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I Outline

* Ladders
* Ladder design

* Ladder assembly

» Ladder qualification
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I Ladder design

Sensors

* the stiffener
* the silicon pixel sensors
* the Flexible Printed Circuit (FPC)

* HIC (Hybrid Integrated Circuit) — sensors laser-soldered
to the FPC with a gap of 100 /mu m between sensors
* FPC precisely positioned during assembly

HIC

l Screw

Washer

Insulation
washer

&

200 mm for 5 sensors
169,9 mm for 4 sensors

139,8 mm for 3 sensors
109,7 mm for 2 sensors

79,6 mm for 1 sensors

‘/6,,8 mm
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Commissioning:
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production quality
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MFT ladder assembly scenario
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Individual ladder
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’ on disk >
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Disk qualification
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| Visunal inspection |
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I Ladder assembly

 FPC placed on top of sensors

* Placing soldering grid on top, soldering of
each connection

« HIC removed from vacuum table

» Stiffener is placed in the gluing tool - glue is
applied

» HIC placed on top of stiffener

Quality tests of ladders

5/26



Ladder assembly
~wafers

- wafer production, thinning, dicing and qualification - procedure
defined by ITS

100 wafer allocated for MFT (3 half-MFT + spares + prod. yield)
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Chip cleaning Positioning FPC

7126



I Ladder assembly

Soldering grid

Frame to handle
the FPC

Vacuum table
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Ladder assembly
~ALICIA

* automatic assembly system ALICIA

* ALICIA picks up each fragile chip from a
supply tray and places it on the frame and
solder all interconnects

* high-accuracy image system (< 0.1 pm) to
measure markers

* final assembly accuracy of < 5 pm over
full array of chips
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Ladder assembly
~ALICIA chips positiniong
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Ladder assembly
~gluing

* glue preparation + FPC-chip gluing
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quality): average weight 11g

I B O n d i n g Pull tests (tests for wire bond strength and

AlLarge lon Collder Experment

MFT Ladder Production

ALICE MFT
Bonding

3 wires per pad

MFT — Ladder Production — ALICE mini-week — September 24th 2019
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I Ladder qualification
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Ladder qualification
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I Ladder qualification

Number of 8b10b errors 0
Mumber of corrupt events 0

Number of oversized events 0

Mumber of tmeouts 0

e Smoke test
e FIFO scan (slow control)

* Digital scan (digital circuitry test)

Functional Tests Status
check tests which have been done

FIFO test

Digital test without back-bias
Threshold test without back-bias
Noise occupancy without back-bias
Digital test with back-bias
Threshold test with back_bias
Noise occupancy with Back-bias
Eye Diagram

Files added in the Cernbox ladder_Func Folder

Final status LADDER_FUNC :

Undefined

© conformal
Require intervention
Non conformal

* Threshold adjustment (analog circuitry test + threshold

equalization)

* Noise occupancy

 Eye diagram (output signal strength and stability test)

+ silver yield: 88%
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I Ladder qualification

e Smoke test
 FIFO scan (slow control)

* Digital scan (digital circuitry
test)

* Threshold adjustment (analog
circuitry test + threshold
equalization)

* Noise occupancy

 Eye diagram (output signal
strength and stability test)

Ladder Smoke Test

LadderID |3170

—Analog

t_steps sec oK
V_fineness mV 0

o
) S

Advenced Settings Set
— Digital

Duplicate Analog

Day Month ~ Year Hour Minute  Second
RESET | gl-| o] aote| | asls|  sefs| sl
Koseivamakawa, 2017
—Loop Setting Test
Loop times Stable time
Enable | [0 o )min Disable Start o
Loop interval
Disable min Apply START STOP
Voltage [V] Zoom Current [A] Zoom
| Analogichanneld0n 1.83 | Anzlogfchanneloon  0.04
Digitalichanneloo1 1.81 | Digital/channelool ~ 0.03
< > ¢ |13
8. —~8
== =

