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FVTX INTT

• Disk Type
• 4 Layers
• Silicon Strip Sensors 
• 1M Channels
• FPHX Readout Chip
• FPHX-ROC-FEM-DCM-II

• Barrel Type
• 2 layers
• Silicon Strip Sensors
• 37k channels
• FPHX Readout Chip
• FPHX-ROC-FELIX
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Barrel Assembly

INTT Barrel Mock-Up

Technical Challenge ~ INTT Readout Cable ~

ROC
Sensor Area

INTT ラダー

2022/Mar./15th 15aA123-7 森田美羽
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INTT ラダー
• １ラダーに２対のモジュールを設置
• １モジュールに１３セルのシリコンセンサー
• １セルに２５６本のストリップ（78 µm×16 mm（20 mm）×320 µm）
セル：１～１３、ストリップ：０～２５５

• 後段の読出し回路（ROC）まで1.3 m離れている
• 長尺ケーブル（Bus-Extender）を接続

INTT ラダー

INTT ラダーと読出し回路の概略図
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INTT Readout Cable Chain
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FVTX Ladder

INTT ½ Ladder
Bus Extender Conversion Cable

HDISensor



Signal Transmission Performance
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Insertion Loss Limit 
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Conversion Cable using FPC Technology
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Flexible Print Cable (FPC) Technology

14 Different Types 
are required for 
INTT 

FVTX

Risky in many 
sense f.i. cost, 
spares, mis-design, 
etc.



Technology Choices 
FFC option as a bus–extender for 
the beam test
• Consider FFC (Flexible Flat Cable) for the beam test

• This is a test of option B for the INTT bus-extender

• FFC
• Impedance controlled FFC ~1m
• 500um pitch 50lines:  Need 4 FFCs for 200lines 

• Cable width = 2.5cm
• It is cheap and available in the market
• Less-dense, larger size, heavyer

• Conversion board
• Convert the connector types and make the density less
• Rigid PCB w/ impedance control
• Small size (5x5cm)
• 7 layers same as FVTX bus-extender (2 signal layers, 3 solid layers, 2 surface)

2017/9/21 INTT meeting, Takashi HACHIYA 5

INTT
HDI

FFC ROCFFCFFCFFC

1. Flexible Print Cable (FPC)
2. Flat Flexible Cable (FFC)
3. Micro-Coaxial Cable (MCC)

FPC FFC MCC

Line Pitch
[um] 60 500 250

Shield Shielded Not 
Shielded Shielded

Flexibility 2D 2D 3D
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Advantage in the flexibility

Up 

Down

😰 No flexibility in left/right 
resulted in multiple different 
designs → ２D flexibility

Micro-coaxial cable

😀 Flexible in 3 dimensions and thus only 1 
simple design cable can connect any ROC 
port. → 3D flexibility 
😀 All cables can be made in 1 single length. 9

34 Design Wave Magazine 2009 January

して次式がよく知られています．

……………………（16）

これらの式は近似式なので使用する際はその有効範囲に
気を付けてください．

6．差動インピーダンス

ストリップ線路やマイクロストリップ線路の差動信号伝
送線路を図25に示します．マイクロストリップ線路によ
る差動伝送線路の差動モードの電気力線の分布は図25（a）
のようになっています．そのほとんどが線路下部と線路間
に分布します．
特に線路間に分布する電界があるので，差動線路のイン
ピーダンスは線路間の距離の影響によって決まります．こ
の差動インピーダンスを求める式として，次式が知られて
います．

………………………（17）

式（17）から分かるように，差動線路のインピーダンスは
線路間の距離に強く依存しています．距離が少し離れると，
差動線路のインピーダンスとシングルエンドのインピーダ
ンスの差がなくなります．特に多層基板の場合，プリント
基板のグラウンド面と信号面が近くなることがありますが，
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その場合，特に差動線路間の距離は近づけなければなりま
せん．しかしパターン間の距離はプリント基板の製造の
ルールで決まっているために限界があります．また，スト
リップ線路の差動インピーダンスは図25（b）のような場合，
次式が知られています．これらはマイクロストリップ線路
の差動インピーダンスの式と同様，近似式ですのでその有
効範囲には注意が必要です．

……………………（18）

プリント基板上で用いられるストリップ線路やマイクロ
ストリップ線路のインピーダンスは，ほかの信号線やグラ
ウンド，電源までの距離によっても影響を受けます．ペア
信号とほかの信号線，ペア信号とグラウンド間の距離が近
づくと，電界が集中してしまいます．従ってペア信号同士
の距離を近づけないと差動線路として有効に働かなくなり
ます．

