*@ | Signal formation in segmented Si

planar detectors: TCAD simulated effect
of SIO, passivation layer

26" RD50 Workshop, 22-24 June 2015

T. Peltolab, V. Eremin?, E. Verbitskaya?, J. Harkdnen?l

DHelsinki Institute of Physics, P.O. Box 64, FI-00014 University of Helsinki, Finland
dloffe Physico-Technical Institute RAS, St. Petersburg 194021, Russia

Abs(ElectricFiek-V) V'em®-1)

.4.mf+m

3.750e+03

3.000e+03

I 2. 250e+03

1.500e-+03

7.500e+02
l 0.000e+00




Outline

 Motivation
d Simulated laser scans of strip sensors
* Red & IR laser:
o Scans of p-on-n strip sensors
» Red laser:
o Scan of n-on-p strip sensor
* Transient signal analysis
d Summary & Conclusions

24.6.2015 :
Timo Peltola - 26th RD50 workshop - June 2015




= Kt

sical-
A Tecyh_nical
— Institute

Motivation |; Effect

U Observation: Reversal of pulse polarity in the strip detector response to red laser charge injection [1,2]
U Measured negative signal ~30-60% of peak positive signal — CCE strongly reduced even in non-

irradiated detectors

U Interpretation: If effect is due to the Si/SiO2 interface states (Q;) — e-h pairs generated under the strip

implant will produce largest signal

= Cross-strip scan of ATLAS _
“baby” strip detector L n-Si
= Al width = implant width

j| Laser attenuation by
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[1] V. Eremin et al., NIM A 500 (2003) 121-132
[2] E. Verbitskaya et al., IEEE Trans. Nucl. Sci. 52 (2005) NO. 5
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U Specially designed p-on-n strip detectors: Red laser scans across the strips & interstrip gap
O Measurement: Non-irradiated detectors, Q; = 510 cm?, laser diameter 10 ym
U Highest charge collected at strip implant (oxide free region) — Q; dependence
PTI “baby” strip detector design
strip A SV'Si0, interstrip gap strip B
ssripAl
laser astripB

[2]

200

pitch 100 pn -
_ _ o _ ' Charge signal in PTI strip detectors across two
Window in metallization on the p+ strip adjacent strips @ V=400 V

implant for charge injection from oxide-

free region j‘> Further investigation of the role of Q; in
signal formation by TCAD simulations
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Red laser scans of
P-ON-N Sensors
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ATLAS sensor: 10 ym laser diameter & o

0 ATLAS: 300 um p-on-n, p = 80 ym, implant = Strip implant & metallization

20 ym, MO =-2 ym _ _ _
Q 3-strip structure, charge collected at centermost 3 douige =470 NM, dy; =700 NM, ippjane = 1.0 UM

strip@V =300V, T=293K
O Laser parameters from measurement:

A=0.67 um, t, 5 =1 ns, dx =10 pm

| " Red laser scan with varied Q
' 1.10
_____ S um: : i
25% of max 0.90 : ‘F \ ——1.00E+10
/f\ \ —~1.00E+11||

\ -=4.00E+11

3 0.50 | Implant \ .
. . S i i \ \ right
Q Value of negative collected chargeis & 030 | {implant
strongly dependent on interface charge 2 0.10 : / : \\ :
. (W) . ] 1 i
density Qs /‘\Tb _,/ : \ v 7
U Effect seems to vanish at lowest Q; -0.10 ' / \ :

\
0. y é:enteré \ //
-0.50 \/Tj Iimp am; I

40 60 80 100 120 140 160 180 200
X [um]
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ATLAS sensor: 1 ym laser diameter il

