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Introduction W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
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= Comparison of effective doping conc. with fluence

= Summary
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Introduction W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary

Introduction

Why use HV-CMOS in particle physics

Four HV-CMOS pixels - I. Peric expe riments?

= Need for low-cost, large area detectors

a2 Produced in commercially available CMOS
technologies

= Need for lower material budget
2 Read-out electronics embedded in sensing
chip
a2 No bump-bonding required (hybrids)
= Need for high radiation tolerance

a2 HV-CMOS can be biased to high voltage for
fast charge collection via drift

Direction

Indium Bumps
Typical

Example of a hybrid detector
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Introduction - W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary

MuPix8/ATLASPix1

= General design features

4 1 Engineering run in ams AG 180
nm HV-CMOS technology

) Fabricated in multiple substrate
resistivities 20 Q-cm, 50-100
Q-cm, 100400 Q-cm

) Shared submission between

1mm

I
14

99 pm

I. Peric, 12" Trento Workshop (2017)

<
<

375 pm \\ R Mu3e and ATLAS experiments
Vi = E-TCT test structure
2 ) 3 x 3 matrix
SP -1 Passive pixels
CP DPTUB cP| | C Pixels are 125 um x 33 um
=
DNTUB DNTUB ZS_ DNTUB §
p-substrate ams AG 0.18 pm HV-CMOS i
125 pm

4 I
< 14

(top-left) MuPix8/ATLASPix1 shared submission (top-right) Liverpool contribution (middle-right) 3x3 test
structure (bottom) Cross-section diagram of central pixel (not to scale)
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Introduction W1 (50-100 Q-cm) W2 (100400 Q-cm) Summary

MuPix8/ATLASPix1 two sample types

Wafer 1 (W1) pixel cross-section:

Vv Von Von Vi
Y Y i
— — = 50-100 Q-cm rate resistivit
o | el . g " 307100 Qrom substrate resistivity
SP SNTUB SPTUB SNTUB SNTUB SP - TOpSide biased
DP DPTUB DP £ -
DNTUB DNTUB DNTUB § = Thinned to 300 um
= Measured fluences 1el4 < @, < 1e16 n,,cm™
p-substrate (p =50 — 100 Q-cm) ams AG 0.18 pym HV-CMOS 3
Wafer 2 (W2) pixel cross section:
Von Von
Y Y = 100-400 Q-cm substrate resistivity
T T - e mlTTE 7 . nni
SP SNTUB SPTUB SNTUB SNTUB SP Wafer thlnnlng at OPTIM (300 um)
DP DPTUB ol | g = Backside processing at IBS
DNTUB DNTUB DNTUB 8 D p+ imp|antati0n
p-substrate (p = 100 - 400 Q-cm) ams AG 0.18 pm HV-CMOS ) backside metalisation
I § = Measured fluences 0 < ®,, < 1el6 n,cm

&4 UNIVERSITY OF

&/ LIVERPOOL

E-TCT characterisation of neutron irradiated 180 nm HV-CMOS pixel test structures

Matthew Franks — 16th (Virtual) "Trento" Workshop — 16th February 2021 — Slide 5




Introduction

W1 (50-100 Q-cm)

MuPix8/ATLASPix1 W1 |-V measurements

LeaEage current Ileak [UA]
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MuPix8/ATLASPix1 (p = 50100 Q-cm)

D, [neq-cm'z]
—2e14
—5e14
— 1e15
— 2e15
oe15
— 1e16

O—

20 40 60 80 100 120 140
Reverse substrate bias voltage V_  [V]
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W2 (100-400 Q-cm)

Summary

= Samples irradiated with neutrons at
TRIGA reactor (Jozef Stefan Institute)

2 1-10* - 1-10* n ,-cm™

= |eakage current increases with
fluence (some variation)

= Breakdown voltage increased for
higher fluence samples
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Introduction

MuPix8/ATLASPix1 W2 |-V measurements

W1 (50-100 Q-cm)