参考・引用＊文献
（1）志田 晟；ディジタル・データ伝送技術入門，トランジスタ技術
Special，No.93，CQ出版社，2006年1月．

（2）Philip G.Magnusson, etal；Transmisson Line and Wave Propagation，
CRC Press，Dec. 2000．
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図25 マイクロストリップ線路とストリップ線路における電気力線の分布
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Micro-Coaxial Cable

https://www.kel.jp/feature/coaxial_lp_1 10



Potential Risk?
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40 ~ 50 µm

• Coaxial Cable

60 µm

9 µm

• FPC 

Cross section S =1256 ~ 1962 µm2 Cross section S =540 µm2

Factor of 2 to 3 larger cross section compared to FPC. Things are not complicated, 
but the signal attenuation can be expected to be relaxed intuitively.



m-Coax Conversion Cable Protoype-I

Delivered in December, 2021
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µ-Coax 
Conversion 
Cable 
Prototype-I
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BEX Side
ROC Side



20cm



Performance Check
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• After some iteration between Hayashi-REPIC 
to fix mixed up channels, we confirmed 
satisfactory data taking. 



Bus Extender + Conversion Cable Chain

2022/2/21 
1.1m Bus Extender + µ-Coax Conversion Cable

2021/8/4 
1.3m Bus Extender + FPC Conversion Cable

16



Insertion Loss 
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-5.3 (54%)

-6.5(47%)

-9.3(34%)

OK, the insertion loss is moderate than FPC as intuitively expected.



µ-Coax Cable Structure and Material

PFA（フッ素樹脂）=パーフルオロアルコキシアルカン
四フッ化エチレン・パーフルオロアルコキシエチレン共重合樹脂

http://www.diced.jp/~KAZU/syousya.txt.htm

Material Breakdown of micro-Coax

18



Radiation Hardness of Fluoropolymer

20

https://www.osti.gov/servlets/purl/1467983

Radiation Effects on Teflon Wires

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology and Engineering Solutions of Sandia, LLC., a 
wholly owned subsidiary of Honeywell International, Inc., for the U.S. Department of Energy’s National Nuclear Security Administration under contract 
DE-NA0003525. SAND No. 2011-9283P. SCG.MV.

LeRoy Whinnery, Alexis Abelow, Wei-Yang Lu, Karla Reyes, Donald Ward, Dustin Murtagh, Zachary Meinelt, Nathalie Le Galloudec, Al Ver Berkmoes, Raymond Friddle

Problem
• Nuclear Safety Assurance asked a question along the lines of… “given that Teflon is the most radiation sensitive 

polymer used in NW, how do we know that the Teflon insulation of the wires exposed to radiation for decades is not 
flaking off leaving the conductors without adequate insulation?”

• Given the context, a quick study to find a preliminary answer was needed.

Approach
1. Perform electrical testing to ensure wires are behaving normally
2. Remove cables from MC3501
3. Remove the outer sheath from the cable
4. Examine the cable/wires for discoloration
5. Bend the wire(s), look for cracks and record images
6. Cut and prepare sample for nano-indentation
7. Strip wire(s) and tensile test Teflon only

Summary
• No discoloration was observed

• No cracking was observed upon bending (1/4” radius)

• Nano-indentation did not show any differences in hardness or modulus

• Elongation of Teflon appears to be sensitive to radiation

• Need to perform more tensile testing for better statistics

Nano-indentation
The hardness is calculated as the maximum load divided by the actual contact 
area made between the indenter tip and the material. Hardness is essentially the 
how resistive a material is to deformation (elastic + plastic). The Modulus is the 
slope of the load-displacement curve upon unloading, divided by the root of the 
contact area. So modulus is the ratio of elastic stress to strain. 

Conductor removal for tensile testing  
-a possible source of variability (flaws)
• Wire strippers were used to remove a small amount of 

insulation. 

• Pliers were then used to grab the copper conductors.

• Sliding my grip down the wire many times allowed it to 
slowly release from the insulation and be removed.

• Gloves helped with gripping the Teflon.

• Care was taken to not pull too hard or too fast. 