5.00 .
4.50 lormalized to
ggg -+1.00E+10 ax. Qcoll @ . U Laser: A=0.67 Mm, tpulse =1ns, dx =1 um
5 3.00 ~1.00e+11-Qp=1ell comr Ir Q Thermal diffusion switched off, increased # of
i 5;33 ~=4.00E+11 | simulation points
& 150 - |eft . ’ Q Only left & centermost strips plotted:
2 290 | implant - il identical behaviour on both sides of center strip
= 0.00 = {
£ 050 1 center
2-1.00 \ l ) |
-1.50 ] Implant
-2.00
-2.50 I eo
-3.00 O,b
45 50 55 60 65 70 75 80 85 90 95 100 105 110 11\0' 1.20
x[um] 1.00 NN {
0.80 --1.00E+10 / y
' E ~1.00E+11 / FV
QO Charge carriers generated at smaller lateral 2 0.60
space: Clearer view to Q. behaviour % 040 ~=4.00E+11 Il
g /
. _ S 0.20
0 Sign change of Q,, within 15 pm % 000 /
O Effect still present at lowest Q; %20
E .
_ 0. Cimifi - < .0.40 T
O Q; = 4el1l cm2: Significant increase of Q. @ Jamim
implant edges due to small laser diameter & increased 0-60 f
-0.80

E-field peaks (seen also at smaller scale on slide 6)
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PTI sensor: 10 um laser diameter ikiiere

1.10 ‘ I ‘
—+PTl: 5e10cm-2
a PTI: 300 _ 9 0.90 ~PTI: 1e11cm-2 \\__/
. ; um p-on-n, A = 10-10 mm?, p=100 um, A =
implant=40 ym, MO = -2 um 0.70
Q 3-strips, collection at centermost strip @ V =400V, _ // \\
T=293K : [ \
Window in implant metallization g 0.30 // \
( : 1 g 0.10 . 1 \
-0.10 \ ! /_
P ——, — .
030 left center righ
mplant Implant implant
0.50
30 50 70 90 110 130 150 170 180 210 230 250
O Highest Q_,, at implant injection — match with _ X fum]
measurement E-field cut parallel to surface @ 0.8 um depth
—PTI @ V=300 V

O Oxide charge influences both polarity Q. T @ V100 v

——ATLAS @ 300 V
\ T

2.0e+05

O Implant width (ATLAS: 20 ym, PTI: 40 ym) plays a role
in negative Q,, value due to lower E-field peaks at edges
— Negative Q.. @ Q; =1ell cm
= ATLAS @ 300 V: -33.5%
= PTI @ 400 V: -24+3%

ﬁ

1.0e+05

%cml

0.0e+00

80 100 10 10 160 180 200
X [um]

24.6.2015 _ 8
Timo Peltola - 26th RD50 workshop - June 2015



PTI sensor: 1 um laser diameter - @
1.10 I I I
1.00 | —=PTl:1ellcm-2
il A\
0.90 —~=PTI:5e10cm-2
0.80
U PTI: Parameters as in previous slide < o070 eft N A ight
O Thermal diffusion switched off, increased # of 8 2o implant “ mplant
simulation points £ 0.40 \
S 0.30 \
E 0.20 \*
® 0.10
0 Q; = 1ell cm?: Undershoot increased from £ 0.00 +aey \\
previous slide @ x=90 ym by 12.5% due to smaller =0 |/
laser diameter T - center P
O Sign change of Q_,, close to step function @ ggg mplant
~1OO “m - 50 70 90 110 130 150 170 180 210 230 250
O Positive signal at oxide: ~70% of max. Q. at x[um]
implant o = PTI(no Al): Te11cm2
Q Q; = 4e1l cm2: similar behavior to ATLAS ézz [ =PTino A 1et00m2 | PSR
design: Q. (x=70 um) = -2.63 os0 /
-iO.?O /’ : ﬂ\
2 / \
s 0.60
O Al removed: Highest Q.. @ center of implant is ® 0.50 7 |
physical effect (symmetrical behaviour), not due to Bo,
meshing — longest distance to SiO,/Si interface, /Eﬁ‘: center
smallest contribution from interface current 0.20 implant
0.10
0.00
110 120 130 140 150 160 170 180 190
X [um]
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0.35
0.25 —<4.0e10cm-2 W PTI detector & laser with
020 ‘ =30e10cm-2 Parameters from slide 8
5 0.15 i
S 010 O; O / -+2.0e10 cm-2
® 0,05 | 1.5e10 cm-2
S 0.00 —t— ~1.0e10 cm-2
&-005 N
S 010 AN -+0.9e10cm-2
E -uU.
£ 015 _ AN 0.8¢10 cm-2 _
= Left implant AN Essentially no undershoot at
-0.20 0.7e10cm-2
-0.25 \\\% - Q;=0.8e10 cm™
-0.30 T~
-0.35 0 <
50 60 70 80 @ 100
x[um] g 5 '\
E'L.;'o -10 —+—Charge @ x=90 um
Fas 0\
T \ Strongly dynamic region:
. . . . . N30 \ 1alNl<c N < 2010 Apa-2
U Negative polarity signal vanishes with I \ TeYIS N = 4 .
d . £ P
ecreased Q; — Exclusive dependence £ -25 ~
on interface charge states Z 35 —
-35
05 1 15 2 25 3 35 4 45 5
Qf- 1e10[cm-2]
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IR laser scan of
P-ON-Nn sensor
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Measurement: Qcoll & consequent current response
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IR laser scan: Measurement & simulation  [ilre

