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Introduction

Charge collection close to the Si-Si0, interface

 Weighting potential
* Time resolved signals

* Integrated signals

Results: Charge losses vs. humidity and bias history

Conclusions

Outlook
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Surface effects:

Relevant for sensor stability (breakdown, stability of dark current, etc.)

Charge carrier losses

Humidity found to influence the electric field in sensor

Electric field at the interface ?

(surface charges, surface potential, oxide charges, etc. => boundary conditions ?)
humidity
| HZO, H+ OH-, dirt E——)

passivation
Si02 aluminium si02 aluminium Si02

p+ implant p+ implant

n type Si
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Producer HPK CiS ..
Irradiation:
Coupling DC AC . .
* Non-irradiated
Full depleti It 155V Vv
ull depietion voitage - 63 * Irradiated (1 MGy x-rays, 12 keV)
n-doping 102 cm3 8101 cm3
= surface damage only
Pitch 30 um AU | fixed oxide charge: N_ =~ 2 1012 cm?
Implant width 11 um* 20 um surface current: | ="~ 6 uA cm™
Number of strips 128 98
Strip length 8 mm 7.8 mm Atmosphere during measurement:
Thickness 450 um 285 pm *  Humid (> 50% humidity)
Orientation <111> <100> * Dry (nitrogen, < 5% humidity)
SiO, (+Si3N,) 334nm  300+50 nm T =~24 °C (room temperature)
* + 2 um Al overhang
passivation
n type

Charge collection close to the Si-Si02 interface of Thomas Pohlsen Seite 4
silicon strip sensors thomas.poehlsen@desy.de November 2011



UH
Universitst Hamburg Measurement procedure (red laser TCT)

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Red laser light (front illumination, A = 660 nm, penetration depth ~ 3 um)
Sub ns-pulses (FWHM 100 ps, 1 kHz, 30 000 to 500 000 eh-pairs)

>(I1I0TI TTT

- Current signal I(t) )

Focus: o =3 um (+ tails)

current [A]

Readout: 2 strips + 1 rear contact
*  Miteq AM-1309 current amplifiers

* Tektronix oscilloscope, 2.5 GHz bandwidth

Neighbour strips on ground (via 50 Q)

time [ns]

Charge Q calculated offline:
Q=/1(t) dt

n type
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Accumulation layer and electric field
DER FOHUlI:l,(:‘"IVDeE;ilEEI?!: Il-ll)?Rnl:Ill?Dl:llr\E (SimUIation)

. —
Electron Density  Electron accumulation layer b.c:Vh=0

Electrostatic Potential

10

[em*-3]

- 1.0E+15

1.0E+10
I 1.0E+05
1.0E+00

¥ um]

(%)
20 c
2 10
e
@ 5
» o =
o 10 20 X [um) 30 40 50 20
1 MGy irradiation (surface damage)
30
— 12 -2 — -2
=> N, =210"~cm>=, | =64 A cm o

= Electron accumulation layer present
= Electron losses !

= Influences the weighting potential ¢, ;
= Calculate ¢,, ; under bias:

read out stripj: 1V readout stripj: 0V

other strips: 0 V other strips: 0 V
rear side: 200V rear side: 200 V

also see Hamel, Julien NIMA 597(2008), 207
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Weighting potential (simulation)

readout j

Electron Density El@ctron accumulation

10

¥ um]

20

30

electrons

o 10 20 30

X [jm]

[em*-3]

- 1.0E+15

1.0E+10
1.0E+05
1.0E+00

40 50

1 MGy irradiation (surface damage)

= N, =210%cm??, |

surf —

= 6.4 pA cm™?