Tensile Testing of Insulation Only

Typical sample before test

• Ends were wrapped 
with tape for 
hydraulic grip 

Test set-up

Radiation Damage Mechanism
The mechanism of Teflon degradation by radiation has 
been well studied. No C=C peaks observed in FTIR

Labels Sample Dose (rad) Time (days)
PTFE # 1 PTFE 1,250 2.31
PTFE # 2 PTFE 2,500 11.57
PTFE # 3 PTFE 5,000 23.15
PTFE # 4 PTFE 15,000 34.72
PTFE # 5 PTFE 30,000 69.44

Empty (control) Empty 5,000 23.15

Teflon Wire Bend Test
No cracks were observed when put in 
tension.

Polymer Radiation Sensitivity
Teflon is one of the most radiation sensitive polymers

Additional Dose Testing
Dosimeter Locations

Quasi-Static Uni-Axial Tensile Testing

Additional Radiation Exposure
• Expose the Teflon coated wires to additional radiation and examine their physical/mechanical 

properties.  
• Determine how much additional exposure is needed to compromise their ability to provide electrical 

isolation.  
• Samples are irradiated at the GIF using a Co-60 source.
• Dose rates from 10-3 rad/s to over 103 rad/s.
• Samples irradiated in an inert atmosphere (N2).

Results
Tensile testing showed ~35% reduction in strength and a significant reduction in elongation to failure. 
Substantial variability was observed, particularly in the elongation. This variability may be due to flaws 
introduced during sample preparation. Additional testing is underway to provide better statistics.

Future Work
• High voltage breakdown and insulation resistance will be performed
• Additional radiation to look for a cliff in the properties
• Vessels irradiated at GIF (ABQ) (gamma)

• 5mrad/second (0.432 krad/day)

SAND2017-9103C

BEX
HDI

µ-Coax

hard

In general, fluoropolymer is known to to be weak against the radiation 

Dielectric material

5kGy

?
Torn into pieces?



Radiation Test of µ-Coax
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平成３０年度 理研シンポジウム 

RIKEN Symposium 2018 

安全・安心を未来に繋ぐ 

小型中性子源RANS・RANS-Ⅱ 
Compact neutron source RANS / RANS-II for safe and secure society 

 

－ ものづくり・インフラ産業で使える中性子へ － 
“Neutron” as a useful tool in manufacturing and infrastructure industry 

日 時：２０１９年２月２０日（水）９：４５～１７：３０（受付開始 ９：００） 

場 所：理化学研究所 鈴木梅太郎ホール（埼玉県和光市広沢２－１） 

参加費：無料（事前にお申し込みが必要です。） 

申込み：http://rans.riken.jp/sympo2018/ または裏面の申込用紙でお申し込みください。 

 

要 旨：理研小型中性子源RANSは，コンクリート，金属あるいは複合材料の研究成果を継続的に発信し，
ものづくり・インフラ産業において材料の開発や高い品質を担うツールとして認識されつつあります。さ
らに，ものづくり現場への導入かつ車載可能な中性子源のプロトタイプRANS-Ⅱの完成が目前となり，小
型中性子源をものづくり現場あるいはインフラ診断に本格的に活用を進めるべき段階に入りました。本年
度からは（公社）日本コンクリート工学会「中性子線を用いたコンクリートの検査・診断に関するFS委員
会」の活動を開始し，中性子線によるインフラの現場診断実現に向けた第一歩を踏み出しました。 

本シンポジウムは，小型中性子源と中性子測定の特徴を深く理解し，今後の各分野の新たな課題解決を議
論する場として開催します。幅広い分野の人的ネットワーク形成に期待し，超小型中性子源RANS-Ⅱで新
たに広がる中性子線利用の可能性についても検討します。 

 

主 催：国立研究開発法人理化学研究所 光量子工学研究センター（RAP） 

共 催：東京工業大学科学技術創成研究院先導原子力研究所（予定） 

後 援：J-PARCセンター（ＪＡＥＡ／ＫＥＫ），国立研究開発法人土木研究所， 

    公益社団法人日本コンクリート工学会（予定） 

 
             

                  Date & Time schedule: 9:45 am to 5:30 pm, February 20, 2019 (Registration desk is open at 9 am.) 

                  Symposium venue: Suzuki Umetaro Hall in Wako, RIKEN 

                  URL: http://rans.riken.jp/sympo2018/ 

                  No registration fee is required. but register is needed through website or by fax. 

