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Overview ﬁ(".

Karlsruhe Institute of Technology

® Introduction
® Overview of sensor properties

® Qualification before and after irradiation
® [V/CV measurement
B Interstrip measurement
® Bias resistance and coupling capacitance

® Charge collection before and after irradiation
® CCE
® Signal to noise ratio
B Leakage current

® Summary
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RD 50:. Sensor Properties (p-Type) ﬂ("'
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B Geometry
® Depth (d =150 pm, 305 pm, 675 pm) ,
® Width/pitch (0.075 < w/p < 0.75) +«——> 4 Auminum stip
[ | Interstrip _"-- sj]icc?n?xideandnitride
B Active area: 10.18 mm x 11.76 mm T D strip implant
g 1-fype bulk
[ ] PrOCeSSIng 4 1 backplane implant

® Diffusion time
® Implantation energy

® [rradiation
® [rradiation with protons and/or
neutrons
® Variation of fluence
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® Annealing time
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RD 50: Selected Sensors (p-Type) ﬂ("'
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B Geometry
® Depth (d = 150 pm, 305 pm, 675 um) :
® Width/ pitch (0.075 <w/p <0.75) «—>» < uminumstrip
| Interstrip —— silicon oxide and nitride
® Active area: 10.18 mm x 11.76 mm " P stip implant
® Processing N
«— 1 backplane implant

® Diffusion time
® Implantation energy

® Irradiation
® [rradiation with protons and/or
neutrons |
® Variation of fluence (1*10%, 5¥10'5, § .
1*10%* n,,/cm?) :

® Annealing time
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AT

Irradiation with Protons
[ @10¥ngom | Statvs | ®)510°ngfom? [ Staws [ (© 110 nogon? | staus |

pl00 w70 a completed pl00 w70 b completed pl00 w70 c Strip scan
pl00 w33 a completed pl00 w33 b completed pl00 w33 ¢ Strip scan
pl00 wi10 a completed pl00 w10 b completed pl00 w10 c Strip scan
p80 w60 a completed p80 w60 b Strip scan
p80 w25 a completed p80 w25 b completed
p80 w6 a completed p80 w6 b Strip scan

® pl00_w70_a: pitch 100pm, width 70um, a: fluence F= 1*10*> n,,/cm?

® Depth: 305um

® Choose different fluences

® Irradiation with protons in Karlsruhe (23MeV protons)

® Irradiation with neutrons in Ljubljana (finished and ready to measure)

B Standard processing: no change of diffusion time and implantation energy
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Qualification before and after irradiation with
protons: CV-measurement

Capacitance - Voltage

w70

f=1000Hz guard=1
< sdet305_p100_w70_c F=1.0e+16Negfcm2
= A=50.22h T=-20°C
=
o o $det305_p100_w70_b F=5.0e+15Neq/cm2
ST A=50.22h T=-20°C
=
sdet305_p100_w70_a F=1.0e+15Neq/cm2
o A=50.22h T=-20°C
é?’ ° sdet305_p100_w70_a

non-irrad. T=20°C
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Capacitance - Voltage

w33
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f=1000Hz guard=1
l*'lL:' sdet305_p100_w33_c F=1.0e+16Neqg/cm2
- A=50.22h T=-20"C
=
o o sdet305_p100_w33_b F=5.0e+15Neg/cm2
9_ 1 021 A=50.22h T=-20°C
-

sdet305_p100_w33_a F=1.0e+15Neg/cm2
A=50.22h T=-20"C

sdet305_p100_w33_a

* nonirrad. T=20°C
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Voltage [V]

I
100 200 300 400 500 600 700 800 900 1000

sdet305_p100_w10_c F=1.0e+16Negfcm2
A=50.22h T=-20"C

s5det305_p100_w10_b F=5.0e+15Neg/cm2
A=50.22h T=-20°C

sdet305_p100_w10_a F=1.0e+15Neglcm2
A=50.22h T=-20°C

, sdet305_p100_w10_a

non-irrad. T=20°C
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® pl00-sensors

