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~10 cm
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~30cmiZE DFPCAH D& Z &%\

e Ladder : 135cm long with 34 sensors and 34 ASICs

BED 7

 Minimize the additional connection

« Assembling this very long module is difficult
e Yield rate will be issue during the production

 |f split by 3 pieces, each FPC is 50cm long

Simone’s slide in Nov. 2024

« b0cm FPC can be made with minimum risk in production
« Finer line & space available (60um x 60um)

« Multiple connection needed
 Reduce active area by connecting these FPCs

 How connect each other ~ 200 lines + power + GND

« spTAB bonding
« Connector (micro pitch)
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1r%gile, (not so reliable?)

FPC idea
® FPCs are spTAB bonded to be extended so it’s flush
‘I = = i
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® Flex are stacked and glued on the stave one on top of 1l
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® Side view
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* FPC from JAPAN (Takashi and so on) Unit
temperature sensor and a series of bond pads Y2 Sensor  Chip Sensor

== A4
a7 A bR JW%
EDH T
» UCSC will glue, verify positioning and
to be paired with sensor. AN () —

« Tl EELHBAETR LT Unit .
N—FT 2 K+ORNL : RX7—7 (&
wirebond sensors and silicon heaters 10 em
e Purdue or ORNL will assemble the two half

o MLZIITHEEDOT A b @'@ﬁ
el
ul%) + FPCE DiRYAEDHE
» Heathers (1x1cm) have embedded
staves with cooling pipe

» UCSC will perform electric and thermal tests . R \
1 1 cm 2 cm
- HPK sensors arrived at UCSC, many are® e Pipe
NOT WOrklng, so ok to be used in this Connector FPC
project
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Bond pads

Ground (VIA)

“channels”

HV

Ground (VIA)

4-6 mm

~150 um

Coverlay
ch ch Glue

Polyimide
Ground
Coverlay

| 500 um | 200 um | 11
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Sensor

« BEMZFEA T, *ELEMICE YT —+ASICEZEE
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« FPC:135cm + 2RI XER
« ¥ —: 3.2cm x 2cm x 341& (331@)

« ASIC(ZRTE) : EBEFFEDOASICZBTOFRICHMEFE
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7.6mm

. 3b4dmm

® RST

12C x 2

P'Y P'Y FastCom

99 o9 o0 o0 9=

[ CLK
| DataOut

CLK

DataOut

—

NAIYIRATVEDTHA &L &I

« Line (130um) + space (130um) + Land (for thru hole) = $300um ~ 600 um
Thru hole width : ~ 8.8mm (0.6mm*7+ 0.52mm*8 + 0.6mm = 4.2+4+0.?r ~44.2mm :

Line area width: 34 *4 * 260um = 35.4mm +

Landdorspewers and GND are also necessary

7+ 0 2R signal lines occupy < bcm width

19



Long FPC from sPHENIX INTT

4 layers laminated by the adhesive sheet

AGND pessssss—

« Cable design (prototype) |
- Dimension (L x W): 130 x 5 cm? o ——
4 layers (signal , 2xGND, PWR): X = 0.8% X,

W . S
« Cu : 12um thick per layer + 30 um Cu plating on
surface Power I E—

Lines : 124 lines (Line and space : 130 & 130 um)
Zgier - 100Q2 by strip line structure

« Signal layer is sandwiched by GND layers
Liquid Crystal Polymer (LCP) as substrate

« Less signal loss due to low di-electric constant & tan(s)
« Thick LCP available for Z ¢ : 100um

DGND LCP (100um)




Signal lines based on ETROC?Z

e Size : 21x23mm?2 (Box shape) since 2D for the pixels
« Bump bonding for pixel (CMS)

« Npads : 124 w/ wire bond

« CMS Digital lines: 13 lines
« Tx: 2x DataOut (DS)
- Rx: CLK40 (DS)
- Rx: FastCom (DS)

ETROC for BTOF FPC
BTOF FPC ~5 or 6 lines

1x DataOut (DS) = 2 lines
p2p =2 lines
bus w/ 4 chips (not p2p) = 2 /4 lines

Ll

« Rx:12C (2 lines, SCK, SDA) bus w/ 17 chips = 2/17 lines https://etl-
« Rx: RSTn (1 line) bus for all chips =1 / 34 rb.docs.cern.ch/Speci
fications/etroc-test-
e Analog: 1 line (Vtemp) — 1 line card/#Specifications

e« 135 ¢cm FPC = 33 or 34 ASICs/FPC (x2 FPC x 2cm/sens)

« 33 or 34 sensors are necessary

« If 34 ASIC's areina FPC, 34 x {4 + 2/4+ 2/17 + 1/34+1} = 194 lines in total
e« INTT: 124 lines w/ 3.5cm width (1.5 times more than INTT, )

« MPa864NTT technology, Thickness is ~0.8 % X0 / FPC  We use 2 FPC for a ladder ~ 1.6%X0



Sensor and ASIC Layout w/ interposer

ETROC (box)
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« Interposer FPC (green)

FPC~0.8% X0 x2  Intp-FPC ~0.5%

* Routing signal lines from ASIC to FPC

« Multiple (2~3) layers needed for DIO, power, GND
« Additional thickness >0.5 % X0 -> Total~ 2.1% X0

* Length of lines could be different

Total X0 ~ 2.1 %

Sensor

 may get the time resolution worse e ee—

« Sensors & ASICs are connected Cooling pipe '™
« Difficult to make a (simple) module structure

2025/4/14

Connector FPC

22



Option : Bottom layout of Sensor and ASIC

ASIC bottom placement ASIC bottom placement

i — 2cols(2+cm) 2 cols(2+cm)

64 rows (3.24+cm

« ASIC at Bottom FPC~0.8% X0 x 2
- Easy to make a module Total X0 ~ 2.1 %
- Different lengths of double metal V2 Sengpr  Chip Sensor

« Signal might be distorted
« Simpler wire bonding

 Ifinterposer, routing the lines get easier T e
Cooling pipe 2 em

2025/4/14
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Space btw FPC and ASIC needed for wire bonding

Sensor + ASIC side by side

Sensor + ASIC in top and bottom
Thru-holes

o)
". 1 Space

3.2cm

5.4 cm

.‘0,1 Space

« How much space is necessary to come out the signal lines
from inner signal layer

2025/4/14 24



Short FPC option

e Ladder : 135cm long with 34 sensors and 34 ASICs

 Minimize the additional connection

« Assembling this very long module is difficult
e Yield rate will be issue during the production

 |f split by 3 pieces, each FPC is 50cm long

Simone’s slide in Nov. 2024
FPC idea

® FPCs are spTAB bonded to be extended so it’s flush

« b0cm FPC can be made with minimum risk in production
« Finer line & space available (60um x 60um)

« Multiple connection needed
 Reduce active area by connecting these FPCs

'r- L= i
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® Flex are stacked and glued on the stave one on top of 1l

g =

n [ S
T

 How connect each other ~ 200 lines + power + GND
« spTAB bonding

« Connector (micro pitch)

2025/4/14 . .
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® Side view
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Double-sided stave

® [ssue with small units: doubles the number of ASIC

® [ we do large units with half-sensors at the edges the number of ASICs would stay the same and it can be
assembled ‘stand-alone’

® Demonstrator can be one unit length ~16cm

Unit

U

Unit

® Same number of ASIC but introduces small ‘gaps’ (~1mm) between units
* Other stave side will have an ASIC in that position

N /
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