Preliminary results on irradiated
micro-strip detectors

Comparison of micro-strips detectors processed with
different materials

Talk OQutline
eSensors and set-up
ePre irradiation measurement

eRadiation hardness study up to 3,5 10 1 MeV n eq./cm?
eConclusion and plans

Radiation hardness study made by the SMART collaboration
CCE measurement performed by the Pisa Team:

J.Bernardini, L.Borrello, F. Fiori, A. Messineo
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SMART : Wafer layout, 4”

Edge structures g p‘Ub@@%@ﬁ@
Square MG-dio @fﬂi'

detectors

Microstrip—

Round MG-diodes

RUN I p-on-n

22 wafers Fz,
MCz, Cz, Epi

March 04

MCz Samples
<100> p>500 Q*cm thickn.=300pum

Fz Samples
<111> p>6 kQ*cm thickn.=300pum

Epitaxial Samples
<100> p>500 Q*cm thickn.=150pum

= ls]® -|o‘ﬁ|-[. ol
| [s® sle =~sls

. Pad detector

Test2

Testl

v'RD50 common wafers

procurement

v'Wafer Layout designed

by SMART
collaboration

v'Masks and process by

ITC-IRST (Trento)

RUN II n-on-p

24 wafers Fz,
MCz

September 04
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MCz Samples

<100> p>1.8 kQ*cm thickn.=300um
Fz Samples

<100> p>5 kQ*cm thickn.=200 pm

v'Low dose p-spray (3.0E12 cm™)

v High dose p-spray (5.0E12 cm)




Sensors design features

Mini-sensor active area ~0.32 x 4.5 cm? Junction side : strips
D T >

a) Pitches 50, 100 um to
match active thickness
(EPI) and for a low
occupancy level

b) Strips length -~45 mm to
exploit tracking detector

bulk

7 7 \

pe rfo rmances (no i Se) p-strip# | pitch (um)| p+ width (um) | Poly width (um) | Metal width (um)
c) Implants geometry to = = 2 = 23
B ™ S3 50 25 20 33
Investigate leakage current 53 % 25 20 33
level, Dbreakdown S5 50 15 10 27
- S6 100 15 10 23
performances and strip 57 100 25 20 33
- S8 100 35 30 43
capacitance effects 59 100 25 20 37
S10 100 25 20 41

Main goal : to study Material (Fz (n,p) MCz (n,p) Epi(n) and device processing
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Irradiation campaigns

Source: 24 Gev/c protons at CERN SPS

3 fluences: 6.0x10*3 3.0x10% 3.4x10> n, /cm?
27 mini-sensors, 90 diodes

75 % n-type, 25 % p-type (MCz, SFZ)
Thanks to M. Glaser, M. Moall,...

Source: 26 MeV protons at the

Cyclotron of the Forschungszentrum Karlsruhe
11 fluences: 1.4x10%3 - 2.0x10** n, /cm?

62 mini-sensors, 100 diodes

38 % n-type, 62 % p-type (MCz, SFZ)

Thanks to A. Furgeri

Source : fast neutron from Lijubliana Nuclear reactor
12 fluences: 5.5x10% — 8.5x10*> n, /cm?
27 mini-sensors, 11 test structure (capts),100 diodes

60 % n-type, 40 % p-type, Fz, MCz, Epi

Thanks to V.Cindro and G.Kramberger
CERN November 12 , 2007 A.Messineo: 11 " RD50 Workshop

Irradiation set-up at CERN SPS

Y |

Compact%yclofr‘dh"”\- e

| Forsehungszentrum ) atlsruhe




Fluence and Investigated Sample

Fluence axpected for 5 years SLHC (X 2 s. f.)

