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INTermediate Tracker (INTT)

2 layers of silicon strip detector Module = 1 HDI + 26 Chips + 2 Silicon sensors
Ladder = 2 Modules + 1 CFC Stave
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= @—— Chips (FVTX)
= Silicon sensors

——

One Ladder CFC Stave (cooling) Water HDI
Ladder
A
4 Type B sensor Type A sensor Module A
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INTT : 56 Ladders + 64 spares = 120 Ladders -> 40 Ladders in Taiwan
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INTT assembly introduction

Assembly Unit : Module INTT assembly family on Gantry
* Module assembly procedures : Sample tray
1. Chips to HDI

2. Sensors to HDI

3. Encapsulation glue to HDI

4. Thermal cycle test
 |Ladder assembly procedures :

 Modules to Stave
Assembly requirements : Sensor placing error < 50 um

<
s

Z \

.

Glue pattern on HDI Pick up tools Assembly tray
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| X axis

INTT assembly results

Module

Y axis

Average sensors placing error ===

Type A

Type B

X axis (um)

—14.13

-9.99

Y axis (um)

-36.27

-54.73

Rotation (rad)

-7.07E-05

1.66E-04

| Xaxis ~-15 ym, Y axis : ~ -40 um (has improved) /‘

Module placing error on Stave

X axis (um)

<5

Y axis (um)

<10

Rotation (rad)

< 1E-4
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Assembly dry run : verified
To do : real Ladder assembly
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INTT DAQ system

Bus Extender Cable (BEC)

Read Out Car Module

Conversion Cable (CC)

FVTX chip : 128 channels, 3 bits ADC

.........

* Upper row :
e X axis : amplitude of inject pulse
e Y axis : chip response

 Bottom row :
e X axis : chip channels
e Y axis : entries of events

Calibration results For problematic modules : several debug methods are performed
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Summary

 Module assembly
* 17 modules are assembiled, yield : 10/17 ~ 59%
* Problematic modules -> debugging in progress

» Sensor placing error < 15 um, meeting with the assembly
requirement.

* L adder assembly
* Assembly procedures are verified

 Todo list:
e Stave quality tests : flathess test & leakage test

* First Ladder assembly
» Set up source test for INTT Module & Ladder
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Where is INTT

SPHENIX experiment

OUTER HCAL N Ilfd =

2 layers of silicon strip detector

SC MAGNET
INNER HCAL ———
EMCAL
TPC

MAPS

One Ladder

ENDCAP
FLUX RETURN

Ladder
A
4 Moi:lule h
[

INTT : 56 Ladders + 64 spares = 120 Ladders -> 40 Ladders in Taiwan
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INTT and MVTX
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INTT, MVTX and TPC
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INTT Barrels Layout
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INTT Barrel Layout

Stave Endcap
(Carbon PEEK)
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INTT in sPHENIX

‘\f f\ =
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Cable Connections

ROC update
and cooling

Tube Connections

HDI and Tube HDI and Tube Inner and Outer Innerand Outer Cable and Tubes

Roller Rin
& Rings Rings 2 Cones and Skins = Service Barrels Connections and Lengths

N
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INTT sensor specification

BUS Extender

Silicon Module

i e

0.050 TYP
(1.3]

|
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Silicon Module HDI BUS Extender

2000 |

(128.0]
5.118

| 3937 -

(100.0]
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(130.0]
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L1, L2 Sensor design: better segin ¢ |

Type A: Single sensor = 8 x 2 cells

uoi3d3Ip-¢

>

Single cell

E > A:16 mm (B:20 mmi

Z-direction

Wwy86'6

Type B: Single sensor =5 x 2 cells

Thickness: 320 um

Pitch: 9.984 mm/128 =78 um

®-length (single sensor) = 22.5 mm
F-length (active area) = 20.0 mm

Z-length type-A (single sensor) = 130.0 mm
Z-length type-A (active area) = 128.0 mm
Z-length type-B (single sensor) = 102.0 mm
Z-length type-B (active area) = 100.0 mm
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INTT single Ladder Radiation Length

