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Detector Layout

ALICE ITS Upgrade
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OB HIC elements

ALICE ITS Upgrade

Power + Bias Bus

HIC:

Middle and Outer Layers are equipped
with identical HICs

14 ALPIDE chips

Half-Stave Up
Half-Stave Low

1 FPC

18 um
18 um
FPC-to-ALPIDE interconnection 75 um Flip-chip assembly
Wire-bonding through vias 18 um
18 um

25 um Al wire
Araldite 2011 ~45 um

ALPIDE chip ~100 um
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HIC construction process

ALICE
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OB HIC construction sites (MAM site acceptance test)

ALICE ITS Upgrade

ALICE
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Student: Ms. Peipei Zheng
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OB HIC construction - Tooling, Procedures and Training
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OB HIC construction - Tooling and Procedures
7

ALICE ITS Upgrade

Ultrasonic wedge bonding for FPC to chip interconnection:

new bonding machine procured for Bari, Strasbourg and Wuhan; a supply contract signed with Sejung company for

Pusan; resources allocated by the laboratory management for Liverpool
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OB HIC construction - Tooling and Procedures

ALICE ITS Upgrade
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Qualification and Endurance test systems
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OB FPC production

Nominal quantity of FPCs needed: 2700 (including spares, yield, quality control)
Production at GS Swiss will be completed by the end of 2018
Pre-production and 15t+ 5% production batches:
2014 FPCs (1607 Tab-A and 407 Tab-B type) produced, validated and distributed to HIC sites
6! production batch:
308 FPCs (276 Tab-A and 32 Tab-B type) Cross-Cables mounting and validation ongoing,
distribution will start this week

ALICE ITS Upgrade

7t production batch: ~470 FPCs, production at GS Swiss just started, delivery expected before Christmas

Extra batch: ~350 FPCs, purchasing order in preparation
~970 FPCs still available (~200 already distributed + 770 from 6t and 7t" batches) and ~1200 HICs still to be

produced (see following slides)

Quality controls and preparation:
Extensive quality assurance tests (metrology, electrical tests, visual inspection) at Trieste and Catania
Metal quality verification via sample wire bonding/pull tests @ CERN and assembly sites

Soldering of cross cables (for connection to power and bias cables), test, drying and cleaning at Trieste
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OB FPC production

ALICE ITS Upgrade

Stable production yield per batch: 93% + 97%
~1% metrology out of specs
<1% electrical out of specs

2% + 6% optical inspection: bending, local deformations and/or defects

Metrology =]

Verification of position of selected structures and
edges with respect to center of central dowel pin hole

25
r FPC # GS8TQ_B_00077
i 36/37

20

Electrical tests

Check for short or open lines at different stages

nel resistance / line length (Ohm/mm)

Chan

5 10 15 20 25 30 35 40
Channel

Optical inspection

Main source of found defects :
Few random problems :

Structural bending ;
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OB HIC production

ALICE ITS Upgrade

N.B.: In the following plots and tables, Pusan = Pusan/Inha

Number of HICs to equip the OB layers: 1692
Assuming a convoluted HIC (~83%) & Stave (~90%) Yield: =75%

Number of HICs to build to equip the OB: 1692/0.75 = 2256

HICs built so far: 1388 (~62%)

Additional spare HICs to build: =250 = =2500 HICs overall

PRODUCED

367
397
365
64
195
1388

QUALIFIED

346
375
321
3
185
1230

NOT
QUALIFIED
21
22
44
61
10
158

Target production rate: 50 HICs/week

WORKING

293
317
270
0
142
1022

NOT
WORKING
53
58
51
3
43
208

ENDURANCED

270
300
255
0
108
933

2 HICs/day/site assuming 5 working day/week

End of HIC production
Mar 2019

Modified procedure, based on a shorter curing time inside MAM, allows to increase the weekly production rate
V. Manzari - 12" ALICE Upgrade Asian Workshop , Inha University - Nov 19", 2018
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OB HIC production

ALICE ITS Upgrade

Steady production in Bari, Liverpool, Strasbourg, Wuhan and ramping-up in Pusan/Inha

450

week 41 week 42 week 43 week 44 week 45 week 46
100 pr. week 47 | pr. week 48 | pr. week 49 | pr. week 50 | pr. week 51 | pr. week 52
0 12 9 1 N7/ 12 14
300 N 7
14 11 11 \ 11, 11 12

g 20 11 11 12 ' 6 6

= 200 5 9 10 /8 7 6
150 12 1 12 PASTA 9 9
10‘; 54 51 46 |/ 36 N| 45 47
5 /

0

12345678 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152
PRODUCTION WEEK

