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The Silicon Strip Sensors
of the CMS Tracker

SEHEPHY

Institute of HIgh Energy,Physics

CMS Strip Tracker layout

TOB
6layers o1 oz o3 o4 05 06 07 14 L5
10,416 thick /f/ / / //////////// 16
r (Wﬁ?jri‘[ Z view ’f/;;:’ 17
135
i:: B 0 o v f 19
“Single” sided :: | | | | | | | | if; :J
“Double” sided — || ' j:;: E
(100 mrad e | | | | | | | I i:——” 3
secomge) ] RS A A W TS R
> I | L e
Interaction . o}— " i
pOInt a 207 444 ald ana aa4a L0a 14040 140d 1a5a xa1a a0 2410 pLof1] 134 Z (mm)
TIB TID TEC
4 layers 2x3 disks 2x9 disks

816 thin sensors 10,288 thin+thick sensors

2,724 thin sensors

24,244 pieces (200 m?) of sensors necessary; >35,000 delivered

Barrel: strips parallel to beam .. :
PSP = Complex Logistic & Quality Assurance

End cap: strips in radial direction
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I\\‘/, HEPH Y The Silicon Strip Sensors

of the CMS Tracker

Institute of HIgh Energy,Physics

Silicon Sensors Logistics

TWO p ro d ucers: Sensor Fabrication Sensor Fabrication
. Center HPK Center STM
« Hamamatsu Photonics (Japan) Control &
. . Distribution Center
« ST Microelectronics (Italy) CERN &
Production Committee

i
25% 25% 25% 25%

Four (five) main Test Centers

« Later, Rochester (US) joined

— Pisa, Perugia:
Barrel sensors

— Karlsruhe, Vienna: 1% SENSors . 5% sensors
Endcap sensors 506 ts ~%ts >5% ts
« Supported by smaller tests in Irradiation
different locations for special Quaclifitcation
enters
purposes Louvain, Karlsruhe v

Large-scale production needs tools
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i Idlf‘ HEPH Y ~ The Silicon Strip Sensors
== S of the CMS Tracker

: Insritutéqf-Hfgrj Energy.Phusics . OutrrischeAadorsie
en [X| visualDB - A CMS Tracker DataBase Histograming Tool
° Eile
Mew Gluery | | Depletion Voltage (QTC measurement) | Entries 6833
Redraw | Mean 176.7
— L RM3 39.35
Add Fit | 400
Save as.. | 3505_
[T Plot Mon-Positive Yalues 3005
Select Gluery: :_
|GTC_VdEpI_aII_sensnrslnMndules.scv 2503_
Select Draw-Optian: g
| <Default- | 200
Select Fit-Function: 1500
° | Linear (y=k") =l -
_ 100
— Select Mumber of Bing (Default=0): — C
| H-BEis: I Gl 50:_
V_IE'IXIS I I:I 0: L1 | L1 L1 | L1 L1 | L1 L1 | L1 1 L1 L1
Z_ Axis: 50 100 150 200 250 300 350
| y V_depl [V]
Cluery status:
Processing file: gqueries/0TC_Wdepl all sensorsInModules. sgl ;I
Nuery status: 200 DEQuery: OK
Created new canvas. j
A
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Strip Scans on Sensors
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. I\‘\!/‘HEPH Y : ~ The Silicon Strip Sensors Hi
o= gl L) of the CMS Tracker OAW

& lnsn'ute O?-Hf'g’hEﬂgl‘ggphgglcs . Osterreichische Akademie

der Wissenschaften

Strip-by-strip Test Setup Vienna

Vienna Setup: home-made probestation
« Sensor in Light-tight Box
* Vacuum support jig is carrying the
sensor
— Mounted on movable table in X, Y and Z

 Needles to contact different structures
on sensor

‘ 3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 8 ‘



d/ H EP H Y : The Silicon Strip Sensors
s of the CMS Tracker

Institute o High Energy.Physics .

What have we tested?

* Global parameters: 100 4
— IV-Curve: Dark current, <
kthrough EDe
Breakthroug 3]
— CV-Curve: Depletion voltage, Total 0 A
Capacitance 600 -
Strip Parameters e.qg. =Y ]
. — 300 4
— strip leakage current |, ©
— poly-silicon resistor R, 0
i . T T T T T T 1
— coupling capacitance C_. 1.4 -
— dielectric current I, g3 ]
A A2 ] ———————
- 11 T T T T T T T T T bl 1 v 1
T 600 ]
H 2 < 450 ]
2 o T2300
i —" 150 ]
0 1 I
i 1 v 1 v 1 v 1 ' 1 v 1 v 1
T T y r 0 100 200 300 400 500 600
VZOD 300 400 500 )
' voltage [V] strip number
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I\\‘/, H E P H Y The Silicon Strip Sensors
I of the CMS Tracker

Institute of HIgh Energy,Physics

Common strip failures

. Open bias resistor:
Open Strip: Shorted

) €D £ 5 @) @) @
‘ | | |

\ \ \ \ - |

¢ & : 4 " l en §

R | 5 { 1. 7-\ P

Open implant at via:

Open implant:

“Pinhole” (short between
implant and metal):
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of the CMS Tracker

Institute of, ngh Energy,Physics .

