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Some updates 
Carefully checked through the materials and engineering 
drawings, there are minor updates in the following.

• Ladder material budget
• Dead space in the ladder

These are minor updates, but better be checked with the 
current INTT GEANT model hoping this is the last tuning.
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■本資料では、新製品または開発品の紹介をしています。詳細については、営業までお問い合わ

せください。 
■本資料の掲載内容は、改良などのため予告なく変更されることがあります。また、本資料は正

確を期するため慎重に作成されたものですが、まれに誤記などによる誤りがある場合がありま

す。本資料をもとに設計を行わないでください。 

Type-A Type-B

Dimension Type-A Type-B

Horizontal [mm] Vertical [mm] Area [mm^2] Horizontal 
[mm] Vertical [mm] Area [mm^2]

Physical 130 22.5 2925 102 22.5 2295
Active 128 19.968 2555.904 100 19.968 1996.8
Physical - Active 2.00 2.53 369.10 2.00 2.53 298.20
(Physical - Active)/2 1.00 1.27 184.55 1.00 1.27 149.10
Active/Physical 0.98 0.89 0.8738 0.98 0.89 0.8701

INTT_SiliconSensor.xlsx



INTT_Specifications_190114.pptx



Active Area Summary for the Ladder

Type-AType-B

1.27mm

1.27mm

1.27mm

1.27mm

Dead Space II 
200µm

1mm1mm

Dead Space I 
500µm

Type-A Type-B

232.7mm
(228.0mm)

HDI

INTT_ActiveArea.xlsx

Dead Space III 
100µm

465.5mm
(456.0mm)
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INTT_LadderMaterialBudget.xlsx

Weighted Mean Thickness [um] 426.2

2019/05/30の時点ではすでにメッシュ設計は淘汰され、これはベタパターンの⾒積もりなはず。2020/01/22

L123層⽤HDI読み出し⽤ 残銅率

Top side

(Si sensor側)

導体厚 残銅率

L1圧延銅箔+銅めっき9+15um 71.26%

L2圧延銅箔 9um 93.54%

L3圧延銅箔 9um 6.50%

L4圧延銅箔 9um 94%

L5圧延銅箔 9um 7.20%

L6圧延銅箔 9um 93.15%

L7電解銅箔 9+15um 4.68%

Bot side

Subject: Re: フレキシブルケーブルの最終デザインについて数点の質問です。
From: 井上　祐介 <yuusuke-i@yamashita-net.co.jp>
Date: 2019/05/30 13:58
To: Itaru Nakagawa <itaru@riken.jp>
CC: 浜口 智貴 <tomoki-h@yamashita-net.co.jp>, '営業３課 星屋様'
<hoshiya@repic.co.jp>, 柳川 大輔 <yanagawa@repic.co.jp>, Yasuyuki Akiba
<akiba@rcf.rhic.bnl.gov>, Takashi Hachiya <hachiya@rcf.rhic.bnl.gov>, 川島 理恵子
<rieko-k@yamashita-net.co.jp>, 太田 貴亮 <ohta.takaaki@yamashita-net.co.jp>, 森 武
史 <takeshi-m@yamashita-net.co.jp>, 福元 優太郎 <fukumoto.yutaro@yamashita-
net.co.jp>, 竹内 厚之 <atsushi-t@yamashita-net.co.jp>
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Re: フレキシブルケーブルの最終デザインについて...  
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HDI Serial #271~398 (Batch-3)
Total 128HDIs

Bad through holes

Increased cupper plate on the 
surface layers from 15 to 20µm 
in batch-3



⼭下の井上さんからの報告を元に残銅率を更新(190530) -> ページ下に記載
理化学研究所様向け 次期ピクセルパス7層FPC層構成案1

2025/3/3 銅メッキの厚みも残同率に考慮

Rest (silicon
pad area)

Rest 

Occupancy
Effectiv
e[μm]

