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Technotest

Goal of the project:
Finding correlations and comparison of radiation hardness
with respect to:

“ Type of Si “ Processing Radiation “

N )/

characteristics of heavily

iIrradiated detectors
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Technotest

Participants
Detector processing:
¢ loffe Physico-Technical Institute (PTI)
+ Research Institute of Material Science and Technology (RIMST)
¢ BNL
¢ Helsinki Institute of Physics (HIP)

Irradiation:
¢ CERN (protons 24 GeV/c)
¢ losef Stefan Institute, Ljubljana (neutrons 1 MeV)

Evaluation
¢ loffe Physico-Technical Institute
¢+ BNL
¢ HIP
¢ losef Stefan Institute
¢ Glasgow University
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Status of the work

EXxperiments carried out:

¥ detectors processed at threeinstitutions
v irradiated by 1 MeV neutrons, F, = 1:10%- 5.10% cm-2
Vv irradiated by 24 GeV/c protons, F, = 1-10*and 1-10% cm-2

1 MeV neutrons: pres. 5 RD50 Workshop, Florence
|-V characteristics, TCT signal

24 GeV protons: pres. 7 RD50 Workshop, CERN
SCSI in detectorsfrom MCZ Si; V4, and N, in long term annealing

Current study in 2006

1 MeV neutrons. studies of annealing (initial stage)

' detectors processed from MCZ and FZ n-type Si
Y annealing at 80°C
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Experimental samples

F, (cm-2) FZ CZ
5E+13 |[PTI-n1-b11[HIP-w-57 |[PTI-Cz-c12[HIP-CZ-34]BNL-n-131
5E+14 |[PTI-n2-c13[HIP-w-7 |[PTI-Cz-d11]HIP-Cz-66|BNL-Cz-98

Resistivity, kQ-cm

n-Si FZ:
n-Si MCZ: 1

4-6
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Manufacturing procedure

PTI BNL HIP
Oxidation 1100C/6h 1100C/6h done after implantation
p+ 50 keV/ 3el14 cm-2 |45 keV/2el4dcm-2 |20 keV/1el5cm-2
n+ 80 keV/9el14 cm-2 |80 keV/6eldcm-2 |70 keV/1el5cm-2
Annealing |[700C/40min 700C/30min 1100/4h
Al sintering [[430C/7min 430C/5min 370C/40min (no TD)
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Experimental

V' annealings: 80°C, steps with variable time

¥ TCT using 840 nm laser pulse generation of free carriers,
pt side, n+ side

Y Current pulseresponseismeasured at RT and -15°C (ATLAYS)

Y All measurements. range of bias voltage 20/50-900 V
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Current pulseresponse, n-Si, F, = 5-1013 cm

Before annealing LaE0s PTI-Czc12, n+ side
: ] 12804 1 : Neutrons
2504 PTI-FZn2-bll, p+ side LOE-04 pal Pti_Cz_c12, Fn = 5e13 cm-2
s before anneal
2.0E-04 | Neut‘ron T BOE-05 // I n+ side, RT
Pti_nl bll, 5e13 cm-2 = ”‘
_ 15E-04 | before anneal § 6.0E-05 ‘
< ‘ p+ side, RT 5 I8
= ‘ 3 4.0E-05
S 1.0E-04 1!
§ 2.0E-05 >VH
© 50E-05 r A & I
% 0.0E+00 |t
— L 5 10 15 20 25 30 35 40
0.0E+00 [~ ; - 2.0E-05
) ; 10 15 20 25 30 35 40 time (ns)
-5.0E-05 —
time (ns) 2.0E-04
18E-04 |
. oa Neutron
Before annealing: o Pii_cz_c12
. AETET 5e13,
FZ S| SCS' ('SC) < 1.2E-04 | before anneal,
i < + side, -15C
MCZ Si: noSCSl (all samples) g LOE04 | —
. 2 80E-05 |
- evaluation of response from 2 coros
n+ side, hole collection 40805
2.0E05 |
V:10-900 V POEr00
-2.0E-05

time (ns)
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MCZ S, F, =510 cmr2: different processing

