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= Introduction

= The PSI High Energy Physics group in collaboration with ETHZ
has a generic R&D program for DMAPS since 2019

= Different technologies are being evaluated
= Goal: position sensitive particle detectors featuring timing
= Aiming for

— Spatial resolution < 10pum

— Timing resolution < 1ns

Possible applications at PSI in-house experiments
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J‘_: MoTiC: Monolitic Timing Chip
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= Modified LFoundry 110nm process
Same sensor
6 different amplifiers

* In-pixel discriminators 80 columns, 64 rows

= Full frame readout with external trigger

H
IH
=]
2]
B
=]
H
=]
=
|
|
H|
|
=]

= Thickness: 48, 100, 200pm

50 x 50pum?

= 1 TDC shared by 4 pixel
= Sensing elements designed by ARCADIA
= Small electrodes with small capacitance
= Back-side processing for guard rings and Same amplifier (C) £ T s

metal contacts 5 different sensors |

. : 80 columns, 48 rows §
Depletion from back-side 50 x 50um?
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J‘_: Beam Test at DESY i

Adenium Telescope
- 6 planes of Alpide sensors
- 29.24pm x 26.88um pixels
- 50um thick

- Spatial resolution < 5um
= Non-irradiated samples

= 4GeV electrons

= Room temperature

= Offline Threshold: 8 x RMS
= Analysed using (modified) e ]
Corryvreckan |
y DUT
= Some further analysis in Python B T N b N
E I Downstr;;m arm Upstre;; arm
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= Cluster Size

0.4- —— Preamp A
= Larger than 1 at vertical incidence E N it <
v 03- | —— Preamp B (Cp)
- Also seen in TCT measurements > - |: reampe 1O
50.2_ =| g2 ~—— Preamp C (Cp) I_
- Confirmed by ARCADIA simulations _ g L— §
C 3 0.1-
= Low electric field below the L=
p-wells e T S
— |longer charge collection time 1TE FlsISs Sl
— higher probability of diffusion L
= MoTIC B has relatively low-gain 0.4 NN  seneor2
preamplifier X Tl . =,
~ many pixels don't reach the [10-1109/TED. 2020298563 I O
& — —4
threshold 02— | 5
— smaller cluster size § o1 NS >
0.0- . =
2 4 6 8
Cluster Size
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J‘__ Cluster Size

1-pixel clusters 2-pixel clusters

= Larger than 1 at vertical incidence
— Also seen in TCT measurements
- Confirmed by ARCADIA simulations

in'pixel Ytrack / Hm
2
Entries
in'pixel Ytrack / Hm

= Low electric field below the

p-wells o e e S s P
— longer charge collection time e A
- higher probability of diffusion [ g
= MOoTiC B has relatively low-gain S Bl :-
preamplifier i £ i,
~ many pixels don’t reach the £ teE
threshold e o) R |
— smaller cluster size 352015105 0 5 10152025 333015105 0 5 1015 20 25
in-pixel Xgrack / UM in-pixel Xgrack / UM

MoTiC A
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J‘_: Cluster Charge

1.0- = IA 1.0- —— Sensor 1
= Pulse-height distribution distorted in . =il I s
MOTIC < . ——| Bi(Cib) . —— Sensor 4 m
O 0.6 g e 0.6- Sensor AC U
- Saturation of high-gain amplifiers |6 . ! Y . . i IS
- Flat response for small amounts of charge > - j h]'”uﬁ”h - Jgﬂ >
] ) .,“.;_ﬂ"L:l__L:.A Feoula e
- Only 4_plxe| clusters considered 00, " "1000 2000 3000 4000 5000 °°0 1000 2000 3000 4000 5000
. . . Cluster Charge / a.u. Cluster Charge / a.u
= Amplifiers with additional feedback e
capacitor have lower pulse heights 1.0- —— 100 um
—— 200 um
= Preamlifier AC has a lower gain by a 0.8 -
factor of ~3 due to large input capacitance i
= Charge scales linearly with thickness -
- Thickness ratios: 1:2.08:4.17 154
— Most probable values: 1:1.93:4.25 ..o D

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Cluster Charge / a.u.
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= Hit Efficiency

- & Nassoc.clusters . _—

Ntracks R 2o g 925
= Offline threshold i
= Hit efficiency > 99.8% o

= MoTIC A F i e
MoTiC A MoTiC B
- 200 I.lm tthk 100 - 100 - ~—o ~ >

- Max. efficiency at Viias > ~55V . s |
" MOTIC B é 40 ;?}_) 40
w o] —4— Sensor 1
. 20 = 20 - —— Sensor 2
- Max. efficiency at Vpias > ~50V od il
0- 0- Sensor AC
- AC variant efficient at Vipas > ~40V = * 2 00 0,0

