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Active pixel matrix measurements
of RD50-MPW2 HV-CMOQOS chip

Patrick Sieberer
Work performed in the framework of RD50
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Outline

FROM INJECTION PULSES TO LASER TO RADIOACTIVE
SOURCE TO TESTBEAM

[1] https://www.planetminecraft.com/project/wooden-
suspension-bridge/
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Setting the stage...

INTRODUCTION
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LF 150nm process

« Different Wafer resistivities and
fluences available

« Passive test-structures 1)

* Active matrix of DMAPS pixel,
including analogue readout 2)

 SEU tolerant memory array 3)
« Bandgap reference voltage 4)
« Test structures with SPADs 5)

« Details on 3) and 4): See talk from R.
Marco Hernandez at RD50 workshop

* Details on 1): See talk from M. Franks
at RD50 workshop or from R. Marco
Hernandez at VERTEX 2020
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https://indico.cern.ch/event/918298/contributions/3880520/attachments/2050915/3439212/36th_RD50_MPW2_06_2020.pdf
https://indico.cern.ch/event/918298/contributions/3880578/attachments/2051747/3439221/mfranks_36th-RD50-Workshop_5-6-20.pdf
https://indico.cern.ch/event/895924/contributions/3968858/attachments/2102593/3563861/RD50_DMAPS_Vertex_10_2020.pdf

-7z HEPHY

* 64 pixels, 60pm x 60umM
« Two flavors of readout:

— Continuous reset (Col 0-3)
— Switched reset (Col 4-7)
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> HEPHY Analogue Pixel Readout

Example: Continuous Reset Pixels

Injection
Circuit

Trimable Comparator

Comparator
Output

p-substrate
-HV O \

Source Follower
Output
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INDJECTION PULSES
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NIM + VME Crate
(for Trigger, not

Run Control
(EUDAQ) AIDATLU  geintillators

(not visible)

RD50 MPW2

Holder for
radioactive source

More details on
Hardware and Caribou:
See C. Irmler's talk at
RD50 workshop
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https://indico.cern.ch/event/918298/contributions/3880579/attachments/2051618/3439759/36th_RD50_irmler_HVCMOS_daq.pdf

QY

-7 HEPHY
o Findiﬂg the comparator W13_0e0 S-Curves (Row:0-7, Cont. Reset Col:0-3 ; Swi. Reset Col:4-7)
threshold 1000 - o

« Comparator baseline (BL) at
900mV (subtracted in plot)
* Threshold at 950mV 600 -

« 1000 Pulses per voltage step
(Step size 10mV)

— Sigmoid function fitted 200 1

— Counted after COMPOUT

800 A

Avg Swit. Reset: 0.061
Avg Cont. Reset: 0.118

Hits

400 A

—— Continous Reset
—— Switched Reset

0.00 ; ; 0.20 0.25 0.30
Injection voltage [V]

-> Threshold of Continuous Reset Pixels higher than for
Switched Reset pixel
-> Quite some variation between pixels
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S TRIMDAC Adijus

» Highest possible pixel
sensitivity if comparator 11 pixels masked (noisy)
threshold just slightly above

. "FWHM", W13
n0|Se'|eV6| 140 — —— Cont. Reset

+  Adjust TRIMDACS: Lowest
possible value, where number T
of hits is below a certain
threshold
— Open a shutter for 2s, count T T
(noise) hits 60 1 J
— Highest possible DAC with nr. o l

of hits >0 (Better sensitivity
than |Owest TDAC Wlth O hltS) all DACs atI maximum trimmeld DACs

100 A

Injection Voltage [mV]
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RADIOACTIVE SOURCE
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-7z HEPHY

DAC-Values W13-0e0 HV=-50V, shutter=2s, darkbox

1. Set Bias Voltages
2. Adjust TRIMDACS per pixel . . This peak
as mentioned before includes

— Needs to be re-done if noisy pixels
environment changes (light,

temperature, ...)

=] N S o @
I L L L L

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
trim DAC value

W13_0e0, shutter=20s, THR=950, HV=-50V, no source

1000

4. Open a Shutter window (20s)
for each pixel and count
amount of hits

Top: Distribution of adjusted TRIMDAC
values for pixels
Bottom: Example Hit-map without source
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e Hit-maps at -50V Bias

« 3 different fluences fg’;' bey -

* Sr90 source (10mCi) "oher ”u;l:cdeCreaSin
* Noise subtracted = 7

Wafer 13, unirradiated Wafer 13, 3e13N,, Wafer 13, 1e14N,,

For more results, see this talk from P. Sieberer at RD50 workshop
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https://indico.cern.ch/event/896954/contributions/4106327/attachments/2147317/3619705/RD50_workshop_Nov20_SIEBERER.pdf