1.4E-04 — 1.6E-04 I
1.2E-04 |- 1.4E-04
Neutron Neutron
1.0E-04 | Pti_cz c12 1.2E-04 Hip_cz_34
i/ 513, oE 5e13,
2 8.0E-05 lr)]ifsoi;eeag_rll_eal, z 1.0E-04 before anneal
2 ¢ oros ) = 8.0E-05 | n+ side, RT
o ]
3 4.0E-05 |- S 00E0S
(@]
4.0E-05
2.0E-05 |-
2.0E-05
0.0E+00 ‘
D 5 10 15 20 25 30 35 0.0E+00
-2.0E-05 5
time (ns) -2.0E-05
time (ns)
1.4E-04
1.8E-04 ‘
1.6E-04 — A 1.2E-04
/ - Neutron
L4E-04 - RT //3‘\ Neutron . 15 C Hip cz 34
4E- 7\ Bnl_Cz 131 1.0E-04 A P_cz_
1.2E-04 e 5e13 | ' 5e13
: / it ~ 8.0E-05 before anneal
7 ‘ before anneal < & ] n+ side. -15C
S Lorod /2N n+ side, RT ] = :
$ 80E-05 ///‘\ H g 60E05 p
4.0E-05 2.0E-05 | [
2.0E-05 SN
0.0E+00 = — S = -
0.0E+00 ‘ = = - 3 10 15 20 25 30
2 0E-05 5 10 15 20 25 30 35 2.0E-05
time (ns) time (ns)

t

Issmaller at -15°C

col
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F.=5el3cm? t,,,= 76 min

2.5E-04

2.0E-04

1.5E-04

1.0E-04

current (A)

5.0E-05

0.0E+00

-5.0E-05

Neutron
Hip_cz_34
5e13, 76min

n+ side, RT

time (ns)

2.0E-04
15E-04 RT Neutron
~e Pti_cz_c12
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—~ n+ side, RT
< 1.0E-04
IS
o
S 5.0E05
(&)
0.0E+00
-5.0E-05
time (ns)
1.4E-04
1.2E-04
Neutron
1.0E-04 BnI_n_131.
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—~ . n+ side, RT
$ 8.0E-05
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0.0E+00
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time (ns)
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1.5E-04

1.0E-04

current (A)

5.0E-05

0.0E+00

-5.0E-05

Neutron
Hip_cz_34

5e13, 76min
n+ side, -15C

time (ns)
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Evolution of response under annealing,

MCZ Si, F, =510 cm?, V = 200 V, hole collection

PTI-Cz-c12, n+ side, V=200V, RT
1.1
1L — — before anneal (t) — QOIL[E _t/Teff
0.9 | X 6min 1 — d c
0.8 - 16 min
w07t 36 min
‘_-E-, 06 L 76 min c
£ 05| \ RT: detector isfully depleted,
- o4 | +N 4 decreases —
02 | E becomes more uniform
0.1 +
0
5 10 25 30
t (ns)
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Evolution of response under annealing

| (arb. units)

PTI-Cz-c12,V =200V, before anneal

200 V Fn =5e13 cm-2
—RT
—-15C
T T T \M
5 10 15 20 25 30
t (ns)

Dependenceof vy, vs.Eand T
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0.0E+00
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==

0

..——l-'_'_'-.
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V h, 258 K
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60

Pulse width: dependson v, (T)
Difference:
Low E: e—30%, h —50%
High E: e, h—10%
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Qvs. Vand 7, , MCZ n-S, F, =5-1013 cm?

T4, =10 NS

Total charge, RT

PTI-Cz-c12, RT,t_sh =10 ns

11
1r v.—lagiqz———‘
09
Fn =5el13 cm-2, PTI-Cz-c12, n+ side, RT 08 |
1.1 =~ 07 —e— before anneal
1 r § 06 —8—6 min
) —A&— 16 min
09 | g 05 w6
08 o 04 min
07 03 ——76 min
£ 0.6 —e— before anneal 02
8| 0'5 —&—6 min 0.1
o —&— 16 min 0
0.4 . 0 100 200 300 400 500 600 700 800 900 1000
—%— 36 min
0.3 ) V (Volt)
—%— 76 min
0.2 PTI-Cz-c12, -15C, t_sh = 10 ns
0.1 11
0 1L
0 100 200 300 400 500 600 700 800 900 1000 09 f
\V/ (V0|t) ~ o8I —e— before anneal
m )
E 07 - —m— 6 min
S )
-Ei 06 L —&— 16 min
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° ° /U? 05 76 .
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T... — Shaping time S oot
—
Sh p g © 03¢
02
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0 elEs
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V (Volt)
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Qvs. Vand 7, , MCZ n-S, F, =5-1013 cm?