Production rate of ~49 HICs/week in the last 5 weeks

e B3r| s |jverpoo| —es=Strashourg essssPysan ess\\uhan

16
14
12
1

o

# HIC

o N B O ®

w44 excluded because of holidays in Italy and France

“Hll.‘ll“|||1|I.|||H||I Hit ||| il ‘I

1 23 4 5 6 7 8 9 101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52
PRODUCTION WEEK

mBari mliverpool mStrasbourg mPusan m Wuhan
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OB HIC production

ALICE ITS Upgrade

BARI LIVERPOOL
400 450
350 400
300 350
5 250 o 300
T 200 T 250
1 150 1 200
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100 100
50 50
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20
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0
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PRODUCTION WEEK
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OB HIC production status >

ALICE ITS Upgrade '

ALICE

PRODUCTION STATUS

70

61
60

50 -
Online update:

25 now

34
30
18 18 18
16 16
14
7
3 : =
0 0
1 [ ] 1

Bari Liverpool Strasbourg Pusan Wuhan

40

# HIC

30

20

1

o

o

M Tobe bonded ®mTobe qualified mTo be enduranced
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ALICE ITS Upgrade

OB HIC production projection

HIC Production End milestone Mar 2019 = 17 weeks left
OB-HIC production Mar 2019
|

3000
2500
2000

1500

# HICs

1000

500

Week

4647484950511 2 3 4 56 7 8 9101112131415161718 19202122 23242526272829303132333435363738394041424344454647484950512 3 4 56 7 8 9 1011121'3

0

=&—First period (21 HICs/w) =*=Second period (40 HICs/w) =*=Prediction (40 HICs/w) =*=Prediction (50 HICs/w) =®=Prediction (60 HICs/w)

Exploit the modified procedure (reduced MAM downtime due to pre-curing) to fulfill the milestone
16
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OB HIC yields

ALICE ITS Upgrade

6,5%
4,8%
= GOOD FOR STAVE ASSEMBLY
m PARTIAL (1 chip missing)

0
= NOBB CATB 12'0A
= NOT WORKING - Mechanical Damage
m NOT WORKING - Permanent Short

» NOT WORKING - Undefined

59,8%

m GOLD+SILVER = BRONZE = BURNTTHROUGH = NOBB

Yield figures and quality quite uniform across the sites

0,0%
2,7%
= GOLD/SILVER
0,0%
s BRONZE
\ » GOLD/SILVER/BRONZE & Burn Through

0,08

= NOBB
; oo _ = PARTIAL

m/ = NOBB CATB
= NOT WORKING - Physical Damage
# NOT WORKING - Permanent Short
» NOT WORKING - Undefined

100,0%

?

BARI LIVERPOOL PUSAN STRASBOURG WUHAN
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OB HIC weekly vyields

ALICE
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OB HIC weekly vyields

ALICE ITS Upgrade

BARI LIVERPOOL
12 16
10 14
12
8
10
6 8
4 6
4
2
il | | 2 |” | | | ! |
. I i ] I I ; 11 T 0
1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152 1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152
mGOLD mwSILVER wBRONZE mNOBB mNOBB-B mPARTIAL mNOTWORKING EGOLD mSILVER wmBRONZE mNOBB mNOBB-B mPARTIAL mNOTWORKING
STRASBOURG WUHAN
12 14
10 I 12
8 I I l 10 |
8
6
6
4
4
2 |I I| | I 2 | | ” |
. I i 1 ] i | T Tir |
1234567 8910111213141516171819202122232425262728293031323334353637383940414243444546474849505152 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
EmGOLD mSILVER mBRONZE mNOBB m®mNOBB-B mPARTIAL mNOT WORKING mGOLD m®mSILVER mwmBRONZE mNOBB mNOBB-B mPARTIAL mNOT WORKING
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OB HIC distribution

ALICE ITS Upgrade

60

50

40

9]
T 30
B3
20
10
0
m WUHAN 0
PUSAN 0
m STRASBOURG 0
m LIVERPOOL 0
m BARI 0
Week 30

20
10
0

O W O O 0 N

HIC weekly Enduranced (start week 30)