Longitudinally Averaged Flux in CMS (from TDR simulation)

252,2 —<&—charged

.\83,0
100,0

=8 = peutron

10,0

1,0

r (cm)

For |z|<50 cm (small Pixel)
iInt moved at r ~55 cm
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Preliminary study of the
charged component damage
(n,p)

Minisensors irradiated —
Karlsruhe (most of the
sample)

-Liublrana (high fluence)

Study of performance of
micro strip assembled iIn
detectors with LHC-like
read-out and DAQ (CMS):
— Signal

— S/N

— CCE
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TIB module

Front End Driver

Frent End Corvroller s=m—
T ——

Test in realistic
LHC-like conditions

Helsinki 2-4 June 2005 6 RD 50 Workshop

Few non standard components in the set-up:
VME) and Opto/Electrical Converter.
All components designed and used for the CMS tracker integration and

sub-detector commissioning
Software for control/diagnosis tools and analysis from CMS

FED + FEC PCl (instead of
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Test stand with Laser and B source

F’C;’DAQ Black box

Detectors and F.E are cooled with N, cold gas extracted from liquid with a pump
Temperature range [20 °C to -50 °C].
Standard DAQ operation for irradiated detectors at T=-30 °C
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Detector set-up

Cross-section view

Laser or [ source

to back

bias front

= | X-Y stage
arm

) AQOH connector —
/4 [ ]
Sensors ]‘

/ /‘ l 2 coincidence

scintillators

Helsinki 2-4 June 2005 6" RD 50 Workshop

Laser source used to set-up the system (timing,..)
Results showed in the following are achieved with Beta source
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Module operation

e 6 modules assembled: 4 to 7 micro-strips/module
— n-type and p-type
— Fz , MCz and Epitaxial

e« CMS F.E. (APV25) has feature (Inverter) to read
signal from both sources (e-, h)

— Analog operation with no loss In iIntegration
dynamical range

— Peak mode operation

e Performance Bench mark with CMS TIB detector
(before/after i1rradiation)

e Same clustering and analysis for i1rradiated and
not irradiated devices

— 3 threshold clustering: 4 seed, 3 neigh. and 5 total
e Operation

— Bras up to 600 V, compatibility with present CMS p.s.

— Measurement performed up to the highest bias allowed
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Reference detector (CMS-TIB): S & S/N

<All studies shown are in Peak Mode
smaller noise compared to De-convolution
signal sampled each 25 ns (40 MHz speed )
Synchronization with trigger/DAQ pipeline

| Cluster Charge(Module #0) | cluster_charge
Entries 39820
4500 - Mean 42.26 g’; 28—
- RMS 16.3 °
- = 26—
4000 Prob o =
- Constant 2.473e+04 + 193 S 24}
3500 MPV 33.97 + 0.04 B mnl
- Sigma 3.019+0.018 22:_
3000( 20—
2500| Signal 33.97 185
= 16—
2000
- } 14}
15005— 12}
10001 10
500} | 8
: II|III "|||JII|I\II|IIII|I\II|IIII :_\Illllll\II|III|III|III|III|III|III|IIII
00 50 100 150 200 250 300 350 400 0 20 40 60 80 100 120 140 160 180 200
Time (ns)
TIB Module : Set-up has been validated :

Pitch 80 um length 9,4 cm
S~34 N~ 1.26

1)comparing noise performance with theory

S/N ~ 27 2)evaluating electron eq./ADC calibration
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Fz(n, 300 um) Reference micro-strips:

| RAWNoiseStrip | RAWnoisestrip
Entries 768
_ 5:_ Mean 345.1
eEach module assembled with: I RMS 2192
»Not irradiated Reference 4)£ﬂ>
detector(s) B ¥ W
»Irradiated detectors /////////j W
20 Mﬁ

Connected channels /145@>WLW o]

AN

II\\‘IIII‘\\Ill\\\lll\l\lll\\‘III\‘\II
100 200 300 400 500 600 700

Free APV channels

Raw Noise figure with O V biras applied
Modulle with 6 APV used
Micro-strips sensors: 32 or 64 strips
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Fz(n,

300 um) Reference micro-strips:
S4& S/N

Cluster Charge cluster_charge
Entries 1452
C Mean 43.95
140 RMS 12.7
r Prob 5.695e-05
120 Constant 841.4 +33.6
C MPV 37.75+0.21
100 Sigma  3.266 + 0.104
80—
60—
40—
20—
00

50 um pitc 100 um pitch
Cluster Width | cluster_width Cluster Width l _clusher_wlmh

2000/
1500
1000

500}

RMS 06875 800/ RMS  0.5137

700,
00!
5005
«mé
soo;
znog

100;