QY Nl
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-z HEPHY v/ia RD50

@0 Institut

z. ”"Jozef Stefan”

.. Ljubljana, Slovenija

Work performed by JSI, Ljubljana

LASER - TCT
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 Particulars Setup

« eTCT using the Active Matrix
* IR light injected through sensor edge

« Analog readout of COMPOUT with
DRS4 oscilloscope (Triggered by
Laser)

« Cont. reset pixels used in order to
measure charge from ToT
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http://www.particulars.si/index.php

QY

-7 HEPHY
Threshold at 975mV Threshold at 1000mV Threshold at 1050mV
CCEatVbias=-120V CCE at Vbias=-120 V CCEatVbias=-120V

Charge (arb
Charge (arb)

% 10 20 30 40 50 60 70 80 90 100 % 10 20 30 40 50 60 70 80 90 100
X (um) X (um) X (um)

10 20 30 40 50 60 70 80 90 100

Jrinay
pYe\\m approx. ke-

» Laser intensity selected so that max signals are approx 15 ke
« Conversion Tot -> Charge with simulated results
« Shape of depletion zone is constant at higher threshold

* Less charge (color scale!) at higher threshold -> Expected due to

lower ToT

@@ Institut
:0. "Jozef Stefan”
PS Ljubljana, Slovenija
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Timing at V bias =-80 V Timing at V bias =-100 V Timing at V bias =-120 V
£ 250 7 250: 7 —:E: 250: E
> 200; - > 200; ° > 200; °
150; 150; 1502—
100; 100; 1005—
50; 50; 50;
R TR e R TR R e e TR T T R 16 5 e 8 o675 100
x(um) x(um) x(um)
s Viias (V ToA (ns
80 11.0
« Timing correct for cable length etc... 100 10.9
« Estimate timing response by averaging ToA in 120 10.7

a volume close to the pixel surface at = 15 ke

« ToA decreasing with higher bias as expected

@@ Institut
:0. "Jozef Stefan”
PS Ljubljana, Slovenija
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TESTBEAM
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Laser RD50-MPW?2 Scintillators
Alignment (5x5cm)
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« Testbeam at MedAustron with protons
— lon cancer treatment (GHz rate)

« 2 different “Low Flux”- Settings used

— Complete different beam settings, thus different rate
« Beam Energy: 252.7 MeV (both settings)
 Rate: 2.2MHz and 400kHz

« Beam — Spotsize: ~7mm (both settings)
— All particles hit scintillators

energy dependence of low flux

— Very few particles hit a 10°
pixel (60um x 60um) . I T . T .
106 |
~ - g X u L -
Setting Mean Rate StdDev Rate i I ¢ ) .
| (at 252.7 MeV)  2.25e6 1.87e5 ]
Il (at 252,7 MeV)  3.92€5 1.86e4 2 sl
@ setting lll
10°

7'5 100 125 150 175 200 225 250
energy [MeV]
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https://www.medaustron.at/en/infrastructure

QY

-7z HEPHY

20 spills (5s) for each pixel
measured

— 10 spills per rate

— Hits summed up over whole

spill

400kHz Beam rather stable

particle rate
2.2MHz Beam larger

variation of particle rate per

spill
— as seen on previous slide

Much higher rates (109)
possible

hits/spill MPW2

18000

W13 4 Linearity (Row:0, Col:0)

16000

14000

12000 A

10000 -

8000 -

6000

4000 4

2000

®  4MHz
*  400kHz
fit

0.0

0.5 1.0 15 2.0 2.5
hits/spill scintilator le7

— Scintillators not fast enough
for single particle counting
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W13 4 Linearity (Row:0-7, Cont. Reset Col:0-3 ; Swi. Reset Col:4-7) W13 04 Histogram of ratio MPW-hits/scinzillator-hits
18000 —— —
—— Continous Reset Il Cont. Reset
16000 4 —— Switched Reset 12 4 Il Swit. Reset
Noisy
14000
10 4
12000 4
=
z > 8
= 10000 4 I
— @
= =
:_,.E 8000 4 E 6
=
6000
4 4
4000 A
2 -
2000 1
0 = T T T T 0 = T T I
0.0 0.5 1.0 1.5 2.0 2.5 1 2 3 4 5 6 7 8
hits/spill scintilator 1e7 Ratio MPW-hits/scinzillator-hits le—4

« Straight line fit plotted for all pixels
« Switched reset pixel see more hits (Thus better sensitivity)
» Already known from source-measurements
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« RD50-MPW?2 has no digital readout

— Only one pixel at a time can be readout
* Very low area

— No tracking possible
— However, compared to RD50-MPW1, RD50-MPW2 works really nice