Real [μm] [μm] [μm]

Coverlay Polyide 12.5 μm
Regist 20 μm Silicon pad Coverlay Glue 25 μm 25
Copper plated  15 μm Copper plated  15 μm 15

L1 Electrolytic copper foil 9 μm HVLINE+AGND L1 Electrolytic copper foil 9 μm 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50

L2 Electrolytic copper foil 9 μm A GND L2 Electrolytic copper foil 9 μm 93.5% 8.42 9
Glue 25 μm Glue 25 μm 25 25
Base Polyimide 12.5 μm Base Polyimide 12.5 μm 12.5 12.5
Glue 15 μm Glue 15 μm 15 15

Ｌ３Electrolytic copper foil 9 μm RF LINE Ｌ３Electrolytic copper foil 9 μm 6.50% 0.59 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50

L4 Electrolytic copper foil 9 μm PWR L4 Electrolytic copper foil 9 μm 94.0% 8.46 9
Glue 25 μm Glue 25 μm 25 25
Base Polyimide 12.5 μm Base Polyimide 12.5 μm 12.5 12.5 μm
Glue 15 μm Glue 15 μm 15 15 μm

L5 Electrolytic copper foil 9 μm SIG L5 Electrolytic copper foil 9 μm 7.20% 0.65 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50 μm

L6 Electrolytic copper foil 9 μm D GND L6 Electrolytic copper foil 9 μm 93.2% 8.38 9
Glue 25 μm Glue 25 μm 25 25 25
Base Polyimide 25 μm Base Polyimide 25 μm 25 25 μm

L7 Electrolytic copper foil 9 μm L7 Electrolytic copper foil 9 μm 9
Copper plated  15 μm Copper plated  15 μm 15
Regist 20 μm Coverlay Glue 25 μm 20 20

μm Coverlay Polyimide 12.5 μm
Glue for support plate 40 μm

438 μm Support Plate FR-4 1.0t1000 μm

TOTAL厚 438 μm 418 Effective/Real
TOTAL厚 473 μm Total 44.7207 93 325 350 0.4809

Radiation Length [cm]1.435 28.6 28.6Silicon Area Total
X/Xrad [%] 0.312 0.11 0.12 0.43

パッド/端⼦部はパラジウム⾦メッキ仕様 Area[cm^2] 52.2 35.96 88.16
Area*X/Xrad 5.93 4.40

0.117201877

Thickness [um] 418 438

Acceptance |eta|<1.1

4.68% 1.12

Sub Component Thickness

Copper Layers

Rest

71.3% 17.10

Weighted Mean X/Xrad by Area

HDI Serial #001~270 (Batch#1,2)

INTT_LadderMaterialBudget.xlsx



⼭下の井上さんからの報告を元に残銅率を更新(190530) -> ページ下に記載
理化学研究所様向け 次期ピクセルパス7層FPC層構成案1

2025/3/3 銅メッキの厚みも残同率に考慮

Rest (silicon
pad area)

Rest 

Occupancy
Effectiv
e[μm]

Real [μm] [μm] [μm]

Coverlay Polyide 12.5 μm
Regist 20 μm Silicon pad Coverlay Glue 25 μm 25
Copper plated  20 μm Copper plated  20 μm 20

L1 Electrolytic copper foil 9 μm HVLINE+AGND L1 Electrolytic copper foil 9 μm 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50

L2 Electrolytic copper foil 9 μm A GND L2 Electrolytic copper foil 9 μm 93.5% 8.42 9
Glue 25 μm Glue 25 μm 25 25
Base Polyimide 12.5 μm Base Polyimide 12.5 μm 12.5 12.5
Glue 15 μm Glue 15 μm 15 15

Ｌ３Electrolytic copper foil 9 μm RF LINE Ｌ３Electrolytic copper foil 9 μm 6.50% 0.59 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50