Negative High Voltage / V Negative High Voltage / V
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= Spatial Resolution

. 0,=VRMS: -0, ;61 : 3333Z2
= Center of Gravity ;112» el Ll
= Truncated RMS of DUT residuals g0 Y
- Discard values outside +6 RMS % : “‘""“..,..".-...... 1
= Resolution at vertical incidence better than g -
resolution of binary readout (14.4um) 5
= Optimal angle differs from arctan(pitch/thickness) B 0 20 30 40 50 60

] ] DUT Rotation around Y-Axis / deg
= Best resolution: 4.8um for the 200um thick sensor

@ 3
- -800
-
Type t /nm  Angle / deg  Gresidual / BM Oty / um opyr / pm e 600 &£
MoTiCvl A 200 0 7T7T£01 44=£05 6.3 £ 0.4 g : g
MoTiCvl A 200 8 6501 44£05 48£05 = 400 T
MoTiCvl A 100 0 90+ 01 44=£05 7.9+ 0.3 o &
MoTiCvl A 100 21 69401 44+05 53+04 . 200 5
MoTiCvl A 48 0 115£01 50£05 104+£0.3 &5
MoTiCvl A 48 37 101 £ 0.1 5.0+ 0.5 8.8 £ 0.3 01 2 3 4 5 6 7 8 0
Columns
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Every 4 pixels share a TDC
= troc = (Cntosc X Tosc) - tramp

= Timing resolution

— 10 ps test structure

— 40 ps in pixel
= No clock at test beam
= Hit FF used as start

= Signal from a dedicated fast trigger
system used as stop
— Coincide of 2 dual readout scintillators

- Jitter less than 200ps
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startrmp

stoprmp

Ring Oscillator

tsta rt

Hit FF / start signal
Scintillator

Scintillator delayed / stop signal

yDeDes Dol

81 tstop tend

g — Vramp
S f

5 bit .
= ¢ Counter Time
A
T
A

le———+ delay——p

< { meas >
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= Time Measurements

TDC Delay Scan

A(0=12%0.03ns) A (Cfb) (0=1.31+0.04 ns) B (0=1.38+0.02 ns) B (Cfb) (0=1.4+0.04 ns) 2
00 B o & i ~30- ¢ PreampA -
§ [
N 250- ' | 300- .Z ‘. ool i | '4\8 25 - ¢{ PreampB //:;&
L 200 | ; i P
o o R 00 - -4  BESTIpICH Ge) ot
100 i Pt . L | — ’
D | : i | . © v
= 100 - 10~ 100- i = 20 - ,’:”
50 50- A o [ | = e
0 A H Ak o) _toe
o ——— ! - 0 =S .. o8 . ! g . . e = ’
Measured Delay / ns Measured Delay / ns Measured Delay / ns Measured Delay / ns s ,’,’
C(0=1.43+0.04 ns) C (Cfb) (o0 =1.47 £0.05 ns) Combined > 15= /:r’
70- A Oy = i
i 400- i @ o
oYy 300 4§ 0O 10 - e
50- g ; 300- J 8 //:”
40 i 20 | ' ‘ 5 /:”
o L . 2 5§
qoy | 1 ©
. oy | w! ] g . . . . 1
[ N S L T 5 10 15 20 25 30
0 60 0 80 90 0 60 0 80 90 0 60 0 80 90
° Measure7d Delay / ns ° Measure7d Delay / ns ° Measure7d Delay / ns Added Delay / ns
Preamplifier Time resolution / ns Preampliﬁer Slope / - /ns
A 1.20 £ 0.03
A (Cpp) 1.31 + 0.04 A 1.04 £+ 0.02
b e LS8 0.2 A (Cp) 1.04 + 0.03
fb g A
C 1.43 + 0.04 B 1.04 + 0.04
C (Cp) 1.47 £ 0.05 B (Cyp) 1.04 £+ 0.02
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J‘__ Drift Time Measurements

All Hits Central Hits
= MoTIC A '

= 1-pixel clusters Ses Sas
= Consider only a radius of 10pm . i,
- no timewalk £ ol
52.5- ] - 52.5 -
. 1 1
" PUIse helght > 800 ADC SO-OG-CI)O 860 10‘00 !2‘00 14‘00 0 50.0680 860 10‘00 !2b0 14‘00
Cluster Charge / a.u. Cluster Charge / a.u.
= ~ 5ns drift time from corners
. . - TDC Value vs Position Diagonal Pixel Cross Section
= Compatible with ARCADIA 20 il ' (.
simulations and measurements 5 10 .
E Z 6.2 x 10! 561_
2 13 6x100 S -
a @ 59-
£ ;Z 58x100 < -
_Zs;cgu;uomouwaéglé 30 -20 -10 0 10 20

o o 5 g ¢
Distance from Pixel Center / um
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- Summary