= Electron accumulation layer present

= Influences the weighting potential ¢

= Calculate ¢,, ; under bias:

read out stripj: 1V

other strips: 0 V
rear side: 200 V

readout stripj: 0V
other strips: 0 V
rear side: 200 V

W, j

Y [um]

weighting Potential

Weighting Potential

2 1012/cm?
200 V

0.2

Y=0.01
- — = - Y=1.01
————- Y=2.01
———- Y=3.01

(um)

L L L L z L L L
20 40 60 80 100

also see Hamel, Julien NIMA 597(2008), 207
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transients for strip L at x=12 um

-y
=]
1 &

Charge carriers (q) g ¢ ARREERRREENEEN 12 pm
ey - i — — E s ldt~7 -
 driftin the electric field : vy, = p E o Jdt~70000e
T i
= Induced current: ;= qE,; - vy, Eyj= Vo ; i f
. no losses .
Collected charge : Q; = | |, dt 2 .
" =
7 R ”34'”33 .

readout j 12um  38um
s S Z
0.5 =
'E' 30 F E
= A —
>- - -
“ a5t 3
50 zf f
60 .2_5% IIdt”O é
s 26 2 a0 a2 a3
0 20 40 60 80 100 time [ns]

X [um]
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—
.

transients for strip L at x=12 um

Charge carriers (q) g T
e I — — E ,_ 4 electron losses (~97 %)
* driftin the electric field : v, = p E RS
- — — — 4 f
= Induced current: ;= qE,; - vy, Eyj= Vo ; .
- no losses
Collected charge : Q; = J |, dt 2
-
14
T T Mt T -
readoutj  15um  38um fime fns]
transients for strip L at x=38 um
° §1?196H|"'|"\H'\"'\" 38p.m
o B Eos no losses E
20 ) Oi A :"-’fv YT R :
-o.sf—“. ," oV é
E A E
7 a0 - v :
-1.5; i IIi E
%0 211 electron losses (~97 %) 3
" 25 ¥ g
321 ‘2|6III2|BI"3‘0HI3‘ZIII3‘4III3|6‘I‘;s
0 20 40 60 80 100 time [ns]

X [um]
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. P [ A 12 1M

Charge carriers (q) ot AR BN

—_ —_ E G:‘ o W aawr &\;-f'!nv\v"‘"’"\'m\/"\/’\v’ 'i'—“ﬂ—[(?

 driftin the electric field : vy, = p E So1- electron losses (~97 %) .

— — — — - i

_ _ -0.2 —

= Induced current: ;= qE,; - vy, Eyj= Vo ; N E

Collected charge : Q; = | |, dt 04 E

st no losses E

Weighting potential, rear 08 3

0 _05; o e e e e Lo e Lo e b b 1 \:

: 28 30 32 34 36 38 40

e time [ns]

10°

100 2 ()'ll]i_< L I L L L LA 38 um

t f N S ’ A S manan®a b
g ™ pAtppan AT TRV AR AR s
5 E d .
— o - w' ]
E 2% 01 electron losses (~97 %) i
> 02 =
| WeightingPatential - .
1.0E+00 = ]
300 7 8.0E-01 '0-3:_ =
1 6.0E-01 04: E
| I4.oe-m 4 no losses ]
400 2.0E-01 . E =
0.0E+00 0'5: 4
0.6 =
-100 0 100 200 B 1

X [um] _0_72;.”|.‘.|‘..|‘..|‘.‘|.H|.‘.|‘..
readout j J time [ns]
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Collected charge vs.

laser position
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—————— N L L R =
[ ]
Rear

m expected signal on strip L

2]

measured signal on strip L

x1
3 L A B I L O O S B — 30 T — \m
<1 —— weighting potential Ci;. - | | | _
> ——— hole signal : 25/ 0 Gy, humid B
T 08— /NN e electron signal — - ]
total signal . 20— —
0.6 ] - .
] 15 0 Gy, dried at 500 V—
04 — B . =L i
] 100 S —
0.2 - - N .
_ : 5 - —
0 P - o
/// strip R . 0o \ :_;
-0.2 e — B ' \ s
\ pd . -5 1 MGy, driedat 0 V S
Strip L | | | H BB B BB ! !\_!_/! ! | | | Strip R _1 _stlripL L | L | | | | \\'—'\'"-f""\’r | 1 st‘rip‘R:
20 30 40 50 10 20 30 40 50
x [um]

Assumptions:

laser position [um]