« RD50-MPWS3 is designed currently
— Same analog frontend as RD50-MPW?2
— Much bigger matrix (~5mm x 5mm)
— FEI3-style

— State-of-the-Art digital interface
* 12C for Slow Control
» Wishbone Bus for communication inside the chip
* 1 or2640MHz LVDS links for data
— Fully encoded, framed and with an idle pattern for synchronization with FPGA

— Tape Out planned ~April/May 2021
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CONCLUSION AND OUTLOOK
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« RD50-MPW?2 works as expected for all
different kinds of penetration
— TRIMDAC calibration is working (Injection)

— Hit counting is working (real particles from
source)

— Depletion zone (Laser)
— Counting is linear with rate (testbeam)

« Switched-reset pixels have a better sensitivity
than continuous-reset pixels (different
measurements)
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e (costume) ToT measurement implemented in FPGA
— Using Source Follower Output (SFOUT)

« Waveform measurement (“oscilloscope™) implemented
using a fast ADC of the CaR-Board
— Using SFOUT
* Telescope setup

— Synchronization between telescope and RD50-MPW2
— Attempt to measure “hit efficiency” (difficult, just one pixel!)

=> will be tested in a testbeam in 2 weeks!
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BACKUP
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INDJECTION PULSES
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- HEPHY Pixel Flavors

Switched Reset Pixel Continuous Reset Pixel

IFB_CONT
i P
Ire_sw | l_.l@
+18v  INJECTION _V@V_., T BL
|1
I
“ Cre -
Reias {:18
9 _I_c s ReL Cc Cup
NS
owen T | | . [ s I
{ CsA SF AMPOUT srouT '' HPOUT|comparator
AMPOUT ‘ sFouT '' HPOUT parator
BLsvnO—— — COMPOUT
A BL+VIH
strate

Switched reset pixel.
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Highest possible pixel
sensitivity if comparator
threshold just slightly above
noise-level

Adjust TRIMDACSs: Lowest
possible value, where number
of hits is below a certain
threshold

— Shutter 2s

— Highest possible DAC with nr.

of hits >0 (Better sensitivity
than lowest TDAC with O hits)

Hits

Hits

TRIMDAC Adjus

1000 A

800 A

Avg Swit. Reset: 0.061
Avg Cont. Reset: 0.118

600

400 -

200 A

—— Continous Reset
—— Switched Reset

0.00 J . 0.20 0.25 0.30
j voltage [V]

W13 _0e0 S-Curves trimmed DACs (Row:0-7, Cont. Col:0-3 ; Swi. Col:4-7)

1000 1

800 -

Avg Swit. Reset: 0.052
Avg Cont. Reset: 0.083

600 -

400

200

—— Continous Reset
—— Switched Reset

T T T T
0.00 0.05 0.10 0.15 0.20 0.25 0.30
Injection voltage [V]

11 pixels masked (noisy)

“Trento 2021

Patrick Sieberer

30



QY

-7z HEPHY

* Average number of hits per voltage plotted

— No noise subtracted
« Small effect (see backup)
* Doubles measurement time

W13 Mean Hits

—— W13 unirradiated - switched
=== W13 unirradiated - continous
350 A W13 3el3 - switched
W13 3el3 - continous
| —— W13 1lel4 - switched
——- W13 lel4 - continous

Mean Hits

ZIO 4I0 High voltagﬁs V1 Bb 160
-> More hits for switched reset pixels (Lower threshold)
-> Less hits seen for higher fluences (both pixel flavors)
-> Continuous reset pixels less effected by fluence (to be confirmed)

| Trento 2021 Patrick Sieberer
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TESTBEAM
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» Medical Accelerator close to Vienna

» 3clinical irradiation rooms + 1 additional room for research
« Particle rate: >=101° (protons), > 108 (carbon ions)

» Spill structure: 5s spill, 5s pause

 Beam energy: [60,800] MeV

Irradiation Rooms

Treatment / Clinical Research:
roton Gantry

4 P
3 Horizontal fixed beam
2 Horizontal and vertical fixed beam
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W13 4 Linearity, Row:0 Col:2, HV=0 -100V W13 4, Row:0 Col:2, MPW2 hits for 15M scintilator hits
1 x
12000 6000
100
4 W x
10000 =
| = 5500 X
Q
_ 80 k-
S 8000 - £ »
z 1 2 5000
= ] 60 2 z
2 6000 -
2 ] £ 4500 »
= [
1 40 =
4000 ~
] > £ 4000
| =
2000 - 20
] 3500 A
4 x
0 0 T T T T T T
0.0 . 0 20 40 60 80 100
hits/spill szintilator le7 hv

» Just one Pixel for one rate ramped over HV (20V stepsize)
» Better performance for higher bias voltage (as expected)
» Follows expected sqrt(U) function, but low statistics
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