I
Annealing studies on Sintef

SENSOrs

Amit Roy, Daniela Bortoletto and Gino Bolla
Purdue University

D. Bortoletto 6th RD50 workshop 1



Time Evolution of Radiation Induced

AN_

Annealing behavior of

radiation induced -

change in effective E

doping concentration | N !
can be described as 2} 0 N

ANeff = NA + NC + NY SOOI I

annealing time at 60°C [min]

* N, is short term beneficial annealing
* N is stable damage
* N, is reverse annealing

Study the dependence of the annealing
parameters on the processing
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Sensors under study

e O structures, fabricated by SINTEF, were irradiated, and
annealed at 3 different temperatures.

Sensor Fluence Annealing Sensor type
ID (Neg/CM?) temp (°C)
W4D42 1x1014 63 Oxygenated
W7P16 1x1014 63 Standard
W14P16 6x1014 63 Standard
W3D41 1x1014 70 Oxygenated
W7P4 1x1014 70 Standard
W14P13 1x1014 80 Standard
W7D41 5x1014 80 Standard
wW4D44 5x1014 80 Oxygenated
W4D46 6x1014 80 Oxygenated
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Dimensions & Initial Resistivity

Active Area Depth Length
(mm) (mm) (mm)

0.27 2.79 4.04

V4ep before Corresponding Corresponding
irradiation (V) | resistivity (QQcm) Ngso (CM3)

Wafer 3 148 1612 2.67x1012

Wafer 4 173 1379 3.12x1012

Wafer 7 143 1668 2.58x1012

Wafer 14 169 1412 3.15x1012
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Irradiation

Sensors were irradiated at Indiana University Cyclotron
Facility with 200 MeV proton beam. Sensors were exposed
to 3 different doses

1x10%4 proton/cm?

5x10% proton/cm?

6x10'4 proton/cm?

After irradiation sensors were kept at -10°C at the radiation
facility until they were safe for shipping. On receiving the
sensors at Purdue leakage current were measured at -
10°C. Expected leakage at 20°C was calculated by using the
formula

I(T) = I(T,) * [T/To] 2* exp[ - E/2kg * (LT - 1/T,)]  with E=1.2 eV
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Leakage Current Damage Constant

 Radiation induced increase
of leakage current
Al = on-V-(IJeq x(10min, 30°C) = (1.47 +- 0.02) x 10" Afem

* Value of a after 10 minute _ P
annealing at 80°C is
(1.47 £ 0.02) x 107 Alcm

* Average value of o from
other experiments after 80
minute annealing at 60°C is h
(3.99 + 0.03) x 1017 Alcm ® g lem]

Note: AN reaches it minima after 10 minute at 80°C.
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Time Evolution of o

e The annealing of a can 2::
be described by: 18107
£ 16107
a(t) =o,.exp(-t/t) + a, -B.In(t/ty) < 14107
41.210"
« Even after 6 years of annealing 1107
at room temperature o doesn’t 8107
reach any saturation value B — 5w iy
Time (min)
T, o T Uo B I
[0C] [10-18 A/cm] [min] [10-17 [10-18 [min]
Alcm] Alcm]
70 2.36x0.47 |58.26+13.44 | 1.82+0.05 | 1.34+0.07 1
80 2.19+0.42 | 39.64+6.33 | 1.57+0.03 | 1.26+0.06




Time Evolution Model of AN

Neff = NeffO — Ndamage (¢’t’T)
Ngamage (46, T) = Ne(4) + Na(41,T) + Ny(41,T)

No(#) = Neo (1-exp(-c)) + g 4
for proton damage N, = N,

Na(¢’t’T) = ga¢ exp('kaot exp('Eaa/kBT))

Ny(T) = gy@ (1-1/(1+Kyot exp(-E,y/kgT)))

E..=109eV
E.,=133eV
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Annealing at 70°C

5.510"

* Measurements were done at thermally
controlled probe station. Sensors were 5 10
placed on thermal chuck. The chamber was
kept dry by flowing dry air.
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e |t takes about 5 minutes to reach the desired
temperature.

15
8 B8

10 100 1000  10° 10° 1-::"0
Time at 70°C (s)

e Temperature varies less than 0.1 °C once it

reaches the desired value. 6 10" W -

5.5 10" 140

» Error in measuring depletion voltage is £10V 5 10" 120
« Error in determining exact initial time at 70°C  2* , ., S

Is £100s which is equivalent to about 15
hours at room temperature.

3.5 10"

388823

310"
10 100 1000 10" 10° 10

Time at 70°C (s)

D. Bortoletto 6th RD50 workshop 9



Results from Annealing at 70°C

D. Bortoletto

Fluence (ng,/cm?)