¢,, = const at accumulation layer, linear else

Holes: collected at closest strip

Light profile: gaussian with =2 um

silicon strip sensors

Charge collection close to the Si-Si02 interface of

+ hole diffusion

Fit results

1 MGy dried at 500V humid
electr. 1k 35k 33k
holes 29k 7k 31k
acc layer 38 um 30 pm -
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Collected charge vs. laser position
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: —— W] L R =
[ ]
. . . i ) Rear
expected signal on strip NL and strip NR measured signal on strip NL
2.08_ L L o | I T I m B | — ‘ ‘ LA B N R
= C m 3000 ——— DC1M, driedat0V  —
3.-—“0.06:* B c — - DCO,driedat500V
°0_04l — 2000 —— DCO, humid B

B _ - Vf'/‘\l ./\'—‘-"'\"»..,‘ RS .

0.02| . 1000 o~ Y N . ]

- ] e NPANGE

P _ _ ] of X AN NN A

- N —— weighting potential 7 - \/ N

Cstri \\\ ———- hole signal 7 2N ) ]
-0'02: e S electron signal ng -1000; v~ N // It ’ -

- AN total signal ] R N TN TN .
-0.041 N . -2000 N/ ’ =
-0.06( - - .

Strip L ., apmsmsEsEBEEE .| . strip R -30003_'3t.rip.|" L1 AT T B
% 10 20 30 40 50 10 20 30 40 50
X [um]
laser position [um]
Assumptions:
¢,, = const at accumulation layer, linear else Fit results _ :
1 MGy dried at 500V humid
Holes: collected at closest strip electr. 1k 35k 33k
Lich - . N holes 29k 7k 31k
ight profile: gaussian with =2 um acclayer 38 um 30 pm :

Charge collection close to the Si-Si02 interface of
silicon strip sensors

Thomas Pohlsen
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: I ———T L R =
|
expected signal on the rear side 5 measured signal on the rear side Rear
— 0.4 ] c - ]
2 0 ] 0=~ -
Co2 - F T ST T ]
|strip L stripR _| -5— ]
o T - 5 ——— DC1M, dried at 0 V 4
E """"""""""""""""" E 10— — — DCO, dried at 500 V -
-0.2— - B —— DCO, humid ]
- —— weighting potential ] 15 -
04— ——— hole signal — B ]
: - electron signal ] =200 ]
-0.6 total signal ] - ]
- 1 -25— ]
-0.8— ] B ]
. L _. -30:_strip L strip IE
Strlp L o | ._._._._._II_L.-L.L._._. Ll Strlp R _3 - JHRN S T T R R I P B N 1 .
0 10 20 30 40 50 50 10 20 30 40 50
. x [um]
laser position [um]
Readout: rear contact
Assumptions:
¢,, = const at accumulation layer, linear else Fit results
1 MGy dried at 500V humid
Holes: collected at closest strip electr. 1k 35k 33k
Light profile: gaussian with 6=2 um holes 29k 7k 31k
acc layer 38 um 30 pm -
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0 V steady state

R B 200vdry B 200V humid

same steady state
eloss hloss eloss hloss for all humidities

S
. 0% 0% 0% 0% and bias histories!

irradiated (1 MGy) 97 % 15 % 60 % 15 %

500 V steady state .

200V dry [ 200V humid

= 500 V dry
e loss h loss e loss h loss
non irradiated 0% 85 % 0% 0%

irradiated (1 MGy) 20 % 15% 60 % 15 %

humid:  steady state™ reached after <5 min
dry: steady state* reached after >> 1 hour (hours or days)

( time constants depend on many parameters )

* steady state in respect to charge loss behavior
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0V steady state 200V dry 200 V humid
= 0Vdry same steady state

eloss hloss eloss hloss for all humidities

A
T 0% 0% 0% 0% and bias histories!

irradiated (1 MGy) 97 % 15 % 60 % 15 %
Time dependent

face charges ?