5 A ] 1 2 3 4 5

Strips cluster shape as expected

Measurement performed at 25 deg C
with (Landau ® gauss) fit

Signal extracted

Device Type w/p [ p(um)| Vbias (V) S S/N
1255-s4 | Fz-n (300 um) 0,3 50 250 32,2 34,1
1255-s5( Fz-n (300 um) 0,3 50 200 35,8 33,5
1255-s6 | Fz-n (300 um) 0,25 100 200 37,6 36

1255-s7 | Fz-n (300 um) 0,15 100 200 34,3 34,4
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Performance comparable
with CMS-TIB detector
After correction for:
e<]111> to <100>

«Strip length

e\VWafer thickness
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Fz(n, 300 um) Reference micro-strips:
Voltage Bias scan

[Custerchage] oo [cwsrnass )
0.14f S e 0.3 — 25V
- s e
: 0.23 —150 W
0.4} 200V
- 0.2 i
ﬂl.ﬂﬂ_
ﬂ.DEE
u.[uf 1
u.uz: 2
o - St ] Signal/Noise sensor 1255 s5
ADC 2 F SIN
< ‘I;— SIGNAL
Signal and noise performance O0E
improve with bias voltage. 09
0.85F-
0.85
To be compared with bulk 01E
diodes depletion voltage I
measured at wafer level : 0.65F
= - 0.6F
Vdepl 23 33V '_I'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
20 40 60 80 100 120 140 160 180 200
V (Volt)
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McCz(n, 300 um) Reference micro-strips:
Sd4& S/N

| Cluster Charge | cluster_charge
| Cluster Width{Module #0) | cluster_width Entries 676
500 e g 70— Mean 39.29
L RMS  0.5783 - RMS 13.91
C i Prob 0.3838
400 - Constant 379.7 +23.8
C C MPV 33.67 +0.30
C 50— | Sigma  3.373+0.173
300_— E
E 40—
2{![]_— E
. 30—
100~ C
- 20—
oLl Pl SO B l L | -
0 5 10 15 20 r
- 10—
100 um pirtch -
O 20 40 60 80 100
Devi T / Vbias (V S S/IN - -
bl ype wip__| p(um) las (V) Bulk depletion from diodes CV:
130-s5 | MCz-n (300um) | 0,25 100 600 32,76 36 130 399-497V 160) 370-414 V
160-s7 | MCz-n (300um) | 0,3 50 600 33,41 | 38,7 (130) - (160) -
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Performance of MCz-n comparable to Fz-n
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Epi(n, 150 um) Reference micro-strips:
S& S/N

Bulk depletion voltage from diodes CV ~150V

Signal scales with thickness
Performance similar to Fz-n

Noise a bit higher: maybe strip Capacitive load

CERN November 12, 2007

cluster_width

Entries 11698
Mean 1.125
RMS 03746

| Cluster Charge | cluster_charge
Entries 947
- Mean 20.24 50 um pItCh
160 — RMS 9.639
B Prob 0.1114 __Cluster Width | cluster_width
140 Constant 958.8 + 48.8 220f —
F MPV 15.98 + 0.15 200} RMS 06513
1201 Sigma  1.82510.075 toop
100 140-
B 120
80— 1aof_—
E 805.— Cluster Width
60— "
B ::_ 10000
40— obul . -
- 0 1 2 3 | so00-
20[ [
- 6000
o_l B I I e L L |
0 10 20 30 40 50 60 70 80 90 100 40001
- - 2000
Device Type w/p [ p(um)| Vbias (V) S S/N --
13-s3 Epi-n (150 um) 0,5 50 200 15,5 15,8 R

L
2

1
4

..5 A
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100 um pirtch




S4& S/N

Fz(p, 200 um) Reference micro-strips:

| Cluster Charge | cluster_charge
Entries 954
B Mean 27.07
e RMS 9.629
B Prob 0.0006608
120 — Constant 845.3+41.4
- MPV 22.4+0.2
100 Sigma _ 2.072+0.080
80
60—
40
20—
0 : | | | - —— ! + b |
0 20 40 60 80 100
Device Type w/p | p(um)| Vbias (V) S S/IN
14-s7 | Fz-p (200 um) 0,25 100 250 22,3 23,1