= A DMAPS prototype chip using modified LFoundry 110nm
process has been developed

= Comprises different amplifier and sensor designs

= Charactrized using partilce beams
— Hit efficiency > 99.8%
- Spatial resolution < 5um

— Coarse timing resolution < 1.2ns

13 | Ali Ebrahimi aliakbar.ebrahimi@psi.ch | 2023-10-18 | MoTiC


mailto:aliakbar.ebrahimi@psi.ch

PAUL SCHERRER INSTITUT

S Backup Slides
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= Hit In/Efficiencies — Online Threshold

-1.00 Inefficiency by Preamplifier
= Online threshold
= Readout can trigger comparator ¢ E
= Varying gain leads in different o e

Cefb

A Acfb B Bcfb

effecitve threshold

c

= Results in much higher

iciency

Eff

. .. . . In-pixel Efficiency Run 300171 (Preamp A% I In-pixel Efficiency Run_3(_)0171 (Preamp C% I
Inefficiency in preamplifier C 8 Bl - e
. Ehy i . - 0.90 . a y _ : I.‘_' - 0.90

« . . 3737 0.85 33 " 0.85

. o > 3o

= Efficiencies: i wf B -
v ., I v ., ¥ il

0 '3 o ) 070 '3 o E.m. 0.70

- A, A(Cfb) and B > 997 /0 - ; 0.65 = ; ‘ 0.65
g: J . 0.60 2 . ::l : e = 0.60

9 = i T
- B(Cfb) > 99% w—;S —2‘0 —:[5 —1‘0 —5 0 é 1‘0 1‘5 ZIO 2‘5 055 N—ZS -20 —:[5 -10 —5 0 é 1‘0 15 20 25 055

in-pixel Xgrack / UM in-pixel Xgrack / UM
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— | Pulse Height /| Online Threshold

Qinj [ ke~
0 2 3 4
—— Preamp A
_ — Preamp A (Cfb)
Table 6.1.: Thresholds applied in runs with online threshold. The thresholds in terms of 800" __ preamps
V. and an approximate conversion to electrons are also shown. R 2:::;:3_“:"”

>
©
Preamplifier Threshold / mV V., Threshold / mV  Threshold / e~ E 600 - — Preamp C (Cfb)
A 804 530 1800 2
A (Cfb) 804 904 3100 T 400
B 785 704 2400 =
B (Cth) 785 1118 3900 D 500-
C 757 >1200 >4100 &
C (Cth) 75 ~1200 >4100 .

0 200 400 600 800 1000 1200
"-‘!cal-"‘mv
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Telescope Alignment

Track y?ndof

trackChi2ndof

Logarithmic Residual Histogram and Gaussian Fit
105

~—— Plane 5: 0.0/3.7

= Using General Broken Lines (GBL)
= [tterative with X2 and spatial cut down to

103-

events

2500

2000

1500

pixel pitch

* Tails from delta electrons

= Z-position measred with hand, optimized

by scan

500

101 -

1000

500

Entries
Mean
Std Dev.

50000
1.405
0.7149

—I10 —‘5 0 5 1‘0 1‘5 26
Residuals X / um

7
¥2ndof

Telescope Alignment Rungroup 14

Plane n: Mean/Standard Deviation , Number of tracks: 214180

T T T R T T T [} 8000 -
£ sl = S o. — Plane 0:0.0/4.0 P, —— Plane 0: -0.0/3.9
= = = 450 g —— Plane 1:0.0/4.7 7 % 7000. — Plane1:0.0/4.6
><E 6 B L 0- — Plane 2:-0.0/5.2 Iy ——— Plane 2: 0.0/5.1
Ic = —— Plane 3: 0.0/5.4 j —— Plane 3: -0.0/5.3
4 = —l350 o Plane 4: -0.0/4.4 ;j f 6000 Plane 4: -0.0/4.3
- 3 ~——— Plane 5: 0.0/3.7 ~——— Plane 5: -0.0/3.7 g
2 —_ 300 5000 - ApdrY
E e o
0 - = 250 - 4000 -
2 = — —{200
I e o0- 3000 -
-4 = —_ 150
Foo. I | 2000 -
-6 . — 100 g
8 — — 50 0- 1000 -
-10 : L o — o . . ; - 0
-10 -8 -6 -4 -2 0 ~15 —10 -5 0 5 10 15 ~15 -10
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J‘_: DUT Alighment