11
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Before annealing

Different processing

Double Peak shape with different H,/H,

1.6E-(
1 4B V 50'900 V Ngutron
| ‘ A Pti_cz_di11l
1.2E-04 | o Fn =5el4 cm-2
RT //\ before anneal
. LO0E-04 — ‘ ‘ p+ side, RT
s “ WY
~ B8.0E05 / :
c
[0) / / A\
~ 6.0E-05
=}
(&)
4.0E-05
2.0E-05
0.0E+00  fo=d
D )
-2.0E-05
time (ns)
3.0E-04 ‘
I A\
2.5E-04 15 °C 2\ Neutron
- ‘ Pti_cz_d11
2.0E-04 f 5el4cm-2,
< ‘ \ no anneal,
~ 15E-04 f p+ side, -15C
= \
o
S 10E-04
o
5.0E-05
) [
0.0E+00 ittt : = F
D 5 10 15 20 25
-5.0E-05
time (ns)
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2.0E-04
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0.0E+00
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1.5E-04 r
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0.0E+00

-5.0E-05

p+ side, electron collection

RT

Neutron
Hip_cz_66, 5e14 cm-2
before anneal

p+side, RT

|

time (ns)

Neutron

Bnl_cz_98, 5e14 cm-2
before anneal
p+side, RT

time (ns)

SCSI for all detectors, at RT and -15 °C
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Fn=5eldcm? t

ann

=156 min, RT

current (A)

3.5E-04

3.0E-04

2.5E-04

2.0E-04 |

15E-04

1.0E-04

5.0E-05

0.0E+00

-5.0E-05

Neutron
/\ Pti_cz di1

5e14, 156 min
p+ side, RT

time (ns)

l

current (A)

1.2E-04

Neutron
1.0E-04 HIHip_cz_66, 5e14 cm-2

156min
8.0E-05 [{|p+ side, RT
6.0E-05 /\/ — =

4.0E-05

2.0E-05

0.0E+00 —tat=

-2.0E-05

time (ns)

current (A)

7.0E-05
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5.0E-05

4.0E-05

3.0E-05 |

2.0E-05
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0.0E+00

-1.0E-05

||Neutrons

5e14, 156 min
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i j | Bnl-CZ-98

time (ns)

H,/H, ratioin DP isdifferent:
E(x) isdifferent

Practical aspect:
t. 1S sensitive to technology

col
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Fn =5el4 cm? t

= 156 min, -15°C

current (A)

ann
3.0E-04 ‘
[\ Pti_cz_d11l
2.5E-04 Fn =5el14 cm-2
156 min
2.0E-04 p+ side, -15C
< 15E-04 - . \
= -
o
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o N
5.0E-05 | ]
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o i \
o) i\
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/ \Q:\ -
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8.0E-05 R
||p+ side, -15C

6.0E-05

4.0E-05

2.0E-05

0.0E+00 (et

D
-2.0E-05

time (ns)

At -15°C:
Pronounced DP with

H,/H,>1 even at 900 V
- reduction of E at n+ side
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Evolution of response under annealing

MCZ Si, F,,=5-10%cm?V =500V, RT

Electron collection

PTI-Cz-d11, V = 500 V, RT E(x) changesfrom
full depletion

to partial depletion
at RT and -15°C

X before anneal

I (arb. units)
o
(o))

04
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Evolution of response under annealing,

MCZ Si, F, = 5-10% cm?2, V = 500 V

PTI-Cz-d11,V =500V, before anneal PTI-Cz-d11, 500 V, tann = 156 min
1.1 1.1
1 1]
Fn =5el14 cm-2
0.9 - 0.9 1 ——RT
- 0.8 - RT N 0.8 1 —__-15C
= 0.7 ﬂ 0.7
S 06 ——15C S 06
205 - o 051
£0.4 1 8 041
0.3 A ~ 03/
0.2 0.2
0.1 -
S 0.1
O T T T T T 1 T T 0 ; ; ; ; . . .
5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
t(ns) t (ns)

T 1S the same at RT and —15°C
T=6ns
- lowest value!
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Q vs. V under annealing

MCZ n-Si, F,, = 5-10* cm?

Q (arb. units)

PTI-Cz-d11, RT,t_sh =10ns

=
N

A=Y
I

©
0]
I

©
(e}
I

o
N
Il

0.2 1

—e— before anneal
—&—6 min
—4&— 16 min
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—X—76 min
—o— 156 min

100 kOO 300 400 500 600

700\ 800 900 1000
V (Volt)

Q(10 ns) (arb. units)

PTI-Cz-d11, -15C,t_sh=10ns

0.8

—e— before anneal
—@— 6 min »
—4&— 16 min
36 min
—¥— 76 min
—— 156 min

100 200 300 400 500 600 700 800 900 1000
V (Volt)

Single peak T

\ N\

Double peak T
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Qvs.Vand 74, at RT and-15<C

Q_norm

1.2

PTI-Cz-d11, RT

0.8

0.6

0.4

0.2

—e— Q_total
—=— Q(20 ns
—A&— Q(10 ns
—=— Q_total

o0 3|>156 in
—K— ns §
y

—0—Q(10ns

(—3

i} before anneal

PTI-Cz-d11, -15C

—e— Q _total

—m—Q(20 ns) }before anneal
—a— Q(10 ns)

—*— Q_total }156 min A =
—%— Q(20 ns) /

—@— Q(10ns) .

