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The Forward Silicon Tracker %%?

' ' : Inner Signal Cable: BNL/IU
Flexible hybrid PCB: SDU/IU L — g /
T-Board: SDU/IU

(Shenghui’s talk)
APV25 Chip: UIC

Mechanical Structure
(+ cooling pipe): NCKU/AIDC

(Xu, Rahul, and Flemming’s talks)

Supporting Structure &
Integration: BNL

Silicon sensor: UIC/BNL (Shenghui’s talk)

Cooling: BNL/NCKU (Rahul’s talk)
Simulation: UIC/BNL/IISER/NCKU
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Production of MS

’e
¥,

A
aNAL e
JE%% S
. 4
Xy
Syaant

we Sty

1931

J The production phase: October, 2020 - March 23, 2021
J Produced FST model: FST-06 — FST-79
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Pre-Installation
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OSF: Outer Senor Flatness
ISF: Inner Sensor Flatness

OCF: Outer Chip Flatness
ICF: Inner Sensor Flatness

ORP(XY): Outer Reference Point (X, Y)
IRP(XY): Inner Reference Point (X,Y)
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Production Statistics

|
J All the measurements are recorded on Google Sheet:

https://docs.google.com/spreadsheets/d/1YLm95aj0zIxxCnsfy0OXVoxel9FWD4
RHUv-Pe4qCOfSc/edit?usp=sharing

<

1931

@l OSF1 OSF2 ISF OCF1  OCF2  OCF3  OCF4 ICF1  ICF2  ICF3  ICF4 ORPX1 ORPY ORPY2
FST-11 207.36 19435 28639 9719 5943 3142 7315 6058 9873 13333 89.85 4112  6.08 6.75
FST-12 28554 23017 3296 11012  56.26 13173 553  17.22 8592 8371 3261 5959  29.96  30.56
FST-13 24673 16561  387.82 5805 11373  57.96  25.07 188.06 17358 197.44 1249 47.81 913  40.68
FST-14 35048  191.1 207.8 91.41 12057 183.44 1895 1041 1299 5368 1826  20.67 26 17.49
FST-15 299.74 23105 24737 2659 6623  60.56  60.68 87.93 9657 11293 93.02 739 1795 1.2
FST-16 22366  208.09 34764 4148 12214 2498 6522 4509  99.86 11118 69.67 52.96  71.88  40.93
FST-17 193.94 17752 14862  83.07 4864 6203  69.88 10619 10941 121 7697 99.08 4504  26.45
FST-18 19451 18623 21709 4559 2477 7335 5562 4808 5221 9542 5315 5077 657  17.26
FST-19 19463 22271 30847 5862  49.05 3473 5415 2803 9943 10329 6671 9854 699  92.65
FST-20 290.91 19934  40.22 59.38 5512 7672  57.72 5633 11315 13563 981 = 6.96  47.86  14.4
FST-21 13172 94.04 100.09 6597  110.06 3342 7289  69.01 13239 162.31 87.64 10811 14.89  20.75
FST-22 13628 12844 15255 9276 13582  68.95 5476 11637 16488 2051 14678 3508  20.65  16.85
FST-23 85.3 159.93 37.5 10718 12074 9229 11059 121 4648 4075 3632  84.1 6.51 18.17
FST-24 20453 20003  88.62 4562 922 11651 9446 2468 7043 9606 651 5319 1853  30.46
FST-25 251.82  135.2 96.23 4496 12347 6134 7809 5697 107.33 106.81 643 3601 044  57.84
FST-26 20801 13857 37538  49.37 8394  19.86 4675 27.04 352 5112 3002 5112 2189  8.24
FST-27 17018 20667 14583  63.82 826 9426 10716 68.93 14057 14554 109.35 66.91 826  18.16
FST-28 146.378 15347  91.27 63.71  87.16  57.88 4647 3871  69.65 9277 6135 1553 979  40.45
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Entries

Grading Matrix

d Assumption: all modules are good unless it encounters some
technical issue, e.g. overflow glue...

