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Coase Cost Estimate for Production 

Straight Conversion (20cm + 40cm) x 20 cables
Total  $57k in 2019. 

The initial cost (design, mask, fixtures) was 
$25k for two different design. This translates 
$125k per 1 design.

Scaled from the 2019 case, the initial cost for 14 
different design will be $0.2M. The production cost 
of 10 cables for each design will be $0.4M or so. 
This is almost similar to the production cost for the 
bus extender or even more expensive. I am afraid it 
wonʼt fit within the RBRC budget. My request was 
$0.2M for the conversion cable to RBRC budget.

This is quite unfortunate, but we may need to consider possible options. 2



Boundary Conditions

A247

DF18 Series●0.4mm Contact Pitch, 1.5mm above the board, Board-to-Board / Board-to-FPC Connectors

BPCB mounting pattern

Preveteive hole  for sinkage may be setup 
at the indicated position.

BMetal mask dimensions

■Receptacles (with metal hold-down)

Note: Embossed tape reel packaging(2,000 pieces/reel)
Order by the number of reels.
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0.18±0.02

Part Number CL No. RoHSNumber of Contacts A B C D RoHS

YES

DF18B - 20DS-0.4V (81)
DF18B - 30DS-0.4V (81)
DF18B - 40DS-0.4V (81)
DF18B - 50DS-0.4V (81)
DF18B - 60DS-0.4V (81)
DF18B - 70DS-0.4V (81)
DF18B - 80DS-0.4V (81)
DF18B - 100DS-0.4V (81)
DF18B - 120DS-0.4V (81)

684-0021-3-81
684-0022-6-81
684-0023-9-81
684-0005-7-81
684-0006-0-81
684-0024-1-81

Reserved for product expansion
684-0008-5-81

Reserved for product expansion
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Pitch=400um

DF18 Connector
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100 pin connector

60 pin connector

ROC Ports

The DF18 connectorʼs pitch is 
400um and very small. This small 
pitch constrains pitch size of the 
conversion cable. Ideally, the pitch 
would be smaller than 400um. 
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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. 5

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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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.



Micro-Coaxial Cable

https://www.kel.jp/feature/coaxial_lp_1 7



Smallest Pitch Model in KEL
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JPY10,000=US$100/Bundle48 channels/Bundle

J-Parc Experiment 
Case

Employed XSL Cables
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Why didnʼt we consider this option from the 
beginning?

INTT Readout Cable Chain ROC

7-layers 4-layers 7-layers
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• Tried to reproduce the same 
structure with HDI for the 
efficient signal transmission.
• Tighter special condition in 

ROC end as well to 
accommodate 4 layers barrel 
design.
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Quick Cost Estimate
Number of Conversion cables per ladder 2
Total Number of Ladders in INTT Barrel 56
Length of Conversion Cable [m] 0.2
Cost [/48channel] \10,000 (US$100)
Cost [/channel] \208 

Per Conversion Cable Per Ladder Per Barrel
Number of Signal Lines per cable 200 400 22400 

Total Cost (by bundle) \41,667 \83,333 \4,666,667 
$379 $758 $42,424 

US$1 ~ JP\110

11
OK, it reasonably fits to our budget.



XSL Connector End
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▶Compact connector with a low profile of 1.0 mm(0.039’’) 
and a mating width of 6 mm(0.236’’).

▶For micro coaxial cable(#44 AWG, #46 AWG).

▶Signal terminals are soldered by Pulse Heat in one shot and 
keep a stable & highly  reliable connection.

▶Equipped with a metal shell, noise reduction and product 
strength are ensured.

▶Multiple ground terminals are provided for enhanced trans-
mission characteristics and EMS protection.

▶Highly reliable design with effective mating length of 
0.51mm(0.020’’).

*Specially designed insertion jig, withdrawal jig, and caulking jig for a shell are also available.

XSL SERIES
0.25mm PITCH CONNECTOR FOR MICRO COAXIAL CABLE

XSL00-48 L-

XSL20-48 S

Material and plating
Insulator material Glass-filled LCP(UL94V-0),Black
Contact material Copper alloy
Contact plating Gold over Nickel
Shell material Copper alloy
Shell plating Gold over Nickel
Shell2 material [XSL20 Shell2] Nickel silver

Electrical Characteristics
Current rating 0.25A per contact
Contact resistance 100mΩ max.
Dielectric withstanding voltage 90V AC for 1minute
Insutulation resistance 50MΩ min.at 100V DC
Operating temperature -40℃ to +85℃

Recommended cable #44/46 AWG  Micro coaxial cables 
(Outermost diameter: max. 0.24 mm(0.009’’))

FEATURES

ORDER CODE

ORDER CODE

SPECIFICATIONS

*Please order in multiples of the quantity per package.