W3D41
1x1014

WT7P4
1x1014

N, {#} [cm~]

(2.91+0.18)x1012

(3.12+0.27)x1012

Ja [cm™]

(0.86+4.82)x103

(4.68+3.79)x103

I(ao [S_l]

(1.11+12.6)x1013

(0.39+0.63)x1013

dy [cm]

(2.59+0.24)x 102

(3.02+0.28)x 102

Kyo [$)

(5.09+2.38)x1014

(4.04+2.09)x1014
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Annealing at 80°C
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Results from Annealing at 80°C

Fluence(ng,/cm?)

W14P13
1x1014

W7D41
5x1014

W4D44
5x1014

W4D46
6x1014

N. {} [cm~]

(2.75+1.16)x1012

(3.69+2.47)x1012

(3.6627.17)x1012

(3.63%6.35)x 1012

da [cm]

(8.18+11.4)x10°3

(5.48+4.97)x10°3

(6.08+14.1)x103

(2.76+10.7)x103

kaO [S-l]

(0.1620.18)x1013

(0.79+1.52)x1013

(0.91+4.65)x1013

(1.01+11.5)x1013

dy [cm]

(2.64%2.06)x1072

(3.1243.11)x10%2

(4.56+19.2)x10°2

(4.07+14.2)x102

Kyo [S)

(3.56+11.2)x1014

(5.22+11.7)x1014

(5.09+37.2)x1014

(5.09+30.7)x 1014

-~
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Annealing

at 63°C
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Results from Annealing at 63°C

Fluence(ng,/cm?)

WA4D42
1x1014

WT7P16
1x1014

W14P16
6x1014

N, {¢} [cm™]

(2.98+0.50)x1012

(3.10+0.31)x1012

(4.36+0.18)x1012

Ja [cm™]

(7.86+4.36)x103

(3.03+4.15)x103

(0.97+6.59)x10°3

Kao [S71]

(0.17+0.14)x1013

(0.49+1.41)x1013

(3.74+11.1)x1013

gy [cm]

(3.07+0.42)x102

(2.94+0.62)x 102

(1.27+0.47)x102

Kyo [S)

(3.59+2.88)x 1014

(4.00%3.25)x1014

(8.2625.44)x1014
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Extracting N, and g, from N.(¢)

Standard Sensors

Nc(¢) = Nco (1-eXp(-C¢)) + gc¢

 Due to unavailability of data at

low fluence it is not possible to fit s N =280k 10™ on
N.(¢#) data and get a reliable value =210 g, =226 x10° o
of c. Fortunately N, xC has a 110"
constant value independent of
initial concentration and material °% 210" 410"  e10" g0
. . -2
and it is (10.9£0.08) x 102 cm-1. GuSecellcmis)
5 10" Oxygenated Sensors

 For oxygenated sensors

c = (3.62+0.48) x 1014 cm? 4107
< 310"

 For standard sensors 5 N <200 10% c®

= + -14 2 2 210" G

c =(3.88+0.54) x 1014 cm z g_=1.34x10° cm’
110"

0 I i
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Annealing Constants

Purdue Oxy

Purdue Std

RD48 Oxy

RDA48 Std

N effO/ N Co

0.96%0.08

1.00+0.12

1

1

c (10-*cm?)

3.62+0.48

3.88+0.54

d. (103cm-)

1.34+0.17

2.26x0.44

g, (103cm-1)

4.62+9.41

4.07+6.77

kaO (10135_1)

0.17/+8.86

0.19+5.08

dy (102cm-Y)

2.71+11.9

2.62+1.71

Kyo (10%4s)

4.48+24.2

4.43+7.83
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LHC Scenario

period days T [°C] phi_n_eq [cm-2] phi_p_eq [cm-2]
1 100 -7 5.22E+13 2.96E+14
2 30 20
3 100 -7
4 135 -7
sum: 365 5.22E+13 2.96E+14

Projected depletion voltage is calculated year lumi (1e34)
using this scenario at LHC. Damage due to
neutron irradiation has not been taken into 1 25.00%
account. Depletion voltage has been
calculated for a sensor of 270um thickness 2 50.00%

and with an initial depletion voltage of 85V.
Projected depletion voltage will increase by 3 75.00%
15-20% if neutron damage is taken into
account. 4 onwards 100.00%
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Predicted Depletion Voltage
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Conclusion

« Several parameters that control the long term behavior of
irradiated silicon are significantly smaller for SINTEF
sensors than RD48 even if oxygenated.

Jc, for oxygenated SINTEF is smaller than for standard
Sintef sensors

Oxygenation improves radiation hardness, but a
processing has also a large impact on the radiation
hardness
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