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The ATLAS upgrade for HL-LHC operation includes the installation of an entirely new all-silicon Inner Tracker (ITk). The silicon strip region comprises 165m? of instrumented area, made possible by the mass

production of silicon strip sensors. This area is covered in a nearly hermetic way. Multiple sensor shapes are utilized: square sensors in the barrel part and skewed trapezoidal sensors with curved edges to provide continuous
coverage of the disc surface in the endcap part of a detector. As a result, there are 8 different strip sensor types in the system. They all feature AC-coupled n*-in-p strips with polysilicon biasing, developed to withstand the total
fluence of 1.6x10'°n.,/cm# and the total ionizing dose of 66 Mrad. Following many years of R&D and 4 prototype submissions and evaluations, in 2020 the project transitioned into pre-production, where 5% of the total volume
was produced in all 8 designs. In this contribution, we will summarize the evaluation program, test results, and experience with the pre-production sensors.

[SENSORS FOR THE ITk | 8 sensor geometries EVALUATION PROGRAM

AIDC (S bias « 2 for barrel, 6 for endca . :
S eator. . Albias rail Al edge metal . 320 pm thick n-in-p siIicEn Quality Assurance (QA) Quality Control (QC)

pad resistor
ol ‘ | / ﬁzé \._‘ . 75.5 um strip pith (barrel) Quality assurance aims to guarantee that quality requirements will QC procedures are required to see whether the delivered devices
n*(Si) implant nH(Si) nﬂ.sp p*(50) . (7(.)-8L(1)) am sptrri)p oitch (petal) be fulfilled throughout the whole fabrication process for the ATLAS adhere to the “ITk Strip Sensor Specifications Documents”.
P blasrall  guerdring edgering . One sensor per wafer ITk dev_elopment. o | These tests are performgd by the sensor QC sites before the sensors
PN - . High reverse bias voltage (500v) « QAis based on monitoring t_he mapufacturlng process to are sent to the module sites for assembly
prevent defects and to predict deviations of the key parameters On every sensor On sample sensors (2-10%)

. Petal in the Endcar It Is carried out on test structures (Mini&MD8, Testchip&MD8), Human Visual Inspection « Leakage current stability
Stave in the Barrel /p} and it involves understanding the process parameters and the Machine Visual Capture - Full Strip Test: every strip is

Type 3 \ Type3““
|

sy "'} | X ! 1 ; relationship between different device characteristics Metrology: sensor bow and probed to measure its properties
= i . ot Tests can be destructive, as irradiation tests are performed thickness

Reverse bias leakage current (IV) and Bulk capacitance (CV)

‘ QUALITY ASSURANCE vs QUALITY CONTROL |

KEK/Tsukuba

* QA aims to identify * QC aims to identify e ——
defects on the process defects in the finished “ e, i
used to make the product  products L
Its goal is to assure that Its goal is identifying and 7 vendor 2 e e [ vocte s

Ljubljana

the fault won’t happen discarding faulty = reception ses e
In the final product products [ Sensor QA sites o
It is a proactive process Is a reactive process o o s | ] ancover

