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

ABCD chips
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> Cu/PI flex circuit
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2112 modules assembled at 4 sites Si sensor Datar washer
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
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QA seguence

completed module assembles (production site)

full characterization test o
1 \ characterization test

(reception test) (1) Visual inspection
short characterization test (2) Metrology measurements
i (3) IV measurements
Thermal cycling (4) Electrical performance tests

-25 ~+40  10times (~20hours) '
short characterization test
1

Long term stability test

0 at least 24 hours
every 2 hours
short characterization test
1

Final full characterization test
1

Upload to the ATLAS-SCT database
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Metrology

After the completed modules assemblies,
modules were surveyed for mechanical precision.
We have to measure each position with 1pym
accuracy.

 Tight module holding

The module was held by vacuum in a | 4_}’
measurement frame at three points. R |
B |
» Transparent fiducial marks ‘“~;i+|+r :__W _TI
We need transparent fiducial marks on the frame, I - [ R ||
or corner edges of the upper and lower sensors. g S -
The precision was characterized by in-plane and
out-of-plane parameters. 2 e iy
« in-plane survey: a well-defined set of fiducial W’"*Eﬁ‘:“jﬁ_:
marks on the sensors was used. (N
» out-of-plane survey: a matrix of points was |r%|r'qﬂ_ _____ 44
measured on the surface of the sensors and the |f“5“5f A i ) | ik
beryllia facings. [L_ __5;'__;,:_{4_“! __ufl_ B
baea|
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mechanical parameters

Measured points are reduced in-plane and out-of-plane parameters.

In-plane parameters ol the SCT barrel module Z parameters of the SCT barrel module
Parameter Design value  Specified Parameters Nominal Tolerance
tolerance
maxZlower (mm) 0 abs <0.2
Dowel hole, mhx (pm) —6500.0 4.0
maxZupper (mm) 0 abs<0.2
Dowel hole, mhy (um) HA00.0 40.0 : )
moduleThickness (mm) 1.15 diff<0.1
Dowel slot, msx (um) 38.500.0 140.0 )
_ optimalMaxZerrorLower (mm) 0 abs <0.07
Dowel slot, msy (pum) =37,000.0 40.0 .
. . - . . optimalMaxZerrorUpper (mm) 0 abs <0.07
Mid-point of front pair, midxl (pm) 0.0 20.0 .
M - — —— optimalRmsZerrorLower (mm) 0 abs<0.025
id-point of ront pair, midy[ (pm) 0.0 8.0 | )
Separation of front pair, sepl (pm) 64, 0900 20.0 optn.nalRmSZ-t?rrorUpper (mm) 0 abs <0.025
Separation of back pair, sepb (pm) 64,0900 2000 coollngTa.bThlckness (mm) 0.93 <Lo
Sensorl angle, al (mrad) 0.00 0.13 farTabThickness (mm) 0.93 <1.0
Sensor2 angle, a2 (mrad) 0.00 0.13 loCool%ngl*‘aqng a (mrad) 0 abs<0.5
Sensord angle, a3 (mrad) 0.00 0.13 10C001¥ngl~‘ac¥ng b (mrafi) 0 abs <5
Sensord angle, ad (mrad) 0.00 0.13 loCoolingFacingConcavity (mm) 0 abs <0.03
Half stereo angle, hall-stereo {(mrad) —20.00 013 hybINearH (mm) 1.18 0.25
Mid-point of front hybrid fiducial pair, THOE.5 200010 hyblFarH (mm) 1.18 0.25
hymx[ (pm) hyb2NearH (mm) 1.18 0.25
Mid-point ol ront hybrid Gducial pair, —154.0 200.0 hyb2FarH (mm) 1.18 0.25
hymyl (pm) hyblConcavity (mm) 0 0.125
Angle of Iront hybrid fiducial pair. hymal 20,00 3.145 hyb2Concavity (mm) 0 0.125
(mrad) hyblCapMaxH (mm) 243 0.30
Mid-point of back hybrid fiducial pair, THYE.5 200.0
hymxb (pm) hyb2CapMaxH (mm) 2.43 0.30
Mid-point of back hybrid fiducial pair, 154.0 200.0
hymyb (pm) hybridMaxThickness (mm) 3.28 0.44
Angle ol back hybrid fiducial pair, hymab 20,00 3145 capMaxThickness (mm) 578 0.66
(mrad)
Connector pin #1. conplx (pm) 6ILE 480
Connector pin #1. conply (pm) —69451.1 200
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Metrology results