 Apply a hard cut on flatness at 250 mm

A:<30% | B:30-60% | C:60-90% D:>90 %
(100 pts) (90 pts) (80 pts) (60 pts)
351 ' T TS OSF x 2 (25%) <171um | 171-205um | 205-270 um | 270-351um
3 e [t iiie
: o Emi)m ; ISF (25%) <94 um 94-218 um | 218-276um | 376-388 um
25__ Class D cut 90-100%:351.0pm__
2 = OCF x 4 (10%) <55 um 55-70um | 70-114pm | 114-184 um
15F =
: : ICF x 4(10%) <52 pm 52-88pum | 88-141pum | 141-206 um
1= =
o5t E X <40 pm 40 - 53 pm 53 -99 um 99 — 109 um
: Il | . 3 | orp(15%)
05 L LR L 2 Yx2 | <15um 15-26 um 26 — 58 um 58 — 153 um
Cter Sensor Klalnses[um|] Y <11 pum 11-51pm | 51-132pum | 132-165um
IRP (15%)
Xx2 | <22um 22-44um | 44-100um | 100-349 pm
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Final Classes

Based on FST-07 to FST-35 ClassC  Class B Class A
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Overall Statistics

1 Production modules: FST-07 to FST-79 (total 73)
® Class A:29 (passed 250 nm cut: 29)
® ClassB:31 (passed 250 nm cut: 20)
® ClassC: 5
® ClassF: 8

} 49 very good ones

o 3 out of 49 have some issues (soldering on bonding pad and connector lost)
o Will use 2 modules has flatness slightly over 250 um
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Countof Class
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Entries

— X/Y direction %
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T-Board Production

(ONAL

<

<
L
<
m
q
2

b

1931

From Maowu Nie

. w - A
e o
d RAASRREERR R AR) ]
= o
LAdLLL LAALALS

Ty

QC table: https:/drupal.star.bnl.gov/STAR/system/files/QC%200f%20T-board%20v3_1%20for%20FST.pd

® T-Board production and assembly were all done.

® After QC test, they were shipped to BNL, and Mike already received all of them on Apr. 13, 2021.
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 The grounding/bonding are figured out (thanks to Mike)

J Lengths are almost determined (thanks to Xu and others)

=>» By early next week we can sign off on it and get the quotes.
| § N\

%
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J Production and assembly of FST MS were finished on March
23, 2021 (by NCKU)

J Production and assembly of FST T-Boards were finished on
April 13, 2021 (by SDU)

J Cable is almost ready to get quotes and place the order

d Sensor and chip assembly is ongoing at Fermilab (UIC),
expected to be finished in 2-3 weeks

[ Testing and preparation of installation are ongoing (BNL/UIC)
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Backup
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Design of Mechanical Structure
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Main structure: Tube fixture:

U Material: PEEK 0 Material: PEEK | | Thermal grease:

d Thermal Conductivity: 0.24 W/m/K 0 ES&H: Good Q Material: Thermalrigh TF8 2G
O ES&H: Good O Rad.: Good O ES&H: Good

O Rad.: Good / O Rad.: Good

Glue (inner MS+outer MS):

O Material: Loctite EA 9359.3 AERO
O ES&H: Good

O Rad.: Good

\

Glue (hybrid+MS):
L Material: Araldite 2011

O ES&H: Good
Tube: O Rad.: Good
O Material: Stainless 316
O Size: OD 6.35 mm, ID 5.54 mm :
O Thermal Conductivity: 14 W/m/K Heat sink:
U ES&H: Good O Material: Al 6061
U Rad.: Good O Size: ~8.2 x 8.0 x 3 mm?
O ES&H: Good
*PEEK has been used in collider experiments: e.g. STAR HFT J Rad.: Good

Yi Yang 2021 April 26 @ F2F Meeting Overview on FST 16 /14



Manufacture of Cooling Tube

1) Passivation treatment on the raw 316
stainless steel tube

2) Use Tube Bending Die (TBD) to bend
the tube

3) Use 3D printed Miscellaneous Service
Tool (MST) to check the dimensions.

4) Braze the connectors to the tube
5) Leakage test
6) Clean the cooling tube

AIDC

Yi Yang 2021 April 26 @ F2F Meeting
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Injection Molding for MS %%

(d The mechanical structure are made using injection molding method

O Very challenging: thin + large + complex structure

many components embedded
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Assembly Procedure: Facilities %

J Use the robotic machine at Taiwan instrumentation Detector
Consortium (TiDC, https://www.taiwan-tidc.org) to assemble

1) Hybrid PCBs to inner and outer structures
2) Inner wedge and outer wedge

Optical Gauging Products (OGP) Assembly table and gantry
‘ ' ) e By \ ;o '.:ﬂ-mz! : ,'-“-~ .
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Quality Control %%

J Use OGP to measure the flatness (maximum difference between measured points )

5 points at chip areas and 13 (9) points at sensor area
J Acceptance: < 500 um
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Assembly Procedure: Outer MS %%?