S ——
Copper* 0.36%

Silicon 320 0.34% Polyimide - 0.13%
HDI 473 0490/0 Total** 432 0.49%
Stave 3500 0.25%

*Copper thickness is not physical thickness, but

Total 4293 1.08% effective thickness.
**Total thickness is not 473um, because of

copper effective thickness.
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INTT prototype stave design

Endcap -
(Carbon PEEK) -

CFC Formed
—_— ~—

(M55))

Rohacell 51 IG-F Foam _
(polymethacrylimide)

= m—

Cooling Barb
(304 Stainless Steel)

~

ID: 2mm) (T700)

Endcap stave: carbon peek

CFC Tube (OD:3mm,

Rohacell

CFCtube
(OD:3mm, ID 2mm

Cooling barb
Stainless

CFCsheet: 190um | ———_

CFC:190 um

Cheng-Wei Shih (NCUHEP, Taiwan)
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Taiwan Silicon Detector Facility (TSIDF)

- , ¢

Gantr"\y"head, 4 - diLrﬁJénsio‘naI

Gantry

Cheng-Wei Shih (NCUHEP, Taiwan) 17



Assembly method

Bl : Gantry head B : Module assembly tray
B : Silicon sensor sample tray

|2
v A :

|

|
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Silicon sensor  HD|

3

|
|
v K
|
|
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Gantry head

Aerotech Gantry rotational stage.

Compressible pickup head that is
permanently mounted on the gantry.

Compression Switches

Mechanical
E-Stop

Switch Software

Limit
Switch

Cheng-Wei Shih (NCUHEP, Taiwan)
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INTT assembly : glue pattern

Gantry head

-

. 1, 2 : silver epoxy
" 3 : thermal conductive glue

Chip to HDI
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Encapsulation glue application

Work done by &5
Mini Gantry in NTU

Test with pre productlon 001

Sylgard 186 is used
Needle size of syringe : 0.6 mm
Waiting time : 30 ~ 40 mins after mixing

.m l.:.t.{.i.f'..{

b phl
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Thermal cycle test

AT m
AccelerationFactor = ( teSt) . m=3
Ar:[wllSG
AF *cycles o
= Lifetime(day)
cycles/day

ATuse = 20°C, assuming detector runs on 5°C and warms up to 25°C
ATiest = 50°C, thermal cycles between -10°C and 40°C

AF = (50/20)° = 15.625

Assuming one cycle for every 10 days, 3 year of lifetime test needs
3*365*0.1/15.625 = 7 cycles

mmm Temperature
i humidity
Temperature : -10 °C ~40 °C o {\
Heating time : 17 mins \ \ ; —
Cooling time : 50 mins | .' \j \' | \j \; |
Repeat: 7 times o
%WWMWWWW\ \\\\\\\\ f

The calibration test result after thermal cycle is consistent with the case before thermal cycling

Cheng-Wei Shih (NCUHEP, Taiwan)
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Stave holes measurement

ICroscope

The measurement of the cross mark of HDI and sensor
by using microscope is to get their center position

size of the camera window : ~ 1 mm

Scene on the microscope
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Stave holes measurement

I— Original method to fix chips on stave

F D:2.1 mm
r e - +
@ - N
¢ | ejected chip -
- i. . - 4 fI - - f, -
T f —
- — -Rejected chip l }
_} Kapton tape
B ) | X bk | -]
Kapton tape

fix rejected chip on each edge of stave

measure cross marks of chips by OGP

measure the holes of staves by OGP———" Obtain stave’s relative position
move stave back to

measure the cross marks of chips by

By step 2, 3 and 5 -> obtain stave position

2
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Stave holes measurement

Stave chip holder
Can be fixed by screw

The order of version 2 has
been sent to AS CNC

Material : stainless steel
or aluminum

Version 2
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HDI position/rotation measurement