1 midyf (=0: if perfect)
6 <f ’ 1
s 4 [ i o ] |
E- g lm“ I'f“ﬁ’ .l"!.ﬁh i i'lr ‘_"*"Ii.(; Cllt |'Il I “‘:-_l il u ‘ W! H ” m‘ g I;r ‘ 'Hllifﬂ'”"' i "'ﬂn"L i"' " ”"i!h'“ nlu ] 'l ) o]
5 -2 EL‘.‘;"I:Jr ¢ TR iyl 11 Ly
= -4 1 ps 1
s O
-8 =
-10
0 200 400 600 800 1000
Chronological order
The module is very rigid in-plane, and there is no 600 - —— Good
measurable change in in-plane parameters, 500 - N
before and after thermal cycling and the long- E
term cold test. E 400 - N
E 300 - ]
Z deviations after thermal cycling are normally 1C E 200 - B
Iim, and a further change of up to 20 pam after g v N
the long-term test. 100 -
These are small in comparison with the 0 +—r—fF—F—— —I—'—'——
tolerances. 8 6 4 2 0 2 4 6 8
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Metrology classification

Metralogy parameters
(fMeasurementwalues are rounded downfor classification)
Parameter G000 FASS PASSZ SPARE FaIL
b [urm +-30 +/-40 +/-50 +/-60 > +/-60
: rribey [um +-30 +-40 +/-50 +/-60 » +/~G0
in-plane mex [um S100 +414D 170 | e200 > 200
msy [um +-30 +-40 +/-50 +{-&0 > +-B0
sepf [um +-10 +-20 +}-30 +-40 » +-40
seph [um +-10 +-20 +/-30 +{-40 > +/-40
mickf [urn +-10 +i-20 +i-30 +{-41] > +-40
L__midyt furn} -5 +i- +-10) +-15 > +-15 |
al [mrad +-0.13 < +-0.16 +-0.24 > +-0.24
a? [mrad +-0173 - +-01B 024 >+-024 C|aSS Of “GOOd" . “paSS"
ad [rnrad +-0.13 < +-0.16 +-0.24 »+-0.24 “ "
ad[mrac]  +-013 « wus| wu2a w024 @Nd “pass2” modules are
stereo [mrad +-0.13 - +-0.16 +-1.24 ¥ +-0.24 . .
nymd[um) +F100 <200 pEO0 < +w  candidate for mounting
beyrrid [um +-100 +-200 +/-500 <- >+/-R00 . .
hymaf[macl]  +-3145 #3145 +-6.290 & >+f-6.280 Cyhnders and disks.
hryernik [um +-100 +{=200 +-500 < >+/-R00
heyrriyh fum +-100 +{=200 +-500 < »+/-500
hyrnab [rnrad +-3145 +-3.145 +-6.290 ¢« »+-R.290
conplx [um +1-320 +/-480 +-640 <- »+~640
conply [um +-100 +/-200 +1-300 &= »+-300
_Af. maxslower [mm -0.2 <- <- < <02
Out-of plane maxZupper [mm 0z < < < »0.2
moduleThickness [mm 0 < 0.15 0z »0.2
optimalMaxZerrorLower [mm 0.0s 0.o7? 0.09 0.1 >0.11
optimalkaxZerrorUpper [mm 0.05 0.a7 0.09 0.1 *0.11
optimalBMSZerrarLower [mim 0.025 € 0.03 0.03 *0.03
optimalRMEZerrarlpper [mm 0.025 < 0.03 0.03 »>0.03
laCoaolingFacing a [rmrad +-05 <- +-0.6 +-0.6 »+-0.6
b [mrad +-3 +-5 s +-7 >+-7
loCoolingFacingConcaswity [mm +-0.03 - +-.04 +-1.05 »>+-0.05
captaxThickness [mm 6.44 € € - *6.44
byb1 MearH [mm +-0.19 +/-0.25 +/-0.35 <- »+-0.35
kb1 FarH[mm +-0.19 +-0.25 +-0.35 < »+/-0.35
hybEMNearH [mm +-0.19 +-0.25 +-0.35 < »+/-0.35
hbZFarH [mm +-0.19 +-0.25 +-0.35 <« >+/-0.35
hyb1 Concawvity [mm +-015 +-0.25 +/-0.35 <- »+-0.35
hyb2Concavity [mm +-0.15 +/-0.25 +/-0.35 <= »+-0.35
bkl CaphdaxH [mm 03 < «- <« »0.3
hyb2CaptdaxH [mm 03 < - < »0.3
hybridhaxThickness [mm 0.44 € - - »0.44
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Leakage current measurement
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Module Leakage Current at 500V (nA)
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Leakage current classification

