Update on boron removal effect in silicon sensors
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Particle or Gamma-ray (Compton effect 1MeV electron) Previous work (presentEd on RD50 WOI’kShOp):
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S ,* 23GeV Protons (4.3 x 10% neq/cmz, N_. = 10%~10% cm* — Doping dependent):
° ° Yacancz ° ° ° E Comparing the decreases of N_. with defect formation;
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0 , "g Current related damage parameter o (Hamburg model, cluster related defect);
is, I e Annealing behavior
° ° ® >l () ° ® we | * 6 MeV electrons (10©~10%* n_/cm? — Fluence dependent, N_, = 10** cm?):
: © N_., o and annealing behavior comparing with proton irradiation;
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o o .B O+. . L L & Comparing the Cz ([C] = 2 x 10** cm™®) and EPI ([C] = 3 x 10*® cm) diodes
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.@Ciof The observed results from both literature and our works(depend on initial doping,
° ° ° ° ° ° ° type of radiation and fluence):
Conduction
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Schematic of radiation damage in p-type silicon sensor P = I(VZO&-O.SS) 2]
Half of band gap ----==-==-sememmemmmm e
I: Lattice Silicon atom (Si,) was knocked out by incident particle and Si_ got recoil
energy and turns to interstitial silicon (Si) CO™(EH035) 1T {140k+o (E.+0.11) [4]
II: Si, diffusion in the bulk and impact on Lattice Boron atom (B,) Valence —"

lI: B, was knocked out Si; and turns to interstitial Boron (B)) and finally captured by

interstitial Oxygen (O)
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“The radiation damage induced defect in p-type silicon, B.O, is investigated”
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Sample information

HIGH-E)

Details of samples investigated (high resistivity ~3 k€2cm p-type FZ material from Hamamatsu)

Initial doping, bulk (cm™) ~3.5 X 10"
9Co-y irradiation (kGy) 100(94£0.96) 200(189%3.9) 1000(924+27) 2000(1860%56)
Area (cm?) 0.25
Thickness (um) 150

Aims:
 Investigate B,O, defect
* Other induced defects
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[ P* implantation (~10"cm?)
n* implantation

N Metal

. SiO,

o

Pad Guard ring
p-spray
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Current density given by I-V and C-V (100
kHz for p-stop diodes)
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20

« Forward bias filling, filling current I, = 0.8 mA, filling temperature at T
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Development of B,O, concentration and N_. with dose value (a), annealing temperature (b) and NIEL fluence transferred by 6 MeV electron (c)
The decrease of N_. given by CV measurement

ANeff = 2xA[B.O] (for all figure presented in this slide)
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« B0, decreasing from 160°C, and disappeared at 200°C,
< [2] increasing from 160°C to 200°C, decreasing from 240°C to 300°C
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Unexpected results (2000 kGy)

[-V measurement (15min_150C)

CV (15min_150C)
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Some unexpected results happened on |-V and C-V measurements. The stander

results should similar as presented on slide 4 and 11
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Surface damage due to lonizing Energy Loss (IEL):

Oxide trapped charge — SiO, captured the ionizing electrons or hole
Fixed oxide charge — E’ center

Interface traps in the region near to SiO,

Y-ray Deposited positive charges on the SiO,

[ YIVIVIY
ALA LA LA d

As the accumulation of positive charges on the SiO,, The
resistivity between guard-ring and pad are changed.

A A « Frequency dependent C-V

* Current goes to guard-ring

4>

e m—Aluminem
p type bulk (Boron doping, 10"~10" cm™)
mmm p° (Boron doping B, ~ 5 x 10" cm?)
+ 1 + 21 -3
Induced the free electron on the interface s o (Phosphorus doping P.', ~ 1 x 107 em?)
pmm p* (Boron implantation, P-stop or P-spray ~ 10'' cm?)
fw n* (Phosphorus implantation, guard ring)
B Sio

2
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pad and GR (1000 kGy)
1.5E-04
o ' —— back_10v /
Electrometer 1.0E-04 —— back_50v
Keithly 6517A '
° 5.0E-05 /
= 0.0E+00
(&)
-5.0E-05 /,
-1.0E-04
, d
-1.5E-04 v v v v v v
-1.5 -1 0.5 0 0.5 1 1.5
& Bias (V)
The definition of conductance(o): o=dI/dV
Reverse bias on the back In semiconductor, o was determined by: o=gq,(u.n+u,p)

Where the n and p are the free charge carriers concentration
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Measurement results

HIGH
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* Conductance increasing with Dose values
* Frequency depends on the conductance
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Annealing behaviors
(p-stop, 100 kGy, 15 min foreach T__)

HIGH
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When T__ > 170°C, frequency dependent disappeared.
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I. Results for FZ p-type diodes irradiated by %°Co y with dose value (100 kGy, 200 kGy, 1000 kGy and 2000 kGy):
a). Macroscopic measurement (I-V, C-V):

« J,linear increasing with dose value

* Frequency-dependent of C-V didn’t appear on p-spray diodes
b). Microscopic measurement (TSC):

* Introduction rate of defect increases with dose

» ANeff=2xA[BO]

« B0, was annealing out from 150 to 200°C. Meanwhile V,0 was formed.

Il. Surface current:

Surface current increasing with Dose value
For 1000 kGy y-ray irradiated diode, surface current can be annealing out when T_ > 160°C

05/09/22
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