It is focused on the It is focused on the oo

process product T,

Test can be made on Tests are made on the 3 4%5

other structures final products

[ ] vendor

4 pieces/month
+ 6 1V/CV/month

Toronto

12 barrel & full endcap

Part flow diagram for the sensors used in the tracker assembly

A RESULTS . . N i 'QC RESULTS
Q * From every wafer one Testchip&MD8 and one Mini+MDS8 piece is diced Me\t/ro!ogy and Vlhsual cagttt;re Provide detailed hot of diti '
- From every batch at least: erify sensor shape and bow. Provide detailed snapshot of sensor condition o
- One Mini+MD8 irradiated for displacement damage (protons/neutrons) 180 - (=BT EE
- One Testchip&MDS8 is irradiated for ionization damage (proton/gamma) _ 160 - Median = 21.93
Sensors In | Mean = 28.18
Mini sensors with same layout as frame of CNC 120 :
~main barrel sensors but with 8mm of 500 machine 100 -
MDs | strip length. Used for charge collection Testchip structures: (Prague) 80§
efficiency measurements (1) Polysilicon bias resistors 60§
B | j“ (2) Coupling capacitor
= | (3) Interdigitated structures 403
) (4) Cross-bridge resistors Evidence of 20 ;
(5) PTP structure required ol = -
(6) Field oxide MOS capacitor resolution 0 20 40 Bowum 0 140
_ (KEK/Tsukuba) e r—— )
For different measurements: S e e
 Bias resistance . = 00— ol NS v
Full depletion voltage Vicvicurrent stability e 3 "‘,Mv"’w”* " e L o W by
L4 . . . . &) f— iy ; "1 ‘[ \ A wﬁ‘.‘ [ ?r iy { ul’
P J - Verify sensor basic electrical behavior ok oh AL A AT &"“\f'v
» Breakdown voltage a0 LAY ’ AR
o * Interstrip capacitance ;2 A AN
5 * Interstrip resistance ~ | |
. . . . ] O,
S - Field oxide capacitance Shelving unit - 20
. . . . 225
= * Field oxide thickness with slots for 220 .
o  Flat-band voltage module frame 58 N\f 4\[ |
S - Coupling capcitance inside dry i
"g e PTP Voltage Cab|net in ~ 2:':_ Humidity plot
_ = « Implant and metal sheet SCIPP T 35
Main sensor wafer | resistance o
g
. . 15E
Bias resistors MD8 structures Interstrip resistance 10F-
0.5
%é,gi’” | Neutron + Gamma S __ gg: |mNeutrons5,1E+14neq:‘cm2] 1010§ I, MeaniéSD T T T : S Samamma S 15 g ,Tir,ne_[rﬁo
00:0 S B A B N —————r 81- Hﬂ H ﬂ | Median Line ’ [ Normalized current @ 500V _ Full depletion voltage /
10 12 14 16 18 20 22 1 QU y .. 1 —— ] 0 Entries = 906
+= B 7{."TNeutrons 1.6E+15 neq/cm2] 200 300 400 500 600 700 800 900 1000 . 3 $‘ Entrl-es_:mBZ 140 3 ] Median = 263.41
S 71 L = - Il : Median=1.10 ] Mean = 263.18
Q 21 N ....2- | Protons 1,6E+15 neq/cm2| G ] = = - : 200 Mean = 3.47 120-5 Std de_v—2§ 17
o+ 1 e E i : - == Std. dev = 24.78 -dev =29
1,0 1,2 1,4 1,6 18 20 22 8" < 10y, —s - 100 ]
= 3 [ |Protons 1,6E+15 neq/em2|— N 0L il 1 i . E . _l_ . Xy . 5
8%' H Ny 200 300 400 500 600 700 800 900 1000 @ i - N i e S g
3 1 SN | R ATy Ve e 15MQ 3 o ;
O+ LU ,,_,4: | Protons 5,1E+14 neg/cm2| 10" 4 &% - O © ]
10 12 14 16 18 20 22 E3 | Wy . 60 :
= 44 Protons 5,1E+14 neq/cm2)| 3 ?: ] 2% . %
8 2_. O T T T T T T T T T T T T T T T T . : 40 -;
Ol NN N 200 300 400 500 600 700 800 900 1000  10° — . . , . é
10 12 14 16 18 20 292 Gammas 66  Protons Protons Neutrons  Neutron + 20 -
- -1TE\\‘IG et e ’ ’ ’ ’ ‘EG_- [ Gammas 66 Mrad| Mrad 51E+14  16E+15  16E+15  Gamma = g
% 4__ ammas rad| § 8 4__ neq/cmz2 neg/cmz2 neq/cm2 = 0 ]
32 RNRNNY O 21 _ _ _ 1.0 = @2?5%0\;[% ]2-5 3.0 None 220 240 260 280 300 1320340 360 Above 36l
"""""""" LI 1 1 044 . : . r . T . T . I r T r I r norm mi
1,0 1,2 1,4 1,6 1,8 2,0 2,2 200 300 400 500 600 700 800 900 1000 StrUCtureS Irradla_ted Only Wlth FU” Stri teSt
£ 12 T Non-ired g 1 50V ST gammas suffer higher rp | | | | | .
3 s £ 81 ! - « Verify manufacturing process quality/uniformity of electrical characteristics throughout the wafer surface
S : 3 6 . degradation of R, due to e : _ _ : _ _ !
0 12 14 16 18 20 22 O g Mip. ionization damage. * Individual strips are contacted to identify metal shorts, broken implants, faulty bias resistors or low inter-
AVERAGE_RBIAS (MQ) 200 300 400 500 600 700 800 900 1000 It is not a realistic scenario in strip Isolation.
VFD (V) the expe”ment g5 VP)I(30905|-W0019|4 Couqling C?pacitalnce | 2.50 : 'qu gbias —
arleton Rpjas
o0 - Combridges R
CCE_SOOV distribution CCE_5OOV distribution el M | 2.00 p——
L 36 batCheS ] Irrad with neutrons > Irrad with prot B
) rrad wi rotons ™ m% I :;.‘1.5.}::'__]*;:-_::__.::_- N . -
received and 121 E £ ot SRR N
. 4 o 2 ‘ ;
validated 10 g0 g |
) Samples 2 8- 0 3] §60 i Vancouver Even ;% | I
irradiated upto g E sl ‘S’Z?:Zii?:%;‘%ﬁd
15 2 ® C zejzn ven 0.50 -
1 ) 6X1O neqlcm 2] 50 Erague (E)dd
* Measurement of 4 e T
I 1 0 500 1000 1500 2000 2500 3000 3500 4000 4500 ©-00 '
CCE Wlth 2 StrioN b 1 1283 2565
. ripNumber strip index (starts from
ALiBaVa setup . . . o
6000 8000 10000 12000 14000 05550 5000 10600 12000 14500 Special sensor with defects provided by HPK. Used for consistency check for
CCE @ 500 V [e] e . . . . . . .
sere v quality testing sites. The fraction of bad strips was <0.1% in reality.