 

                  Sponsor: RIKEN Center for Advanced Photonics (RAP) 

                  Partners: Laboratory for Advanced Nuclear Energy, Tokyo Institute of Technology 

                  Supporters: Japan Proton Accelerator Research Complex, J-PARC (JAEA/KEK) 

                                      Public Works Research Institute (PWRI), Japan Concrete Institute (JCI) 

Sponsors 
& 

Partners 

Organizing Institution 
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Beam Time for FoCAL@ALICE
project in March 3-4, 2022. 
(10 hours)

RIKEN Accelerator-driven compact Neutron Source: RANS

Neutron Source

Proton Source

View from Upstream View from Downstream



Disk Mount Setup with FoCAL Sensors
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beam

beam

µ-Coax Cable µ-Coax Cable

Irradiated 9 hours total.
Total Neutron Flux = 1.7×10!" neutrons To be checked its performance afterword



INTT Production Schedule
2022 1 2 3 4 5 6 7 8 Qty* Status

Silicon 135 Done
HDI 176 Done
Stave 204 Done

Bus Extender 130 Production

Conversion Cable 130 Prototype

Barrel Assembly

* Beyond 112 are spares

Batch-1(20)
Batch-2(40)

Batch-3(70)
Prototype-1

Prototype-2
Production (130)

Today

23

Contract
Contract

1008 INSTALL

Due to the supply chain crisis these days, KELʼs lead time is at least 6 
months. This is not gonna fit with out INTT construction schedule.



Alternative µ-Coax Model
CABLINE®-UX II

Suitable for small connector spaces.

Slim plug design, suitable for through-hinge 
assemblies.
EMI shielding and multi-point ground design.

Suitable for Small Connector Spaces

Mating type Right angle vertical

Wire (FPC) pitch (mm) 0.25

Board pitch (mm) 0.5

Mated
size

(mm)

Height 1.0 +/- 0.1

Width Formula 4.1 + (0.25*?p)

Depth 2.40 

Wiping length (mm) 0.20 

Applicable
wire

(AWG#)

Micro-coax 
for signals

45ohm : #44 or smaller

50ohm : #46 or smaller

Twincoax -

Discrete #39 or smaller

Contact point -

Performance
(Reference only)

USB 3.1 Gen 1 (5 Gbps)

V-By-One HS 1.4 (4 Gbps)

HDMI 1.3   (3.4 Gbps)

*Please inquire for pin counts not listed or outside of the pin count range.

Pin counts:
Range Up to 50
Available 30, 34, 40, 50

19.05 mm

CABLINE-UX II 40p size is smaller than a one-cent coin.

10.0 mm
Flexible micro-coaxial cable harness is
suitable for small applications with a hinge design.

14.10 mm 1.1 mm max.

2.40 mm

Slim design suitable for throgh-hole solution, narrow pitch (0.25 mm),
Right angle vertical mating type micro-coaxial connector 

Contact your sales representative for more detailed information. [ i-pex.com ] 202101R0

EMI Shielding and Multi-point Ground Design

Slim Plug Design, Suitable for Through-hinge Assemblies

Small hinge Narrow tube

Φ 2.7 mm 

Simulation Reference Example: 
UX II 40p plug with 0.25 mm max. cable outer diameter harness can go through 2.7 mm inner diameter.

Soldered contacts
Mechanical contacts

View From Underside

CABLINE®-UX II
Suitable for small connector spaces.

Slim plug design, suitable for through-hinge 
assemblies.
EMI shielding and multi-point ground design.

Suitable for Small Connector Spaces

Mating type Right angle vertical

Wire (FPC) pitch (mm) 0.25

Board pitch (mm) 0.5

Mated
size

(mm)

Height 1.0 +/- 0.1

Width Formula 4.1 + (0.25*?p)

Depth 2.40 

Wiping length (mm) 0.20 

Applicable
wire

(AWG#)

Micro-coax 
for signals

45ohm : #44 or smaller

50ohm : #46 or smaller

Twincoax -

Discrete #39 or smaller

Contact point -

Performance
(Reference only)

USB 3.1 Gen 1 (5 Gbps)

V-By-One HS 1.4 (4 Gbps)

HDMI 1.3   (3.4 Gbps)

*Please inquire for pin counts not listed or outside of the pin count range.

Pin counts:
Range Up to 50
Available 30, 34, 40, 50

19.05 mm

CABLINE-UX II 40p size is smaller than a one-cent coin.

10.0 mm
Flexible micro-coaxial cable harness is
suitable for small applications with a hinge design.

14.10 mm 1.1 mm max.