=
V_fineness mV i i i i T
155700 155720 1557:40 15:58:00 15:57:20  15:57:40  15:58:00  15:58:20
Voltage [-V] Zoom Current [A] Zoom
Advenced Settings Set ] Back Bias/channelDdz ~ 3.01 ] Back Bias/channeldd2  0.000
< > [ |[2a < » [ ][2a
—Back Bias = B
=
O -
e -
V_fineness 100 mv 0K Bal
i g
V_max - 3V OK =
X .
o -
Advenced Settings Set I O R E TR CN AT EANR ‘:'-r[1rl\| ey
15:58:20 15:58:40 15:59:00 15:59:20 15:5%:40 16:0 16:00:00  16:0L:00  16:02:00  16:03:00  16:04
Comment
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I Ladder qualification

Smoke test

e FIFO scan (slow control)

* Digital scan (digital circuitry test)

* Threshold adjustment (analog circuitry test
+ threshold equalization)

 Noise occupancy

 Eye diagram (output signal strength and

stability test)

1 Fifo Scan

7 Digitsl Scan BB O

1 Threshold Scan 1.0 Y

4 Tune VCASN Scan 3.0V
4 Tune ITHR Scan 1.0V
i Threshold Scan 3.0V

7 Moise Occupancy 30V

Done in 33 pec)
Done (i 12 5ec)
Done (36 3ec)
Done jm 56 3ec)
Done i #4 3ec)
Done in 4 min)
Done fin 30 vec)
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I Threshold distributions

# Pixals

# Pixels

Without back-bias
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# Pixels

With back-bias

70000 — ! Threshold distribution, HIC 5005, Chip4 '~~~ '~ T~ "~
— hThresh
— Entries 523264
60000 — Mean 99.76
— Std Dev 15.82
50000 |—
40000 —
30000 f|—
20000 |[—
10000 |—
n:' 1 L L I A I B
0 200 250 300 350 200 450 5C
Threshold (#e)
N Noise distribution, HIC 5005, Chip 4 =
- hNoise —
o Entries 523264 |
140 |— Mean 4.038 H
[ Std Dev 1.003 |
120 — -
s0|— —
80— T
anl— ]
20:_ L —:
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Moise (#e)



I Ladder qualification

Smoke test
e FIFO scan (slow control)
» Digital scan (digital circuitry test)

 Threshold adjustment (analog circuitry test + threshold
equalization)

 Noise occupancy

 Eye diagram (output signal strength and stability test)
Better yield of 5-chip ladders

Charge pump = 8 (default value)
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Qualification results

Sl FIFO Digital Threshold Noise Comments Date of
No. test
1 4094 Gold/ Silver/ Silver/ Gold/ Bronze Conformal 10-09-2019
Gold Silver Silver Gold
2 5009 Gold/ Silver/ Silver/ Gold/ Sikver Conformal 10-09-2019
(Retested) Gold Silver Silver Gold
3 5021 Gold/ Silver/ Silver/ Gold/ Silver Conformal 11-09-2019
Gold Silver Silver Gold
4 4093 Gold/ Silver/ Silver/ Gold/ Silver Non-Conformal  11-09-2019
Gold Silver Silver Blue
5 2048 Gold/ Silver/ Silver/ Gold/ Silver Conformal 11-09-2019
Gold Silver Silver Gold
6 3103 Gold/ Silver/ Silver/ Silver Silver Conformal 11-09-2019
(Retested) Gold Silver Silver /Gold
7 4009 Gold/ Silver/ Silver/ Silver/ Bronze Conformal 12-09-2019
(retested)  Gold Silver Silver Gold
8 3163 Gold/ Silver/ Silver/ Gold/ Silver Conformal 12-09-2019
Gold Silver Silver Gold
9 3164 Gold/ Silver/ Silver/ Gold/ Silver Conformal 12-09-2019
Gold Silver Silver Gold
10 3165 Gold/ Silver/ Silver/ Gold/ Silver Conformal 12-09-2019
Gold Gold Gold Gold
11 2049 Gold/ Silver/ Silver/ Gold/ Silver Conformal 12-09-2019
Gold Silver Silver Gold
12 3084 Gold/ Red/ Red/ Gold/ Silver Mon-conformal  12-09-201%
(retested)  Gold Red Red Gold
13 2050 Gold/ Silver/ Silver/ Gold/ Silver Conformal 13-09-2019
Gold Silver Silver Gold
14 3158 Gold/ Silver/ Silver/ Gold/ Gold Conformal 13-09-2019
Gold Gold Gold Gold
15 4010 Gold/ Silver/ Silver/ Silver/ Bronze Conformal 13-09-2019
(retested)  Gold Silver Silver Gold 20 / 26
16 3161 Gold/ Gold/ Gold/ Gold/ Silver Conformal 13-09-2019