Node 1 HI LOW Measure
L (& 4| SMU2FRONT - g H B E T
HICUR O i, : TERMINALS m SMuz  Rpoly O DC R (Range InA)
LCR T Sl m B Istrip = S I
lowcr O———
! } M sMuz Idiel ® AC DC 1at-10V
towror O f 1M He Cac T DC Cat100Hz
n HP Cint DC DC2
Node 2 111 EL/SMUZ n:t (,3 DC1/DC2 bias
SMU WO =g
o O——[Gmome | |
EL HI G 1
Low O i . | . \ JEEDLE ON NEXT STRIP |
AC
5i02
e}
SMU 2 Low O
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+Aristitdte oFHiGh Energy,Physics .

The Silicon Strip Sensors
of the CMS Tracker

QTC Karlsruhe

+ +
meur Ke 6517A VS

o
- R7

HP 1
. /__f--f":’AND

e

GND - R
LCR our

| I

|_Rs “R6 R4

RI6A+B I

..... —+ Ke 595 -~ &

| R1
DC 'AC /BIAS

‘ Detektor
Backplane

T ~ ISO-BOX

- HIN +

Osterreichische Akademie
der Wissenschaften

RI4: ™,

"3./4. Nov 2011

T. Bergauer (HEPHY Vienna)

12



The Silicon Strip Sensors

of the CMS Tracker

Institdite of High Energy Phusics .

Pisa Setup with Loader

Instruments -7 — PA200

Loader
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The Silicon Strip Sensors

of the CMS Tracker

Institdite of High Energy Phusics .

Quality Tests - Result from Strip Scan

Number of bad strips per sensor (pinhole, bad poly-resistor, Al short,
broken Al, open implant, leaky strip,....)

Number of Bad Strips
Specification: max 1% of 512/768 Channels

Number of Bad Strips for all accepted HPK Sensors Number of Bad Strips for accepted STM Sensors
18000 Entries: 17778 700 Entries: 2681
Mean: 0.1 3 o1
16000 ean o N Mean: 1.91
14000
12000
Mean: 1.9 bad
Mean: 0.1 bad

: strip/sensor
strip/sensor P

Number of Sensors
»n w

Number of Sensors

T N Pu

.......... NN
000000000000000000000000
Number of Bad Strips Number of Bad Strips
Percentage of bad strips: 0.018% 0.305%

"3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 14



A Ig\‘/, HEPH Y _ The Silicon Strip Sensors
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Institdte of High Energy.Physics

Sampling & Vendor Data

Both vendors, HPK and STM did

strip scans already in-house for .
their QA Set VIE50
« Data has been shipped to S| |
CERN on floppy disks together rean: (K =l
with sensors s e e
— Stored into TrackerDB via ( ot Fautty setp
scripts ~____ ———
[ 0%

» After initial verifications we
trusted these measurements
TrackerDB “sampling tool”:

— CMS performed only sample
« If some other measurements (PQC,

0)
:)estt?)g(; 4SA)T$\|/I_IPK)’ Irrad) reveal some problem, all sensors
u o ( ) belonging to one ore several batches (i.e.
one “set”) can be defined as “faulty”

"3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 15
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Process Monitoring
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\d/ H EP H Y : The Silicon Strip Sensors
o of the CMS Tracker

Institute o High Energy.Physics .

What is Process Monitoring?

Each wafer hosts additional test
structures around main detector

« ‘“standard” set of test structures is
called “half moon” (because of its
shape)

« Assuming that sensor and test P
structures behave identically @ﬁ}m

« Some parameters are not accessible -

on main detector (e.g. flat-band voltage
of MOS)

- PQC results often affect complete

batch! \
i D baby

sheet CAP-TS-AC CAP-TS-AC MOS 1
3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 17




SEHEPHY

The Silicon Strip Sensors
of the CMS Tracker

Institute of HIgh Energy,Physics

Test Structures Description

« TS-CAP:

— Coupling capacitance C, to
determine oxide thickness (> 1.2
pF/cm per um of implanted strip
width)

— IV-Curve: breakthrough voltage of
oxide > 120 V (destructive!)

 Sheet:
— Aluminium resistivity (<25 mQ/sq.)
— p*-impant resistivity (<200 kQ/sq.)
— Polysilicon resistor (1.5+=0.5 MQ)

 GCD:
— Gate Controlled Diode

— |V-Curve to determine surface
current 5<l,<100pA

— Characterize Si-SiO, interface

CAP-TS-AC:
— Inter-strip capacitance C;,
(within 10% of parameterization)
Baby-Sensor:

— IV-Curve for dark current (< 100
nA/cm? @ 500 V; 21°C)

— Breakthrough >500V

CAP-TS-DC:
— Inter-strip Resistance R;,> 1 GQ

Diode:

— CV: 100V < Vdep < 250 V depending
on resistivity

MOS:

— CV-Curve to extract flatband voltage to
characterize fixed oxide charges (<7V)

— For thick interstrip oxide (MOS1)
— For thin readout oxide (MOS2)

"3./4. Nov 2011
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The Silicon Strip Sensors