3 4 5 6 7 8 9
6 0 8 8 0 0 9
0 0 0 0 0 0 0
0 9 9 1 0 9 1
10 9 0 10 10 10 10
3 0 7 9 8 10 0
WEEKs

HBARI MWLIVERPOOL mSTRASBOURG

70

60

50

40

# HICs

30

HIC weekly distribution to the STAVE sites (start week 30)

B 0
1 2 3 | 4 5 8
14 15 m NIKHEF 0 16 0 0 o 10 10 7 6 0 8 3 3
S I mDARESBURY 0 0 7 7 0 0 9 5 8 16 6 3 4
0 0 0 1 0 1 0
= TORINO 0 0 0o o o 12 15 o0 16 16 14 16 16 26 0 16
0 7 19 10 10 10
v T o T2 1o & W FRASCATI 4 0 0o o 0 14 2 0 6 8 10 12 0 14
0 17 9 10 10 10 o0 WBERKELEY 0 3 24 0 0 0o 11 14 0 0 11 12 10 16 0

Week 45

PUSAN ® WUHAN

mBERKELEY mFRASCATI mTORINO mDARESBURY m NIKHEF

—mmm

Distributed

V. Manzari - 12" ALICE Upgrade Asian Workshop , Inha University - Nov 19", 2018

35 38

62 22 37

20



OB HIC distribution

ALICE ITS Upgrade

@
=2
wooowopR

OO wwo

BL AL
10 50
22 64
12 70

60

15
20 109 15
75 353 80

SILVER ASSEMBLED
BR AR TOTAL LAST UPDATE
0 0 0 18/11/2018
0 0 8 18/11/2018
1 0 4 18/11/2018
0 0 0
0 0 0 18/11/2018
1 0 12

BR
10
23
15
13

AR
60
67
68
56
110
361

130
176
165
144
258
873

HICs DISTRBUTED TO THE STAVE SIT
TOTAL LAST UPDATE

18/11/2018
18/11/2018
18/11/2018
18/11/2018
18/11/2018

HICs AVAILABLE FOR SHIPMENT

BRONZE ASSEMBLED "BURNT THROUGH"
BL AL BR AR TOTAL LASTUPDATE |BL AL BR AR TOTAL LAST UPDATE
00 0 1 1 18/11/2018 |0 4 0 5 9 18/11/2018
02 0 2 4 18/11/2018 [0 5 1 3 9 18/11/2018
100 1 2 18/11/2018 [0 0 0 O 0 18/11/2018
00 0 O0 O 0 0 0 O 0
00 0 0 O 18/11/2018 |0 0 0 1 1 18/11/2018
120 4 7 0 9 1 9 19

HICs IN TRANSIT HICs MOUNTED ON STAVEs
BL AL BR AR TOTAL SHIPMENTDATE |BL AL BR AR TOTAL LAST UPDATE
00 0 0 O 18/11/2018 |8 48 9 54 119  18/11/2018
2 6 2 4 14 18/11/2018 |16 48 17 52 133  12/11/2018
17 0 0 8 18/11/2018 |8 48 9 54 119  23/10/2018
1215 9 18/11/2018 |7 42 7 42 98  13/11/2018
17 1 7 16 18/10/2018 |14 84 15 90 203 | 26/10/2018
522 4 16 47 53 270 57 292 672
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“NO BACK BIAS"

BL AL BR AR TOTAL LAST UPDATE
01 0 O 1 18/11/2018
17 1 3 12 18/11/2018
01 1 0 2 18/11/2018
0 0 0 O 0
0 0 0 O 0 18/11/2018
19 2 3 15

HICs STILL AVAILABLE AT THE STAVE SITES

BL AL BR AR TOTAL  LAST UPDATE
001 1 2 18/11/2018
35 2 5 15 12/11/2018
13 2 2 8 15/10/2018
4 3 4 1 12 13/11/2018
2 61 3 12 31/10/2018
10 17 10 12 49

1ARNOBB is also BT

HICs REJECTED
TOTAL LAST UPDATE

5
6
8
4
5

28

Al

18/11/2018
12/11/2018
15/10/2018
13/11/2018
09/10/2018
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OB HIC yields vs chip category >

ALICE ITS Upgrade '

ALICE

OBHIC Qualification test result

Total HICs = 983
100%
90%
¥ not working
80%
¥ PARTIAL
70%
¥ NOBB-CATB
60%
so% " NOBB
40% 1 * BRONZE
30%
W SILVER
20%
10%
0%

