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Segmented n-on-p sensors: Challenges i

TUTEOF
HYSICS .

-

QO Positive oxide charge — need for isolation implantations — requires more:
= Mask levels (=price)

= High temperature processing steps

O Finer granularity increases local electric fields — lower breakdown voltage

0 More implants mean higher capacitances
(=noise, lower rise time of signal)
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ALD for radiation hard detectors ."N%LTS."&@

0 Atomic Layer Deposition (ALD)
»= provides many potentially interesting material systems, e.g. high € materials
HfO,, ZrO, etc.
= With ALD one can tailor amount and type of oxide charge
= ALD is pinhole free deposition — practically stress free
= ALD is applicable on large surfaces
= ALD is low temperature process, typically ~300° C
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ALD grown Al,O;: Electrical passivation

15
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- Studied by pPCD method

- Thermally dry oxidized wafer ; - —Thermally oxidized SiO,

with very high bulk lifetime 0
- Assumption:Si0O, passivation S
E
reduces S,— 0 3
- ALD deposition of Al,O, 5
- Subsequent annealing at 370°C .‘
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Non-irradiated strip
Sensors
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Simulation structures & parameters |
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O 200 pm thick n-on-p (V=30 V) 3-strip structure @ T=293 K
O Pitch=55 pym, implant width=30 pm, MO=3 um, DC-coupled

O Double p-stop: width=2 um, depth=1.5 um, spacing=4 um, N, = 5e16 cm=

O p-spray: depth=1.0 um, N,=1e16 cm

O No isolation structures: SiO, & Al,O; (alumina) passivation layers with opposite sign
interface charge densities Q;
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Q;=(0.5-1)ell cm= R, & C;, L

Simulated R;,; & C;,; for typical values of Q;in non-irradiated sensor:

0 non-isolated: strips shorted

4 p-spray: strips isolated, highest C;; values

4 p-stop: strips isolated, low C;,

O 250 nm alumina: strips isolated, increased Q; — more holes at the accumulation layer —
higher C,

52 nm alumina: 4 orders lower R, higher voltage needed for geom. C, , |[—non-isol: 5e10 cm-2

——=non-isol: 1e11 cm-2
p-stop: 5e10 cm-2
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Rint [Ohm]
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E
INSTITUTE OF
PHYSICS .
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O 250 nm alumina: strips isolated, highest C,,, @ V <110 V
O 52 nm alumina: 4 orders lower R, higher voltage needed for low C,,, no initial peak in C,,

Thicker alumina layer — higher R
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P-stop vs thick alumina: essentially equal surface properties
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Breakdown voltage: p-stop vs alumina &

oFQ

T
HYSICS

-

Q p-stop: higher Q; — more acceptor levels at p-stops are compensated by
electrons — lower E-fields & higher V4 (also lower R;,,)
Q 250 nm alumina: higher Q; — more holes at accumulation layer — higher E-
fields & lower V,g; [Vigl > 1 kV @ highest Q; values for non-irradiated sensor

O 52 nm alumina: thinner layer results in ~300 V lower V,, for each Q;
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Irradiated MOS & strip
Sensors
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O Simulations of identical structure verify the observed behavior

-

MOS-structure: Measured & simulated Vy, @iive

Q y-irradiated MOS test structure with 40 nm thick Al,O4 layer
O Shift of V4, to higher forward bias voltage — accumulation of negative

oxide charge

Co60 gamma irradiated Al,O, capacitor.
Flat band voltage shift towards to right

40 nm alumina

300 pm p-type Si

O Modelled y-irradiation induced surface damage:

1 .
[ ] indicates accumulation of negative oxide increased Qs
X 10" C'hargel - | Q Q; with N;;: No effect to V4, affects only C offset
Measurement | 3e-10F Simulation
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MOS-structure: Extraction of Q; e
PHYSICS
O Simulation as an extension of measurement: find interface charge
density Q; corresponding to measured AV,
U Linear increase of AVy, with Q; — use slope & measured AV,
Simulation: C2vs AV Q; vs AV,
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U Resulting estimation of Q;: significant
accumulation of negative oxide charge
density at Al,O,/Si interface
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Strips @ ®=2e15 n,,cm=: LC o