» of the CMS Tracker

insfitdte 6PHIGN Enerdy Phusics - e

O

| — T
'w @ [ 2t Application Fort 5o [=-][25-] et

NMonac

“Standard Half Moon

5 lati 1l i i’
e imulation 3 Temp_start Coupling € (F) . e ¥ _dielectric
Thomas Bergauer < { L] 20 - S a d
=1 —— —max P || b of bad 0 Nb of bad d
Test choice Protection e 20.00 Teip || siripsCAC , | sirpsDEL P
1822 i o o
off Line T| ON — | C_mean s || Jol @ . 5l =
1221
Substract LR — = c oo
Man:ul choice stray caps Lm0 £_min 18.22p A o |E -
Choose = | ON = | 16.0p 18.24p c {lo 0
hurnid ity _snd L
Input file ¥ source 1250 s I_mas at 120% V_break_mean
oficial  ~ | K2410 — | Date 10.0n 1985
duration TESEIE i 1 ] i
Sensor number minutes C_min C_mas |diel_mean -150 -100 50 o W_break_min
52,00 -
5021 1354830307 | 500.07 13 420 Voltage accross the oxide (V) 120
CY_diode (03] CY_mos_in Crmin 1CA) I¥ for r_int

1/C°2 (F-2)

300.0p

Ll

& DE+22- Intersirip
C zcoumulation Resistance
5.0E+22-| i) [ stesp 266
© Dep_min C_rnax
4.0E+22-] .
[zo0 | [oogp | R_int_min
3.0E+22-] 16
P Y dep_max Y fh_min
22|
260.0 00
1.0E+22- ¥ Dep W fh
T g
0.0E+0- - - ] 1505 10 4 oy
150 200 vy
1000 2000 z000| v mnax -
il IT Voltage accross the strips (V)
Reverse bias voltage (V) 1008 - gate voltage (V) :
W_ged Resistances Alu_rmin Alu_max

1A IV_baby

]

1A i
[
- cl:. T 10.0m 30.0m

Rho_alu_0hm /square

21 Z0E+D
Ltot_V1_4 Surface
21.2m
18850 eurrent 39.40E+0
8.7
T - 132.10E43 [SEETS
— e I_max 4000
;00000000 - (o = o
___’ - ) G ke D = Vbresk V! 26.10E+3 1515
700.0
1 ADE+6 Fpoly_min  Rpoly_max

W b
W_break_min Op— i i U N 1 A0EG 1.0M 2,00
500.0 : : : : 50 R_poly_mean

Reverse bias voltage (V) - gate voltage (V) 1.40E+6 M

o " o '
2000 4000 6000 BO0.0

Input Files path
1% processcontrol HD :Desktop Folder :POC software input Tiles =

SEn

| ] '] [4]»
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The Silicon Strip Sensors

of the CMS Tracker

Insfitdte of High Energy,Physics Osterreihische Akademie

Example for switching scheme: GCD

Process Quality Control system (Vienna configuration) updated: 6.Juli 2004

CONTROLLER SWITCH SYSTEM GCD measurement PROBE CARD
K7002 ) CAPACITORS
SLOT 1 q

K7154

BUS GPIB

B =

B R e

SIIEET

>

SLOT2 —— L[
K7154

SURFACE

=

CAP AC

C e R

S

BABY

11V SOURCE
K237 HI O]

—e GND Lo

£ SLOT 3

K7154

CAPDC

R 2 R

S

V SOURCL
K595/K2410 HI O

»— GND Lo ? DIODE

LCR METER 3
HP4285A

MOS

H O= |=O HI O = 4

"OT’ -0 10 O= [ SLOT 4

O X Ao R w0 —

S

. K7154 &
DLECOUPLING BOX SLOTS [hag m— -

%7 K7153 ) -
p —

BACK

l 3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 20



SSHEPRY

Institdte of High Energy.Physics

Strasbourg

The Silicon Strip Sensors
of the CMS Tracker

Wien

Firenze

Ameter Hi

Hvsource Lo

Vsource Lo
Vsource Hi

LCR Hi
LCR Lo

PQC devices for each lab

Osterreichische Akademie
der Wissenschaften

Setups in Florence, Strasbourg, Vienna

Strasbourg

Ameter Hi

Ameter Lo

Hvsource Hi
Hvzource Lo

Vaource Lo
Vsource Hi

Firenze

HP4142B

J Ameter Hi
_‘ Hvsource Lo
Vsource Hi
LCR Hi
LCR Lo

"3./4. Nov 2011
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I\\‘/g H E P H Y The Silicon Strip Sensors
I of the CMS Tracker

Inslitute of HiIgh Eneray.Phuysics

Probe Card

Printed Circuit board

« Size approx. 10x16 cm

* 49 needles to fit pads of all TS at once
» IDC connector (not shielded)
Manufactured by French company

b\ AW LU

W \-rl"rij,;s-
y o &%
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The Silicon Strip Sensors

o

of the CMS Tracker OAW

. & iﬂsmtﬂé dT :Hmh>EﬂgrggnPh.g§|CS . Osterreichische Akademie

Measurement Procedure

D 15 testwi

—#® . TS puton chuck (held
B e | =2 [ | ]
Operator Simultion 2l temp_start Coupling C (F) B B 1(A) I¥_dielectric by VaC u u m)

o

i L 0.00 a
Thomas Bergauer ﬁ _— Te220 1

Mb of bad

a

Mb of bad

Test choive Fratection g S | z0.0p 18.18p || strips CAC SO / \l Ig I ” I lel lt al ld
000 E o
OffLine = ON < i C_mean 1822 I3 : ol :