W2 (100-400 Q-cm) Summary

B 10 — | | | | | | | | | | . o .
< E | E = Samples irradiated with neutrons at
Té c & TRIGA reactor (Jozef Stefan Institute)
= A E 0 1:10% - 1-10% n,,-cm?
- = =
& F = = Leakage current increases with
S 10 — . .
) = = fluence (some variation)
(0] [ -
& il ~ = Breakdown voltage increased for
T e E higher fluence samples
2 F .
IO = cI)eq [neq-cm'z] —
.C — 1e14 .
) — 214 S
= — 5e14 =
10°° &= 5e15 —
— MuPix8/ATLASPix1 (p =100-400 Qcm) — 1e16 .
10—6 I | | | | | | | | | | | | | | | | | | | | | | | | | | | I |
0 20 40 60 80 100 120 140

Reverse substrate bias voltage V_ [V]
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E-TCT W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
E-TCT experimental setup

Peltier controller = Particulars Scanning TCT system

Optical fiber & focussing system = Measurement parameters

- sample o Collimated, pulsed, infrared
T A = 1064 nm laser
gp a2 Beam diameter = 10 um
i = Sample connection scheme
2 Sensing DNTUB = GND
o P-type substrate = -HV
® <€— y-stage —>
x-stage
A TR © © Laser o ehP s Y
eestarent | T
amplifier 00 00O @) c 1 H DPTUB H
Detector High Voltage 2 DNTUB DNTUB DNTUB
]| é p-substrate (p = 50 - 100 Q-cm) ams AG 0.18 pm HV-CMOS
0 : I
E Laser Driver N T > ® laser direction (y-direction)
DRS4
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E-TCT W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
Edge-TCT measurements x focus finding

5000
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= Fixed parameters
o Substrate bias voltage Vg,
o Optics to sample distance y

: I B B N B
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= Waveform recorded and integrated at each position
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E-TCT W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
Knife-edge measurement - y focus finding

5000

'E 20000 . )
e MuPix8/ATLASPix1 (p = 50-100 Q-cm)

Do =210" nocm?, V= -60V

N
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4000

Charge Q [arb. units]

300 uym
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F N
y

= Fixed parameters
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a Su bstrate bias VOItage Vsub 25000 ---------------------- —y =28200 um
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5
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= Waveform recorded and integrated at each position

1000
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= Error function fit to each y
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E-TCT W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
Knife-edge measurement - y focus finding

Ezoooo 5000
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= Assuming gaussian beam:

T T T T
MuPix8/ATLASPix1 (p = 50-100 Q-cm) ]

_ P 5 N ® Data 7
@, =210 nom=, V= -60 V —Fit
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E-TCT W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary
Edge-TCT measurements

| - G
m Zn B MuPix8/ATLASPix1 (p = 50-100 Q-cm) s s
} 1 A D, =210" n cm? £
| / / / S 14 —4000 oy
scanning direction S o
I £ g 2 2
N | § g 26 13000 O
c l « % 32
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o Sample width x L e e :
S, C 1S =}
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. . . © £ —u40 ]
= Stepsizeluminz, 2Vin Vg - :
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MuPix8/ATLASPix1 W1 W (V

W1 (50-100 Q-cm)

W2 (100-400 Q-cm) Summary

) measurements

sub
"é‘ 50_| | I | | I | | | | | l | | | I | I | I ] 28 ~
S F D [NegM? - Fits: Wy =Wp + \/ 210 . Vb
o . 0 qNeff
= | —e— 2e14 g e
— | B |
8’ * - 1ets - Free parameters:
© —e— 2e15 _
e i 55 A Wp, = Parameter to describe
-% | —e— 116 4 collected charge measured at
= 30 C __ Vsup = OV
8 = = Ness = Effective doping concentration
20— —]
i = Constants:
B g & = Permittivity of free space
— ] Egj = Relative permittivity of silicon
10—, N e = Elementary charge
E MuPix8/ATLASPix1 (p = 50-100 Q.cm) -
O _l | | | | | | | I | | | l | | | | | | | | | i

60

80

100

Reverse substrate bias voltage V_, [V]
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Introduction e W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary

MuPix8/ATLASPix1 W1 N «(®,,)
c,,l'g' T 1 T T T T T 1 1 T [ 1 | T T T Neff(q)eq) — Neffo _ Nc(l _ e—CCDeq) 4 gcheq
O
~ 10 —]
= - Free parameters:
_'% _ Negf, = Effective doping concentration
= N at @eq =0
g | N, = Concentration of acceptors that
o have been removed
o
&5 c= Acceptor removal constant
< gc= Stable damage introduction rate
Q.
o
T 1= _|
) [ _
= E |
+ = = wi
g — —
LL] = = Neffo [10¥% cm3] 8.02+3.15
N.[10%cm?3]  9.55+2.45
MuPix8/ATLASPix1 (p = 50-100 Q-cm) c[10%cm?]  0.13£0.05
—1 1 1 1 | 1 ] ] | ] 1 1 | 1 1 1 | 1 1 1 | ] ] ] | 1
Wi 20 20 60 80 100 120 gelem™]  0.08£0.02

