Quality assurance
for the
radiation hard ATLAS pixel sensors

contents:
- Why is systematic QA necessary?
- Procedures and design features
- Measurements before irradiation
- Measurements after irradiation
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| ntroduction

Why systematic quality assurance for the
ATLAS pixel sensor?

 large number of detector parts
(2228 modules fitted with one sensor
tile and 16 front-end chips each)

e parts not easily accessible after
assembly (central position, cooling
and radiation)

 every bad pixel degrades
performance

*» 1.4-108 pixel channelsin total
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| mportant steps for QA

Setting technical specifications

Designing according to specifications

| dentifying relevant qualities

Defining reliable measurement procedures

Calibrating involved test sites

Archiving measurement data in data base
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Pixel design requirements

o pixel size 50pum x 400um
50 um pitch
12um diameter bump connection
o total active area 2.3m? (2228 modules)
high yield
testability
10 years operation
fault tolerance
 harsh radiation environment
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radiation hard technology and design B BB
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| solation techniques

Optimizing performance before and
after type-inversion and ensuring testability

p-stop p-spray moder ated p-spray

Bor-implantation
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For p-spray testing of worst case
of breakdown before irradiation
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Testability

|-V tests on test pixels using punch-through

1.00E+02

defective pixel matrix with defective pixels _
LO0E+00 /—, 1.00E+03 / — ]
= < ! /
= good pixel = /
/J,_W/v / good pixel matrix
bias voltage [V] bias voltage [V]
current through current through
single pixel punch-through array
L eakage current indicative for quality of every pixel
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Testability

|-V tests before bonding using bias grid

* Punch-through effect across a bias
grid allowstesting of all pixels using
only two probes on wafer p-side

ground

p-side bias
guardring
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L eakage current
Tile classification by pixel quality

|-V measurements of
| eakage curr ent — -m— p-side defect (-)
show pixel quality | |

B n-side defect (0}

 breakdown voltage a |
indicates type of defect £ |

| f
=—|good tile (+)

o tile classification possible el
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L eakage current

Yield analysis based on |-V curves

Quality of non-moderated Quality of moderated Quality of
p-spray structures (63) p-spray structures (245) prototype 2 tiles (74)
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Sensor depletion

Diagnostic measurement by

. . dri
diode capacitance o ———
e Test diodes on production wafer P" " Defined
for well defined capacitance n+\”;BU|k area
measurements
 Full depletion visible by levelling ']
out of Cvs. V-¥2curve
(suppression of possible constant g
stray capacitances) g ’f,f'
j" 1 -.:T:u* ‘ : I T MEiretinal.Gm 1
0.0 01 B2 , . [v-m] 0.3 04 0.4
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Oxide characteristics

Diagnostic measurements on
MQOS and GCD

* oxide breakdown and capacitance
measured in |-V and C-V curveson
MQOS pads

e interface generation current
measured on gate controlled diodes
as |-V curve around flat-band case
with identical gate and diode voltage b
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e current step indicates charge i [
density on interface Vv '“
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P-spray dose

Method of measurement

e SouUrce - drain y

measurement on MOSFET  DrainVy,,=01v "% | Source
on depleted bulk
n+ 1 n+
e p-spray invertsat higher n-Bulk -
gate voltage: thresnold V, p-spray
o —
e source-drain current rises

rapidly at V. backside voltage V
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P-spray dose

Analysis

e after V,, Isidentified p-spray
dose is given by

f p-spray — Cox (Vth'vfb) /e

using flat-band voltage and
oxide capacitance from MOS
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Radiation hardness tests

Bulk damage testing

« after irrad. with 3.140%4cm-2 * depletion measurement on diode
neutron equivalent protons

e after irrad. with 10>cm2 neutron  « |-V measurements on mini chip
equivalent protons (design fluence) and diode (small structures)

Surface damage testing
- after irrad. with 500 kGray low ~ * Interface generation current
energetic electrons (design dose) measurement on GCD

e p-Spray measurement on
MOSFET
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Testing responsibilities

vendor
e providing process data

e testing pixel quality on sensor
tiles on wafer level

e performing diagnostic tests on
wafer level for depletion, oxide
guality and capacitance, and p-
spray dose

ATLAS institutes
» checking process data

e testing pixel quality on sensors
tiles, single chips and mini chips

e performing all diagnostic tests
on wafer level and on diced test
structures

e measuring irradiated structures

g, Pk,
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Summary

Progress of quality assurance process

* technical specifications completed and approved
* Sensor design completed and approved

o quality test for every pixel on sensor defined and demonstrated
e diagnostic testsfor relevant qualities  defined and demonstrated

e cross calibration of test sites IN progress

 data base for test results under construction
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