® Dblue: no irradiation
green: F= 1*10%n,,/cm?
red: F= 5*10%° n,,/cm?
black: F=1*10%* n,,/cm?

no irradiation: Vg, ~ 100V
irradiated : Vg, > 1000V

Institut fur Experimentelle Kernphysik, KIT




guard=1

Current [A]

Qualification before and after irradiation with
protons: I[V-measurement

Current - Voltage
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w70

sdet305_p100_w70_c F=1.0e+16Neglcm2
A=50.22h T=-20°C

sdet305_p100_w70_b F=5.0e+15Neg/cm2
A=50.22h T=-20°C

sdet305_p100_w70_a F=1.0e+15Neglcm2
A=50.22h T=-20°C

, Sdet305_p100_w70_a

non-irrad. T=20°C
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guard=1 w33
= 10
P 50et305_p100_w33_c F=1.0e+16Neqlem2
= .,.ﬁ ) | | AS0220 T=20°C
=
g '| _ sdeta0s_p100_w33_b F=5.0e+15Neg/om2
E 0 b s A=50.22h T=20C
3] 5et305_p100_w33_a F=1.0e+15Neqiem2
A=50.22h T=-20°C
5 5et305_p100_w33_a
10 * non-irrad. T=20°C
-
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107 &
10° £
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sdet305_p100_w10_c F=1.0e+16Neqg/cm2
A=50.22h T=-20"C

sdet305_p100_w10_b F=5.0¢+15Neg/cm2
A=50.22h T=-20°C

sdet305_p100_w10_a F=1.0e+15Neq

p100-sensors

no irradiation, F= 1*10*n__ /cm?,
F=5*10%n,,/cm?, F= 1*10

16 Ngg/CM?

A=50.22h T=-20°C

, sdet305_p100_w10_a

non-irrad. T=20°C

200
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Ta00

500

T80

1000
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O @ T=-20°C: 1.4*1018 A/cm

(outlier: p100_w10 c)

expected parameter (M.Moll):
o @ T=-20°C: 0.9*1018 A/cm
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Qualification before and after irradiation with \‘(IT
protons: interstrip-measurement =\l

interstrip resistance Rt

= ® pl00-sensors
(@) 3 - . .
v / — L W Interstrip resistance R,
— 102 e Tg?;:ra/imz .
e st @ Ry, decreases with fluence
] 1016 ngy/cm?
10°-
10'1—;
10-2;‘ ‘
0
= e Interstrip capacitance Cint ® Interstrip capacitance C,,
203, 12150?§q/cr}12 2 ® C,,increases with w/p-ratio
o + 5*107 neg/CmM .
ot 107 Neg/cm? ® C,, for two strips (only for
o one neighbor)
0.4+
0.2
00— el e e e Ae-»_--iai
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
w/p
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CC [pF/cmpm]

Rbias [MQ]
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Qualification before and after irradiation with
protons: coupling capacitance & bias resistance
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coupling capacitance CC

e non-irrad

10" neg/cm?
+ 5%¥10% neg/cm?
+10% neg/cm?

0.1 0.2

1/ non-irrad

*+ 5%10% ney/cm?
2|4 10% negfem?

10" neg/cm?

0.3 0.4 0.5

bias resistance Rpias
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0.7
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pP100-sensors
Coupling capacitance CC

CC: 2-2.5 (pF/cmum) before
and after irradiation

Bias resistance Rg;.

After irradiation Ry, increases
about 30%

Rgiss higher with increasing
fluence
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Setup and Annealing ﬂ(".