SILVER CHIPS BRONZE CHIPS
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Counts

Counts

Counts

Counts

Counts

Counts

Counts

OB HIC quality monitoring - Bond Pull Test

ALICE ITS Upgrade

o

N
o

83

=)

LIVERPOOL APEX
LIVERPOOL
STRASBOURG

Average pull force

Entries 51
Avg = 13.064
StD = 0.385

A

Entries 60
Avg = 10.545
StD = 0.968

Entries 49
Avg = 11.809
StD=0.748

Entries 45
Avg = 10.247
StD = 0.585

Entries 5
Avg = 9.146
StD=0.119

Entries 38
Avg =10.472
StD =1.135

[l

Entries 248
Avg=11.219
StD = 1.360

.

0.0

25

50 75 10.0 125
Average pull force (g)

15.0 175 20

TEST
51
49
60
45

0
38

W Bari

Liverpool

Liverpool
(@apex)

Strasbourg
Pusan
Wuhan

Total

AVG - AVERAGE (g) AVG - STD.DEV. (g)

Counts
Counts Counts Counts Counts

Counts

Counts

o N o

So

13.06
11.81
10.55
10.25
#DIV/0!
10.47

Standard Deviation pull force

0.98
212
1.12
1.02
#DIV/0!
1.66

i

Entries 51
Avg =0.979
StD =0.161

Entries 60
Avg =1.121
StD =0.317

Entries 49
Avg =2.116
StD = 0.454

Entries 45
Avg =1.020
StD =0.232

Entries 5
Avg =0.510
StD =0.248

;- (Entries 38

Avg = 1,656
S(ﬂ 70479

|

Entries 248
Avg = 1.340
Stq =0,867

0.00

.
0.50 0.75 1.00 125 1.50
Standard Deviation pull force (g)

025

175 200

Liverpool

Liverpool
(@apex)

Strasbourg

Pusan

Wuhan

Total

AVG - MINIMUM (g) AVG - MAXIMUM (g) MIN - MINIMUM (g)

Counts Counts Counts Counts
N o wn (=] wn o o o o

Counts
Counts

Counts
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9.90
6.79
7.81
7.64
#DIV/0!
6.23

Maximum pull force

15.07
15.47
13.08
12.36
#DIV/0!
13.60

Entries 51
Avg=15.073
StD = 0.699

s Bari

Entries 59
Avg = 13.085
StD = 0.624

Liverpool

Entries 43
Avg = 15.472
StD =0.725

Liverpool

(@apex)

Entries 45
Avg=12.364
StD = 0.770

Strasbourg

Entries 5
Avg = 10.590
StD = 0.604

mmm Pusan

Entries 38
Avg = 13.597
StD=1.121

Wuhan

Entries 241
Avg = 13.826
StD = 1.477

Total

0.0

5
25 50 75 10.0 12.5
Maximum pull force (g)

15.0

175 200

3

Counts Counts Counts
o o o o

Counts Counts Counts

Counts

5.63
4.72
5.07
5.20
0.00
2.69

Minimum pull force

il

Entries 61
Avg =9.905
SID = 1.463

Entries 59
Avg =7.813
StD = 1.205

Entries 43
Avg = 6.795
StD =1.146

Entries 45
Avg =7.644
StD =1.015

Entries 5
Avg =8.310
StD =0.372

Entries 38
Avg = 6.234
StD =1.733

Entries 241
Avg =7.804
StD = 1.796

00

25

50 75 10.0 125
Minimum pull force (g)

15.0

175 20

W Bari

Liverpool

Liverpool
(@apex)

Strasbourg
Pusan
Wuhan

Total
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OB HIC quality monitoring - Qualification plots

ALICE ITS Upgrade

Standard set of plots in preparation See Markus Keil’s talk

HIC Max Noise Distribution at 0V (Tuned)( >0.0 and < 10.0 elect.)

HIC Max Noise Distribution at -3V (Tuned)( >0.0 and < 10.0 elect.)

