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) ; ‘;_,,i, S
“bqeno?

| NFN Genova:
R Beccherle, G Darbo, G Ggliardi, C Genme, P.Netchaeva,
P. Qopi zzi, L.Rossi, E.Ruscino, F.Vernocchi

Lawr ence Ber kel ey National Laboratory (LBNL):
K.Einsweiler, MGIlchriese, J.R chardson, G Zi zka

on behalf of ATLAS Pi xel coll aborati on

PIXEL 2000 P.Netchaeva INFN Genova 9]



ATLAS Pixel Modules.

Pixel Detectors

det ect or Pi xel detector Mbdul es

ATLAS | nner

~2200 Modul es
. sensitive area 16.4 mmx 60.8 mm
. 16 FE chips wiwth 18 x 160 pixels
. pi xel size 50 pumx 400 gm
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ATLAS Pixel Module Components. f m

Flex cable

. Silicon Sensor

) Kapt on Fl ex- hybrl d 9| ued Module Control Circuit i
to the Sensor (talk of .
F. Hueggi nQg)

"o Optical package

Front-End circuits, wire bonding
Resistors/capacitors

. 16 FE chi ps bunp-bonded to sifcon  Flex
t he Sensor and w re-bonded sensor - hwbnd
to the Flex-hybrid

. Module Control Circuit (MCC) wre-bonded to the Fl ex-hybrid

. Passive conmponents including termnation resistors, decoupling
capacitors and tenperature sensor

. Pigtail - bus lines routing signals to/from MCC

First prototypes did not have optical connections or Flex power
connection and have been nounted on PC boards for testing.
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Material in Produced Thinned Modules.

“oqeno

Item %$X0
Sensor (280 um thick) 0.34
Front-end Electronics (150 um thick) 0.21
MCC (560 um thick) Q.04
Kapton flex (50 um thick + coverliay) 0.05
Passive components on kapton (R,C) 0.03
Wirebond potting 0.03
Wirebonds, bump bonds and glue (kapton on
sensor, MCC on flex) are individually ~0.01
negligible and they sum up to
Total 0.70

. The nornalizati on has been done to the nodul e’ s
sensitive area (16.4 nmmx 60.8 mm

. The total radiation |l ength value neets Pi xel Detector
Techni cal Design Report specifications.
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Module Production: Bump-bonding and thinning.

Bunp deposition on wafers (Sensor & el ectronics)

Thi nni ng of FE wafers and cutting

FI i p-chipping of 16 FE chips to Silicon Sensor

X-rays test of assenbly FE chips + Sensor (bare Modul e)

I
[l

X-rays test -
21m resol ution radi ography:
sone bunp problens are visible
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Module Production: Flex-hybrid.

Test of Flex-hybrid itself: flying probe test
Mount i ng of passive conponents on Fl ex-hybrid and test
Mounting and wire-bonding of MCC to Fl ex-hybrid

FIl ex-hybrid test with nounted conponents:
vol tages, read/wite MCC registers

(see the tal k of P.Skubi c)

PIXEL 2000 P.Netchaeva INFN Genova



Gluing Flex-hybrid to the bare Module

Fl ex-hybrid is being fixed on the special profile plate (3) not to
damage w re-bonded MCC and conponents. d ue (EPOTEK 353) is being
deposited corresponding to FE pads and under MCC. Optical alignment
bet ween Sensor and Fl ex-hybrid is being perfornmed (5).

d ue polynerization with infrared lanp (40 C, ~12 hours).
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Modul e is being glued to the
Support Card with silicon glue
(Dow Corning, 20 C, 24 hours).

Thermal contact and ther mal
uniformty are being tested with
t her nocanera on nodul e in
oper ati on.



Module Production and Tests (continued).

Wre-bonding of FE chips to Flex-hybrid => Mdule
Test of Mddule (digital, analog, wth radi oacti ve source)
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Module Tests verifying every pixel cell it
Quality factors for Module:
Tha O threshold and threshold dispersion
threshold =— / D nOise
~D Lo 0 number of dead channels

O stability

charge sensitive

bump pad discriminator

preamplifier

Digital test (does a pixel cell work fromdiscrimnator to
readout ?)

