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Large pixel prototype

* 50 x 250 um? pixels, ATLAS IBL
planar geometry

* Performance comparable to ATLAS
IBL sensors after irradiation
> 1 x 10% neq/cm?

* Investigation of AC-coupling
schema, pixel biasing schemes (bias
dot vs. resistor biasing)

Test structures

* Many structures produced (> 15)
* Varying designs: guard rings, pixel
isolation, implantation geometries

* Investigations of break down with
TID (2 master theses)

— Identified enhanced guard ring
structure

* Investigation of sensor capacitances
(2 bachelor theses)
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9 test structures bonded to fst PCB
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Small pixel prototype Sensor for ATLAS ITk modules
* 50 x 50 um? pixels, ATLAS ITk pixel * 50 x 50 um? pixels, 25 x 100 um?
geometry pixels
Small pixel prototype on FE65-p2 * Full-size ATLAS ITk pixel modules
* RD53A and RD53B compatible
Single, dual, qy?“dnrqcl)dqlq‘sensors
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Byproducts of DMAPS efforts

Dedicated design
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https://indico.cern.ch/event/813597/contributions/3727707/attachments/1989191/3315713/Trento2020_DavidPohl.pdf
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* Passive CMOS pixel sensor in 150 nm LFoundry technology o o
oo}
* Resistivity of bulk material: 5 - 7 kQcm (p-type CZ wafer) = EE] 5
. . . . . . . S‘g I n-well :
* 100 um thick, etching, backside implantation + metallization B deep n-vell
: GEERREEERR 58 = E;)vl‘;slillicon

*  50um x50 um pixels in 64 x 64 matrix \S Z

T T T
—— Before irradiation (room temp.)

* Differentfill-factors realized to maximize efficiency / sensor capacitance: 5 X 1015 negfem? (-25 °
——- 5x Neg/cm? (-25 °C)

10*

- Implant widths of 30 um (std. design), 25 um, 20 um, 15 um
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* DCcoupled pixels, no biasing structures "SR\ === 0§ breeeereeemteesoioodeooiooooieeeo

10° J

*  Bump-bonded to RD53A R/0 chip

Leakage current / uA/cm?
1
\
\
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e Irradiated at Birminghamto 5 x 10" neq/cm2 l0°?
\\ ) R [ -
B @mi T
~ . : @ "
Annealed at 60°C for 80 min 5 7\“\\\\\\\\\\\\\\\\\\\\\\ 10—

Bias voltage / V
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before irradiation 5 x 1015 neg/cm?
60
120 -
50 before irradiation 5 X 1015 neq/cm?
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* Average ENC: ~ 80 e - comparable to other planar sensors 04 M

40 60 80 100 120 40 60 80 100 120
Electrons Electrons

* Nodifference across different pixel designs in terms of noise

— Although, pixel capacitance is different (C ~25 fF) [E. Kimmerle, Pixel Capacitance Measurement]

NW30

* No (significant) degradation of ENC after irradiation
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https://indico.cern.ch/event/893422/contributions/3772200/attachments/2000177/3338572/PixCap65.pdf
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* Testbeam done at DESY

— Perpendicular, 5 GeV electron beam

- Triggerrate: 3 - 5kHz Cooling box with DUT

* DUT measured in cooling box:
- Controllable, stable temperature (AT ~1°C)
- Temperature: -15 °C (NTC on R/0 chip)

* DUT read out using BDAQ53 R/0 system

DUT

Beam

DURANTA DURANTA
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(Unbiased) Residual distribution in y-dir. (for DUT)
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* Testbeam data reconstructed with BTA: 5
https://github.com/Silab-Bonn/beam_telescope_analysis

102 4

Entries: 672857
. . . . —  RMS =22. m
* Kalman Filter algorithm used for tracking (unbiased) 0 : S e
A=34226.2 +165.6
== p=3.1%0.1[pm]
0=19.3+0.1 [pm]

* Search radius for efficiency calculation: 200 um 1ol , | ,
-100 -50 0 50 100 150
Y residual [um]
* Alignment: Good Timing distribution (rel. BCID)
— Small tails due to multiple scattering in cooling box 3 Log scale!

* Timing: Good

— Almost every hit is ,in-time" = dedicated in-time
efficiency analysis in future

— No noise hits included in analysis!
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* DUT operation conditions:
Hit-detection efficiency of 100 um passive CMOQOS sensor

— Threshold: ~ 1000 100
resho e Mt —
—  Noise occupancy: <10-®
98 /
* Beforeirradiation: ] R RIS 2/ B B B e ]
o Requirement (after irrad.)
- Fully efficient (> 99.5 %) at 5V only £ 96 197 % (in-time)Efficiency
o Afterirradiation (5 x 10" neq/cmz): :§ /
= oa
) o e B
99 % efficiency reached (@ 100V only) o oo - P EEpm
—A— NW30
*  Flavors with small n-implants slightly less efficient, 921 o nw2s i m;g
but still well above the requirement of 97% —A— NW20 —A— NW20
- NW15 - NW15
* Reminder: NW30 is std. design - 5 5‘0 1(:)0' 1_3,0 2(|')o 2::30 300 350

Bias voltage / V
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* Flavors with large n-implants:

— Homogeneous efficiency within
pixels

* Flavors with small n-implants:

— Efficiency loss at pixel corners
(especially for low bias voltage)

— Due to low electric field and
charge sharing

05.06.2020
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* (Charge measurement: _ _
Charge distr. of 100 um passive CMOS sensor after 5 x 10" neq/cm2