18.21
Substract temnp_end Bz °
stray capa 2310 Cormin 12.22p

Choose < OoN vi I]s_gp 18.24p
humidity _end

Manual cheice

SAEEE = G
= =] =] =] =] =

contacting of TS in
respect to probe card

Start Labview program

[
A
[

m—

Input file Y source I 1250 Interstrip C (F) Irnax at 1204 Y_break_rean

Official v' K24ll]t1 Date lm | 1000 | 1983

duration | 1 1 1
Sensor number minutes Cornin B Telm T, an s o e
‘3021 1224890207 | 52.00

| s00.07 R a4z Voltage accross the oxide (V) | 120

:

PP s e [ Pp— to perform all
coee i
soe e measurements
C Dep_min C_ras
[ so0p | 500.0p R_int_min . . .
s s - Full characterization:
2600 on .
= L 35 minut
. minutes
1000 200 00| v =D o R Voltage accross the strips (V)
Reverse bias voltage (V) | 100.0 - gate voltage (V) | 100
¥_ged Resistances Alu_min Alu_max -
1 (A I¥_baby == ) ":D': 23 60E+0 | 10am =0Cn Blue Flelds:

Rho_alu_0hm /square

l_max at ¥1
=
I_tot_%1_A Surface 21 30E+0 O bt - d It
| 188 5n current 25 40E+0 ZIEE a I n e re S U S
I (=220
o extracted from graph
1. 4000
:;noa_zp S3HELS Rho_ppluz_Ohm /squax -
Y _break_ AT m by flts
— o 1406+ F_poly_min  F_poly_max
mo_wbo_who_abo| ‘e || T, e o on oo | fuamn || [ ECH Yellow Fields:
Reverse bias voltage (V) ~ gate voltage (v) 1 40E+E IW 0 -
Limits and cuts for
1% processcantral HD Deskiop Falder -POC software input files EI -~ . . .
1 QD qualification
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w‘/HE' ‘ The Silicon Strip Sensors
' of the CMS Tracker OAW

Insmu}e o’f Hrgn Energg Phgsncs - oo

Passed/Not Passed Lights

ts_testwi
e
|
0 iii————————— conformityVi=—————H 8 [
I - B 10A) IV_dielectric
» @ [/ 1P
Hb of bad "o ’ I
«  After all measurements Gy o 7 o [ -
I - . -
finished ey = s =
L t n- ] e
- R int Rint Commen t ] Lrnax 3t 120v Y | vbresk_memn
° W d p p p L Mos MOS Commnent t ] ‘:.
In OW 0 S u Q Q 10.0n 2 ‘ ‘ ‘ ‘ 1733
. 5D GED Commen i WD ielectric Ivdiel Comment | Idizl_mezn 0 180 100 S0 0y prea min
° One Ilght for eaCh ‘test Q Ii Q Ii & Voltage accross the oxide (¥) 120
sheet heet Comment = in .
_ . 1 1 1 I ( Write MML-file  Don't write HML-file ) ¥ for r—int
Green: within limits “ o b,
- I 1 -6 56-27— 2T
— Red: out of limits -
_int_m

* Allows immediate
judgment about quality _ —

: T =
Reverse bias voltage (V) | aoo “ H - gate voltage (V)

S

| | | |
-2.0 -0 0.0 1.0 2.0

Voltage accross the strips (V)

1(A) ¥ _ged Resistances Alu_rmin Alu_rnax

* Pressing “OK” button e | P e m e
writes XML file containing - | o || S/ — -
all data ready to upload to " '

CMS Tracker Construction

200.0p~
190 up i 98 30E+3 pé_max
0p-]
4000
180.0p 5 52 90E+3
170.0p Rho_pplus_Ohm./square
I 22 AOE+E @z

Y_break_¥ i
160.0p—
7000 Py
150.0p— =g 1.60E+6 R—pely_min Re_poly_mazx

V_break_min 140.0p= | 1 E0E+E 1.0m | 2.0M

0 | | i i
X 2000 4000 6000 8000 .
DB 000 20 150 -100 S0 00 50 D
Reverse bias voltage (V) 1L.ETE
9 - gate voltage (V) 1.6m
Input Files path
1% processcontral HD Desktop Falder :PUC saftware input files =]
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Lz, of the CMS Tracker

Institdte of High Energy.Physics

Results: High flat-band voltage

| Flatband Voltage vs. Production Date for STM |

 Measured by CV on MOS A\

5 40
* Initial limit of 10V S o5l
« No problem with HPK (~1.5V) 3 302_
« STM: values up to 40V in AE_E?}
week 10/02 E E_ ”
 Some batches suffer from 20;_ E
contamination of production line 15 L
even later on 105" \\/ - ;. ~
Surface Current vs Flat Band Voltage 5? "n l ' : Efe" "“”
e T s UEIEEI Il‘.ZIril-all‘..'IEI IOT.}OEI I1 D}OEI Il‘.ZI1a1l‘..'13I I(Zlal-.}tZIEI IIIZIII'}IIHI I1lfll.}lill3I I
30 Lo - . Production Date [month/year]
™.
i s AR  Issues here have been cross-
o hE L. checked with inter-strip
. capacitances before/after
) irradiation