Entries 288
» 40 Avg = 5.932 Entries 281
€ StD = 0.411 9 50 Avg = 4.382
3 Last Month € StD = 0.578
o 20 Entries 29 3 Last Month
Avg = 5.892 © Entries 28
0 — StD = 0.527 Avg = 4.429
0 StD = 0.956
LIVERPOOL
40 Entries 310 UVERPOOL
“ Avg = 6.007 Entries 300
€ StD = 0.482 w 50 Avg = 4.423
3 20 Last Month € StD = 0.302
) Entries 39 3 25 Last Month
Avg = 6.133 O Entries 37
0 StD = 0.510 Avg = 4.518
StD = 0.195
40 STRASBOURG 0
Entries 253 STRASBOURG
n Avg = 6.272 Entries 236
€ 5o StD = 0.369 w 20 Avg = 5.762
3 Last Month € StD = 1.371
O Entries 30 3 10 Last Month
Avg = 6.067 O Entries 24
0 StD = 0.264 Avg = 4.663
0 = ] - StD = 0.368
1.0 PUSAN
Entries 0 1.0 PUSAN
@ Avg = nan Entries 0
g 0.5 StD = nan ) Avg = nan
o Last Month S 05 StD = nan
o Entries 0 3 Last Month
Avg = nan © Entries 0
0.0 StD = nan Avg = nan
0.0 StD = nan
WUHAN
Entries 137 40 WUHAN
n Avg = 6.077 Entries 136
220 StD = 0271 " Avg = 4.518
3 Last Month € StD = 0.193
) Entries 45 3 20 Last Month
Avg = 6.166 © Entries 44
0 StD = 0.197 Avg = 4.580
0 StD = 0.146
TOTAL
Entries 990 TOTAL
@« 100 Avg = 6.065 Entries 955
c StD = 0.431 “ Avg = 4.756
3 Last Month € 100 StD = 0.965
o 50 Entries 143 2 Last Month
Avg = 6.080 © Entries 133
0 StD = 0.405 Avg = 4.546
0 2 4 6 8 10 0 Al P StD = 0.490
0 2 4 6 8 10

Max Noise per HIC (electrons) Max Noi HIC (elect )
ax Noise per electrons
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Remarks

ALICE

Careful cleaning of environment and jigs as well as careful manipulation of the components is mandatory
to ensure good quality HICs over the production

Wire-bonding process requires constant check of possible interconnection pad contaminations and
evaluation of the bonding quality by visual inspection and bond pull test

Regular cleaning of the wedge tool (~every second HIC) and replace (~50k bonds)

The outcome of the Impedance test has been reconsidered: See Markus Keil’s talk
Now used to identify the occurrence of shorts only, which should be tried to remove
by mean of the burn through procedure, and not to asses the HIC classification
If impedance value below 10 Ohm, HIC physical status is set to NOK

All HICs, regardless the results of the impedance test, should undergo the Qualification Test

FPCs rejected upon the visual inspection should be promptly returned back to Trieste with their own
carrier plates

Double check HIC components availability to prevent interruption of the production

V. Manzari - 12" ALICE Upgrade Asian Workshop , Inha University - Nov 19", 2018 25



Conclusions

Steady production in Bari, Liverpool, Strasbourg and Wuhan, ramping up in Pusan
=60% of the production already done

Target to achieve a production rate of 60 HICs/week exploiting the modified procedure

Quality Control and Assurance is extremely important to ensure HICs of proper quality throughout the whole
production
Bond Pull Test and Qualification plots

Prompt upload of assembly and test data in the database

Attend the HIC weekly meeting on Thursday at 10h:00am CET and report on the production status
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Conclusions

Steady production in Bari, Liverpool, Strasbourg and Wuhan, ramping up in Pusan
=60% of the production already done

Target to achieve a production rate of 60 HICs/week exploiting the modified procedure

Quality Control and Assurance is extremely important to ensure HICs of proper quality throughout the whole
production
Bond Pull Test and Qualification plots

Prompt upload of assembly and test data in the database

Attend the HIC weekly meeting on Thursday at 10h:00am CET and report on the production status

This was and still is a challenging and exciting enterprise
now we just see the top of the mountain but we are not yet there

let us make the final effort to reach it
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ALICE ITS Upgrade

ALICE

Back-up
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N7

ALICE ITS Upgrade

ALICE

OB-HIC production

3000
2500
2000
w0
Q
20 1387
H*
1000
500

0
4647484950511 2 3 4 5 6 7 8 91011121314151617181920212223242526272829303132333435363738394041424344454647484950512 3 4 5 6 7 8 9101112131415161718192021222324

Week
=e—First period (21 HICs/w) =*=Second period (40 HICs/w) =*=Prediction (40 HICs/w) =®=Prediction (50 HICs/w) =®=Prediction (60 HICs/w)
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