do not show a polarity-inverted signal

Charge, a.u.

[1]

T | 11 0.55
1.0 =
| | —®— strip1 . 0.45
B strip2 i
B 1 S o035
| \ -1 E'
0_5 — 4]
i ) E‘ 0.25
_ 4+ =
L i 8 o015
©
B 7 £
0.0 T_'n"..h. e B B T 1 N A _|".i‘ g 0.05
0 50 100 150 200 250
light spot position, um 005
Cross-strip IR laser scan on p+ -side of ATLAS
13 b . '015
baby” strip detector @ V=350 V
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QO Simulation: PTI p-on-n sensor parameters from
previous section

I I .
—s.0et0em-2| Callecting contact @ /l
|melellam2 | 130 um >
-a-4ell cm-2 /
'Qf QCQ!! * /
Y | /
Ceft [
_-"‘d
implant T+ e
60 65 70 75 80 85 90 95 100 105

X [um]

U Distance to collecting contact > gap/2: Polarity
reversal still present but significant only at very
high values of Q;

d High Q;: similar to red laser results increased E-
field at implant edge enhances negative signal
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IR & red laser: Transient signal analysis  #i%~®

O Midgap cut: S _
= Mean v, =6.6e6 cm/s @ V=400 V Ramo: | < qu, where q = +€
— calculatedt, =4.5ns @ d = 300 ym = liot = lsignal + lintertace
* Meanv, =3.5e6 cm/s —t,~8.4ns — P-0N-N: ljyerrace NS always (both red
U d = distance from collecting strip & IR injection) opposite polarity to I,
4 Interstrip gap = 60 ym
Red laser: Transient signal from electron drift IR laser: Transient signal from e&h drift
6e-08f e Hgedd I N —
"""" 16017 1.2e-08 E _~~" Electron coIIectlon —4e-17
4e-08 | Iinterf Suppressed by © llf// Complete ]
— e ]
— Is.ignal @ d=55 MM j4e-17 o — - 23e-17
T 2c08} contact? o7 § T 0 | — d=5 um: Current | z
o g 2 I —— d=55um: Current | 1, .- 3
3 ok 0 o 3 ' —— d=5 um: Charge | | .
= D S 4e-09F . —— d=55 um: Charge | | 3
[ 4217 B B : Jle-17 @
[ T e G 8 k ] 3
—— d=5 um: Current 3-4e-17 ok ~ :"“-- 50
-4e-08 ¢ —— d=55 um: Current 1 6017 .
—— d=5 um: Charge had _ 2 1
-6e-08 / e 4ellcm?2 —— d=55 um: Charge 1.8e-17 _4}6— Qf =5el0cm \ E_]_e_]_?
/ 0 26-09 26-09 66-09 86-09 1e-08 o se00 Teos S~ '

