Q0@ Inhstitut
:. ® "Jozef Stefan”
P Ljubljana, Slovenija

Timing properties of the RD50-MPW2 CMOS detector

17th Trento Workshop, 02.03.2022

Bojan Hiti, F9, Jozef Stefan Institute (JSI)




CERN-RD50 CMOS development program i ->¢{HEPHY

CENTR
Fﬂ C ESUEKAF JLLE

FONDAZIONE Inslitute of High Energy Physics

CPPM BRUNO KESSLER

EXCELENCIA
SEVERO Sonce ond ethacieny
y OCHOA
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e Radiation hard semiconductor devices
* > 400 people, 64 institutes

* CERN-RD50 CMOS working group
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RD50-MPW2 e
® o
@
* CMOS chip with dedicated test structures | r — — — - =\
* Four p-type substrate resistivities 20 Q-cm — 3 kQ-cm, V4 =-120V
* Including 8 x 8 active pixel matrix (60 um x 60 um) with analog front end
* Charge sensitive amplifier + discriminator
* Two pixel flavours with different CSA reset options:
e Continuous reset — Time over threshold (100s ns)
* Switched reset — short pulses (10 ns)
: : . : : £
* This talk: Investigated a method to measure timing properties with laser E
* Time resolution, Time walk o
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RD50-MPW2 DAQ

* Chip configuration and DAQ via Zync 706 SoC + Caribou
system

 Active pixel outputs also routed out for probing with
oscilloscope

* Analog signal after charge sensitive amplifier
e Digital comparator output — used for timing measurements

e Continuous reset pixel: Comparator ToT < charge

* Calibration circuit with injection capacitor C, , = 2.8 fF

Ext. Injection (Pulser)
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TCT setup

entries

* Two TCT measurement setups (IR 1064 nm)

* Jozef Stefan Institute, Edge-TCT, position sensitive

* Nikhef, Back-TCT, full pixel iluminated

Samples with substrate resistivity > 1.9 kQ-cm

* 2x unirradiated, 1x 5e14 (0.5 Mrad) neutron irradiated
* Depletion depth 180 um/120 um before/after irradiation
* Nominal comp. threshold = 1000 e, 2000 e

* Not tuned

e At 1 ke noise problematic
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Timing measurements - methodology

Comparator output

<600
é : 3 | f 1
- 400_— . i s :
* Measuring Time walk and Timing resolution (jitter) 200 ! ! r ToT A
with comparator output signal: C | - \ |
* Reference time (Trigger from laser driver) 0] i T ) o
* Time of arrival (ToA) - compensated for cable length 200! i
* Time over threshold (ToT) S !
_a00[ ||} (ToA |
e Sampling time at 50 % maximum, linear interpolation " L 1light enters sample |
6007 I;IIWBSIeIr\trigge\r L1 | L1 1 L1 1 | - L1 1 L1 1 L1 1
* Time walk: B "0 20 40 60 80 100 120 140 160 180
surface
* Dependence of ToA on ToT B Tz g time difference distribution 1000 entries
* Average of 100 pulses T L3 £ X
: ? = f \ 0=0.26ns
 litter: - 12 / \
. . 140f D / \
* Spread of the difference between ToA and Laser Trigger | , g 10- /
« Statistics on 1000 pulses 2 0s / \
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Time walk: In-pixel ToA and ToT

Reducing laser power (same z-scale for all measurements)
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ToA (time walk) — output delay increases at smaller charge
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Time walk
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* Time walk can determine in-time efficiency of the detector
* Minimal output delay = 7 ns
* Signals above 2000 e are within 10 ns of the fastest signals

* Results are compatible with time walk measured with pulser
* <1 nsadditional delay due to drift observed
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Timing resolution unirradiated

Threshold | ..................

Time Resolution vs laser pulse generator amplitude
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e
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* Timing resolution scales as (S/N)* with an asymptotic baseline (jitter is dominant contribution)
* Asymptotic fit value at charge >> 10 ke™: 140 ps/160* ps
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Laser driver amplitude (charge)
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. 2000 e Laser ........... ..................
—— 1000 e Laser | ... ..
© 1000 e Pulser |-

2000 e_ PU|Ser ........... ..................