-  Sampling of HitOr with external clock (640 MHz)  gpgo I < ——— —
— Length proportional to amount of charge : ; MPV: 5030 *2J e
7000 {5 L T £=4307%e |
_ = N -0
—  Better charge resolution than TOT it N 0=640'Fe
60001 o . N mm Data i
* Assumption: Charge calibration unchanged after ,‘Ii ‘ ‘ , \
irradiation " >000 = N 5000
2 '3 e @350V
: : : . 3 4000+~ il (NA30)
* Only single-hit events considered for analysis © 1 ‘ ‘
30004 ‘ ’
2000 4 ‘- ‘
1000 1+ ‘ ’
04— aisis
0 2000 4000 6000 8000 10000 12000 14000 16000 18000

Charge / electrons
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* Flavors with large n-implants:

- Homogeneous charge within
pixels

* Flavors with small n-implants:
- Low charge at pixel corners

— Due to low electric field and
thus, more charge trapping

- Explains efficiency loss

*  Amount of charge increases with bias
voltage and n-implant size

05.06.2020
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universiTATEGDN — CHARGE: UNIRRADIATED VS IRRADIATED

| | |
104 “\ Before irradiation |
' : : MPV: 6585 187 e
: 5 x 10['° neg/cm?
: MPV: 5027 *+46
0.8 4 ——  — e |
1 \
1 \
/ | [ ——
= I
:; i a \\
NW30 @ 350V s 064 0 NW30 @80V
(5x10% n, /cm?) P L2 (unirradiated)
E | T
“o.44+—S
'O
' 2
0.2
0.0

0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Charge / electrons
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FULL-SIZE SUBMISSION
FORATLAS ITK
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*  Frontside process: Reticle stitching for large sensors Wafer layout

* Backside processing using different vendors (LFoundry + IZM Berlin)

150 um thick Float-Zone wafers instead of Czochralski wafers

Single Sensors Double Sensors Quad Sensors

Work done with: A. Macchiolo, D. Minstermann, M. Backhaus
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* |V-curves measured using probe station

— Bias grid: OV, backside: -HV

* Sensors without backside metallization

. . . 2
*  Noshorts, successful reticle stitching o < 0Jsupjem @YV g +a0V | Difne o
* Breakdown requirement fullfilled:
w 10714
€
- V,~210V(V, >V, +70V) g
E 1072 4
o
g —— Single Sensor S5
. R O —— Single Sensor S7
— Passive CMOS sensors are working o -
3 ~— Single Sensor -
== Double Sensor D3
== Double Sensor D5
== Double Sensor D7
10-4 4 — = Double Sensor D8
] —— Quad Sensor Q1
0 5I0 1(I)0 1EI30 2(I)0
Voltage / V
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* Sensors with backside metallization

* Largeincrease of current when backside

Example: IV curve of single sensor

—— Single Sensor S12 (04A1) -

Fn

is touched (V,, ~ 30V) it

— |ssue with backside processing 107 5

* Possible reasons for current increase: < 105
1) Damaged layer due to no proper annealing step £
after ion implantation — ,radiation’ defects e
2) Damaged layer due to no proper etching step Bt
after backside grinding = mechanical stress
3) Too shallow implantation — spiking of 10-8

Large leakage current
increase when
backside is touched

metallization (Al) into silicon

0 50 100 150
Voltage / V

200
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* Annealing of sensors with backside metallization

Annealing study of a single sensor

. : ° 10 }
* Heat treatment: 60 min. @ 300 °C ; \ ‘ [
] ‘ e I
, - 102 5 i =
*  Annealing effect visible: ; //
. . 10! - |
— Directly after annealing: ; | 3
t 0] <075uAKmi@VY,, + 50\ ==
— no current increase anymore visible! 3 5"“"7“* """"""" ot PR '} A
> 1 | . H
. S 1071 | Fa -"/I
* Unclear, why current increase re-appears and o f | //' o
disappears again after some time — ,oscillation’ 3 10-2 | P B | ety rectly.
,...-.-.....-..l.....----é::-_;';';'_";';' ———————
S Py S ST SRV SRy B [
10-3 7 —— Before annealing

=== 20 min. after annealing (60 min. @ 300C) [

] —-= 40 hours after annealing (60 min. @ 300C)

1074 4 i 10 days after annealing (60 min. @ 300C) -
1 —=- 0.75 uA/cm2 @ Vdep + 50 V

0 50 100 150 200
Voltage / V
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Small-pixel passive CMOS sensor from LFoundry investigated: Sensor is functional after irradiation to 5 x 10 neq/cm2

— NW30 design comparable to full-size submission

Requirement of > 97 % (in-time) efficiency after irradiation is fulfilled

- ~99 % efficiency with NW30 flavor at 100 V (~ 1000e threshold)
Charge measurements:

- Beforeirradiation: ~6600 e MPV (@ 80 V, for NW30)

- Afterirradiation (5 x 10" neq/cmz): ~5000 e MPV (@ 350V, for NW30)
Sensors from full-size submission are working, apart from a backside process issue
(Oscillating) annealing effect visible (60 min. @ 300 °C)

In contact with LFoundry + re-processing of backside at IBS
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BACKUP
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UZH_CV_LFoundry +20C_Annealing_Effect

..................................................................................................................................................

LFoundry_S11_04A1_DC_25x100_NoAnnealing
s | Foundry_S11_04A1_DC_25x100_Annealing4h@400C
e | Foundry_S6_04A1_DC_25x100_Annealing17h@300C
s | Foundry_S6_04A1_DC_25x100_Annealing4h@400C
e | Foundry_S8_04A1_DC_50x50_Annealing17h@300C
LFoundry_S9_04A1_DC_50x50_Annealing17h@300C

40 50 60 70
V/V

[From Anna Macchiolo]

CV-measurement @ 10 kHz

— Full-depletion voltage around 35V
Wafer thickness: 150 um
— Bulk-resistivity: ~ 7 kQcm

Full-depletion voltage seems to increase
after annealing
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