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Largest HEP Apparatus
ever built
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Features: Unique Requirements:
® 4 barrel layers, at 300, 373, 447, ° Rad-Hard up to 10 MRad
and 520 mm radii. ® 25ns bunch-crossing time

® 9 forward disks ® Large-scale distributed project

L

® 60 m? of silicon strip sensors with gy i

60,000,000 readout channels e | - st :
® 4,000 modules and 50,000 front- %m ' s

end ASICs g
® 16 ?m (R???and 580 ?m (z) spatial

resolution 0.5
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" SCT System Test

with 15 modules

mounted on a barrel
sector at CERN.




Features:

® 4 single-sided
sensors at 40 mrad

E crossing angle
. ® 1536 strips with 80 ?m
. § pitch
83 ® Multi-Chip Unit
ﬁ: R — --”",‘_:_.;-i | ® Large dimensions
e E » = (12 cm x 6 cm x 1.1 mm)
——" —— _.4
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ABCDST:

=128 readout channels

2540 MHz clock

= analog front-end with
amplifiers and comparators

< binary readout

= 132-deep digital pipeline and
communication circuitry

=z rad-hard DMILL technology
=z 3-bit trim DACsfor each
channel (channel matching
after irradiation)

= edge or level sensing mode

=< gparsification



® The data transfer on hybrid is serialized, thereby
avoiding extra intelligence.

® Cases of a chip failure are mitigated by redundant

data routes, bypassing the failed chip.
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Large number of specialized chips => developed a
customized Tester. At the wafer level, we verify:

= Anaog front-end performance

= Digital functions (control register, addressing,
communication, pipeline, output buffer)

= Power Consumption

= Internal DACs linearities

= |/O Signals Properties (timing, amplitudes, duty cycles)



Noise vs Channal Number
( ~600 e)

Tte analog front-end via charge
Injection. Take 400,000 histograms o
per wafer. i
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Data handling algorithms
are delegated to the VME
board FPGA thereby
eliminating the PC
communication bottleneck.
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E WAFER UNDER
TEST
B0 NOT TOUCH

Test setup at
Rutherford
Appleton
Laboratory, UK
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® Test time was optimized to be ~1 min/chip (=> 5 h/wafer).
® Limited by the communication with chips under test.

® Commissioned 4 test systems to shoulder the test load:
-- SCIPP (2),
-- RAL,
-- CERN
(built, debugged, calibrated 8 systems)
® The chip yield is consistent across the test sites within 2%
® Chip production is well advanced, > 30% of chips are tested

® The yield is close to the 26%, the minimum value specified in
the contract with the manufacturer.



® Barrel SCT modules are built at 4 different
sites:

Japan (KEK), UK, Scandinavia, and
US (LBNL/SCIPP)

¢ US to build 700 modules (~1,000,000

® Plan on the steady production of 3
modules/day

® Have to demonstrate the ability to build
modules reliably to the community =>
build 5 modules to qualify for the
production
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Gluing the chips Sensor alignment
_ to theiybrid ) v
rGluing the sensors
4 . ™
Houeling to the baseboard J

— communC:catlon I | (Mechanicam
Electr. _4 Attaching the hybrid +

Test to the sensors/

Bonding the fanouts . Leakage
}——‘;’ baseboard sandwich Current
Burn-in !(6—\ Measur. )
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(Module Electr. Test
+

Thermocycling




Relative alignment of apair of
sensors using their fiducial
marks

Motion stages with video
camera under LabView control







Precision glue dispensing
(affecting the module
thickness)



® Conductive glue to ensure good ground for ASICs
operating at 40 MHz

® Special jigs to ensure complete uniform glue
coverage underneath a chip

Chip placement

Glue deposition test on glass



Over 3,000,000
bondsto do




® No other stand-alone tracker helping in calibration
® =>must have excellent initial approximation

® => tight mechanical tolerances on the shape and orientation of the 4
sensors and the baseboard

® Especially tight specs on the front-to-back rela'tive positioning (5-10 ?m)
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All the modules built go through
precision mechanical survey



i Leakage current o

SCIPP !

Sensitive to the
sensor quality,
surface contamination
(mishandling etc)
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Extensive electrical tests of hybrids and modules,

coupled with
® burn-in and
® thermocycling.




Tests similar to

Gain [mV/fC] vs. channel number

= the ones for

= the wafer

o screening:

E = Analog

30 ..

2% = Digital
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® Component production is well advanced

® KEK module building site is in production; US and
other sites are in the process of qualification

® Gained experience with a dozen mechanical dummies
® 4 electrical modules have been built and met the

specs

® Plan to begin the production in June-July with the
steady-state rate of 3 modules/day by the end of 2002