T
HYSICS

oFQ

-

Q 3.88 cm*3.78 cm*298 pm n-on-p 3-strip structure, Al,O;: thickness=52 nm
U Pitch=80 um, implant width=10 ym, MO=2 um, AC-coupled

Q Defects: non-uniform 3-level model, ®=2e15 n,,cm? — V;=0.8-1 kV (model validated only up to ~1.5e15
NegCM2)

U Simulated & calculated LC normalized to T=-53.4° C by a(219.6 K) = 1.35e-20 A/cm

O Q; = 1.8e12 cm™: alumina: Simulation converges only when interface donor traps added (E,+0.6 eV)

} As in measured sensor

Q Alumina: CM affects the simulated LC (-4e10 cm™

max value for simulation @ 1.1 kV without N) Alumina: LC ratio of measured to simulated
25 . 1
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- - - Caleulated @ Vid 0.9 7| ——Qf=-4e10 cm-2 to observed LC for
20 Sim. alumina: Qf=-4e10 cm-2 ) . Y
Sim. alumina: Qf:Nl-t:_l_gelz cm-2 | | 0.8 — Qf=N|t=—l.8812 cm-2 ptermediate-V

—_ Sim. P-stop: Qf=1.8e12 cm-2 . i ° /
e R N
= 15 | ! | | | : L+ =06 -
] PR ] -~ by
% _____ [ I ____'____‘_-__4____| _____ PR K. % EO-S // 7 A
e [ / ?ln "
S . / T 03
= | / g8

5 Ll 1 0.2

\ —"]
. "'T,.A“" O
0 100 200 300 400 500 600 700 800 900 1000 1100 0 200 400 600 800 1000 1200
Voltage [-V] Voltage [-V]
3.12.2015 15

Timo Peltola - 27th RD50 workshop - December 2015



Strips @ P=2e15 neqcm'2: Simulated CV & C,., |

-
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U Corresponding CV to LC simulations on previous slide @ T=253 K
U P-stop CV-curve normalized to alumina curve due to higher Q; value — higher charge in sensor

O Q; = 1.8e12 cm: Alumina C,,, stays below p-stop values also at reduced N; (no convergence
below N, = 1.2e12 cm due to high E-fields)
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Strips @ ®=2e15 n,,cm<: Measured CCE

-

HYSICS

d ~300 pm thick n-on-p MCz-Si strip detector with ALD-grown Al, O insulator
Q Full charge recorded from the telescope’s non-irradiated reference planes ~40 ADC

SNR vs Voltage

CC vs Voltage @ T=253 K

oFQ

Timo Peltola - 27th RD50 workshop - December 2015
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Strips @ ®=2e15 n,,cm=: CCE & CCE(x) i

T
PHYSICS

oFQ

U Defect model: proton model at bulk, 3 level model at 2 ym from surface = ‘non-unif. 3-level model’
U Collected charge: average of CC from MIP injections at midgap & center of strip
0 Q;=1.8el2cm=2;

= p-spray: strips shorted — defect model not sufficient at high ® & Q;

= p-stop: strips isolated

= alumina: Simulation converges only when interface donor traps added (E,+0.6 eV)
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= > X
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Simulations predict very low position dependence of CCE in real sensor with
alumina insulator
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Summary e

O ALD-grown Al,O5 (alumina) field insulator for strip sensors:
= Low T process <400° C
= High negative oxide charge after sintering
= Strip sensors show comparable SNR with commercial detectors = good capacitive
coupling
= N-on-p detector made by simply one field insulator significantly reduces the
complexity & price of sensor processing

Measurement & TCAD simulation study:
U non-irradiated strip sensors:
= 52 nm alumina: R, ~500 MQ — good strip isolation, C,;, comparable to p-stop
values, V.4 > 1.5 kV for expected Q; values
Q y-irradiated MOS structure with 40 nm Al,Ox:
» Measurement & simulation results suggest significant accumulation of negative oxide
charge
Q Proton irradiated strip sensor with 52 nm alumina:
= High E-fields require implementation of N, to model measured V with realistic Q;
values — with N, very low C;
» High measured CCE at 1.1 kV possibly due to CM — simulations predict very low
position dependence of CCE in real sensor
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Back-up: Measured & simulated CCE(x) LT AP