- PRI W N ——— PR R B
2 4 6 8 10 12 14 16 18 2
Flat Band Voltage (V)
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A Ig\‘/, HEPH Y _ The Silicon Strip Sensors
Lz, LIS of the CMS Tracker

Institdte of High Energy.Physics

Low R_iInt problem

Shortly after 2nd incident of Lower limit: R;, > 1GQ
hlgh flat-band, STM suffered | R_int vs. Date of Measurement for STM |
from very low R, values '

int

[GOhm]

— contamination of
production line was
addressed by remedy 10
which had bad influence
on Rint

R_int
—r
o

Hel W

[ \Hllll

I|| |I|n]|] 1 "

~1000 sensors affected 10’ 1l ﬂ]'ﬂ""ﬂ

[ et [Tl v el e e ] [ e
07/02 10/02 01/03 04/03 07/03 10/03 01/04 04/04 07/04

— all rejeCted Date [month/year]
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I\\‘/, HEPH Y : The Silicon Strip Sensors
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Institdte of High Energy.Physics

Results: Sheet Resistivity

: L : Aluminum resistivit
* Aluminum resistivity too high for y

STM up to May 2002
— Limit: <25 mQ/sq.
— Affects noise of APV

| I AL L B B L BN L L S L

STM
before May 2002

|
_E 40 Mean value =
30 28 m Q square

=
_n'?ﬂ
60

« After discovered, STM was h X
i 10
informed by the problem P T ST N
_ , 0 § 10 15 20 25 30 3 40
— increased Al layer thickness to pa (MQ square)
1.2um -E |r|'|l'|r|rl'|llrl|I'|rI|I'|rI|I'||Irl'||'|rlr|'||
D ao - |
~ 50 S5TM
p*-implant surface resistivity 0 after May 2002
— — — 11 g"‘m Mean value =
120 4 70 2 30 19 m £ square
w00 [ | HeK :g STM &2
80 40 10
60 30 ﬂ ] ] LT ] s e o Lo Lu s g
0 5§ 10 15 20 25 30 3 40
w0 20 pa (MQ square)
0 10 Al
0 Jl 0 b—ala 1 coid, | © Anna Macchiolo
0750 100 150 200 0 50 100 150 200
Q square Q square
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| I\\‘/, HEPH Y : The Silicon Strip Sensors
Lz, of the CMS Tracker

Institdte of High Energy.Physics

Results: Bulk Resistivity

Requwement: | Resistivty vs. Production Date for HPK |
* V_depl<400V after 10 years of  ¢__
LHC operation g
#000
Results in resistivities: }
500

« 1.25<p <3.25KkQcm (inner
tracker=thin sensors=HPK) 3000

« 3.5<p<7.5kQcm (outer
tracker=thick sensors=STM)

2500 G
Bk

2000

1 1 | 1 1 | 1 1 | 1 1 | 1 1 | ) 1 1 | 1 1 | 1 1
01f/02 04/02 07/02 10/02 01/03 04/03 07/03 10/03
Production Date [month/year]

« Agreement: CMS accepted all wafers, but uses the ones
with lower resistivity in the inner layers.
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Institdte of High Energy.Physics

Irradiation

‘ 3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 29 ‘



I\\‘/, HEPH Y | The Silicon Strip Sensors
I of the CMS Tracker

Institute of HIgh Energy,Physics

Neutron Setup at Louvain-la-Neuve

« Fast neutrons (to create bulk damage) by using reaction °Be + d
-->n + X.

— Practically, this is done by steering a 50 MeV deuteron beam ona 1 cm
thick beryllium target. (T2 beam line)

— Deuteron beam is accelerated by the LLN isochronous cyclotron
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Proton Setup at Karlsruhe

« 25 MeV protons at Karlsruhe Cyclotron
 Beam-spot size 4-8 mm, so samples need to be scanned
« Samples sit in cooled box
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CMS Radiation Environment

According to TDR:

* Max. particle fluence for
thin sensors (r<60cm):

1 6 14 / ; Fluence{cm'l] Fluence {cm'l]
L] e ne Cm T L 1 1 1 1 L} 1 L] I 1 LJ T L]
q T o T
. — silicon Barrel
* Max. particle fluence for . K om Neutron fluence (E>100 keV)
thick sensors (r>60cm): 14 [F® 1 1n14L MR=22em i
0.35el4n /crrgz ) o R-32 ¢ {1 Fardien :
. eq - ﬁ;ﬁ_;m | [ @ R=38cm
« Safety factor to apply: _ * RdFT i i
50% '_‘_—i——H-—j.—_"__H__‘_ ‘_ B
! PN R=49 ¢ -8— E_.‘I*****
_D__D__D-_o_

Results in qualification : P T S
fluences: Salina® s oo ch AN
Silicon Barrel
2.4/0.5 el4 neq/cmZ for 10 13| Ch. hadron & Kllfl flience | 43| | .