Point A - B : rotation
Point A - C : position

AR+
BL__+Hc
sensor : HDI :
measure cross mark measure the corner of the square of cross mark
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INTT DAQ debug method
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INTT DAQ Debug method

2SV-A 425V-0 Signal from ROC to HDI

0.1uf
6.3V

A_GND1

30W61 A_GND2
A_PWR1

SUBSTRATE]

ISET1

SUBSTRATE? £

INJECT_IN_A CAL_INJECT2

SUBSTRATE3

INJECT.IN.D

HItOR [£-

RESET RESET1

RESETH [£2 RESETin
SLOW_CONTROL.IN § SC.IN1
SLOW_CONTROL _INb SC_INIn

D_PWR1 [

DOND1 £
yower DGND2 |

0_Pwr2 |12

BCOclk BCO.CLKL

BCOclkb L BCO_CLK1N
VE OUTclk A2 OUT_CLKY

oUTelid 15 1 CLan Check the continuity of inner circuit of HDI

SLOW_CONTROL.OUT SC.0UT1

SLOW_CONTROL_OUTb SC.0UT1n
. DATA_SIDEL.CHIPOL _OUT0p Ana|Og pOWGI’

serialQutl

serialOut1b DATA_SIDEL_CHIPO4_OUTON Slg nal OUt

serialOut? DATA_SIDE]_CHIPOL _OUTLp

+2.5V-D Yol
serialOut2b |2 DATA_SIDE1_CHIPO4_OUTin £Vl Dlgltal pOWGI’

chiplD4

chiplo3 |7 + Slgnal out

chiplD2
chiplD1

chip]00 ‘ 9 Signal in

A_PWR?2
' A
)Owe GND3

A_GNDL |1 g f Chlp ID

FPHX_CHIP_.2

Cheng-Wei Shih (NCUHEP, Taiwan) 28



Regulators replacement of P400 401
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Digital power

The regulator to supply digital power to P400 401

TP1104
S
) VCCD_12 +2.5V_D12

LT_C1929 t VIN_1

TPH2 OuF |
® 035 VIA ]]:O\/ VIN_2
015 HOLE SHDN~

GND
‘% MCP1726

Voltage drop

LVDS 3 255
setting (2mA) (2mA)

The regulator U626 is removed
% ., 8

. —d
S 't

Power supply

LVDS 3 255
setting (2mA) (2mA)

C1895

2.427 2.184
voltage

On drawing : 2.5V Power supply 564V 271V

voltage

+2.5V_D12

Red cable to C1895
ot Black to pin 4 of U626

PWRGD

MCP1726

Power supply
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Analog power

? s L VOCA_1Z +25V_AlZ

035 VIA
S
C1894

015 HOLE
luF ==
16V

Red cable to C1893
Black to ground of U610

power source analog digital

2.655V

supply voltage 2.564 V

current 0.185A 0.349A

Power supply
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Stave flathess measurement

o e e

BoN\e. ,
' X15 X'15 X 15

Transverse / Longitudinal directions : 45 measurements

PP : pre production
P : production

ID

94.8um

Longitudinal 266um 187um 80.5um 150 um

Transverse 251um 99.3um 32.9 69.5um 36.2um

Original flatness requirement : <100 um

Measurements done by OGP
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Stave flathess measurement

Flatness (mm)

0.4

stave ID : 005 [e transverse axis at0 mm

® transverse axis at 15 mm

Flatness : 0.0805 mm

-450 -400 -350 -300 -250 -200 -150 -100 -50 O
Longitudinal axis (mm)

Flatness (mm)

Flatness : 0.0329 mm

stave ID : 005

e@head of stave
middle of stave
eotail of stave

~0.02}
~0.04f
~0.06f
-0.08f

-0.1'2
012
~0.14f
-0.16f

_0.18F

. : : : : : ; T

j:IIIlilIIIiIIIliIIIlilIIIiIIIIiIIIIiIIIIiIIII

-5 0 5 10 15 20 25 30 35

Transverse axis (mm)
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