_ Time [s] Signal carriers mduce current @ .. 5] Low induced current
Signal electrons repel d=55 pm contact during e&h from hole drift @ d=55
interface electrons — I drift — ... is suppressed um — I dominates
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Red laser scan of
N-on-p sensor
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N-on-p w/ p-spray: Red laser scan ikiEre

Q _PTI strip sensor with injection window at 050 | [~5.0010cm-2 Collecting contact @ 13Z m
implant 040 | |-+09e10cm-2
QO P-spray isolation: N,=5x101% cm = 030 | =T A A
s 0.20 0O
B ~<f ceoll
8 010 Left
E 0.00 implant /
E /
5 0.10 /
=
0.20 “\
030" \‘\\ /
/ il e e

Q Opposite polarity Q,, grows with decreased Q; 040

60 65 70 75 80 85 90 95 100 105

— interface current from hole drift X [um]
1.05 "' --1e1|1‘_cm—2: ‘No isolat‘ioni
- _ _ 0.95 N \ <
| qu, where q =+t - Itot - Isignal + Iinten‘ _ 085 % :
—> n-on-p: 3 075 ~ﬁ¢_-folc Elq_her //
L , s 065 charge sharing
= Strips |sola_ted. | | @ 400 4
Iinterf has opposite pOIa”ty to Isignal 8 045 // cen
= No isolation structure: B o35 Left / imp
linterr NS equal polarity to lggn, — Qg at/3 025 implant // No negative
oxide =2 Q_,, at implant from short-range o1 )’ charges
.. . 0.05 =
Injection 008
60 70 80 90 100 110 120 130 140 150
X [um]
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Summary g@@&@

0 Observed reversal of the pulse polarity & reduction of the signal for short-range charge
injection investigated by TCAD simulations

0 Red/IR laser scans for specially designed p-on-n & n-on-p sensors across the strips
were conducted

0 Red laser results:
= Both sensor types: Strong dependence on oxide charge density Q; — effect
vanishes at Q; < 0.8e10 cm
= At constant Q;: Effect increases by decreased beam & strip implant width
= N-on-p: Negative response due to hole drift in isolation implant
Q IR laser results:
= Effect visible only for high Q; values due to compensation by ’signal’ carriers with
longer collection distance — charge sharing

Interpretation: Generation of charge carriers at segmented side leads to drift of
electrons (holes) at Si/SIO, interface — Transient signal = lgy. + lijerrace — drift
of equal sign carriers leads to opposite sign contribution from I . rtace

— Short-range charge injection: CCE is position dependent in both non-
irradiated & irradiated segmented sensors
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Back-up: Measured & simulated CCE(x) LT AP

