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CERN-RD50 CMOS development program

« CERN-RD50 CMOS working group
* Program to develop and study radiation hard monolithic sensors in CMOS technology

* 3 CMOS prototypes developed so far
* LFoundry 150 nm HV-CMOS process
* Large electrode design

RD50-MPW3
6.6 x 5.1 mm?

RD50-MPW1 RD50-MPW2 v_.

5X5 mm2 3.2X2.1 mm2
Presented here
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RD50-MPW2

* CMOS prototype with several test structures
* p-type substrate, 4 resistivities: 20 Qcm - 3 kQcm
- Breakdown voltage V = -120V

8 x 8 active pixel matrix

* 60 x 60 um? pixel size

* Charge sensitive amplifier and discriminator

» Two pixel flavors with different CSA resets:
* Continuous reset - Time over threshold > 100 ns
* Switched reset - Time over threshold ~ 10 ns

* Analog front end
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Continuous reset pixel calibration

External charge
injection via pulser
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TCT setup

* TCT measurements with 1064 nm IR laser pulses

* Two setups:
« Jozef Stefan Institute - Edge-TCT, Position sensitive
* Nikhef = Back-TCT, Illlumination of entire pixel

* Samples:
* Resistivity 1.9 kQcm
- Unirradiated (JSI, Nikhef) and irradiated to 5-10** n_/cm?(0.5 Mrad) (JSI)

* Depletion depth 180 um (120 pm) before (after) irradiation
* Nominal comparator threshold = 1 ke, 2 ke

unirradiated ) - 5el14 neutrons, 0.5 Mrad
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L
Sr-90 setup

« Timing measurements with Sr-90 at Jozef Stefan Institute

» Reference signal from 1 x 1 mm?2 LGAD detector mounted
behind the CMOS chip

* LGAD jitter of ~30 ps is negligible in comparison with jitter of
CMOQOS pixel

e Low rate: ~ 1 event/min

Sr-90 holder
LGAD signal
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- COMP out
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Timing measurements - methodology
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Timing measurements - methodology

« Jitter

* Spread of difference between ToA and reference signal

« TCT: Statistics on 1000 samples
* Sr-90: Events binned in 10 ns bins over ToT
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Time walk

» Average of ToA and ToT over central part of pixel
» Qutput delay increases for smaller charge

ToT (charge):

E~200

=180
>~

surface

Reducing laser power

EZOG; EZOG; EZOGE EZOGE EZOG;
E £ 180; £ 180~ £ 180~ < 180F
E 160F 160 160 160F
F 140F 140F 140F 140F
E 120f 120 120 120F
E 100F 1001 1001 100
E 80F 80~ 80~ 80[
F 60F 60 60 60F
F 40k 40 40 40F
E 20F 20 20 20F
ot L | I ot L L L o- [ L L 0 [ L L o S S N P S
0 20 40 60 80 10 0 20 40 60 80 10 0 20 40 60 80 10 0 20 40 60 80 10 0 20 40 60 80 100 120

(same z-scale for all measurements)

X(um)

B. Hiti et al 2021 JINST 16 P12020

At(ns)

10



https://doi.org/10.1088/1748-0221/16/12/P12020

Time walk
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Timing resolution - TCT

Non-irradiated sample
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Timing resolution scales as (S/N)! with baseline:

a

f(.’I}) — T — Tihr + Oasymp

Oasymp fit values: 140 ps / 160 ps

Timing resolution at 10 ke: ~ 300 ps

* Good agreement of laser and pulser measurements for
both samples (better asymptotic resolution for pulser)

* No significant increase in jitter after irradiation
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Timing resolution - Sr-90
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3.5

25

1.5

0.5

Unirradiated sample

* Timing resolution with Sr-90 larger than from pulser measurements

* Unirradiated sample showing worse resolution at large charge values
(~ 600 ps) compared to irradiated sample (~ 350 ps)

* More charge created in the undepleted layer reaching the depletion
layer via diffusion = Slower signals, widening of the distribution

* Charge recombination faster in irradiated silicon - Slower signals not
present
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Conclusions

« Timing measurements of RD50-MPW2 prototype using IR laser light in TCT
and electrons from Sr-90

« Measurements compared with direct charge injection via pulser

* Time walk within 10 ns for charges > 2 ke

* Timing resolution scales as (S/N), = 150 ps asymptotic resolution
* 5r-90 measurements show larger timing resolution

« ~ 600 ps unirradiated sample, ~ 350 ps for 5-10** n_/cm? sample

* worse timing resolution in unirradiated sample due to significant charge
collection by diffusion (slower)

* New prototype RD50-MPW3 submitted in Dec 2021
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Backups
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Sr-90 measurements - Tails in distribution of
unirradiated sample
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