thin/thick sensors, o s0 o 50
respectively z (cm) z (cm)
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Annealing

« Measurements should be preformed at defined annealing time
to get comparable results

« For a stable full depletion voltage we chose the minimum in
U,4(t), which turned out to be at 80min at 60°C (or about 10

days at RT) y
Measurement of Ug(t) on 320pum mini-sensors

with HH-model fit

ML |
1200 - Annealing of a proton irradiated 320pm
I mini sensor with @, =2.4e14 n"M,'l::m2
1000 4
E I hD, 200
@ Furgeri, PhD, 5
& 00l [Furg ]
3 |
> ST e m -
c 600 -
8
5
% 400 -
-]
3 200F=I """ °77 72
[T _ “'x . . P
=== -
Of====m—" T IR R B
1 10 100 1000 10000 100000 1000000

annealing time [min]
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Measurement/Irradiation Procedure

“Standard” electrical characterization was twice, before and after
irradiation (T=-10°C)

. Global: IV, CV -

« Strip: (all parameters are scanned  *°
against the voltage to be sensitive 106

to unexpected behavior) Lo
— leakage current S 100Mm
— R_poly 14 10M ;
— |_diel M 4

— Coupling Capacitance
— Inter-strip resistance
— Inter-strip capacitance
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Total leakage current

Check if leakage currents are
within expectations

I e Minsensors (800mm) ]
® Mini-sensors (320E$) o .
i 800y || =4 10"" Alom @ RT scaled to: P
* I/Vincrease vs. F was o | CoTmTze
shown to be universal for 2 00| TG = o0umem |-
bulk generated current (PhD 3
thesis Moll) 5
« Can be used to identify < 2004
additional current sources or e |
0 . . , ) , [Dierlamm, PhD, 2003],
problems 5 10 15 20 25
] _ Fluence in 10" n/cm?
° Essentlal to estimate power Measurements on CMS mini-strip sensors in
budget and Cooling power operation mode (guard ring floating)
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Full Depletion Voltage

320pm minisensors:
) ) a Vv before Irre.\di_ation ' o
* U (F) depends on material and particle L Vi,aftr radiation and Arnealing | |,/
type £ 250 [Dierlamm,PhD, 2003} —
— might reveal material contaminations 5 2% /
Z '-‘ // Mgdel pa_ran;tral:ers:
- Favorable to have several fluence steps £ ™ VL ros
. . F 100 ) c=10.9E-2/NO /cm
« Parameterization can be used to model ks ‘Ll omn
certain operation scenarios =% \/ b g
0 i

0 5 10 15 20 25 30

1B Fluence in 10" n__ /cm®
o Bicy =0.0437 o
9E+12 7 i MV T
. T 300 ~ L 500um minisensors: S S R
SEX12 1 g ndard (PS1) = 400 H A Vv, before Irradiation ‘
E+12 H = O-d%ffus%on 24 hours (P52) - {400 I > 350[ V,, after Irradiation and Annealing
_ —e— O-diffusion 48 hours (P54) Bs. = 0.0154 z c [ '
'E 6E*12 T —a— O-diffusion 72 hours (P56) -t p © 300 1
= sg+12 Y —Oo— Carbon-enriched (P503) - + 300 E S ‘
ik . - s g 250 : ; ;
P L+ 1 200 § S 200 : : Model parameters |
IE+12 B -~ Bioy = 0.0044 +0.0053 = = (8 R R Y [ e | 9.=1.6E-2 fem
P = s 2 150 (e r=00 i
2E+12 " v ] I -__' 1 100 § ) e 2_:/},.’_:,. i || ¢=10.9E-2/NO fcm |
Ao’ 2% S 100p= A 971 81E 2 fom
1E+12 1 PN A 2 Qg Bl bt 219 i
0 - 0 50 F++——vt+—+1+—+—F——9,75.16E-2/cm
' ' Pl S 21260 min
0 1E+14 2E+14 3E+14 4E+14 SE+14 0 N i i i i ; —r—r—r—r—
Proton fluence (24 GeV/e) |cm“z| 0 1 2 3 4 513 6 7 ) 8 9 10
[Fretwurst, J. Optoel. Adv. Mat. Vol. 2, No. 5, 2000, p. 575-588] Fluence in 10~ n,  /cm
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70,0[) T T T v T v T 30,0P T T T T T u T u 3,0M — T T T T T T T T T T T T
— § Before Irradiation
B Before Iradiation ®  After Irradiation
B After Iradiation —-
_ 690p} 1 < 2,5M
L o oV ]
8 g 200pt {1 C Rp0|y
E 68,0[) o ..l|lll|..llll|ll.llllllllllll.l..l.l|ll..|||.ll1 % d . I 8
£ 3 2
g o gty L LT L R I ™ < I Ie % 20M 1
© ] ] [)] L] G -l.'__-u
O 670pf = ' E 8 " o T
8 é 10’0p i L] i %
2 . = . 8 15M 0 | O Before Irradiation ]
3 oo CC " o we o, e wonE e @ Fot m  After Irradiation
© 3 L L :- o N Correction due to |,
BN L LY o L g 8 L
65,0p 1 . T 1 . 1 0,0 ! . I . I " goMb—e e
0 10 2 30 40 50 0 10 20 30 40 50 30 40 50 60 70 80 90 100 110 120
Strip Number Strip Number | @ before rad Strip Number
-~ T T . o afterirrad 400 — T T T T T T T
" [ I .
100n £ . 1 6 206013 ] ] 350 320pm minisensors: |
— lu.:ll'lll'l"='ll'=°|l 1y, L r=0.65
10nk ® Beforemadiation| | . . | ) o > 300k | r.=0.8 i
- .. /10E-013 . c ---r=05 ’
< ®  After Iradiation T = A .
= Py ' S 250 .
¢ Ink 4 2 6008013 ! 8 |
£ g S
8 100 . § 5 QOE013 z 200 Vdep Fit parameters: ]
L i ,90E-013 o F _ _ ]
% p Stl’lp current E ) £ 150 , ?i;gse 2/cm ]
Y I Interstri P & i ¢=10.9¢-2/NO
8 10pt L . 13" C t T 100 g,=1.81e-2 fcm
[ ] [ | [ ] | | ‘: = 3 t =19 mi
R R B . .|.l|l. iy T l“ c —— apaCI ance I 50 ga=5.]r.2I:-2 em ]
Ipk LI 1 ! L £ ©1260 min
' L} 0 1 M 1 1 1 M T n T
S B — 5,60E-013 . . . .
' T T T T T ! 0,0 0,5 1,0 1,5 2,0 2,5 3,0
0 10 20 30 40 50 0 5 10 15 2 2% 20 Fluence in 10 n  Jem?
Strin Number strip number eV
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Inter-strip Capacitance