Bulk depletion voltage from diodes CV ~75V

Signal scales with thickness
Performance similar to Fz-n
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MCz(p, 300 um) Reference micro-strips:
S4& S/N

| Cluster Charge | cluster_charge
Entries 1331
160 ~ Mean 39.22
B RMS 12.62
140} Prob 5.35¢-08
B Constant 818.8+35.9
120 MPV 33.12+0.21
- Sigma 3.019 + 0.105
100[
80|
60—
401
20—
020 40 60 80 100
Device Type w/p | p(um)| Vbias (V) S S/IN
66-s7 | MCz-p (300 um)| 0,25 100 250 33,2 34,3

Bulk depletion voltage from diodes CV ~100V

Performance similar to Fz-p (n)
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Measurements after irradiation
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Micro-strips irradiated

device 1 MeV neg/cm® [irrad-facility |wafer type
12-s9 4,20E+14|karlsruhe |Epi-n
12-s5 7,00E+14|karlsruhe |Epi-n
12-s4 2,55E+15|ljubljana |Epi-n
12-s10 3,50E+15|karlsruhe |Epi-n
127-s8 4,20E+14|karlsruhe |MCz-n
127-s9 5,53E+14|karlsruhe |MCz-n
160-s4 7,00E+14|karlsruhe |MCz-n
127-s4 1,70E+15|ljubljana |MCz-n
102_s4 Ips 1,23E+14|karlsruhe |[MCz-p
130-s7 hps 2,71E+14|karlsruhe |MCz-p
102-s2 Ips 4,13E+14(karlsruhe [MCz-p
9-s9 Ips 5,53E+14|karlsruhe |[MCz-p
66_s4 Ips 7,00E+14|karlsruhe [MCz-p
253-s10 hps 3,50E+15]|karlsruhe |MCz-p

CERN November 12, 2007

Fluence correction

1)Source hardness Factor

2)Di1ode study of annealing
fit to expected a

Micro-strips have different
annealing time

< 30 min. @ 80 deg C

(far from annealing i1nduced
Type 1nversion)
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I, performance of proton irr. microstrip sensors

| Leakage Current, MCz n-type, Before Annealing |
O 3, 22;“"3 — IV curves of n-type detectors for the full
% 5 02 0=68E14(1 MeV nic) i f fluence range before annealing
018" =®=5.4E14 (1 MeV n/cm?) i o\ -
'ITJ ‘20.15:— >=12E14 (1 MeV nfcm?) /- / (measured at 0°C):
2014-  ©=0.7E14 (1 MeV n/cm?) .
< T042  +D=04E14 (1 MeV nfom’ v' Current Ievels_ln MCz detgctors are
- o1 comparable with Fz at a given
0.08; fluence
0.06—
gg;;r - v' Leakage currents measured at V,
e il scale as the received fluences.
cb 100 200 300 400 500 600 700 800 900 1000
Bias Voltage (V)
[_ibiasvapol wo piype ] AL The performance of p-type Fz and
A MCz .detectors are much
= ,/ / improved after irradiation
) = |
% e / Z v Sensors with low p-spray have
' L& ETETTL IV performance comparable
CIl " & 3-140" with n-type detectors.
o b 4=210" _ _
T p=4*0" v Detectors with a high p-spray
* 4 .
— = ‘_ g_ﬁ*]gls show improved IV performance
100 200 300 400 500 600 700 [B0O soo_vlﬁoo 1-H1‘[|JU‘H2‘[|JOIH:‘5(‘J(JH|A(‘JUH‘ét‘ldl‘é(‘ld”m at ﬂuence > 4.0 1014 neqlcmz
MCZ LOW p Spray Bias Voltage (-V)

MCz High p spray

Similar effect of damage on reverse current on all materials Fz , MCp Epi
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Epitaxial devices irradiated with 26 MeV protons

Vgep VS Annealing Time

140
¥1.38x10% n cm™
i * 14 )
v’ The annealing curves suggest that the 120 K 4-09X1014 LTS
SCSI takes place around 50 minutes at 80°C 7.13x10*n cm™, | sample
P 100 7.13x10*% n cm2, Il sam

except for the lower fluence - confirmed by

TCT measurements. 80

60

v Pulse shape measured (red) and predicted 40

(blue) from the field distribution extracted from

the fit: @=7.1x10* n.cm2. o s
0 20 40 60

. 100 120
Time annealing 80C {min)