4.0
3.5
3.0
Lo
— 25
< 2.0
215
g 1.0
0.5
0.0
0 100 200 300 400 500
Vdet (V)
Falil Spare
Parameter GOOD <- |[PASS2 SPARE FAIL
-V JuAl <=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 _INO 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
e test pulse Each channel has an internal Calibration Capacitor

connected to its input for purposes of simulating a hit strip.

3Nov.2011 Y. Ikegami (KEK) Workshop on Quality Issues in Current and Future Silicon Detectors 11



Electrical tests

» digital function tests (pipe line memory, channel mask, ... )

» 3 point gain
E,:-%J 0.8; o = hoise threshold scans for 3 different input charges
061 From the error function fitting, the channel gain,
oab T discriminator offset and equivalent noise charge
: (ENC) at the discriminator input can be extracted.
“2- VTS50
of \
020 a8 60 T80 100 120

THRESHOLD (mV)
e trim scan : trim DAC tuning (do threshold scans with changing DAC)
 response curve scan (10 input charges)
* NOISe occupancy

Logloccupancy)
=
In(occupancy)
G

10

1496 ENC

Threshold ;

=151
1fC=25mYy r

e 20

T T . 1L T -2‘5:_...|...|...|...|...|...|...|...|...|...|...

10 0720 40 60 80 100 120 140 0 02040608 1 121416 18 2 22
Threshold (mv) Threshold * (fC)

3Nov.2011 Y. Ikegami (KEK) Workshop on Quality Issues in Current and Future Silicon Detectors 12




Electrical tests results

Average gain : 55mV/fC
500 ~

450 -
400 -
350 -
300 ~
250
200 ~
150 +
100 ~

50 A

0 =

U T 1 I 1 I

modules/1mV/fC

¥ @ ¢ PP PR
Average Module Gain (mV/fC)

average value :45 107
s0 - order of magnitude less than the specified
maximum value.

no/0.00001
w
o
1

20

‘IO—|7

0+ — T T
O (¥ > @ @ Na¥ X% L% Y >

Average noise occupancy/strip x 10,000 for each module
at 1fC threshold

Modules/25 electrons

Average ENC : 1615e (28 )
1450e (0 )

G T [ I B | LI 1 LI
S RC R S S SN P M oy
NN NN h@g\“ O

Average Module ENC (electrons)

1200 - average : 2.6 per module
1000 1— 99.8% of the module
readout strips are good.
800 -
600 - :
1 bad channel chip peak
400 -
200 -
0 0 T e e D D — R

O U X © 2,0 .0 X 0 D PO

Number of Bad Readout Channels/module
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Bad channel

20
l
315 | ‘“
§ ' | l IJ , — Total
G 10 i | | | ! l ol L owl | s Sensor
= ' | 0 Ee b Chip
m i I ]
: NER l A m‘! \| “B
i Tt Lo oo ated % % dfb w5l . b
0
0 100 200 300 400 500 600 700 800 900 1000
Chronological order 1 module=1536 channels
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

