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ATLAS SCT Module Production 

Reference:
The Barrel Modules of the ATLAS SemiConductor Tracker, 

ATLAS Collaboration, NIM.A568 (2006) 642-671 
The ATLAS semiconductor tracker end-cap module,  

ATLAS Collaboration, NIM.A575(2007)353-389 

Yoichi Ikegami (KEK)
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ATLAS SCT barrel module

2112 modules assembled at 4 sites 
Double side module (40mrad strero)
Module size 12cm x 6cm
Strip length 12cm
p-in-n 768 strips (80um pitch)
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ATLAS SCT end-cap module

Outer Middle
Short-Middle 

inner 

1976 end-cap modules assembled 
at 7 SCT sites 
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QA sequence
completed module assembles　(production site)

full characterization test
↓↓

(reception test)
short characterization test
↓↓

Thermal cycling
-25℃~+40℃　10times (~20hours)

short characterization test
↓↓

Long term stability test
0℃　at least 24 hours

every 2 hours 
short characterization test
↓↓

Final full characterization test
↓↓

Upload to the ATLAS-SCT database

characterization test
(1) Visual inspection
(2) Metrology measurements
(3) IV measurements
(4) Electrical performance tests
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Metrology
After the completed modules assemblies, 
modules were surveyed for mechanical precision.
We have to measure each position with 1μm 
accuracy.

• Tight module holding
The module was held by vacuum in a 
measurement frame at three points.

• Transparent fiducial marks 
We need transparent fiducial marks on the frame, 
or corner edges of the upper and lower sensors.

The precision was characterized by in-plane and 
out-of-plane parameters.
• in-plane survey: a well-defined set of fiducial
marks on the sensors was used.
• out-of-plane survey: a matrix of points was 
measured on the surface of the sensors and the 
beryllia facings. 

Ｘ

Ｙ
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mechanical parameters
Measured points are reduced in-plane and out-of-plane parameters.
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Metrology results

Chronological order

midyf (=0: if perfect)

The module is very rigid in-plane, and there is no 
measurable change in in-plane parameters, 
before and after thermal cycling and the long-
term cold test.

Z deviations after thermal cycling are normally 10 
μm, and a further change of up to 20 μm after 
the long-term test. 
These are small in comparison with the 
tolerances.

Good

Pass
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in-plane

Out-of-plane

Metrology classification

Class of “Good” , “pass”
and “pass2” modules are 
candidate for mounting 
cylinders and disks.
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Leakage current measurement
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Good module 15℃
w/o Micro-discharge
～　0.3μA @500V
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Leakage current classification
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Fail Spare
Parameter GOOD <- PASS2 SPARE FAIL
I-V [uA] <=4@500V <- <- <=4@350V >4@350V
Microdischarge onset voltage [V] >=350 <- >=300 >=150 <150
Microdischarge decay time (MDM) [hr] <=1 <- <- <=6 >6
Microdischarge decay plateau current [uA] <=1 <- <- <=4 >4

B3/B4 B5/B6 B6
Pre-series sensors No Yes <-
MD>350V >500V >=350V >=300V
Bad current behaviour No Yes <-
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Front-end readout chip :ABCD3T

DMILL technology (BiCMOS)
• Binary architecture
• Gain ~ 50mV/fC
• ENC ~1500e for an unirradiated module

~1800e for an irradiated module
• peaking time ~20nsec
• pipe line memory with 132 depth
• trimDAC individual threshold correction in every channel 

using a 4-bit digital-to-analogue converter
• test pulse Each channel has an internal Calibration Capacitor 

connected to its input for purposes of simulating a hit strip.
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Electrical tests
• digital function tests (pipe line memory, channel mask, … )
• 3 point gain 

threshold scans for 3 different input charges 
From the error function fitting, the channel gain, 
discriminator offset and equivalent noise charge 
(ENC) at the discriminator input can be extracted.

• trim scan : trim DAC tuning (do threshold scans with changing DAC)
• response curve scan (10 input charges)
• noise occupancy 
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Electrical tests results

1 bad channel chip peak

Average gain : 55mV/fC Average ENC : 1615e (28℃)
　　　　　　　　　　1450e (0℃)

average value　: 4.5ｘ10–5

order of magnitude less than the specified 
maximum value.

average : 2.6 per module
99.8% of the module
readout strips are good.
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Bad channel
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1 module=1536 channelsChronological order

Bad channel/module = 1.8 ch (0.8 ch excl. 1bad ch chip)
0.3 ch : sensor defects
1.3 ch : chip defects (0.3 ch excl. 1bad ch chip)
0.2 ch : WB defects (Unbonded)
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Barrel module production
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Electrical tests with Nd:YAG laser
Since the energy ofNd:Y AG laser 1.165 eV is just 
above the Si band gap energy of 1.12 eV, most of the 
laser light penetrates the Si sensor. 
Thus the passage of charged particles can be 
simulated if the laser is collimated ( 2~3 μm square 
spot) and its intensity properly adjusted.

m.i.p.Laser
A total of 656 ATLAS SCT barrel　modules 
were tested.

Number of channels 1,007,616 
Defects not detected by electrical test 23
Al breaks identified by laser and HPK (16)
New sensor defects identified by laser only (4)
New defects, but reason not identified (3)
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Site qualification
All sites taking part in module production were subject to a thorough 
qualification procedure, where all aspects of production and testing 
were reviewed, including documentation, cleanliness, ESD safety,
component traceability and accountability, etc.
Each production line was required to produce at least five modules 
fully within specifications. Modules were exchanged between sites to 
ensure uniform quality and comparability of measurements.
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Summary
A total of 2582 for barrel and 2380 for end-cap modules have been 
constructed during a 2-year period of series production. 

The overall yield of modules with satisfactory mechanical and electrical 
performance is 91% for barrel and 93% for end-cap, respectively. 

Barrel Module Production
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