L4 Electrolytic copper foil 9 μm PWR L4 Electrolytic copper foil 9 μm 94.0% 8.46 9
Glue 25 μm Glue 25 μm 25 25
Base Polyimide 12.5 μm Base Polyimide 12.5 μm 12.5 12.5 μm
Glue 15 μm Glue 15 μm 15 15 μm

L5 Electrolytic copper foil 9 μm SIG L5 Electrolytic copper foil 9 μm 7.20% 0.65 9
Base Polyimide 50 μm Base Polyimide 50 μm 50 50 μm

L6 Electrolytic copper foil 9 μm D GND L6 Electrolytic copper foil 9 μm 93.2% 8.38 9
Glue 25 μm Glue 25 μm 25 25 25
Base Polyimide 25 μm Base Polyimide 25 μm 25 25 μm

L7 Electrolytic copper foil 9 μm L7 Electrolytic copper foil 9 μm 9
Copper plated  20 μm Copper plated  20 μm 20
Regist 20 μm Coverlay Glue 25 μm 20 20

μm Coverlay Polyimide 12.5 μm
Glue for support plate 40 μm

448 μm Support Plate FR-4 1.0t1000 μm

TOTAL厚 448 μm Effective/Real
TOTAL厚 483 μm Total 48.5177 103 325 350 0.471

Radiation Length [cm]1.435 28.6 28.6 Silicon Area Total
X/Xrad [%] 0.338 0.11 0.12 0.45

パッド/端⼦部はパラジウム⾦メッキ仕様 Area[cm^2] 52.2 35.96 88.16
Area*X/Xrad 5.93 4.40

0.117201877

Thickness [um] 418 438

Sub Component Thickness

Copper Layers

Acceptance |eta|<1.1

Rest

71.3%

4.68%

Weighted Mean X/Xrad by Area

20.67

1.36

HDI Serial #271~398 (Batch-3)
Total 128HDIs

Relatively small impact to the 
material budget due to small 
copper residual fraction. 

INTT_LadderMaterialBudget.xlsx





L4 : VCC-A+VCC-D

L3 （AGND）

L2 signal

L1 （DGND）

Total 398

         Thickness [µm]

L1

L2

L3

L4

LCP 100

PWR 12

AGND 12

Adhesive 25

Adhesive 25

LCP 100

LCP 100

Signal 12

Bus Extender

 DGND 12



Tube Bend
(316 Stainless)

CFC Flat
(NT91500-520S)

Endcap
(Carbon PEEK)

CFC Formed
(NT91500-520S)

Rohacell 51 IG-F Foam
(polymethacrylimide)

CFC Tube (OD: 3mm,
ID: 2mm) (T700)

Pin Receptacle

Tube Sleeve
(316 Stainless)



Hi,

 There was some typo and missing to do item in my last minutes. Thank you for Genki for point it out.
Here is the updated one.

- GEANT model update <Genki>

 o Estimated e"ective thickness of the silver epoxy based on the volume of the glue mask provided
from Rachid in the last meeting. The resulting e"ective thickness is 14um which is 28% of full thickness
50um. As a consequence, the contribution of the silver epoxy is now 0.04% instead of 0.14%. The total
material budget was 1.12% before his update, and now 1.14%, very tiny increase. Although the carbon
fiber stave thickness and silver epoxy glue are increased, these additional thickness were pretty much
compensated by e"ective Cu thickness of HDI.

 o Although the e!ective thickness based on the BNL mask is implemented to GEANT INTT model,
NCU crews should also measure the amount of glue actually used in Taiwan assembly. The
contribution of the silver epoxy in the material budget is not negligible if the e"ective thickness is near
50um, we should know realistic amount for the Taiwan ladders as well.

 o GEANT model update is now complete and it is ready to report to the tracking group. Once it is
approved by them, then Genki will commit the change as an o#cial version. Itaru will arrange the
occasion with the tracking group.