Neutron eq. fluence @, [10'* n,,cm?]
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Introduction W1 (50-100 Q-cm) W2 (100-400 Q-cm)

MuPix8/ATLASPix1 W2 W(V, )

— 70
SrMrT T & | L L &7 [ &L E0F[&TE] L E L -
= [ MuPix8/ATLASPix1 (p=100-400 Qcm) @ lncm? J  Fitss | Wp = Wp, + \/ 0 Vo
< 60— =D = qN eff
%_ = —1e14 ]
D $ -o-2e14 ks Free parameters:
p = -o-5e14 5 Wp, = Parameter to describe
% - 5e15 ] collected charge measured at
?)’ 40— -o- 116 ] Vsup = 0V
Q B . Ness = Effective doping concentration
30— =
20— b —
L Prelimi = Wafer [1012{??%_3] p [Q-cm] Nc[)(r;lcr:s; P
reliminary -
s 4 4 T T T e w1 8.02 +3.15 16.8£6.6 50-100
0 20 40 60 80 100 120 140

w2 0.79+0.05 168.3+11.7 100-400

Reverse substrate bias voltage V_  [V]
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Introduction

MuPix8/ATLASPix1 W2 N (D

W1 (50-100 Q-cm)

eq)

W2 (100-400 0-cm)

—
o

[10" em™]

eff

Effective doping conc. N

Preliminary

MuPix8/ATLASPix1 (p = 100400 Q2-cm)

Neff(q)eq) = Neffo - Nc(l - e—cCDeq) + gccbeq

107"

40 60 80 100
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120
Neutron eq. fluence @, [1014 neq-cm'z]

Free parameters:

Negs, = Effective doping concentration
at @eq =0
N, = Concentration of acceptors that
have been removed
c= Acceptor removal constant
gc= Stable damage introduction rate
W2

Neffo [1014 cm‘3] 0.90 £0.04
N.[10%cm3]  0.82+0.06
¢ [101% cm?] 0.54 +0.07

gc [em?] 0.06 £ 0.01
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Introduction W1 (50-100 Q-cm)

MuPix8/ATLASPix1 e-TCT measurements

)
o

ams AG e-TCT

MuPix8/ATLASPix1(aH18)
p =50-100 Qcm
MuPix8/ATLASPix1(aH18)
p = 100400 Q-cm
H35DEMO (aH35)

p = 600-2000 Q-cm

Effective doping conc. N_ [10™ cm]
2

W2 (100-400 Q-cm) Summary
w1 W2 H35DEMO
Nominal o) 154 100—400 600—2000
p [Q-cm]
p[Q-cm]  16.8+6.6 1683+11.7 2212 +35
Nege
0 8.02+3.15 0.90 +0.04 0.060 + 0.001
[10% cm™3]
Ne 9.55+2.45 (.82 +0.06 -
[10% cm™3] e e
C
+ + -
(0% cmy 0138005 054007
gelem?]  0.08+0.02 0.06 +0.01 0.022 + 0.001

10—2 | | | | | | | | | | | | | | | | | | | | I | |
0 50 100 150 200

Neutron eq. fluence @, [10™ n ,.cm?]
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Introduction W1 (50-100 Q-cm) W2 (100-400 Q-cm) Summary

Summary

Aim: Study the radiation tolerance of ams AG aH18 technology

= MuPix8/ATLASPix1 W1 (50-100 Q-cm), topside biased
o Irradiated with neutrons at TRIGA (1el14 < Qeqg < 1el6 neq-cm'z)
o |-V & E-TCT measurements
o Calculated resistivity was lower than the nominal values

= MuPix8/ATLASPix1 W2 (100-400 Q-cm), backside biased
o Backside processed wafer
o Irradiated with neutrons at TRIGA (0 < ®eq < 1el16 neq-cm'z)
o -V & E-TCT measurements

o Calculated resistivity was within tolerances
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