600f . T . T

. . .
Mini-sensors HPK 320um: [Dierlamm, PhD, 2003] | 2,1p

—Hml—30220822000103 T

T

560f

T

Mini-sensors STM 500um [Dlerlamm PhD, 2003] |
—Hm—30210315059902

\RT

—@— 30220621600105

1 1,8p-
520f | — A 30220621600116 ]

\\

—@— 30210314845701

5 5

LL -~

= c - Cip~1.28pF/cm

© . o 520,0f|

2 480f L . = I "' .""'""""l

e _ | S 4800f} l -

8 440f g [ |

§ Cqtrip~1.24pF/cm o § 440,0f - \Csmp"l 12pF/cm+

o aoof| nmARS . = - @Daogooom@ COCCERRARRARAR,

g 3 7 \ /

o 360f Open symbol (—O-) before irradiation . = o) : i

E L Filled symbol (—H—) aftler irradiation 1 E 360,0f ,c:)lﬁeeg 3:258: g:E:)) :;L?rﬁrg;?:tl%t:]on ]
320f - with F = 2.3 10" n/em? - 320,0f | with F = 0.5 10™ n/cm? .

0 10 20 30 40 0 10 20 30 40
Strip Number Strip Number

« Thin HPK sensors showed marginal increase after high irradiation

« Thick STM sensors showed significant increase (~15%) already
after low dose
— this indicated some weakness in the ST production
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Inter-strip Capacitance variations for
different flat-band voltages

Increase in C,; scales with Vg before and after irradiation !

112 — 1T T T T T T T T T T T T T 1
H H o 1:2 T T T T T T T T T T T T T T T T T T
- |Before Irradiation:
1] 7 VeV . '
'LE ° VFB:7V ] 11F T
e A = —
° 1ok VFB 20V | %_ | . |
5] ’ v V_=38V = 10 M After Irradiation:| v
c 0] Or _ v
g ¢ " VeTSY
(3] L - |
@ 0.9r B T g M ‘ VFB A v
% S AW § 0,9 o R A VFB:ZOV T
O 3 | o v V_=38V
g— 0,8 iLA'MM//”’—”L/”"/L/’”//Kl”/‘A/’Z/'Z"/’Z"/IIZ/I/////////////z///ll//L/////////l/////IAIIQ//ZI/M#L/////L/lﬁﬂl/////m////z/////z//////ﬂ/#//lldlllllllll,‘ T O 0.8 A : . W v
— v o - , . L1t = Egm -
8 '6 ‘% 4 E l ‘n‘p L\ .‘h—.'h ..-l. .'ﬂ ’“. Fh. .i o
. _'W WA Pl N v
c 0,7F A v _ T 3 ===y
—_— ’ 5 5 8 N L] . [] NG " . . = - °
. c 07f . e “n - 4
A A " ¢
0.6 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L A
0 20 40 60 80 100 120 140 160 180 200 opb——v v s

0 20 40 60 80 100 120 140 160 180 200
Strip Number

Strip Number

=> new limit for Vflat acceptance at PQC: <7V
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Long-term Stability
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Long-term stability

Longterm |-t-measurements |

1 times 10 times

-400V

6

5

o

+ BIAS

Current [uA]

Guard \i

Backplane

OT I 1 1 L ‘ L L L ‘ L L Il ‘ L 1 1 I 1 1 1 I 1 1 1 | 1
0 20 40 60 80 100 120
Time [h]

Monitoring of leakage current over certain timescale, usually 1 week

* Regularly at room temperature

— Humidity control by nitrogen blow
« Special investigations also at -20 degC in Vienna Box
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Influence of humidity
2] [ 39 Sensor 3021 13 331 24002