- Assembly in Taiwan <Cheng-Wei>

 o Mounting wirebonded and encapsuled silicon module on to the stave is attempted. The pick up tool
is tested this time. Will optimize the operation as the next step.

 o  A scintillator for the cosmic ray test was assembled and was checked the signal with a scope. Will
assemble 2nd scintillator as the next step. The material preparation for the cosmic ray test in Taiwan
will be ready in 2 weeks or so.  NWU will provide a guidance of the cosmic ray measurement by
then.

- Silicon QA <Kai-Yu>

 o Evaluated 2nd method and confirmed multiple silicons behave similarly and distribute as Gaussian.
The gap became much smaller in the 2nd method, but the oscillation still exists. To confirm it comes
from the length di"erence between top and bottom pad in the silicon and the probe card, Kei-Yu will
run the pattern classification study again to the 2nd method data.

- Production Status <Itaru>

 o Will ship ~1600 good FPHX chips to NCU in August. (Rachid), paper work to be done by Itaru.

 o Staves are to be shipped to BNL on July 31st. (Itaru)

about:blank

1 / 3 2020/07/22 17:17

INTT_Meeting_Minutes_200722.pdf



Silver Epoxy Glue Mask
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Sensor Glue Mask
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PART SYMMETRICAL
ABOUT CENTERLINE

On 2025/02/01 20:28, Cacace, Daniel wrote:
Hi Itaru,
All the dimensions in inches are correct, the dimensions in mm 
are for reference only and are rounded to the nearest tenth of a 
mm. So the thickness is 0.002” or 0.0508mm.
Cheers,
-Dan



Please see the following drawing, this drawing is from Dan Caca, should be more 
reliable than what Rachid says😆.
The calculation of 18 um of glue thickness is in the following.

The total holes: (33 + 26) * 5 = *295* holes for one half-ladder
The diameter of one hole : 2 mm
The area of the one hole : 1 * 1 * 𝜋 = 𝜋 mm^2
The thickness of the mask: 0.1 mm
The total amount of glue : 295 * 𝜋 * 0.1 = 29.5 𝜋

The area of the silicon area : (130 + 102 )* 22.5 = *5,220*

The effective glue thickness : total_amount_of_glue / area_of_silicon_area =

29.5 𝜋 / 5220 = 0.018 mm -> 18 um.

０.1 -> 0.05

14.8pi

14.8pi/5220=0.0085=8.5um

Epoxy tab of INTT_LadderMaterialBudget.xlsx

Input from Cheng-Wei



Radiation Length of INTT Ladder

11

Material Thickness [μm] 𝐗𝐗⁄𝐗𝐗𝟎𝟎

Silicon 320 0.34%

HDI 473 0.49%

Stave 500 0.25%

Total 1293 1.08%

HDIMaterial Thickness [μm] 𝐗𝐗⁄𝐗𝐗𝟎𝟎

Copper* 52 0.36%

Polyimide 380 0.13%

Total** 432 0.49%
*Copper thickness is not physical thickness, but effective thickness.
**Total thickness is not 473μm, because of copper effective thickness.

The HDI is composed of 7 copper layers. 4 layers are solid ground or power layers.
The remaining 3 layers are signal line layers containing a few percent of solid copper per layer.

INTT Specification by Dan Cacace (2019/1/14)



MaterialBudget tab in INTT_LadderMaterialBudget.xlsx

INTT Material Budget HDI batch 1,2 HDI batch 3

Thickness [mm] X/X0 [%] X/X0 [%]

Silicon Sensor 0.32 0.34 0.34

Silver epoxy 0.009 0.02 0.02

HDI 0.418 0.43 0.45

Thermally conductive epoxy 0.05 0.02 0.02

Stave 3.76 0.33 0.33

Total 4.56 1.14 1.16

increase fraction

INTT Material Budget HDI batch 1,2 HDI batch 3

Thickness [mm] X/X0 [%] X/X0 [%]

Silicon Sensor 0.32 0.34 0.34

Silver epoxy 0.05 0.136 0.136

HDI 0.418 0.37 0.41

Thermally conductive epoxy 0.05 0.02 0.02

Stave 3.73 0.33 0.33

Total 4.57 1.19 1.23

increase fraction

To be confirmed in the INTT GEANT model.