1) Place the pickup tool, outer MS + tray, outer Hybrid + tray on

table
‘ Outer MS + tray
pickup tool

2) Place guide pin on outer MS

Outer Hybrid + tray

3) Apply glue on outer Hybrid
4) Use camera to locate the reference points

5) Glue
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Modified Gluing Procedure for Inner Hybrid %

 Glue the inner MS first
1) Place pickup tool, inner MS + tray, outer wedge + tray on

table ‘ .

2) Use camera to locate reference points

3) Pick up inner MS and glue it on the outer wedge
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Modified Gluing Procedure for Inner Hybrid %

 Follow the “same” procedure as the outer Hybrid

1) Place pickup tool, inner Hybrid + tray, outer wedge + inner
MS + tray on table

2) Use camera to locate the reference points
3) Pick up inner Hybrid and glue it on the inner MS

>
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Assembly Procedure: Components on Hybrid

1) Solder components manually

2) Electrical open connection test

1931

Yi Yang 2021 April 26 @ F2F Meeting Overview on FST
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Prototypes: FST-003, FST-004, FST-005 (%28

FST-003 FST-004

Yi Yang 2021 April 26 @ F2F Meeting Overview on FST 25 /14



& QC: FST-003, FST-004, FST-005  (%#

Not used

Inner Outer Inner

Flatness sensor 1 233 130

Flatness Sensor 2 e 221 196 158

Flatness Chip 1 62 34 31 38

Flatness Chip 2 25 43 76 41

Flatness Chip 3 32 31 121 63

Flatness Chip 4 3 30 52 39

oD1 98 61 98 83

oD2 86 174 86 58
*Flatness measurements are on Hybrids
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Modified Mechanical Structure %%

J Implemented the suggestions from Rahul’s team
® Precision bushings and pins (inner holes), larger through holes (outer holes)

® Add inner supporting part (screw hole)

Precision bushing

\

\-—
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Flatness Issue on Main Structure %%3

d Timeline:
® 2019-Nov: produced 1%t (PEEK+30% CF) and 2" (PEEK+30% GF) prototype
=» Obvious flatness issue
® 2019-Dec: modified the design due to the change of the positions of APV
chips and produce 3 prototype
=>» Flatness issue is not solved
2020-Jan: increased the thickness from 1.5 mm to 2.0 mm + changed the
injection points from side to center

=>» Flatness issue is not solved

2020-Feb: use pure PEEK + extra cooling on molds
=>» Flatness is significantly improved, but not 100% solved
: use rigid quality control selections

=>» Flatness improved (solved)

— -
-
() O_N\l N\ » : »>
PRI s 9T TS ’ s .

- .

e e A
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Prototypes: FST-001, FST-002

J Goal: quickly produced prototypes for sensor testing

J Many issues found: flatness, bubbles, shifting...

n}

Flatness (RMS) | Thicker hybrid | Thinner hybrid

Inner 0.2942 (mm) 0.2663 (mm)

Outer 0.4654 (mm) 0.2585 (mm)
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H1

Input(+) White: Source

Input(-)

Yellow: NTC sensor

Input(+)

==White: Source

Yellow: NTC sensor
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Quality Assurance: Outer
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J Use OGP to measure the flatness
® 5 points at chip areas and 9 points at sensor area

® Distances from guide pins to reference points (in x and y)
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Quality Assurance: Inner %

J Use OGP to measure the flatness
® 5 points at chip areas and 9 points at sensor area
® Distances from guide pins to reference points (in x and y)

\o.
CENTER OF
APV 04

T

Ry

Y3
NTER OF
e
Y2
CENTER OF

.
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Measurements: Inner %%?

