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Samples m S

Chips from wafer 19: 600-2000 Ohm-cm

Resistivity |Wafer [|Wafers |Number

[QA-cm] numbers|cut of cut chips
std 1-6 1,2 94
50-100 7-12 7,8 97 — /
200-300 | 13-18 | 13,14 94 —
600-2000 | 19-24 | 19, 20 95 -

Neutron fluences Oel4, 1el14, 3el4, 5e14, 1e15, 2e15 neqg/cm?2
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W19 I-V curves

|-\ curves
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E-TCT Charge collection profiles W19 i
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. Large charge collection width (up to 120 um)

. High resistivity material = Charge collection width falling monotonously with
irradiation (acceptor removal fast)

. Unirradiated sample cannot be biased (breakdown at 18 V — 2 samples)
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Depletion depth W19 i

Width of charge collection region at 30% max

m)

5 120 :_Pre||m|nary| ...... ............................ .................... ........ .- -' ........
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L L1
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2
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2¢g¢, Vv

Width(V,...)=w, +
(Vblas) 0 eONeﬁ

bias . Sqgrt functions falling monotonously with
fluence
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Neff vs. fluence

. Points still need verification, very preliminary, not correct!

—~ Nogvs. fluence
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Neff vs. fluence

Flt Neff = NeffO T Nc ’ (1_exp(_c '(Deq)) + gc '(Deq

Y \
acceptor removal Radiation introduced deep acceptors
2

510 =

£ E

Q - CHESS 209Ocm HV2FEI4 10 Qcm XFab 100 Qcm
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Sr90 charge e
g I
@
Width of charge collection region at 30% max
e
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. TCT 1el14: depletion zone 120 um at 100V
. We still collect less charge than expected (f.e. meas. 7000 e vs. 12000 e expected)

. Investigate with top TCT ?
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Sr90 spectra W19 3
@
Spectrum
Entries 2499
7] _ Mean  0.02333
-2150_— RMS  0.01654
— -
u‘ —
140
= 1e14 100V
1201 — Noise
100
80—
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40—

C Spectrum = t?meumz -
20— @ Mean  0.0001251
$: I L 3 . I . - o "2140__ RMS 0.009369
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100:_ — Noise

* Relatively good separation between 8ol — Signal
signal and noise -
* No peak around 0 in signal spectrum SoF
- misalignment does not seem to be 40
the main factor for smaller charge 201

:....I. | .
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Sr90 Comparison for different substrates
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o
Top TCT m e

. Charge from Sr90 measurements systematically only 60 % of that expected for the
depletion depth measured by E-TCT

. Top TCT with IR light (abs. depth 1 mm) gives a similar picture as Sr90 measurements

CCE atVbias= 90V
W19 5el14
Big array for Sr90
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W1 (20 Ohm cm) - flash

Mean (el)

Bojan Hiti (1JS)

4000
3500 20 Ocm, mean charge (25 ns) Prellmlnary!
3000
/’
2500
/1/
2000 ;—1;//.—/.
1500 W1, not irr
1 -=-CHESS1
1000
500
0
0 20 40 60 80 100 120 140
Bias (V)
Resistivity [Wafer [|Wafers |Number
[Q-cm] numbers|cut of cut chips
std 16 | 1,2 94 4mmm———
50-100 7-12 7,8 97
200-300 13-18 13, 14 94
600-2000 | 19-24 19, 20 95
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b

S
i 41 ®

Summary m %
o

Additional series of CHESS2 chips measured with E-TCT and Sr90: 50, 200, 2000 Ohm
cm

No data for unirradiated chips (cannot bias above 18 V)

E-TCT:
. Depletion depth reduces with irradiation (as expected)

Sro0
. Charge is lower than expected from E-TCT
. Consistency between 3 different substrate resistivities

. Top TCT indicates some non-uniformity in the charge collection across the array, might be
the source of lower charge

One more wafer (standard resistivity) to measure in this study
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Charge profiles W7, W13 B e e
@
* Edge-TCT charge collection profile across central pixel
W7 (50 Q-cm) W13 (200 €2-cm)
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* increase of width with fluence up to 1e15

Bojan Hiti (1JS)

CHESS 2 passive structures

*not much change of profile width with fluence
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REMINDER Depletion depth W7, W13 X
* width of charge collection profile vs. bias
W7 (50 Q-cm) W13 (200 Q2-cm)
Width of charge collection region at 40% max
N £ 3
% .t Prelimipary . —"" T = E
® 70F i © Y E
S 60 Bl s E =T -
BO\ - % . /‘fﬂr/"-’_ o o~ f
< 502 - /r-”'r g 3
® 400 /{;‘;ﬁ 'F’,,H_.,r*'*” AT ‘Es’ et |
E 303 ............ r-"""’r - — =0 | E *$::::::::: _;
. —— @ = 1e14 neq cm —— & = 1e15 neq cm” 3
20 @ =3e14 neqom 2 | —— & =2015neqem? [
F —— & = 5e14 neq cm 3
10: —-—<D=1e15neqcm'2 .......... - :
- —-—|<I>I=?e1l5r?eqlcn7'zl . = L L L L L E
%o ""20 a0 60 80 100 120 O "20 a0 60 80 100 120
Bias voltage (V) Bias voltage (V)
Fit- : 2¢g¢,
It' Wldth (Vbias) = WO + Vbias
e0 eff
Atd=0
* W7: Nj=23eldcm = 56 Q-cm
* W13: N = 6.6€13 cm3 = 200 Q-cm
- Good fit, good agreement with nominal resistivity
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REMINDER Sr90 W7, W13 - S

Mean (el)