⾦メッキについて
On 2025/02/03 6:51, 柳川 ⼤輔 wrote:
中川 様

ご連絡頂きまして、ありがとうございます。

⾦メッキの構成は、下記のねらい値となるそうです。
下地ニッケル：3〜6μm厚
パラジウム：0.1〜0.3μm厚
⾦：0.09〜0.2μm厚
（標準的な無電⾦メッキの仕様になってます。）

Ni : 0.006mm/14.24mm=0.00042=0.04%
⼩さいのでここでは無視する。



Bus Extender sParameters
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Return Loss [dB]
Bus Extender (1.3m) Bus Extender (1.11m)
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-3.86 (64%)

-4.66(58%)

-40(1%)

-2.7
-23

sPara_GrandSammry.xlsx

INTT_Cables_Performance.pptx



Douglas Fields, fVTX HDI Technical Review 
October 23, 2009

19

• Clock signal Integrity is adequate
• More sophisticated termination of multi-drop clock line may improve 

performance due to reflections
• Specification of clock entering wedge important to achieving 

performance
• Via change on HDI had significant effect

WBS 1.4.3

OSCILLOSCOPE
Design file: 0064T04-2C.HYP         Designer: Network1

HyperLynx V7.7

Date: Monday Nov. 10, 2008   Time: 11:05:30
Net name: OUT_CLK1

0.00

200.0

400.0

600.0

800.0

1000.0

1200.0

1400.0

1600.0

1800.0

-1.000 0.00 1.000 2.000 3.000 4.000 5.000 6.000 7.000 8.000
Time  (ns)

V
ol

t
ag

e  -mV
-

V [P2.44 (at pin) / P2.16 (at pin)]
V [P2.45 (at pin) / P2.15 (at pin)]

OSCILLOSCOPE
Design file: 0064T04-2C.HYP         Designer: Network1

HyperLynx V7.7

Date: Monday Nov. 10, 2008   Time: 11:34:38
Net name: OUT_CLK1

Cursor 1, Voltage = 784.4mV, Time = 7.468ns
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e  -mV
-

V [U13.14 (at pin)]
V [U13.13 (at pin)]

Clock out of connector Clock out of last FPHX

fVTX Prototype HDI
Simulations of Clock Integrity

Eye Diagram Specifications
• The receiver is designed for 

regular LVDS f.i. 4mA@100W. 
This translates to be DV= 
400mV.

• The receiver is not employing 
any commercial device, so no 
clear specification is defined. 

• However Tom considers DV= 
100mV should work, but DV= 
50mV is a bit uncomfortable 
level. 

This figure is 
presented by Doug in 
FVTX review. The 
center diamond is 
not provided by Tom.

FPHX_dicussion_190930.pptx



HDI Resistance 

21

Calculation from the cross section of the power layer

VoltageDrop.xlsx



Drawing Current for FPHX Chips
Total Digital Analogue

LVDS min. 0.54 A 0.36 A 0.18 A
LVDS max. 0.64 A 0.42 A 0.21 A

FPHX chip consumes about 1/3 power in analogue and 2/3 in digital sections, respectively.