HYSICS

-0

Test beam measurement: O Traps remove both interface & signal U Higher Q; — more traps filled
= Strips isolated electrons: better radiation induced — charge sharing between
» CCE loss between strips ~30% strip isolation — higher CCE loss strips increases — CCE loss
T4 L between strips decreases
s C = -2
.522:_ q)eq 14915 Cm 50 \-
“202MCz 200P, p=120 um, w=28 p s N\ CCE(x): Simulated vs measured
- Center of strip 20 \\'\\ PD.,=1.4e15 cm2
E =35
E _BS' L‘“‘-—-—-_'._
v N A D RN, T
QU
%% | - Q=(1.620.2)x1012 cm- N\
O 15
---Measurement: 30+-2% \ \..__
7’
u ) A 10 = —=—CCE loss(Qf) 5 strips, 273 K
~ Midgap —5 5 —=—CCE loss(Qf) 5 strips, 253 K
0HII‘HIllH\I|IIH|III\|IIII|IIII|I\II|II\I|IIH _0 0 ‘ I ‘ ‘
0 01 02 03 04 05 06 07 0.8 09 1 9.0E+11 1.1E+12 1.3E+12 1.5E+12 1.7E+12 1.9E+12 2.1E+12 2.3E+12
[T. M&enpaa, ~ Hit position in unit cell [strips] Flem-2
PoS(RD13)015, 2013] afl ] 0
Qi ion- Irradiati q Preliminary parametrization for @ = 3e14 — 1.4el15 cm™
n_terpret'atlpn._ rradiation produces non- Type of TS 0 o T
uniform distribution of shallow traps close to defect [eV] [cm? | [cm?] [cm3
surface — greater drift distance, higher Deep acceptor | E; -0.525 | le-14 |le-14[ 1.189*® +6.454el13
trapping of carriers Deep donor E, + 0.48 le-14 | 1le-14 5.598*® - 3.959e14
[T. Peltola, JINST 9 (2014) C12010] Shallow acceptor E. - 0.40 8e-15 |2e-14| 14.417*® + 3.168e16
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diated

non-irra

mi|<ed irradiated 1.5e15n,,/cm?

Backup: SIBT measured CCE loss between Strips s
Signal loss in-between strips (p=120um, w/p~0.23)

FTH200N_W24_MSSD_2_nonirrad 198.0V RE-p120-wp233 16539

Entries 2546

FTH200N

0
0 01 02 03 04 05 06 07 08 09

1

Hit position in unit cell [strips]

Median signal 13.54 ke swing 1.17 ke

FTH200P_08_MSSD_1_nonirrad -204.0V' R6-p120-wp233 r5803 FTH200Y_03_MSSD_1_nonirrad -204.0V R6-p120-wp233 15539
Entries 3348 Entres 2567

ke]
N
kN

2
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[RETI RRNEE INREY RRRNE SNSRE ENUTI SRURE FRNNI RRUTE FRRN! o 0HH‘HH‘H\I‘HH‘I\H‘HH‘HH‘HH‘HH‘HH

0
0 01 02 03 04 05 06 07 08 09 1 0O 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips] Hit position in unit cell [strips]
Median signal 14.73 ke swing 1.26 ke Median signal 14.81 ke swing 1.29 ke

MCZ200N_02_MSSD_2-nonirrad 201.0V R5-p120-wp233 5112
Entries 3941
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0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips]
Median signal 14.66 ke swing 0.84 ke

No loss before irrad.; after irrad. ¥30% loss; all technologies similar [Phase-2 Outer TK Sensors Review]

MCZ200N_04_MSSD_1_p+_8e14_n_5e14 531.0V R5-p120-wp233 15116

Entrios 5520

0
0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips]
Median signal 9.97 ke swing 2.82 ke
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MCZ200P_01_MSSD_2_pr+_9e14_n_5e14 -608.0V RE-p120-wp233 5104 MCZ200¥_05_MSSD_1_p+_8e14_n_Se14 -604.0V RE-p120-wp233 5104
Entries 10493 Entries 10533
= _—
2 24
®
c
922
Z ’ Z

20

0 0
0O 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 08 09 1
Hit position in unit cell [strips] Hit position in unit cell [strips]
Median signal 10.17 ke swing 3.41 ke Median signal 10.54 ke swing 3.42 ke
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