p—
2

\l

SENSOR BIAS 2

Re3=/ SENSOROZ
& K

CENTER OF AN 3
APV 04 CHIP 04

b

SENSOR 03
CENTER OF Xy x .
APV 03 L~ ANGERS
CHIP 03
wx| smsore p 4 ) 4
CENTER OF  CHIP 02
APV 02 )y ANGLEg x
ki
CENTER OF SENSOR 01 x
APV 01 R B
—3\ ANCERO| 4
* )
s CHP 01
o SENSOR BIAS 1
BIAS 1

Yi Yang

2021 April 26 @ F2F Meeting

Overview on FST 33 /14



Inner: Dimension %%3

L Unit: mm

| Part | D12 | 5012 | D13 | 6D13 | D24 | 3024 | D34 | 3034

Solidworks >< 113.13 >< 144.46 >< 144.46 >< 28.66

1 112.785 0.345 144.03 0.43 144.049 0.411 28.497 0.163
2 112.796 0.334 144.018 0.442 144.05 0.41 28.472 0.188
3 112.783 0.347 144.014 0.446 144.046 0.414 28.451 0.209
4 112.698 0.432 143.996 0.464 143942 0.518 28.493 0.167
5 112.775 0.355 143.953 0.507 144.077 0.383 28503 0.157
Inner 6 112.787 0.343 143.956 0.504 144.076 0.384 28.51 0.15
7 112.771 0.359 144.001 0.459 144.045 0.415 28.479 0.181
8 112.738 0.392 143.942 0.518 143.996 0.464 28.44 0.22
9 112.704 0.426 143.998 0.462 144.043 0.417 28.458 0.202
10 112.789 0.341 144.025 0.435 144.08 0.38 28.484 0.176
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 Unit: um
 Flatness: maximum difference between measured points

73.2
129.7
136.3

30.5
172.8
167.2
137.9
112.8
157.7
10 23.6

Inner

O 00 N o U B W N

25.8
55.3
38.6
52.5
76.4
74.7
66.1
58.2
92.9
50

Inner: Flatness

40.7
69.6
27.7
39.4
47.7
46.1
71.1
57.5
93.1
85.6

84.2
144
101.5
59.3
48.4
54.6
159.2
33.6
174.7
176

484.4
397.2
182.7
815.8
574.4
545.2
313.3
483
158.6
887.7
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Plan for the Measurements: Outer %
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Outer: Dimension %%3

L Unit: mm

| Part | D12 | 5012 | D13 | 6D13 | D24 | 3024 | D34 | 3034

Solidworks >< 188.09 >< 165.39 >< 165.39 >< 91.38

1 187.585 0.505 164.882 0.508 164.93 0.46 91.183 0.197
2 187.603 0.487 164.895 0.495 164.927 0463 91.199 0.181
3 187.62 0.47 164.87 0.52 164.878 0.512 91.228 0.152
4 187.582 0.508 164.879 0.511 164.867 0.523 91.176 0.204
5 187.598 0.492 164.899 0.491 164916 0.474 91.2 0.18
6 187.584 0.506 164.864 0.526 164.943 0.447 91.155 0.225
7 187.577 0.513 164.896 0.494 164922 0.468 91.19 0.19
8 187.551 0.539 164.81 0.58 164.865 0.525 91.093 0.287
9 187.518 0.572 164.837 0.553 164.899 0.491 91.141 0.239

10 T o e e e e

Inner
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 Unit: um
 Flatness: maximum difference between measured points

Inner

1
2
3
4
5
6
7
8
9

10

Outer: Flatness

92.4
114.1
90.2
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37.2
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28.3
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76.7
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69.7
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59.5

112.4

60

112.8

158.8

346.6
291.3
319.5
144.4
254.3
444.5
199
293
340.5

415.5
434
365.6
129.2
241.4
418.4
135.8
391.8
240
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Final QA

J Outsource (Taiwan CK Techno Co.,Ltd.) the measurements of
flatness and parallelism (800 USD per module)

<

1931
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Plan for the Measurements %

 Plan to outsource (Taiwan CK Techno Co.,Ltd.) the measurements
of flatness and parallelism

J Extremely expensive:

" Flatness for single inner or outer MS (before assembly):
Q Price: ~200 USD/pc
O Method: optical

" Flatness and parallelism for assembled module:
Q Price: ~400 USD/pc
O Method: mechanical (their know-how)