DUT Alignment Run 200233
Mean/StdDev of 95% , Number of tracks: 34083

DUT Z Alignment Rungroup 12 e o S E

1500 -

1250 -

—eo— Measured -
---- Fit

12 =

500 -

5 0-—— i -
40 -0 20 4 20 40

Track Residual y/um

S w0 )
Track Residual x/um

=
=
1

Rotation around Y Rotation around Z

M AN

10 -

Track Residual x/um
°

Track Residual x/um
°

0 10 20 30 40 50 6 70 80 0 o 20 30 4 50 60
Column Row

DUT Resolution

Rotation around Z Rotation around X

Track Residual y/um
b °

Track Residual y/um
}
b -

270 215 280 285 290 295 300 305 310
DUT Z pOSition / mm I A SRR R TR
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DUT Hit Discrimination

1400 -

= Online threshold has to be high due to

problem during readout
= Used offline threshold
= All the pixels are read for each trigger

= Pedestal calculated for each pixel

= 8 x RMS offline threshold, calculated per

pixel

=  Afew hundred electrons electrons
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-~ —@— Preamp B
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A

1 Acfb
B
/s 1 Bcfb
c
150 Ccfb
125
100
75 l
50 - i
25 - r .
B,
! ! o- s —_ —
8 10 2 4 6 8 10

PH RMS / a.u.

Threshold Scan Run 300128

—8— Preamp Acfb

—8— Preamp Bcfb
Preamp C
©— Preamp Ccfb
(I) 2IO 46 6‘0 8‘0 1(‘)0
Signal-to-Noise Ratio
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J__.: DESY i

= Electron / positron beam

= Circumference: 292.8 m Collimator & Shutter ‘=%
Dipole Magnet _ €4 Ny RO
= Energy cycle: 12.5 Hz (50 Hz /4) Converter Target . € T
= Revolution frequency: 1 MHz m;;-’m:“'—/“‘a;f
. /Vﬁber
] 7
Bunch length: 30 ps e Target DESY II R s
= Energy: 1to 6 GeV Synchrotron . /%,

= Divergence: 1 mrad

= Primary particles hit a carbon fiber, T eescey DESY ey L5 * " oo s
generates bremsstrahlung photons 3 2 S mep | R
- A metallic target converts the photons t £ Lo cmm i
electrons/positrons =2 SN
a1 =
= Magnet current selects the beam 0 i~ 045 Gev T N
momentum T 80 0 30 T L B S T B e’

time [ms]
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- LF110 Process Overview

Metal Routing WE h]R outing
'
NWELL NWELL 120%598 NWELL PWELI NWELL 5 NWELL

DEEP DEEP DEEP
GR PWELL PWELL PWELL

Metal Routing
P
NWELL NWELL 19WNe NWELL 5 NWELL

P-Edge Outer GR Inner GR pzfngL pI\;};a}fLPL

n-epi

n-epi2

n-type substrate n-epil (HR)

Conductive Chip Edge

p-type substate

Charged particle / Radiation

21 | Ali Ebrahimi aliakbar.ebrahimi@psi.ch | 2023-10-18 | MoTiC


mailto:aliakbar.ebrahimi@psi.ch

PAUL SCHERRER INSTITUT

Cal Inject

1

Pixel Schematic

A

O
-HV

Sample & Hold
Capacitor

(global) ext. hold

L

7
™~
e

Preamplifier

TO|T1

{>—[>—O Pulse Height Bus

—O TDC Hit

{>—0Trigger Bus

Buffer 1’ Buffer
I\ \
L~ O
I
Comparator Hit
FF
T2 Ma

Trim and Mask
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— 1 MoTiC A Overview

MoTiC

Group of 4 pixels (Total 40 by 32 groups)

v,
4 TDC £al
HIT1-4 g:)_| COUNTERl
PH| [PH

”% M‘\

HIT3 | |HIT4

HIT1| [HIT2
\£ [ [ ] ] %/
X PH| |PH 4

Row Select Shift Register (64 Rows)

Double Column Peiphery

PH

i

Vramp

i

HIT

Offchip Drivers

Y

COUNTER

Y

Column Select Shift Register (80 Columns)
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Preamplifier A
Vfb

Preamplifier D
Vi

il

long/weak NFET m
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Preamplifier B
Vfb

Preamplifier E
Vfb

i

long/weak NFET m

|1
1
1 fF Finger Cap

Preamplifier Schematics

Preamplifier C
Vi

Preamplifier F1/2

Vfb

1
|

Ipe—

I
1/3.5 fF Finger Cap
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