Cumulative | GODD+HPASS+HRASSZ YIELD |Rate

Date for anylfor BS|forB6 [total GOOD |PASS |PASEZ [{HOLDY [SPARE |FAIL |REWORK
030501 s, 17 8] T2l 742%] 6R% 52% 0.0% 27.3% 0.0% 41% 6.2%
30501 74 24 8] bg| raan] JO3% 6.3% 0. 0% 25 1% D.0%] 9.59% 4. 7%
[0 F]e) 485 a0 O] 585] 558%] TRZ2%]) G.3% 0.3 % 101% D.3% 3.4% a3.2%
030501 B30 25 o) 628] 558%| F8.7%| G6.8% 0.3% 10.5% 03%] 3.4% 2. 1%
030301 DG 10§ o) 672] 554%| 75.49%| 6.5% 0.3% 11.5% 0.3%| 3.6% 2.5%
031 001 627 1430 o) JBF| B6.0% F8E% TG% 0.2% 10.0% D2% 41% 2.5%
031101 G657 180 Q) 837 56.0% F82% TE% 0.2 % 11.1% D2%] 4.0% 2.3%
31 201 721 158 Q) 915 860% F85% Ta% 0.2 % 10.8% D% 4.8% 2.0%
0401 7og| 207 O] 985 558%] JESR] 7AW 0.2% 11.7% D2% 4.3% 1.9%
00201 gOG| 245 Oy 1054] 565%| 7339% TO% 0.2 % 11.2% D2%] 4.0% 2.0%
040501 237 281 Oy 1218] 5659% 738% TO% 0.1 % 10.6% D1%| 53.9% 1.9%
040401 1066 12 Q) 1378] 568% 8039%) &64% 0.1 % 11.0% 1% 3.7% 2.0%
a5 01 12101 3 O 1551 S5.5%] 802%) G65% 1.6% 4.5% 1.6%] 5.0% 1.8%
40601 1315 340 Op 1655] 85 1%] 811%) &64% 1.6% 1.7% 2% 52% 1.8%
D407 1450 365 dJ2] 1847 200%] 800%) §.4% 3.0 % 1.6% 26% 4.9% 1.4%
040501 1518 3586 84 1860 504%] 822% 57% 2.0% 0.5% J.4%| 4.8% 0.9%
040301 16053 580 G| Z095| S00%] 51.7%) 55% 2.8% 0.5 % d.3%| 4.8% 1.4%
041 001 1773 Mo 110) 22535] 5071%] 51.4%) 55% d.1% 0.5 % d.3%] 4.7% 1.4%
41101 17300 465 1189) 2314] 21 7% 822%) 57% 4.0% 0.3 % d.2%] 4.6% 0.2%
041 201 17421 452 117) 2311 5059%] 81.2%) 559% d.0% 0.3 % 4.2% 4.5% 0.2%
0501 01 17421 452 117)] 2511 5058%] 51.2%) 55% 3.5% 0.3% 4.2% 4.5% 0.2%
050201 1755 461 1185] 25358] 905%| 50.8% 55% 3.5% 0.3% 4.3%| 4.8% 0.2%
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Electrical tests with Nd:YAG laser

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 jum square

l i Since the energy ofNd:Y AG laser 1.165 eV is just

vYvy spot) and its intensity properly adjusted.
Laser m.i.p.
Nd:YAG Laser* Test System A total of 656 ATLAS SCT barrel modules
SCTdag system (VME) - Kl -y K‘A were tested.
= Zstage (laser system attached) ‘ '
] . e —
= Laser head
| mm m ' '| '{h/i:himl the lid)
il - :

. bf‘ o I‘H

/68 strips/side

Number of channels 1,007,616

.,. : Intensity
 dr tost 9 | ‘::::;:;g Defects not detected by electrical test 23
| et Al breaks identified by laser and HPK (16)
4l RS | New sensor defects identified by laser only (4)

© X Ystagel

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
gualification procedure, where all aspects of production and testing
were reviewed, including documentation, cleanliness, ESD safety,
component traceabllity 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 rate End-cap module production rate
3000 2500 1
—e—SBstarted E Good+Pass 0.5
2500 |—| —=— GOOD+PASS N o S S A L
— SB started target / 2000 |~ 0.8
—— GOOD+PASS target - L
2000 /_4—-/. i o/
1500 f~| 0.6
Ilsoo , : Built 05
1000 f~ Good+Pass 1 0.4
1000 = Good 0.3
_/////V s00 [~ 0.2
500 B 0.1
o E — 0
ETIIIITIIIIIIIIIIIT] H.E%E%EHEHHE%HHEHEE
IR ] ERRERRRRRRER IR RN R
€ 5 F PR ¥ A ZE S - W g EZIE2EETREZ 2R

Date [yymmdd]
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