Gold Gold Gold Gold



Qualification results

Sl FIFO Digital Threshold Noise Comments Date of
No. test
1 4032 Gold/ Silver/ Silver/ Silver Silver/ Bronze Conformal 16-09-201%
(retested) Gold Gold Gold
2 4036 Gold/ Silver/ Silver/ Silver Silver/ Bronze Conformal 16-09-201%
(retested) Gold Silver Gold
3 4045 Gold/ Silver/ Silver/ Silver Silver/ Bronze Conformal 16-09-2019
(retested) Gold Silver Gold
4 3166 Gold/ Silver/ Silver/ Silver Gold/ Gold Conformal 17-09-2019
Gold Silver Gold
5 3167 Gold/ Gold/ Gold/ Gold Gold/ Silver Conformal 17-09-2019
Gold Gold Gold
& 3168 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 17-09-2019
Gold Silver Gold
7 3169 Gold/ Silver/ Silver/ Gold Gold/ Silver Conformal 17-09-2019
Gold Gold Gold
8 5005 Gold/ Silver/ Silver/ Silver Silver/ Silver Conformal 17-09-2019
(retested) Gold Silver Gold
9 3171 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 18-09-2019
Gold Silver Gold
10 3172 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 18-09-2019
Gold Silver Gold
11 3173 Gold/ Silver/ Silver/ Red Gold/ Silver Non-conformal 19-09-201%
Gold Silver
12 3174 Gold/ Gold/ Gold/ Gold Gold/ Gold Conformal 1%-09-2019
Gold Gold Gold
13 3176 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 19-09-201%
Gold Silver Gold
14 3175 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 19-09-2019
Gold Silver Gold
15 3170 Gold/ Silver/ Silver/ Silver Gold/ Silver Conformal 19-09-2019
Gold Silver Gold

16 3177 Gold/Gold Gold/Gold Gold/Gold Gold/Gold _ Silver Conformal 24-09-2019 21/ 26



Ladder assembly -
half-disk assembly -
cone assembly
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I Additional slides

 Functional tests without back-bias

Lab power VBB od

supply 5V

Transport box

Acquisition

m MOSAIC E - Clock 5
PC % H board : Clock 2 - 7 g:;l:rol
: Control AVDD

lelg DVDD

VBB

 Functional tests with back-bias

Lab power VBB
supply 5V
Transport box

| board o Clock |
Control s

Data

Acquisition

FIREFLY

SAMTEC

| pc

ETHERNET
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f/ Common

ITS-MFT
ALPIDE CERN IPN Lyon
Production

Flow

, Disk
(last step: HIC Integration

S. KOREA
) / FPC integration (light

uipment
equip electrical
test

possible)

Common
ITS-MFT
FPC
Production
Flow

(CERN) ) Common test qualification
protocol
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Procedure overview :

Electrical Test

Communication Threshold scan

(ChiplD, Register, FIFO)

Digital scan

Outputs :
Dead/moisy pixels

Outputs :
Threshold & noise

Output:
Power supplies currents

Output : go / nogo

Oprfmfzarfon tests : AI'IE'UQI.IE scan
Outputs :

. Parameters / ASIC
Thresholds equalization Threshold & noise

Endurance tests : _
Continuous readout Eake hit rate
utputs :
ek : Dead/noisy pixels
48 hours Olip(ss : g0 fnogo Fake Hit Rate
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