatures. 

Parylene HT, the newest commercially available 
Parylene, replaces the alpha hydrogen atoms of 
the N dimer with fluorine. This variant of Parylene 
is useful in high temperature applications (short-
term up to 450°C) and those in which long-term UV 
stability is required. Parylene HT also has the lowest 
coefficient of friction and dielectric constant, and 
the highest penetrating ability of the four variants.

Due to the uniqueness of vapor phase deposition, 
the Parylene polymers can be formed as structurally 
continuous films from as thin as several hundred 
angstroms to 75 microns.

No other company understands Parylene coatings better than we do. 
SCS is the direct descendant of the companies that developed Parylene 
and began using it in commercial applications. We have been providing  
Parylene coating services, equipment and materials for over 40 years, 
as well as aggressively researching and developing new Parylene variants 
and application processes to find innovative coating solutions for customers’ 
advanced technologies.
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Target thickness : 7 um (+- 2 um)



Peel test before/after thermal cycle

15

Thermal 
cycle

Araldite2011 
(N/mm)

Konishi 
(N/mm)

EG7655 
(N/mm)

EG7658 
(N/mm)

0 0.22 ± 0.04 0.35 ± 0.04 0.33 ± 0.02 0.17 ± 0.02

10 0.32 ± 0.09 0.61 ± 0.10 0.39 ± 0.10 0.17 ± 0.02

50 0.30 ± 0.06 0.68 ± 0.15 0.60 ± 0.26 0.16 ± 0.01

100 0.33 ± 0.10 0.81 ± 0.34 0.65 ± 0.19 0.17 ± 0.02