2.40 mm

Slim design suitable for throgh-hole solution, narrow pitch (0.25 mm),
Right angle vertical mating type micro-coaxial connector 

Contact your sales representative for more detailed information. [ i-pex.com ] 202101R0

EMI Shielding and Multi-point Ground Design

Slim Plug Design, Suitable for Through-hinge Assemblies

Small hinge Narrow tube

Φ 2.7 mm 

Simulation Reference Example: 
UX II 40p plug with 0.25 mm max. cable outer diameter harness can go through 2.7 mm inner diameter.

Soldered contacts
Mechanical contacts

View From Underside

24Lead time is 1 month



Market Share of I-PEX µ-Coax Product
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I-PEX Dominates worldʼs market



Catching Up Schedule, but …

26Still unclear if we can be in time …

Factory is in Shenzhen

March 2022



Summary
• The conversion cable was re-designed with µ-coax cable 

technology from FPC. 
• The prototype-I demonstrated reasonable performance 

compared to FPC. 
• Radiation test is ongoing. 
• Switched the model from KELʼs XSL to IPEXʼs UX-II to avoid 

severe delay of the mass production.
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backup
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The reason of XSL(KEL) as the first choise
1. It was used in E16 experiment at J-Parc 

and survives radiation (7.2Gray)
2. Fabrication experience of connector 

boards in Hayashi Repic. 
3. Free samples were available. 
4. KEL was willing to provide detailed signal 

transmission performance data. 

4
Confidential C

Document No.

CABLINE-UX II The simulation for transmission performance IER-001-10211-00EN
1. Simulation condition

Cable insertion loss : MCX cable AWG#44, L=500mm

AWG#44 50Ω

MCX Model

(dB) 5GHz 10GHz 15GHz 20GHz 25GHz 30GHz
#44 -15.36 -26.55 -35.42 -42.72 -49.54 -56.38

The performance data provided 
by I-PEX was too coarse

29



Prototype-I Cable Setup

30

Attached to the disk (Back View)Attached to the disk (Front View)

New silicon jacket GND/Power cable
Indium foil for absolute neutron flux measurement

µ-Coax Cable

PFA Samples



Radiation Damage
After After

No visible damage is observed after the irradiation. 31



Summary
• Prototype-I µ-coax conversion cable was irradiated for 
1.7×10!" neutrons.
• No obvious damage has been observed after the irradiation 

at least visibly.
• The prototype-I cable is planned to be taken out from the 

radiation area and be tested again its performances.
• sParameter and TDR in TIRI (April)
• Stability data acquisition test with 1.1m BEX + µ-Coax at  RIKEN 

(March ~ April)

32



Radioactivity Measurements
• March 4th : End of Neutron Exposure
• March 14th : 2.6 kcpm
• April 8th         : 370 cpm

Another 1 ~ 2 weeks before we can take the prototype-I out of 
RANS experimental site. 

33

Requirement < 100 cpm

いつまでも管理区域内に安置でき
ない。ケーブルの材質の材質毎に
放射化については調べてください
との要請が来ています。



-60

-50

-40

-30

-20

-10

0
0 0.2 0.4 0.6 0.8 1 1.2

Return Loss

40cm FPC 20cm FPC 20cm m-Coax Return Loss [db]

sParameter Comparison

34

-8

-7

-6

-5

-4

-3

-2

-1

0
0 0.2 0.4 0.6 0.8 1 1.2

Insersion Loss

40cm FPC 20cm FPC 20cm m-Coax (KEL) Insersion Loss [db]

IPEX UX-II

IPEX UX-II



Specification Comparison (Executive Summary)

*20cm conversion cable with bus extender

35

FPC KEL XSL IPEX UX-II
Length [cm] 20 40 10 10 20 30 50
AWG N/A N/A 46 44 44
Impedance [W] 50 50 50 45 ± 3 50
Diff Impedance [W] 110 110 93 83
Insertion Loss [%] 80 56 84 90 84 80 88
Return Loss [%] 10 20 25 18 3
Cross Talk [%] <12* 1
Eye Diagram similar similar

High Frequency Signal Transmission Performance @400MHz

There is no data available for the exactly same condition between FPC and µCoax cables. 
Presumably 20cm FPC can be compared to XSL-AWG46-10cm and XSL-AWG44-20cm.
Resulting performances look similar within 20cm. To be executed actual measurement once prototype is 
made. Hard to extrapolate the performance to 1.41m, need to wait for the actual measurement.

Conclusion

Slide from 2021/8/9 INTT meeting 