Typical currents after ʻINITʼ

22

Total Partial Conversion Cable Bus 
Extender HDI

Current [A] Current [A] 20cm [W] 40cm[W] Resistance 
[W] 40cm[W]

LVDS min. 0.54 0.2 0.4 0.3 0.1
Digital 0.36 0.07 0.14 0.11 0.04

Analogue 0.18 0.04 0.07 0.05 0.02
LVDS max. 0.64

Digital 0.42 0.08 0.17 0.13 0.04
Analogue 0.21 0.04 0.08 0.06 0.02

Anticipated Voltage 
Drop in each cables

201208_VoltageDrop.pptx



Radiation Hardness of the BEX 
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図 5.24 線量と固有振動数の関係。横軸は照射量、縦軸は固有振動数。0 Gyサンプルの固有振
動数は 1にずらして plotした。

図 5.24の結果から式 5.16と式 5.17を用いて、Ratioとその誤差を評価する。その解析結果を図
5.25に図示する。
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図 5.25 線量と Ratioの関係。横軸は照射量、縦軸は Ratio。

図 5.25から約 7%の誤差の範囲で Ratioが 1と一致し、試験サンプルへの放射線照射量が上昇し
ても、ヤング率が上昇することは無いことがわかった。また、測定誤差は測定そのものの絶対値誤
差と試験サンプル間の個体差誤差が支配的であることが判明した。この測定結果により、バスエク
ステンダーケーブルが γ 線によって硬化し、実験中の再配線などで折れる等の支障が無いことが期
待される。
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図 6.14 剥離試験の解析結果。横軸は照射量の実測値、縦軸は剥離強度である。線量 0 Gyの剥
離強度は 1 kGyにずらして plotしている。
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1. Introduction
Scheduled to start in 2023, sPHENIX is a novel experi-

ment set up to study a deconfined state of nuclear matter, 
the quark-gluon plasma (QGP) created in high-energy 
heavy-ion collisions at the Relativistic Heavy Ion Collider.
[1] The intermediate tracker (INTT) is a novel silicon strip 
detector that can measure more than 1,000 particles gen-
erated in collisions. The massive raw data generated from 
INTT are transmitted at high-speed to downstream elec-
tronics for signal-processing through the narrow, curved 
cable path for longer than 1 m.

Because no commercial cable satisfies the requirement, 
a novel cable has been developed based on flexible printed 
circuits (FPC). This technology can simultaneously satisfy 
high-density signal lines, length, and flexibility.[2–7]

2. Design
2.1 Requirements

Long and high-density signal lines FPCs are required as 
a signal transmission medium for the INTT detector to be 
newly developed for the sPHENIX. Because the transmis-
sion lines are required to be long and thin, in the develop-
ment, it is severely challenging to suppress the signal 
attenuation and manufacture the fine lines with high accu-
racy. In addition, high mechanical reliability is required 
owing to strictly limited access for the maintenance of the 
isolated detector region. The region is to be designated as 
a radiation area during the experiment; hence, detectors 
are fully operated remotely. Furthermore, the FPC is 
installed in a confined space of the sPHENIX detector 
complex, and is exposed to a high radiation environment 
from the collision point and external noise from other sig-
nal cables running close to each other. These constraints 
facilitate the structure of multilayered FPC design, to 
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Abstract

The super Pioneering High-Energy Nuclear Interaction eXperiment (sPHENIX), which aims to unravel the mysteries of 

the creation of the universe, is scheduled to be launched in 2023 at Brookhaven National Laboratory, U.S.A, using the 

relativistic heavy ion collider. As a typical high-energy particle accelerator-based experiment, the collision area of 

sPHENIX is to be tightly occupied with various radiation detectors, requiring a minimal special budget to run cables and 

transmit massive signals generated by these detectors to downstream electronics for data processing located in a remote 

distance. Accordingly, a long, high signal line-density cable has been developed based on the flexible printed circuit 

