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ATLAS update for HL-LHC

The current innermost detection system of -
) Y\Ammn coverage  new and upgraded forward
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Inner Tracker-1Tk

ATL-PHYS-PUB-2021-024

ITk Pixel

ITk Strip

» Closest to the interaction point
« Atleast 9 hits/track

« Occupancy kept < 1% thanks to the higher granularity
« Composed of two parts: ITk Pixel with 5 pixel barrels and rings

and ITk Strip with 4 strip barrels and strip disks
« Replaceable two innermost layers at half of the lifetime: ITk Pixel
Inner System (1S) with Endcaps and Barrels

T
ATLAS Slmulatlon Prellmmary
35Tk Layout: 23-00-03 single , p =1 Ge

Number of Silicon Hits
Number of Tracks
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Pixel Module Sites

o 10 clusters for pixel module assembly (31 assembly sites) and testing

across the globe .

o United Kingdom Pixels is one of the clusters IR,

o UKclusteris responsible for assembly endcap quad pixel modules o IriE Yo
with planar sensors, QA/QC them, load them in half ring and deliver @ AR
them to CERN

o UKcluster has three assembly and testing sites:

» University of Glasgow Quad module
» University of Liverpool from top

» University of Oxford

o These three site will assemble and test about 600 modules each
o University of Glasgow has finished their pre-production batch with ITkPixV1.1 chip, and
started their production batch of pixel modules with ITkPixV2 chip

University Quad module half ring
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Bare
module
Reception

*Bare module
comes from
hybridization
vendor after flip
chip and bump
bonding

*Visual
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and IV is done
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glued with
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Pixel Module workflow

Parylene
Masking

VI

eMask put on
module to
prevent
parylene to
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Coating
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coated with
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Post
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Thermal
Cycle

eThermally
cycle the for
10 cycles from
40°C to -45°C

Final
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eSensor IV

eFull
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test

Module
Loading
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Final
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eFull
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Bare Module reception

o Bare module comes from hybridization vendor after
flip-chip of sensor and FE-chips

o Manually probed at probe station with specialized
chuck

o Probed 26 bare modules with visual inspection, all

with 150 pm sensor Specialize chuck for multi-module probing

entworth AV1702 probe staton o One module has been failed for bad |V (greater than
1.5 yA/cm?)

o Automatic probing being developed
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Assembly

o Glasgow has four assembly stations, with four
assembly jig

o Ittakes about 30 minutes to assemble a module,
but about 24 hours to cure the glue injig,
wirebonding, pull test, visual inspection needs
additional time

o assembly jig has been designed to minimize
variation due to operator. It controls relative
position of bare module and flex PCB and glue
thickness.

o With four jigs, four modules can be made at a same
time

o Glasgow has committed to produce 8 modulesin a
week with wire bonding, pull test and visual

inspection

High
voltage
connection

Wire-bond

Flex PCB
Wire-bond

pads Glue

/ Sensor

Readout chip Bump bond Pixel implant Guard rings
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Quality Control Testing

After assembly, a visual inspection is done

An Initial Warm test is done maintaining warm temperature
(20°C)- a series of tests including module IV

Again Visualinspection is done, connectors on module are
masked in preparation for parylene coating of module and
shipped to Liverpool for coating — Liverpoolis going to parylene
coat all the modules in UK cluster

—eeeee o Module is shipped back to Glasgow, unmasked

~ "~ = andvisuallyinspected again, and made ready for
Final Test:

» Post-parylene warm test (20°C) is done, module is
thermally cycled for 10 cycles from +40°C to -45°C

» Final Warm test is done at warm temperature
(20°C), and Final Cold test is done at cold
temperature (-15°C) with a source scan with Mini
X2 X-ray gun

Visual Inspection

University
of Glasgow
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Module testing setup (warm) (oagre
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Module testing setup (Cold)

\\/ o Chilleris always set to -
40°C

o Four modules can run
parallelly

o Thermal cycle of 10 (+40°C
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Module test results

o In each stage of quality control process, a series of tests|are
repeated including IV at the different stages o, 200G 10054 et
o Electrical tests include trimming of differént internal circuits and . B shEum
registers, evaluation of internal currents and voltages 15000 -
o Tests also includes scanning ofall pixels, tuning, disconnected
bump scan and source scan with X-ray gun f;fmu [
o To pass, a module hasto passin all the tests (green) at all stages ¢ ]
Key Data 5000 J
MODULE_TEMPERATURE 20 e
ANALYSIS_VERSION localdb-tools 2500 =!
v2.5.0 0 1350 1;103 1450 1500 1550 1600 1650
Threshold [e]