Annealing

60 80 80 80

/6 15 30 60

14.7 41.8 119.9 324

Measurement

" AliBaVa-Measurement m After each annealing step, a voltage

® °0Sr source ramp has been measured

@ Cuts W After last step: only four voltage
® Seed:S/N>5 values have been measured
® Neighbors: S/N > 2 m CCE

® Temperature: -20°C ® Signal to noise ratio

® Voltage: 150V — 1000V in 50V steps  m |eakage current
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Measurement Results

Pitch = 100 pum
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P100 w70 a: Complete Measurement

CCE
1,
3 * 15 days
O » 42 days
081+ 120 days e R !
+ 324 days R
0.6 528 days o ! .
[ |
° ] " i 4
0.4 * 5 iA i A -
gl g t”
0.2 ° : A X i
[
0 k.
0 200 400 600 800 1,000
voltage [V]
B ALiBaVa measurement
| T=-20°C
® 100'000 Trigger
® Landau-Gaul3-Fit
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| Cluster Signal in e- |
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700
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h_sigENC
Entries 19956
Mean 3.035e+04 + 79.73
RMS 1.124e+04 + 56.38
»2 1 ndf 436.7 7108
Width 2095+ 36.3

MPV 2.424e+04 £ 5.774e+01
Area 1.376e+07 + 9.870e+04

GSigma 5000+ 2.7

cp

0 20 30 40 50 60 70 80 90 100
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Charge Collection Efficiency (CCE), Pitch=100um .\.\J(IT

p100_w70 @ -20°C

w 1
9 +300V, 10
0,8; . | = 600\/, 10"
[T =900V, 10"
|/m . o 15
06w -+ 900V, 5*10
1 > _* - — — —¢
04’ -
n n
ol —¢
0,2 *— — o
0 . ‘ ‘ |
0 100 200 300 400 500 600
annealing time[d]
p100_w10 @ -20°C
1,
O +300V, 10%
o =600V, 10%°
e e + 900V, 10'°
¥ + 900V, 5*1015
0.6’ = - —
n
04 ® *- = .
) S — = <
;0_.0 . e -
O'Zf
0. .
0 100 200 300 400 500 600
annealing time [d]
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p100_w33 @ -20°C

1,
Z +300V, 10%°
08 ¢t =600V, 10%°
’. . +900V, 10%°
06 ~5 e [~900V, 5%10"
5 e I
°"",--&\..______'__ S —
02
% 100 200 300 400 500 600

annealing time[d]
no Charge Multiplication recognizable

10%> ng,/cm2: signal increases after
short annealing time (beneficial
annealing) and after long annealing
time signal decreases (reverse
annealing)

5*¥10% ng,/cm?: only small
dependence of charge collection on
annealing time
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Histogram: 1*10*>n,,/cm? vs. 5¥10*> n ,/cm?

Cluster Signal in e- h_sigENC
1400 i Entries @
- Mean 1.221e+04 + 51.81
L RMS 7061+ 36.63
1200~ ¥’ I ndf 6.97e+04 / 95
i Width 715.5+ 20.2
1000:_ MPV 9016+ 38.2
B Area  1.28e+07 + 9.55e+04
800 — JJ GSigma 2785+ 48.3
600
-l | 600V, 10% ng/cm?
400~
200
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1 I ndf 212.3/93
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GSigma 100+ 28.8
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Signal to Noise (s/n)

p100_w70 @ -20°C

20-
ST . « 300V, 105
Wis ¢ = 600V, 10'°
16NN\ <900V, 105 |
e — + 900V, 5*10%*
14, '
10'.,\ 5_
% e
69 B —
4o 100 200 300 400 500
annealing time[d]
p100_w10 @ -20°C
20, _
£ * 300V, 105
018 = 600V, 105
161 + 900V, 10°
> 900V, 5¥10%°
121 :- n
10-' ] .
8 . .
A SN " ) o
ro & f-7\8—7:7_:———:—7—7—_9_,_7_7—f———fO
4 . . ‘ .
0 100 200 300 400 500 600
annealing time [d]
15 31052012