< I=
S !
= = | current [UA]
3 =Y 3 | = temperature [C]
§ 5 humidity [%0]
0 10 20 30 40
25 25
time [h]

S

e current increase after 40 2
hours = £
S 2

2 =

e Re-measurement shows = ¥
clear correlation with ° >
humidity (5-10% range) 5

0 T T T T O
0 5 10 15 20 25
time [h]
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Corrosion

Chemical reaction: Al -> Al,O4
« fueled by water (air moisture)
* heated by electrictiy (HV needed)

« Catalyzed by impurities like potassium
— Leftover from SiO, etching

« Al,O;non-conductive, the corrosion
may affect our high voltage stability

Ultimate trigger to drop almost all STM
sensors from CMS Tracker

EC
Esl

L
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Summary
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Summary

« Size of CMS Tracker needs automatization in Sensor QA
— Approx. 35,000 sensors delivered in total
* Rely on measurements done at vendors for strip-by-strip
characterization
— after verification that these measurements are reliable
— Save everything in centralized database

« Quality stability over 2 years of production has to be maintained
— Quick measurements on test structures revealed some problems during
production (only 35" each)
« Systematic p- and n- irradiation complementary to process
monitoring (e.g. to find limit on flatband voltage)

— Link between process control, general qualification and irradiation
gualification.

— Whenever one spotted a problem, the others can look deeper into it.
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The End.
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Numbers

Total sensors delivered: Process measurements on
- HPK: 26,878 test structures performed:
e STM: 8,781 « HPK: 2,491

« STM: 2,020
Initially planned:
 HPK: ~8k Irradiations:
o STM: ~25k « ~100
Stripscans performed at Bonding pull-tests on
CMS QTC: Sensors:
- HPK: 1,140 « HPK: 553
e STM: 4,948 e STM: 512
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TS CAP

* Array of 26 AC-coupled strips

* Test of Coupling Capacitance
— Oxide Thickness can calculated

 Test of dielectric breakdown
— Destructive !
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Sheet

— Three polysilicon resistors

— Three Aluminium Strips (10, 20, 50 um f
thickness)

— Three p+ Strips (10, 20, 50 um thickness)

« Used to determine resistivity of implant,
Aluminium and polysilicon

e These Parameters have influence on noise
behavior of readout chip

- T -

~ -

UL -
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« Gate controlled diodes
— Two circles ones (not used)

— Two squares ones with comb-
shaped p*-Diodes and comb-shaped
MQOS structures alternately arranged

 Used to extract surface current

— by applying a constant reverse bias
voltage through the diode

— while varying the gate voltage of the
MOS structure.

— Sharp decrease of dark current in the
inversion region gives the surface

current
. T 4707 v, =5V
* Important Parameter to monitor = o ’
oxide and Si-SiO2 interface quality 0]
« Limit determined experimental by 0] ;
irradiation w1l
390
380
70—
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CAP-TS-AC

* Measurement of inter-strip
capacitance

— Between single central strip and two
neighboring ones

— Outer strips on top and bottom are
shorted and connected to ground
(directly on the structure)

— While biasing of structure is
mandatory

« Parameter related to noise and SNR
of readout chip

!
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Baby Sensor

« Structure with 192 AC-coupled strips
* |dentical to main detector . I

« Used to measure IV-curve up to 700 V
— Breakthrough voltage is determined
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CAP-TS-DC

« Used to determine inter-strip resistance

« Similar structure like CAP-TS-AC (used
for C_int) but with exceptions

— no polysilicon resistor (strips do not have
a connection to bias ring)

— p* strips are directly connected to
Aluminium strips
« High value of inter-strip resistance
necessary to have a good electrical
separation of strips
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« Simple square diode
« Voltage scan is used to measure
Capacitance and to extract
— total bulk thickness

A
Cdepl = %er E

1/C* [au]

— Bulk resistivity

2
d nominal

zeOE;’nZI/depl

50 100 150 200 250 300

Voltage [V]

0

r

56
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MOS

Metal Oxide Semiconductor

Oxide composition represents configuration of
- Thick dielectric in inter-strip region
- Thin dielectric underneath strips (right)

Extraction of flatband voltage V;,

—  Seen by sharp decrease of Capacitance (between
accumulation and inversion)

—  to determine fixed positive charges in Oxide

Limit defined experimental after test beam

{Giate) Oixide Sermiconducior
L 600+
2 .;\-&.'iﬁhu l-""-a-:uﬁ"' “;:.._-
= - n o .
© 500 -_-_—'_“-'\ ':E'} v l:] 'cf H"..n .;L:. e @ q:.o-:-:lu _.I. Flat band condition
‘N c) i3 <] -
§ 400 - -,;.E-‘z'u:_"'_ )
X (h) V=0 [ —1 Accumulation layer
M
300+ B
b) d) Babg ® 0 a% 0 s
i < FOPAC L] letion layer
200 (c) V=0 RIS | Dep ¥
1004 e gy B
on L .
k I:dj NWe) I,‘__r-‘u:-#;':z:-:- —1 Inversion
0 T T T T . B aen P
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"3./4. Nov 2011 T. Bergauer (HEPHY Vienna) 57