(FPC) technology. FPC comprises multilayers and has extraordinarily long and thin transmission lines. Liquid crystal 

polymer was employed to suppress losses in transmission lines. Electrical characteristics were evaluated using S-param-

eters, time domain reflectometry, and eye-diagrams. Furthermore, we have developed manufacturing technology to 

achieve high-precision microfabrication and improved reliability, which has been demonstrated in peel strength and 

thermal shock tests. FPC is currently in the mass production phase.
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tuation at approximately 1 ns in the 35-ps-TDR is owing to 
the board-to-board connector, which fluctuates only for a 
very short time owing to its small physical size. This fluc-
tuation is negligible at 800-ps-TDR, thus indicating that the 
board-to-board connector has almost no effect on the 
assumed transmission signal. The time range of 1–14 ns 
exhibits the differential impedance of the prototype. As 
discussed in Section 2.3, the slope is triggered by the 
attenuation effect of the reflected signal and is well under-
stood. It is noteworthy that this slope is linear over long 
distances, i.e., the differential impedance of the transmis-
sion line should be constant.

The results of the eye-diagram of the signal transmitted 
over the FPC and its mask test are illustrated in Fig. 13. 
The same driver as in Section 2.3 was employed for the 
input signal; however, the PRBS length was set to 215-1. 
The output signal was measured with an oscilloscope Key-
sight Technologies DSO80304B. To check the crosstalk 
effect, the adjacent pair on one side was driven with the 
same signal. The phase difference between the two signals 
was set to be approximately 1.5 ns. We confirmed that the 
waveforms exhibited a sufficient margin to the defined 
mask by observing 1 million waveforms, which is 50 times 
more than the minimum required bit error rate of 50 ppm.
4.2 Mechanical characteristics

In sPHENIX, high reliability is required for the FPC 
because it is difficult to access the inside the radiation area 
during the experiment. This reliability was evaluated by 
the peeling and thermal-shock tests.

The objective of the peel test is to verify that the lami-
nate substrate has sufficient peel strength between layers. 
We prepared a test sample of the same stackup as the pro-
totype, but with no pattern in every layers, and then tested 
it by peeling it up and down at an angle of 180° in the sec-
ond or third layer using a tensile tester. The test results 
are presented in Fig. 14. The peel strength is defined at 
the point of the observed tensile force where the stress 

against the peel stroke becomes constant. The peel 
strength of all samples is more than 16 N/cm, thus indicat-
ing that they had sufficient strength. Approximately ±10% 
variation is observed between four samples, which could 
have emerged from the sample cutting error (width varia-
tion of samples) and non-uniformity of the laminating con-
dition, to fabricate the prototype. As discussed in Section 
3.4, the large size of the LCP sheet causes difficulties in 
several fabrication processes. The non-uniformity of the 
pressing machine for the laminating process is one of such 
difficulties. Even with optimized parameters of the press-
ing machine, the non-uniformity of the pressing machine 
may result in the variation in the peel strength, depending 
on the location of the sample where it was cut out from the 
1,350 × 250 mm sheet. The LCP itself can be torn off into 
pieces beyond this tensile force, which appears in the rapid 
drop of the No.4 sample around the 70 mm stroke. 
Although we tested 16 samples, only 4 (semi-)survived 
samples are plotted in the figure. Other samples are typi-
cally torn off right away once the tensile force exceeds 
approximately 16 N/cm. Although we cannot measure the 
true peel strength from these torn off samples, they set 
the lower limit of the peel strength. In conclusion, all 16 
samples demonstrated higher peel strength than the 
required 10 N/cm (a typical peel strength of conventional 
polyimide). This result is an improvement over the initial 
prototype test sample. This improvement was a biproduct 
of the new bonding sheet introduced in Section 3.3.

The observed peel strength can be degraded after daily 
use in the radiation environment. Therefore, the peel 
strength was measured for the samples under radiation 
exposure by 5 kGy. In addition, 5 kGy is the expected radi-
ation dose for five years of operation in sPHENIX. We did 
not observe obvious degradation in the peel strength 
within the accuracy of the measurement.

Because the cable comprises 4 layers of 12-μm thick 

Fig. 13 Measurement result of eye-diagram Fig. 14 Measurement result of peel strength

The origin of 5 kGy in sPHENIX needs to be double checked (Itaru)
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