CONCLUSIONS Sensor pre-production provided excellent opportunities to prepare the infrastructure to handle production. ACKNOWLEDGEMENTS This work was supported by the Ministry

Did not find major issues and most of the results are fulfilling the specifications. All 8 sensor types/layouts look OK a significant of Education, Youth and Sports of the Czech Republic coming from the
accomplishment made possible with >23 layout verification iterations with HPK. Despite IV is the most-failed QC test for pre-production projects LTT17018 Inter-Excellence and LM2018104 CERN-CZ and by
sensors different recovery methods applied are showing promising results (not covered in this poster). Charles University grant GAUK 942119; the Spanish R&D grant PID2019-
QA/QC sensor site qualification and pre-production testing was delayed by the COVID-19 related shutdowns, which in some cases lasted for [JJ| 110189RB-C22 and grant PID2019-110189RB-C21, funded by MCIN/
6 months of 2020. Despite that, excellent agreement was achieved among sites that matched well the data provided by the manufacturer. || J| AE!/10.13039/501100011033; the Canada Foundation for Innovation and the

. : : : . ) : : : Natural Science and Engineering Research Council of Canada, as well as the
- - ~ 0
All pre-production batches have been validated. Strip sensor production started in Aug-2021 with ~18% of production quantity delivered to \lexander von Humboldt Foundation: JSPS Grant-in-Aid for Research Activity

date. Start-up 20K22346 and the US Department of Energy, grant DE-SC0010107.

XLI International Conference on High Energy Physics (ICHEP) 6-13 July Bologna (ltaly)