HYSICS

-0

Test beam measurement: O Traps remove both interface & signal U Higher Q; — more traps filled
= Strips isolated electrons: better radiation induced — charge sharing between
» CCE loss between strips ~30% strip isolation — higher CCE loss strips increases — CCE loss
T4 L between strips decreases
s C = -2
.522:_ q)eq 14915 Cm 50 \-
“202MCz 200P, p=120 um, w=28 p s N\ CCE(x): Simulated vs measured
- Center of strip 20 \\'\\ PD.,=1.4e15 cm2
E =35
E _BS' L"“-—-—-_'
— § 30 e "-_-""'—qr-:_:.-: ------------- -
::> v N A D RN, T
QU
%% | - Q=(1.620.2)x1012 cm- N\
O 15
---Measurement: 30+-2% \ \..__
7’
u ) A 10 = —=—CCE loss(Qf) 5 strips, 273 K
~ Midgap —5 5 —=—CCE loss(Qf) 5 strips, 253 K
0HII‘HIIlH\IlIIH|III\|IIII|IIII|I\II|II\IlllH _0 0 ‘ I ‘ ‘
0 01 02 03 04 05 06 07 0.8 09 1 9.0E+11 1.1E+12 1.3E+12 1.5E+12 1.7E+12 1.9E+12 2.1E+12 2.3E+12
[T. M&enpaa, ~ Hit position in unit cell [strips] Flem-2
PoS(RD13)015, 2013] afl ] 0
Qi ion- Irradiati q Preliminary parametrization for @ = 3e14 — 1.4el15 cm™
n_terpret'atlpn._ rradiation produces non- Type of TS 0 o T
uniform distribution of shallow traps close to defect [eV] [cm? | [cm?] [cm3
surface — greater drift distance, higher Deep acceptor | E; -0.525 | le-14 |le-14[ 1.189*® +6.454el13
trapping of carriers Deep donor E, + 0.48 le-14 | 1le-14 5.598*® - 3.959e14
[T. Peltola, JINST 9 (2014) C12010] Shallow acceptor E. - 0.40 8e-15 |2e-14| 14.417*® + 3.168e16
23.6.2015 17

Timo Peltola - 26th RD50 workshop - June 2015



diated

non-irra

mi|<ed irradiated 1.5e15n,,/cm?

Backup: SIBT measured CCE loss between Strips s
Signal loss in-between strips (p=120um, w/p~0.23)

FTH200N_W24_MSSD_2_nonirrad 198.0V RE-p120-wp233 16539

Entries 2546

FTH200N

0
0 01 02 03 04 05 06 07 08 09

1

Hit position in unit cell [strips]

Median signal 13.54 ke swing 1.17 ke

FTH200P_08_MSSD_1_nonirrad -204.0V' R6-p120-wp233 r5803 FTH200Y_03_MSSD_1_nonirrad -204.0V R6-p120-wp233 15539
Entries 3348 Entres 2567

ke]
N
kN

2

FTH200P FTH200Y

[RETI RRNEE INREY RRRNE SNSRE ENUTI SRURE FRNNI RRUTE FRRN! o 0HH‘HH‘H\I‘HH‘I\H‘HH‘HH‘HH‘HH‘HH

0 0
0 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips] Hit position in unit cell [strips]
Median signal 14.73 ke swing 1.26 ke Median signal 14.81 ke swing 1.29 ke

MCZ200N_02_MSSD_2-nonirrad 201.0V R5-p120-wp233 5112
Entries 3941

€
N
>

g
_%22
[

MCz200N 5

G:HH‘H\I‘\H\‘I\H‘HH‘\IH‘HH‘\\I\‘HH'HH 0

0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips]
Median signal 14.66 ke swing 0.84 ke

No loss before irrad.; after irrad. ¥30% loss; all technologies similar [Phase-2 Outer TK Sensors Review]

MCZ200N_04_MSSD_1_p+_8e14_n_5e14 531.0V R5-p120-wp233 15116

Entrios 5520

0
0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips]
Median signal 9.97 ke swing 2.82 ke
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0

MCZ200P_01_MSSD_2_pr+_9e14_n_5e14 -608.0V RE-p120-wp233 5104 MCZ200¥_05_MSSD_1_p+_8e14_n_Se14 -604.0V RE-p120-wp233 5104
Entries 10493 Entries 10533
= _—
2 24
®
c
922
Z ’ Z

20

0 0
0O 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips] Hit position in unit cell [strips]
Median signal 10.17 ke swing 3.41 ke Median signal 10.54 ke swing 3.42 ke
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FZ200N_04_MSSD_2_p#_1e15_h_Se14 551.0V R5.p120-wp233 (5170
Entrios 11323

T24

signal [l

FZ200N

0HH‘HH‘HH‘HH‘HH‘HH‘HH‘HH‘HI\‘HH
0 01 02 03 04 05 06 07 08 09 1

Hit position in unit cell [strips]
Median signal 9.03 ke swing 2.21 ke