=>» Total of 60 sets: 48,000 USD Working on getting a better deal

 Plan for the prototypes:
" Flatness for single inner or outer MS (before assembly) at TiDC
" Flatness and parallelism for assembled module (first 10) by CK Techno
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Production time for single module

|
Day 1 - Day 10: preparation (QC for 200 sets)
Day 11: mount Outer Hybrid to MS (FST_prod_001)
Day 12: assembly Outer Wedge and Inner MS (FST_prod_001)
mount Outer Hybrid to MS (FST_prod_002)
Day 13: mount Inner Hybrid to inner MS (FST_prod_001)
assembly Outer Wedge and Inner Wedge (FST _prod_002)
mount Outer Hybrid to MS (FST_prod_003)
Day 14:
mount Inner Hybrid to inner MS (FST_prod_002)
assembly Outer Wedge and Inner Wedge (FST_prod_003)
mount Outer Hybrid to MS (FST_prod_004)
Day 15:
mount Inner Hybrid to inner MS (FST_prod_003)
assembly Outer Wedge and Inner Wedge (FST_prod_004) One day per moudle
mount Outer Hybrid to MS (FST_prod_005)

s,

Day 72: mount Inner Hybrid to inner MS (FST-prod_060)
Day 73:
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Production Statistics
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Production Statistics
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Production Qualities: Class B
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Production Qualities: Class B
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Production Qualities: Class C
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Production Qualities: Class C
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Thermal Analysis %

NTC for ambient

J Careful thermal analysis is
performed by using single ... N
module with water cooling \

B
N

J Temperature at thermal et
equilibrium is less than 26 °C

'
'
'
’
‘.
’
'
'
?
' B
J

Resistance and Board

Consistent results between
experiments and simulation

0.25W
1 25.236
25.236 40.00
. 25.235
a8 2:2:: 35.00 @ Experiment
25235 () @ Simulation
25.235 Min ~
2 30.00
=
o ®
& 25.00 s o | °
5 H
2
20.00
- 15.00
Liquid Temp: 22 °C ML HL  C1 M2 H2 Q2
. Position
Ambient Temp: 25 °C
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J Cooling test on FST-04
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(Dec. 21, 2020@BNL) e
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= bi ] 275
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Soft Tube and Connector

J Connect 3 wedges to be 1 set
=>» Total 4 in and 4 out for one disk

Plan A: plastic soft tube

Recommended Flex Hoses for General Use

Tubing Name Extraction % | Weight gain % | Comments
Tygon' C-544-A U‘ear Braided 0.09 03 Excellent Gmpalslhﬁ Good
l 1.B. Polyurethane pressure resistance.
Temperature Range —73 to 82C.
www.tygon.com
Tygon 3370 |.B. Clear Braided 1.47 4.8 Good Compatibility. Good
Silicone Pressure resistance.
Flexfab™ 5521-050 | Green braided 2.08 NA Good Compatibility. Good
silicone hose Pressure resistance.
Temperature range —54 to 150C.
http://www.flexfab.com
Nalgene™ 290 Clear Yellow. 0.74 0.3 Excellent Compatibility. Little
PUR No Braid. pressure resistance.

Plan B: metal soft/hard tube

DME
Soft tubes e Tl oo R

304 SS braid

316L SS core Weld 316 SS
end conne:

Bl Connector
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 Use the Soxhlet extraction method
(suggested by 3M)
= C-544 is stable after 24 hours test
= 3370 is stable after 8 hours test

d Use Co®0 source at Institute of ool
Nuclear Energy Research (INER) e

Relatively Increasing Weight (%)

J Two dosages:

® 3.2 kGy (from proposal)
® 16 kGy (5 times higher)

® C-544

s C-544-r (16kGY)

30 35 40
Time (hr)

=>» No significant change

before/after radiation

ol v v L 1

e 3370
s 3370-r (3.

¢ 3370-r (16

0 5 10

15

20
Timr
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@ Burst Test on Soft Tubes oo

sure handle

3370: 0 kGy C-544: 3.2 kGy
3.2 MPa=-> 1MPa 4 MPa

Deformation Pressure

Radiation dosage 3370 C-544

16 kGy 2.0 MPa >4 MPa
3.2 kGy 2.5 MPa >4 MPa
0 kGy 3.2 MPa >4 MPa
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