500 V steady state . sur
i ?
= 500 V dry 200 V dry 200 V humid Dangling bonds ?

Electrostatic Potential

e loss h loss e loss h loss

non irradiated 0% 85 % 0% 0%
irradiated (1 MGy) 20 % 15 % 60 % 15 % E "
humid:  steady state™ reached after <5 min
dry: steady state* reached after >> 1 hour (hours or days) !

. X [um]
( time constants depend on many parameters )

* steady state in respect to charge loss behavior
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Charge collection close to the Si-Si0, interface was investigated in TCT setup

and described succesfully by model.

Significant losses of electrons and / or holes observed.

Charge losses depend on applied voltage, humidity, bias history and irradiation.
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measured signal on strip L

 gr10° burst mode operation (20 shots) %103
LT ] S [ ' \ ' \ ] ]
- - — 0
c - = - |
g 355 E cA00 - —— 100V, pulse 0 -
a0 = i —— 100 V, pulse 1 ]
C 7 - — 100 V, pulse 2 _
25 - 300 100 V, pulse 3 —
r ] B - 100 V, pulse 4 i
20 . - —— 100V, pulse 5 ]
- ] - — 100 V, pulse 6 N
15 = 200 —— 100 V, pulse 7 ]
- E ? i
SR, f
4 | . ¥ \U‘ w B strip strip
0 100 150 200 250 0 - .
time [ns] ~ T
20 shots, seperated by 12.5 ns 0 I
1 ms later: next 20 shots g
E3 ) | 1 | \ | 1 | \ | 1 \ | | \ 1
Electrostatic Potential fOf Iater ShOtS '50 0 50 1 00 1 50

— method to estimate the maximal

¥ [um]

. Lk amount of electron losses in the gap

30

and potentially deptrapping time
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5 measured signal on strip L
burst mode operation (20 shots) z
aoo; —— 100V, pulse 0

20 shots, seperated by 12.5 ns 300 a v
1 ms later: next 20 shots sool- T ot E
100; *
X'I 0.6 x=38 um 5 strip strip strip strip st i?
E 5_| ‘ I ‘ 1 \ 1 0: ]
:' - 100V T T S RO S A MR R
c -50 0 50 100 150
bt I~ x [um]
- -
=1
Q -
0
5— ]
10l [\ | ’ | -
15— I [ T \ I —
20 40 60 80 100 120
time [ns]
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Full charge collection:
Collection: holes at strip L, electrons at rear side

— Q =#holes-q, =3q,

Charge losses (not collected at end of integration time): .

= Qq; = £ q- ¢, (final position)

LI
Laser ‘—P,! >

= Q <3
: |Qrear | < 3 +
= Qg nr > Ofor hole losses '
< O for electron losses e electron
™ hoIe
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Full charge collection: Qind
Collection: holes at strip L, electrons at rear side 0

= Q =#holes-q, =3q,

= Qpanr =0

3
Charge losses (not collected at end of integration time): .

, . -3
= Qq; = £ a- ¢ (final position) L aser
= Q <3
= |Qrear I <3 +
= Qg nr > Ofor hole losses 0 '
< O for electron losses e electron

e hole
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Full charge collection: Qind

Collection: holes at strip L, electrons at rear side 0.05

— Q =#holes-q, =3q,

2.4
Charge losses (not collected at end of integration time): ’

. - -2.9
= Qq; = +q- ¢\, j ( final position ) L aser |
= Q <3
: |Qrear | < 3 +
= Qg g > O for hole losses 0.3 '
< O for electron losses e electron

e hole
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Full charge collection: Qing ™

Collection: holes at strip L, electrons at rear side .0.05

— Q =#holes-q, =3q,

2.6
Charge losses (not collected at end of integration time): .

. o 2.1
= Quq; = £ g+ ¢ ;( final position) L aser |
= Q<3
= |Qpesr | <3 .
= Qg nr > Ofor hole losses -0.3 '
< 0 for electron losses e electron

e hole
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20

boundary conditions:
* constant potential: ¢ =0 V (Dirichlet) o

0 10

* zero electric field component: E =0 (Neumann)
~if driedatOV?
, Diichlet b.. 0, Neumann b.c.

g R 0

®_, Neumann b.c.