5.E+4
5.E+4

4E+4
) not annealed

v’ The 150 um epitaxial samples show a type-
inverted behaviour after neutron irradiation (already 4B /

at the lowest fluence analysed 8.5x10** n,, cm) 3EH 1

S aEn | annealed 60 min @809 1
v’ Before annealing the dominant junction is still on o 2644 ‘\ // \
the front side with a wide neutral base on the back. 2E44 \
. . 1.E+4
v'After a long reversal annealing the dominant . \ / \
junction has moved from the front to the back side. ' |

0.E+0

0 0.002 0.004 0006 0008 001 0012 0.014 0016

X.cm
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‘ Inter-strip Capacitance after proton irradiation

Cint

18t + ¢, 20 +...) Total capacitance

C + 2(C,
tot~ Cpackt 2( to input amplifier

int

MCz n <100> pre irradiation Typical of Ez n<111>
a— ————— values recovered <111> Si E—— @2
O | >F : a @3
o | \‘%\\ b
>\ 25— ik E-'a
g
c | o AS
DEaa ‘100‘ = IZOd - I:!Dd - ‘400‘ - éod - ISOO‘ - ITOO‘ I_‘_ ‘800 Same problem (SIOW d = llO(.'l‘ = éﬂd = éod = ‘400‘ = I'500I = IStltlI = I700‘ I\II‘;SI?O
 mezL saturation) found for
Z LOW P spra : :
D notirradiated sensors. ,_ MCzp High p spray
ot . oa \T H
5 F ® 4 Slightly improved after s\ o
LI £ irradiation. *n\ . o
) 4 3’ =
'IT‘ 2
o h\&_ ........................................................................... I
g 100 200 300 400 500 600 700 .00 700 v;;:o

Devices simulation results (ITC-IRST) have shown good agreement with data: step forward in
understanding strips geometry & isolation scheme
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micro-strips detectors

S/N

Summary: S/N for irradiated SMART

Epi-n
Fzp
MCz-n
MCz-p

-Poly. (MCz-p)
- Poly. (Epi-n)

Poly. (MCz-n)

-Poly. (Fz-p)

1,0E+12 1,0E+13 1,0E+14 1,0E+15 1,0E+16

¢ (1 MeV n eq./cm?)

Detector operation limit S/N= 10 (safe value)
MCz(p) up to ¢=3,1 101>

Epi(n) up to ¢= 1,8 101

Fz(p) up to ¢= 2,6 10¥(extrapol) MCz(n) ¢ = 1,3 1013(guess)
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Error bar correspond to

CERN November 12, 2007

0 SIN 400-600 V difference SIN
Qo
- 40,0 35,0
> . _m
2 35,0 = 30,0
= 30,0
% | ) L S —— L
= 25,0 3 AN I
7 \ 20,0 ~
. 20,0 - 1
U) v
o 15,0 15,0
Q \
10,0 10,0
3 MCz p 300um ® Fz p 200um
a 50 = 50
8 0,0 I I I 1 0 0 : : : |
2 )
1,E+12 1,E+13 1E+14 1E+15 1E+16 LE+12 1E+13 1E+14 1E+15 1E+16
& 300um, -20deg, 400V 4 200um, -20deg, 400V
. 35.0 M 300um, -20deg, 600V 35.0 M 200um, -20deg, 600V
- 4 300um, -20deg, 800V 4 200um, -20deg, 800V
30.0 I . 30.0
. Ny
o 25.0 - A 25.0
= A\
2 z 2001 A z 200 W
NS " 150 L2 " 15.0 s
- N\ A
§ S 10.0 - 2 10.0 - -
£ 5.0 - & 5.0 - “w
= 8_ /\ /\!
LI-l 8 0.0 T T T ! 0.0 T T T I
Ta 1.E+12 1.E+13 1.E+14 1.E+15 1.E+16 1.E+12 1.E+13 1.E+14 1.E+15 1.E+16
E Q0
O ==
E% Fluence [neq/cm’] Fluence [neg/cm’]
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Summary: CCE for irradiated SMART

micro-strips detectors

121,0
; __________________________ =
101,0 ST T - ¢ Epin
. = Fz
| n e
81,0 N A Fzp
L ‘< MCz-n
61,0 e RS ) SN B MCzp
A \x\ ----Poly. (MCz-p)
41,0 ¢ B = \ -~~~ Poly. (Epi-n)
¢ ““ng_‘ -~ ~-Poly. (Fz-p)
21,0 - Poly. (MCz-n)
1,0 \ T T \
1,0E+12 1,0E+13 1,0E+14 1,0E+15 1,0E+16

¢ (1 MeV n eq./cm?)