600

" 18-

16+

14
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p100_w33 @ -20°C

+ 300V, 10
= 600V, 10%°
3 +900V, 10%°
IE S o =900V, 5¥10%°
¥
= e
1/ '\__ e
B & —— : —8
0 100 200 300 400 500 600
annealing time[d]
No difference between course of

signal/noise and CCE
s/n increases with w/p-ratio

5*¥10% ng,/cm2: small value,
sometimes below limit of s/n =5
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Leakage current ..\\J(IT
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p100_w70 @ -20°C p100_w33 @ -20°C
o 3oy 105 | E * 300V, 10°°
o ! 7] ;1015
4000 | = 600V, 10%° < ooy = 600V, 1015
ERE 900V, 10 3 - 900y, 10 |
E3-000‘ <> | o 900\/’ 5*1015 'E ' Q * 900\/, 5*10 |
g T £3000
< 2.000 o - S
5 == £2.000 e o
é I'OOOF‘ % 1.000 "
\!151‘: — — 8 ‘ I F 41;_;’:_‘_7_‘— — — *
% 10 200 360 460 500 600 % 100 200 ¥3;o$—400 E' 600
annealing time[d] annealing time[d]
- o .
000 p100_w10 @ -20°C ® Leakage current decreases with
o . 15 : :
Soon” : 288& 1815 annealing time (as expected)
Ss000 .900v, 10 W Leakage current increases with
. 15 ,
%4-000 \ 900V, 5*10 higher fluence and smaller w/p value
3000
§2.000 . o .
= »
?_,1.000Ft
$—¢ — e — 1
— 8
% 100 200 300 400 500 600

annealing time [d]
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Measurement Results

Pitch = 80 um
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Charge Collection Efficiency (CCE), pitch 80 um .\\J(IT
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p80_w60 @ -20°C p80_w25 @ -20°C
1 1-
S 300V, 10 § +300Y, 10%
0,84 | - 15 0,8 — a 15
. S0y 107 s 5001, 10°
0'5} \ \\0\,,,; * 900\/] 10 0,67’ \I S —‘\‘—’0
0,4&.\‘\‘\--:“—1 0,4N o ———18
o |
0,2- 02
'y 100 200 300 400 500 600 oé) 100 200 300 400 500 600
annealing time[d] annealing time[d]
p80_w6 @ -20°C
gm +300V, 10 ® signal increases after short annealing

time (beneficial annealing) and after

¥ =600V, 10 Clal annea
long annealing time signal decreases

*+900V, 10%°

0B o (reverse annealing)
.". .\;.\‘ - - - -
. ® charge multiplication recognizable at
Joo o = § :
04 * smallest w/p ratio (p80_w6)
0,2
% 100 200 300 400 500 600 repeat measurement

annealing time[d]
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Charge Collection Efficiency (CCE), pitch 80 um ﬂ(".
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p80_w6_a @ -20°C

-+ four values . .
121/ s complete ramp B CCE decreases with time at a constant

voltage

Measurement was repeated always
the next day

N - e | “ )
0.4 = fgmwws ® More current===) “|less” CCE
025 200 ‘ 400 ' 600 " 800  1.000
voltage [V]
p80_w6 @ 900V p80_w6 @ 900V
w18 +—m9.000-
016 *T=-20°C T ) *T=-20°C

] « T= -20°C with light 27590 * T=-20°C with light
14 o < +T= 0°C
12 +T= 0°%C Z6.000 w
- 2

1 | 3 4.500
0.8 > o o ¢ " Y

w T "
0.6 c s 0@ o
oal gLsoo— L
4 )0 0000000600000 00

; 3
0.2 200 40 60 80 100 120 140 160 O 20 40 e s 100 120 10 160

time [min] time [min]
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Charge effect

1 *

*

® 6 0060 45 406 0%00000

Signal

® 9o g0 00 @
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B Effect has also be seen in non
. irradiated condition

® Signal was measured from
1000V to 50V
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200