Anal og test and thresholds tuning for every FE chip (does a pi xel
cell work fromanplifier to readout and what are the
characteristics - threshold, noise?)

Test with source: 199Cd (22KeV X-rays), 24Am (60KeV ), °°Sr (P .
Conparison with m cro-radi ography bunp quality data.
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Results on Thin Module 1 (LBNL + Boeing)
November 1998.

El ectroni cs had been thinned to 150 gm by GDSI after bunping.
The flip-chipping had been done by Boei ng.

The whol e nodul e wor ked
wel | according to the
digital test.

One FE chip (#15) did not
respond to anal og charge
| nj ection.

Sone bunp-bondi ng probl ens, including several chips with
regi ons of nerged bunps.

Signi ficant problemw th Boei ng bunp resi stance.

PIXEL 2000 P.Netchaeva INFN Genova 10



Results on Thin Module 1 =y

File : flex_tune .S'unmmr_\-' Plots
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Thr eshol ds were about 4800e.

3 FE chips were very noisy, by
sw tching them off high noise
(>500e) tail had di sappeared.

“Good” chi ps had nean noi se
val ue of about 270e.

Boei ng st opped bunping for
out side custoners, this had
del ayed t hin nodul es production
for sone tine.
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Results on Thin Module 2 (INFN Genova + AMS) V%

April 2000. =t

Thi nned el ectronics FE B.

Thinning to 156 (+x2) um was done by Okanot o.

Bunp deposition and flip-chipping was done by AMS.
Digital test - COK

Anal og scan - very few dead channel s.
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Thin Module 2: Threshold and Noise.
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Thin Module 2: Mean values for 16 FE-s

1000 racool ndes 114809
T608 | . lean 3728.
1450 g 12000 g T ¥ - A FREE
raot 10000 £ TRt 414, 7 50
1600 | 75| Erererrrerrerrererrerere reerrerrrerreerree feerere] berreerreeereereerree keoped ey oreerreerree N N
sao b ONStanT TIFI2EFO5

E 6600 T 3720,
SO0 - -
a0 b 4000 L R St 4.7
200 E B T L

] E ]
SO0 000 10000

Thrashald / a-

Thrashaold / a-

rrrrrrrrrrrrrrrr Entries——— 1 9192"
,,,,,,,,,,,,,,,,,,,,,,, Mean L 2OBE
e BRMS 87.14
¥/ ndf 48.4 / 12
| Constant | 662.6
] Mean 7T 168.5
——— Sigrpg 3857
rLF'_."'"“-r'—-_._
SO 00 YOG
MNeise /e Naisa s e-

10 nmeasur enents
0 Threshold 3700e = 300e

1 neasur enent
0 Threshol d 3900e = 260e

0 Noi se ~210e 0 Noi se ~225e

PIXEL 2000 P.Netchaeva INFN Genova 14



Thin Module 2: Stability plot
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Capacitors

MCC and el ectroni ¢ conponents are visible.
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Thin Module 2: iy
micro-radiography analysis of defects. qme?

X-rays Sour ce scan
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Results on Thin Module 3 (INFN Genova + AMS)

May 2000.

0 Thinned to 150 gm el ectronics FE B.

0 Bunp deposition and flip-chipping was done by AMS.
0

0

Digital test - OK

Anal og scan - very few dead channel s,
properly.
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Thin Module 3: Threshold and Noise.

2432 44

4200e + 330e 180e

2000 | 2500 | s000 | as00 | 400 | 2600 | 5000

Threshol d pl ot. Noi se pl ot.
FE#1 - detached bunps
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Thin Module 3: Mean values for 16 FE-s
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Test Beam at CERN (H8) 24 - 31 May 2000

Preliminary Results
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K—correlation Pixels vs Ref Strips

Y—correlation Pixels vs Ref Strips
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Conclusions

4 0.7% X0 (nmeeting Pixel TRD specification) 16 FE-chip nodul e
has been built.
4

It works with

high yield (~0.3% of dead channel s)
| ow t hreshol d (3700e %

300e) and noi se (~ 220e) val ues.
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