QUAD-MODULE_ADC_CALIBRATION

QUAD-MODULE_SLDO

QUAD-MODULE_VCAL_CALIBRATION
QUAD-MODULE_ANALOG_READBACK
QUAD-MODULE_LP_MODE
QUAD-MODULE_INJECTION_CAPACITANCE

QUAD-MODULE_MIN_HEALTH_TEST
QUAD-MODULE_TUNING
QUAD-MODULE_PIXEL_FAILURE_ANALYSIS

MODULE_BAD_PIXEL_NUMBER
MODULE_ELECTRICALLY_BAD_PIXEL_NUMBER
MODULE_DISCONNECTED_PIXEL_NUMBER
QUAD-MODULE_DATA_TRANSMISSION
MODULE_DISABLED_COLUMNS_NUMBER

57

i| University

A

of Glasgow

1 [A]

5
"]
0

Threshold scan after tuning

SLDO
Currents for chip: 0x22ea5

Module: 20UPGM23210054 MeanTotDist-0

1 FEL: 20U PG FC 01 42700
FE2: 200 PG FC 01 43013

FE3: 20U PG FC 0142936
40000 ’ 1 #E4: 200 PG FC 1 43014
35000+
30000+ I
©n
2
& 25000
o
U
2 20000+
E}
]
15000 ‘
10000+
5000 )
0 —_
0 2 4 6 8 10 12 14 16
Mean ToT [BC]
ToT scan
o Quad Module: 20UPGM23210054 OccupancyMap
100
g ¢ Mla
c 60 "
E . 8
3 T

—e— linA ‘_‘*'_“__._.--t
144 ~®" linD ._.,-r'“"r
—e— Iref¥100k —=-| Temperature (NTC) | [ 20 Source scan
=== min lin passing QC = 5.28 A
L2 min lin passing QC = 6.01 A - Quad Module: 20UPGFC0142684 Occupancy
=== min IshuntD QC_cut _._.—“'
1.0 4 === min IshuntA QC_cut .- -7 15 3
—e— IshuntA -] 9
0.8 4 —*= IshuntD | ° I E §
—o— IcoreA | | Eoe
- 10 ]
—o- lcoreD ! lg—g=Fls-o-g-g3-3-3- g
]
1
1
0.4 i
1
1 3
1 5
0.2 I g
01250 _:, 3
1 3
006 | - 2
1 R—— :
4.5 5.0 S

FEA: 20U PG FC 01 42702

FE3: 20U PG FC 01 42889

400

Md Arif Abdulla Samy

€107 10 34 9d N0Z 234
FE3: 20U PG FC 01 42936

0
Row

Disconnected Bump scan

12


http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6
http://194.36.1.20:5000/localdb/component?id=660dd0f32fc9f200350c25fa&test=qctest&runId=6859690a52a54ab626d18dd6

Module IV yield

Module 20UPGM23210054 — Comparison of Warm Normalized IV Curves (at 20°C) Comparison of Initial vs. Bare Mo 4o sooe) | oUParylene IV Curves
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E
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o Atinitial test, one module breaks down early o

o AtFinal test, another module recorded reduction in breakdown
voltage (reduction more then 10 V)
o All other module has leakage current less than 1.5 pA/cm?,and

0 G dSZOW breakdown voltage more than 200 V
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Module Electrical QC yield

E-Summary yield breakdown (INITIAL WARM) E-Summary yield breakdown (FINAL WARM)
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o One of the modules have one chip (chip 4) disabled
o Some of the modules are yet to be finished testing after parylene coating
o Overallyield ~73% , which is much better then pre-production yield (53.8%)
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Before and after extensive Thermal cycle

One module was considered to perform long Thermal cycles
(normal thermal cycle consist of 10 cycles)

Cycled within +40°C to -45°C
Cycled 70 time over two days

Intention is to stress the module thermally to see any deviation in

module characteristics, specially bump bond delamination

MODULE_BAD_PIXEL_NUMBER
MODULE_ELECTRICALLY_BAD_PIXEL
_NUMBER
MODULE_DISCONNECTED_PIXEL_N
UMBER

QUAD-
MODULE_PIXEL_FAILURE_ANALYSIS

University
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Before
Thermal
Cycle
91326
91321

After Thermal

Cycle

91326
91321

5 6
n

Leakage Current (pA)

0.001

No Difference is detected
in terms of IV and Bump
delamination
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Before and after extensive Thermal cycle-continued

Quad Module: 20UPGFC0142890 OccupancyMap
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Before and after extensive Thermal cycle-CC module

Quad Module: 20UPGFC0142922 OccupancyMap

&

o Another module was considered to perform long
Thermal cycles with broken core column (known as
Core Column issue)

o Cycled within +40°C to -45°C

Cycled 70 time over two days

o Intention is to stress the module thermally to see any
deviation, or increase in more broken columns
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No Difference is detected in terms of
bump delamination or increase of
core column problem
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Test beam result
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Conclusion

Production has started slowly, but progressively

No significant bump delamination was seen in any module

Though we have a bit less yield (~73%) then the target yield (78%), we
are trying to improve

Maximum failure came from core column, software and a bit handling
Have identified some problems in process, and learning more and
adapting

With more experience predicting to be much better in future
production batches
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