400

600

« p100-W70 ® Signal decreases with time
= p100-w33
+ p100-w10
800  1.000
voltage [V]
Signal @ 1000V
—22.000
9,
E 21.000 o
2
» 20.000
19.000
o
18.000 o ® e
17.000

' 500 1.000 1.500 2.000 2500 3.000  3.500
time [sec]
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Signal to Noise (s/n)

p80_w60 @ -20°C

£ +300v, 10
16 * 600V, 1015
12/ +900V, 10%

=20 f
@18 +?:OOOV, 1015
= =600V, 10*°
M ~900V, 10*°
/=" '
d
10/ - - .
8]?.‘,_. . —
6?’ e ° .
4- ; T ; - :
0 100 200 300 400 500 600
annealing time[d]
p80_w6 @ -20°C
=20

directly ramped to 900V

10/ ff***-*——h—f_,f_,,_f/-"'"_ [
Spm =
|}
6 B S
jlcf&ff——o °
4 ‘ :
0 100 200 300 400 500
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annealing time[d]
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p80_w25 @ -20°C

o= 207
o +300V, 10'°
165_ | 600\/, 1015
ol 900V, 10°
12
10- 0’ .
s?.'. : .
i = 3
% 10 2000 300 400 's00 00

annealing time[d]

® No difference between course of
signal/noise and CCE

® s/nincreases with w/p ratio

® Directly ramped to 900V: s/n
increases after last annealing step

® Complete ramp: no increase

complete voltage ramp
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Leakage current ﬂ(".
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pP80_w60 @ -20°C 200, p80_w25 @ -20°C
1200 o - 300V 1015
51000;‘3 * 300V, 10% 51.0007 4 15
g soo:'k - 900V, 105 ; 3001; +900V, 10*
@ 600 _° '@ 600, M
§ '.\:' h i E '.\ :0 —
o 400 ©  x- o 4001 o - — .
5 e . — H 5 T~ . ®
£ 200 . T 200 e — -
a ] @ a 4 — @000 -
% 100 200 300 400 500 600 % 100 200 300 400 500 600
annealing time[d] annealing time[d]
Ceoo p80_w6 @ -20°C W Leakage current decreases with
E. oy 300V 10 directly ramped to 900V annealing time
- \ - |-= 15 .
L1000 | . ggg://’ 1815 ® Directly ramped to 900V: Current
z 800.':\ S increases after last annealing step
Goo w e ® Complete ramp: no increase
£ 400 e @ - .
E ‘7 . "
5 200 e
° * complete voltage ramp
0 100 200 300 400 500 600

annealing time[d]

22 31.05.2012 Institut fur Experimentelle Kernphysik, KIT



Summary -\\J(IT

® Increased charge collection for a short duration at high voltage (900V)
and a fluence of 10> n,,/cm?

B Signal to noise and leakage current also increase for a short time

® This effect has to be understood (perhaps more measurement with Edge -
TCT)

® No Charge Multiplication at a fluence 5*10% n,/cm? so far

® Next step: measuring samples after neutron irradiation

® Dependence on processing will be investigated
B Sensors already measured in non irradiated condition

Thanks for your attention
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Backup
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Qualification before and after irradiation with
protons: interstrip resistance R

Interstrip resistance ramp

w70
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int

Interstrip resistance ramp

Interstrip Resistance [Ohm]
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R, increases with width/pitch (w/p)-
ratio

R, decreases with fluence

coefficient ~1000 between irradiated
and non- irradiated samples
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Qualification before and after irradiation with “(IT
protons: interstrip capacitance C,; =\I1

Interstrip capacitance ramp Interstrip capacitance ramp

42107 _ pgx1®
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Qualification before and after irradiation with
protons: bias resistance R

Bias resistance ramp
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Qualification before and after irradiation with
protons: coupling capacitance CC
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Histogram: 1*10*>n,,/cm? vs. 5¥10*> n ,/cm?
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