W7 (50 Q-cm) W13 (200 Q2-cm)
5000 ; : : - 5000
' : —-w7 notirrad.
4500 < 50Qcm, mean charge(25ns) | e T 4500 200 Qcm, mean charge (25 ns)
: -+w7, 3eld : -=-\W13, not irrad.
4000 | | | ' “° 1 Preliminary!
1 H | | 7, 5el4 | .
Prellmlnary! ! | W/, 98 : Yy -wi3 leld
3500 ; : -o-w7, 1lel5 3500 ; e-w13 3614
3000 i 000 e |——w13 5014
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2500 & 2500
: 5 ; s -=-w13 2e15
4
1500 1500
1000 - 1000 -
500 500 i
B
0 T T T T T 0 ! ! !
0 20 40 60 20 100 120 140 0 20 40 60 . 80 100 120 140
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* large drop of collected charge (delta = 1300 el) after first irradiation step to 1e14 n/cm?2
=» reduced contribution from diffusion
* TCT measurements indicate depleted region > 50 um
* Expect > 5000 el. from drift
e Measure 2000 el.
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R L 1
IV-curves wafer 13 1 3:.
|-V curves
~ 35
< -
2 [ |ewo=0
3:_ —— & = 1814
|-+ &=3el14
2'5:_ —— & = 514
22_ —— @ =1e15
- |+ ®=2e15
15
1=
0.5
0 20 40 60 80 100 120

Vhiag (V)

No IV curves for wafer 7 due to a bug, but 0Oel4, 1e14, 1e15, 2e15 OK up to 120V
5e14 upto 110V, 3el4d at least upto 90V
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HV Contact region

High field gradient region
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Remote HV Contact region

Here, don’t
connect the Nwell
leave them floating
or connect to HV to
prevent breakdown
in this region.

HV Contact region left floating Lower graident region
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High resistivity wafers -

. After suggestion from Santa Cruz tried biasing the substrate from other pads:
. a&d > breakdown at 18 V

- a&b = breakdown at 18 V Planning also to measure IV of
. c&d > breakdown at1V irradiated devices on probe
. cC&b = breakdown at 1V station to see if there is

improvement after irradiation

a — LPA nwells

b — LPA substrate
c — Large Pad
nwells

d — Large Pad
substrate

Bojan Hiti (1JS) CHESS 2 passive structures 6. 12. 2016 21



Profiles W19 1e14

charge (arb.)

charge (arb.)

charge (arb.)

350
300
250
200
150
100
50
0

400
350
300
250
200
150
100

50

400
350
300
250
200
150
100

50

1 1
0 50 100 150

0 50 100

0 50 100

CCE at V bias = 120 V

¥

]

1
200 250
y (nm)

CCE at V bias = 60 V

150 200 250
y (um)

CCEatVbias= 0V

150 200 250
y (m)

Bojan Hiti (1JS)

charge (arb.)

charge (arb.)

CCE at V bias = 105V

350
300
250
200
150
100
o [

0 1

1 1
0 50 100 150

|

1
200

250
Y (nm)
CCE at V bias = 45V
400F
350}
300
2501
2001
1501
100 I‘,JJJLLL
50
O_DI_—JJ 1 1 H“Tw
0 50 100 150 200 250
y (1m)

charge (arb.)

charge (arb.)

CCE atV bias = 90V

350
300
250
2001
150~
100

0 1 1 | |
0 50 100 150 200 250
y (km)

1o SCEatVbias = 30V

350
300
250
200
150~
100~

50k
Ober

0 50 100

Y

]
150 200 250
y (um)

CHESS 2 passive structures

charge (arb.)

charge (arb.)

6. 12. 2016

35
30
25
20
15
10

5

400

35
30
25
20
15
10

5

CCEatVbias= 75V

0_
0_
0_

e A ——

1 1
0 50 100 150 200 250
y (nm)

CCE at V bias = 15V

0_
0_
0_
0
0_
0_
o
D-“-'-‘-'_.J-ll :-L“""L-"‘T--"‘--—\-I—-HILI'L
0 50 100 150 200 250

y (um)

22



Profiles W19 3el14

charge (arb.)

charge (arb.)

charge (arb.)

CCE at V bias = 120 V

500}
400+
300}
200k
1001 HLH
oF
-100
200 400
y (Hm)
CCE atV bias = 60V
500}
400+
300}
200+
100k
0 -——'_'JJ | LLL‘I-';LIT—'J_LL
] 100 200 300 400
y (nm)
CCEatVbias= 0V
500}
400k
300}
200+
100k
0 -_._‘_'_'J 1 1 1
0 100 200 300 400
y (m)

Bojan Hiti (1JS)

charge (arb.)

charge (arb.)

500
400
300
2001
100~

0

500
400
300
200
100

0100

CCE at V bias = 105V

200 400
y (um)

CCE at V bias = 45V

N

200 300 400
y (um)

charge (arb.)

charge (arb.)

CCE atV bias = 90V

500+
400
300
200
- J‘J LI"'L-\\,_L,,___I"--\
0
200 400
Y (um)
CCE at V bias = 30V
500
4001
300+
200
100
Ii] __,_IJ | L"l__l‘—._.-._.l.\_,-—._,-
0 100 200 300 400
y (pm)

CHESS 2 passive structures

CCEatVbias= 75V

s 500F
m
© 400f
2
2 300f
Q
200
100F iji
0
200 400
v(um)
CCEatVbias= 15V
§ 5001
m
o 400f
2
S 300
Q
2001
100
Dz,_._nJJ | L“"L._._-—:_._-—._,_._._;.-—._‘_,_rl_._
0 100 200 300 400
y (m)
6. 12. 2016 23



Profiles W19 5e14
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Profiles W19 1el15
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Profiles W19 2el15
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