0 200 400 600 800 1000 0 200 0 600 800 1000
V (Volt) V (Volt)
v Visible CCE reduction at Ty, = 10 ns
v Reduction islessat —15°C (V)
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Different processing, Q vs. V at RT

Q (arb. units)

PTI-Cz-d11, RT,t_col =10ns

1.2

0.8

0.6

0.4

0.2

—e— before anneal
—=—6 min
—&— 16 min
36 min
—K— 76 min
—e— 156 min

Q_norm

RT

1.2
—e— PTI-Cz-d11, before
anneal t_coll=10ns

14 —®—PT-Cz-d11, 156 min

—a— BNL-Cz-98, before
0.8 anneal

BNL-Cz-98, 156 min

0 100 200 300 400 500 600 700 800 900 1
v (Volt 0 100 200 300 400 500 600 700 800 900 1000
V (Volt)

BNL-Cz-98, RT, t_col =10 ns

Q (arb. units)

1.2 . o
—&— before anneal lefer er1ce I n H 1/H 2
14| —®—6min
—4&— 16 min
0.8 - 36 min
—K— 76 min
06 | —o— 156 min
0.4
0.2 A
0
0 100 200 300 500 600 .
v (volt E. Verbitskaya et al., 8 RD50 Workshop,
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V;4 and N4 evaluated from pulse response
Initial annealing stage

Vid vs.t_ann,

Fn =5e13 cm-2, RT

Vfd vs.t_ann, Fn =5el4 cm-2, RT

250 900
—e— PTI-FZnl1-bl1l 800
200 Donors —m— PTI-Cz-c12 700
in processing Yo
—a— HIP-Cz-34 600
150 F —*— BNL-Cz-131 = —=— PTI-Cz-d11
o S 500
> 2 —— HIP-Cz-66
S 100 |- g 400 —<— BNL-Cz-98
> 300
4
50 200
100
0 0
0 20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
t_ann (min) t_ann (min)
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Neff (cm-3)

Neff vs.t_ann, Fn =5e13 cm-2, RT Neff vs. t_ann, Fn = 5e14 cm-2, RT

4.0E+12 0.0E+00 : : : : : : :

) 20 40 60 80 100 120 140 160
3.0E+12 T‘\.\.\‘ —e— PTI-FZn1-b11 2 0E+12 | t_ann (min)
2.0E+12 | = PTkCzcl2 —® PTICz-d11

HIP-Cz-34 4.0E+12 |
1.0E+12 | BNL-Cz-131 _ —A— HIP-Cz-66
°é” -6.0E+12 # —%— BNL-Cz-98
0.0E+00 o
D 20 40 60 80 100 120 140 160 5 -8.0E+12 |
-1.0E+12 47\‘\‘\’\‘ z
2 0E+12 - -1.0E+13 +
-3.0E+12 | 1.2E+13 |
-4.0E+12 -1.4E+13
t_ann (min)

Effective macroscopic parameters:

Y As-irradiated MCZ S detectors: Y Annealing <160 min:
5e13 cm2: sensitive to processing reduces sensitivity
5e14 cm2: no senditivity
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Reconstruction of E(x) from DP response

F. =5el4 cm™ - —
p* : n p+
E 30 V = 350 Volt
2
E1 e HIP-CZ-66
= - =PTI-CZ-C11
’g 20
S
=
3
Eb Ct)—_: ————————————— \mlo i /
Wl Wb W2 0 u\ = — 1 1 1 1 1 " 1 "
0 50 100 150 200 250 300
X (um)
HIP-CZ-66 [PTI-CZ-C11 . . ) )
R D i = Electric field gradient dE/dx and N in the
Neffl (cm-3)| L.41E+il 1.09E+12 region adjacent to p* contact are different
Neff2 (cm-3)] 9.46E+12]  9.51E+12 and sensitive to detector processing
Eb (V/icm) 500 1500

—

differencein balance of DDs and DAsinduced
by radiation
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E(X) reconstruction

PTI-Cz-d11
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Conclusions

Detectors from n-type MCZ silicon irradiated by 1M eV neutrons
v F,=5108cm=
* Space Charge (+)
« Insignificant difference of pulse response before and after annealing

v F,=510%cm=

* Space Charge (-)

* DP current pulse shape dominates

« H,/H, s affected by technology and changes under annealing

» Annealing reduces difference in effective macroscopic parameters

Protons, Fp = 1-10® cm: influence of technology is still observed!

RT —» -15<C:
v trapping lifetimeisthe same
v reduction of E at n+ side
Y higher drift velocity, reduction of current and dissipated power
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