10

Y [um]
Y [um]

20 20

30 30

0 10 20 30 40 50

X [um]

X [um]
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Istrip [I"IA]
- N o P
= 01 N O WO O H O O

o
(3]

s

Charge collection close to the Si-Si02 interface of

Strip current for 1 MGy

-

4

dried at 0 V, rear bias up, 22.9C
humid (ca. 45 perc h.), rear bias up, 22.9 C

dried at 500 V, rear bias up, 21.3 C scaled to 22.9C

| | |
100

I | | I | |
200 300

500
U [V]

silicon strip sensors
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Time dependence after 1 MGy

humidity > 50%

WUI— $ & & & O
80
humidity 15 % ->
£
E 60 200 V hurid
® - . - - / - - 4500 V hurmid
£ r L ¥ 200 V dry (<10%)
= humidity > 50% 4500V dry (~5%, than 15%)
a0
humidity 15 % ->
humidity ~ 5%
20 A — e
<- humidity ~ 50 %
\ v Vv v v
humdity ~ 5 %
u I I 1 1 I 1
0 100 200 300 400 500 800 700
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number of collected electrons and holes

%x10°
35 —
- . "I
30 -~ s oy ' ¥ » ¥ ¥ ]
25 —
201 —— holes =
15 —— electrons —
10— —
- x * -
5 x * F —
» x ¥ ]
- x ox * ¥ ]
0 5 10

measurement number
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n-Typ
Messablauf:
Sensor getrocknet bei 0 V freie
Ladungstrager
> 200V + (Elektronen)
Was passiert im Detektor? - |+ -
0 V : Oxidladungen kompensiert durch freie Ladungstrager freie
4 -
200 V : Oxidladungen unzureichend kompensiert Ladungstrager

(Elektronen)
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silicon strip sensors thomas.poehlsen@desy.de November 2011



UH
Universitat Hamburg Messablauf fir Elektronenverluste

DER FORSCHUNG | DER LEHRE | DER BILDUNG

n-Typ

Messablauf: +
Sensor getrocknet bei 0 V
> 200V X
o+
_ +
Was passiert im Detektor? "
0V : Oxidladungen kompensiert durch freie Ladungstrager *
+
200 V : Oxidladungen unzureichend kompensiert
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nonirradiated after 1 MGy photons
w1 dried at 500 V w 1
5 08 S 038
T Hole losses T
o 06 S 0,6
£ E
£ 04 0,4
g m ’ .
O ] dried at 500 V
& o g o2
o 0 ® & & o 0
(= o
[Ty (%5 ]
2 04 Electron losses 2 04 El |
S oc T o ectron losses
= i E‘i] )
L .
W g dried atO V OREES dried 0 V =
= B
o -1 T -1
S 0 100 200 300 400 500 — 0 100 200 300 400 500
Spannung [V ] Spannung [V ]
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number of collected carriers

Free parameters:

number of electrons
* number of holes
 diffusion of holes: o
* strip position

e accumulation layer wi

Fixed parameters:

* light profile ,=3um
+ tails ,=9um

e (=0.35, ¢y, =0.05, ¢

rear

strip width =12 um

Charge collection close to the Si-Si02 interface of

silicon strip sensors

30

35

30

25

20

15

10

=0.06 10

e

amplitude

x10
= x
Fox ;
;’ —— holes
o —» electrons
Fox %
1 2 3
measurement number
accumulation layer [um]
E* * g
3 : E
- 1 2 3 -
measurement number
<]
20
10
*e,

diffusion

20

15

10

L

B Gdiffusion

e
II‘\III‘I\\Ill\\l‘lll\‘llll

-
]

3
measurement number

read out position

.

-
]

——=—"DC1M, dried at 0 V
— = DCO, dried at 500 V
— DCO, humid

Strip

w
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Measured signal compared to calculation

measurement and fit

Free parameters: 30><103
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Charge collection close to the Si-Si02 interface of

silicon strip sensors
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