[J. i)ebevc, JSl]

__________ S S SRt e it ottt Mt e ST O
| | ! ! ! | L ! ! | L b S )

| | | |
0 10 )
ke

2 4 6 8
discriminator threshold
measured with
external injection

=)
e

f&x) =

+ o0
(x _ xthr) asympt.

*at JSI using DRS4 oscilloscope, not yet compensating for different bin width

» Switched reset pixels have higher gain than continuous reset—> better resolution at low signals

* Generally good matching between laser and pulser measurements
e Asymptotic value smaller with pulser (= 100 ps)
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Timing irradiated sample
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Measurement repeated with 5e14 neutron / 0.5 Mrad irradiated sample

Higher pixel threshold in irradiated sample (samples not tuned)

No difference at high signals, asymptotic resolution 160 ps
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Summary

o 00

Analog performance of RD50-MPW2 CMOS chip evaluated

Investigated a method for timing measurements using laser TCT
* Time walk < 10 ns for signals above 2 ke

* Time resolution (jitter) scales with (S/N)! within the investigated range
e Time resolution of 140 ps measured with laser for high signals > 10 ke

Results compatible with pulser measurements

Outlook
* New monolithic chip RD50-MPW3 has been submitted in Dec 2021
* Preparing Sr90 setup for timing tests with radioactive source

This work has been partly performed in the framework of the CERN RD50 collaboration.
The authors would like to thank the crew at the TRIGA reactor in Ljubljana for help with irradiations of detectors.
The authors acknowledge the financial support from the Slovenian Research Agency (research core funding No. P1-0135 and project ID PR-06802).
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CSA simulation
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Output signals
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pulse amplitude (V)
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Nikhef jitter measurement

o oe

* Large event-to-event variations of laser pulse
energy at low power

* Dominant jitter contribution at low signals
e Can be compensated using a beam monitor

1060nm laser output for 2.22V injected pulse

Time Resolution vs Laser induced charge for pixel r2cl
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Timing resolution fit — laser injection
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Timing resolution fit — pulser
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Threshold and noise distribution in MPW2 35

unirradiated 5e14 neutrons, 0.5 Mrad
@ F (1963 +22HeTN=p2 g F (2035 +278) e N+ 31
= S Thr. 1000 mV [ ] ‘E’ - |—— Thr. 1000 mV
= L C
® r |— Thr. 950 mV ® 6E |—— Thr.950 mv
4 -
- 5
s (1162 + 116) e N = 11 -
B 41—
o ] I 3f-
“é 1400 . — Pix C2R1 E 2:_ (1371 £202) ¢
8 B SIEMaA |—rixczrs L C
12001 — Pix C2R5 1= -
C “—> C |7 1=
- : : hiwi
800; ) 0_ 1 1 1 1 I 1 | | | | | | | | | | | | | | | | | | 1 O_ 1 1 1 1 1 1 1 1 1 1 | | 1 | | | | | 1 1
F ' 0 500 1000 1500 2000 2500 0 500 1 000 1500 2000 2500
600 VT50 (e) VT50 (e)
s00f 2 (16620 eTN=S2——— g (18328 e T N=31——
C = —~ |—— Thr. 1000 mV = . |—— Thr. 1000 mV
200— c C =
C [4H] @«
o L N 12— | — Thr. 950 mV - |—— Thr. 950 mV
0===36—70 60 80 100 120 143 160 180 200 - -
0, (mV) C
10 8-
VTS50 - ] N
8;_ (168 +10)e; N = 11 6
CyU ™~ 17.5 e/mV 61— 4:
4= - 193 +20)e;N=9
21~ 2
0:I 11 | | I | |- - ’_ll | I | 1 ml | I | | T | O_I 11 | L1 1 1 | 11 1 ’TI 111 | I 1 1 1 | o111 | I 11 1

0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
c(e) c(e)

Bojan Hiti (1JS) RD50-MPW?2 timing 02.03. 2022 18