CCE normalized to Fz(n,300 um) micro-strip.
TIB CMS module: CCE ~65% at 1,9 10 1 MeV n eqg./cm?
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Summary: Collected signal for irradiated
SMART micro-strips detectors

Signal (electrons)

35000
000 . o Epin
25000 - A Fzp
] ..\\ MCz-n
20000 \\ B MCz-p
15000 _______________________________________ -~= “~A \.\\ T POIy (Epl'n)
_______________________________ ) | ----Poly. (MCz-p)
10000 - e Ny -~~~ Poly. (Fz-p)
5000 - A Poly. (MCz-n)
0 I I I \
1,0E+12 1,0E+13 1,0E+14 1,0E+15 1,0E+16

¢ (1 MeV n eq./cm?)

At S/N=10 we collect 8000-9000 electrons
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Micro-strip signal compared to pad

signal (electrons)

35000
30000
¢ Epi-n
25000 o _— - 0 Lo

m 3DFZ éi,235 um, (laser injection, scaled!), pad [Da\/ia2006] 25000 MCz-n

Vv n-FZ Si, 280 um, (-10°C, 40ns), n-in-n pixel [Rohe et al. 2005] !

& p-FZSi, 280 um, (-30°C, 25ns), strip [Casse 2004] \ H MCzp

© p-MCZ Si, 300 um, (-30°C, ps), pad [Bruzzi 2006] i \ .
7% 20000 @ n-epi Si, 150 unli, (-30°C, 25}:15), pad [Kramberger 2006] 20000 — =~ - Poly. (Epi-n)
(- A n-epi Si, 75 um, (-30°C, 25ns), pad [Kramberger 2006] i \\ - Poly. (MCZ—p)
o 4> sCVD-Diamond, 770um, (RT, us), [RD42 2006] (preliminary data, scaled) ‘ \ Po| (F )
= = pCVD-Diamond, 500um, (RT, us), strip, [RD42 2002-2006] (scaled) — = — - POoly. z-
"G 15000 A SiC, n-type, 55 um,“(RT, 2.5ups),pad [Moscatelli et al. 2006] 15000 ‘\ \\ POIy (MCp n)
q) \ y Z-
© 'S Y\
R
— 10000 7] 10000 74\ \\
CU B4 ’\ . \
S T
% 0000 1 5000 -

% 20 40 6 80 100 120 O 15 40ms 5oLs 80LS Lomets 1ot
0,0E+00 2,0E+15 4,0E+15 6,0E+15 8,0E+15 1,0E+16 1,2EA

D, [10™ cm™]
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Conclusion

Micro-strips performances investigated up to 3,5 1015 1 MeV n eq.

S and S/N :
- MCz(n/p,300 um):

* n-type cannot be used at high fluence (signal disappear and clustering
efficiency strongly decrease), maybe performances enhanced in the medium
fluence range by D.J. effect

- p-type have acceptable performance up to a few 1015
- Epitaxial(n,150 um) moderate decrease with fluence
- Fz(p, 200um) seems competitive (more measurement needed)

S/N for MCz(300,p) and Fz(200,p) is in agreement with simulation,
and compatible pad CCE measurements

Safe detector operation limit (S/N=10) up to ¢ =3,1 1015 1 MeV n
eq./cm? for MCz(p) (fluence expected for ~9 cm at SLHC)
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Future plans

Assembly of new modules with SMART sensors to have :

- More fluence points

- Cross check of results

Analysis of performance vs Vdepl, quantitative comparison with
diodes

Study of optimized clustering after high level irradiation

Assembly of new sensors from 6 inch and 4 inch production with
improved design and process.
Study of power detector stability

- Increase of detector CM noise

- Run away and early breakdown effects

- Optimization of cooling
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