①【Type】XSLS20： Plug (Cable side connector)
②【Number of contacts】48 ： 48 pin
③【Cable exit style】S： Straight

*Plug(cable side connector) is composed of a base and a shell.
 The base is packed in tray (1,000pcs per box) and the shell is packed in embossed tape and reel (10,000pcs per reel),therefore MOQ of the plug is 10,000pcs.
 Please contact your local KEL sales office for orders less than the MOQ 10,000pcs.

*Please order in multiples of the quantity per package.

①【Type】XSL00 ：Receptacle (PCB side connector)  
②【Number of contacts】48 ： 48 pin
③【Contact tail style】L ： Right angle
④【Number of Packaging】A： 500pcs. per reel  B： 1,000pcs. per reel  C： 3,000pcs. per reel

② ③ ④①

② ③①

6(0.236)
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XSL20-48S XSL00-48L-□
Cable side connector PCB side connector
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Mating Drawing Unit：mm(inch)

Surface mount base 
on a circuit board

Cable end 

 Ground Installation
No. of contacts No. of ground

48 8

Packaging style
Embossed tape

 Product Table
Part Number Number of packaging
XSL00-48L-A 500
XSL00-48L-B 1,000
XSL00-48L-C 3,000

Unit：mm(inch)XSL 00-48 L -□（Receptacle, PCB side connector）

 Printed Circuit Board Layout (Component Side View)
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How many bundles are need per conv. cable?
100+100=200 pins per conversion cable.
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Category # of Assigned Pins Cu XS [µm2]
Signal 124 1962
Analogue Power 12
Digital Power 14
DCOM 30 60,000
ACOM 20 40,000
Sum 200
• Not yet clear if Micro-Coax are the best cables for GND and 

power lines. For now, letʼs just consider only signal pins. 
• 3 bundles of 48 channel XSL cables covers 124 signal channels.



Alternative μ-CoAX Model
14



Major Technical Open Questions
1. Can we fit 124 (200) channels within 

ROC connector area?
2. How we can establish low resistance 

connection for GND  and power lines?
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ROC End Connector Idea

16DF18

Solid Circuit Board

Existing Board
Accommodates 3 x 48 
channel connectors

Cables

connectors

GNDPower

Connectors in both sides (not ideal)



Bus Extender End Idea
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solder

• Directly solder on the print circuit board to avoid 
additional connector. This is doable.

• Pricy solution may be.



GND/Power Lines
• Combine  multipleμ-cables as a 

bundle. 
• Can we customize the number of μ-

cables to be bundled?

18

Category # of Assigned Pins Cu XS [µm2] FPC [µm2]
Signal 124 1962 540
Analogue 
Power 12 24,000 100,000
Digital Power 14 28,000 100,000
DCOM 30 60,000 200,000
ACOM 20 40,000 200,000
Sum 200

Bundled xs may establish about ¼ resistance compared to FPC.
The voltage drop in power line may need careful attention.



How can we assemble XSL cables as a 
conversion cable?

19

XSL Cables (48 channels/bundle)
48channels/bundle

100ch+100ch

Given the 
connector size, 
ROC end looks 
tight area budget.



ROC End Connector Design Idea (1)

20

DF18

XSL00
Side View

1mm

µCoax cable

😀 Employ commercial connector ($). Fit within the present 
G10 size
😱 Too thick for thruholes. May be technically impossible)



ROC End Connector Design Idea (2)
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• Directly solder on the print circuit board. This is 
doable, but costly. 

• Assuming 3 bundles/board, the cost is estimated 
JPY150,000/conversion cable ($1,500).

• Approximately, JPY200,000k=US$200k + Bus 
Extender side connectors for the production.

• It is not totally unreasonable, but relatively 
expensive solution.

solder

JPY100,000/board=US$1,000/board

😀 May fit within present G10 size.
😱 Custom connection. Pricy solution ($$). 



ROC End Connector Design Idea (３)
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• Extend the print 
circuit board end to 
accommodate 
XSL00 connectors.
• This will kill the 

P300 and P301 
DF18 connectors, 
but P30x ports are 
planned to be open 
for a backup.XSL00 connectors

😀 Employ commercial connector product ($).
😱 Disable simultaneous use of adjacent row DF18 ports.



J-Parc Pre-Amp Design
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10mm

The distance 
between XSL00 
connectors is 
secured 10mm 

XSL00 connector



Backup 
Slides
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Material Cost Estimate
Number of Conversion cables per ladder 2
Total Number of Ladders in INTT Barrel 56
Length of Conversion Cable [m] 0.2
Cost [/m] \13,000 

Per Conversion Cable Per Ladder Per Barrel
Number of Signal Lines per cable 124 248 13888 
Total Length [m] 24.8 49.6 2777.6
Total Cost \322,400 \644,800 \36,108,800 
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