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o MAPS

o Cassia design
e Measurements
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o DCR
o Gain
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e Summary
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CASSIA (CMOS Active SenSor with Internal Amplification)

Motivation
NWELL COLLECTION
L . . NM_OS Pl\ﬂs ELECTRODE 2
e MAPS(monolithic active pixel [(ve. | [T
PWELL LU NWELL! (S sy R
sensor ) provide low material budget, | DEEPPWELL Tl

consumption.

° Conventional LGADs offer internal
avalanche gain but require hybrid

sensor-readout integration. P- EPITAXIAL LAYER
e CASSIA combines the advantages of
MAPS and LGADs in a single

monolithic CMOS sensor.

Develop a monolithic CMOS active pixel sensor with
internal avalanche gain to:

e  Simplify in-pixel readout electronics and reduce
power consumption.

e Improve timing resolution for future 4D tracking
applications.

e Increase the signal-to-noise ratio (SNR) and
radiation tolerance.
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MAPS(Monolithic Active Pixel Sensor)

Charged particle ionizes silicon — creates electron—hole pairs
Electrons diffuse and are collected by a small diode in each pixel
Signal is amplified and processed inside the pixel (CMOS electronics)
Pixels are read out as a matrix (rolling shutter or sparse readout)

Hits are used for precise track reconstruction

Key features:

e  Low material budget

e  High spatial resolution NWELL TRANSISTORS NWELL
e  Low power consumption DIODE NMOS  PMOS / DIODE
e  Thin CMOS sensors (~50—-100 pm)

NWELL PWELL

DEEP /PWELL

PWELL
%E %} é DEEP PWELL
\

° DEPLETION
REGION

~~~~~
~ ~

Epitaxial Layer P-

V>0




CASSIA (CMOS Active SenSor with Internal Amplification)

More variants arranged in 24 single pixels

CASSIA 1

Flavours arranged in 4 3x3 Matrices

Implementation
Central pixel
e Integrate a gain layer beneath the collection electrode in a

modified 180 nm Tower CMOS process.
e Combine the sensor and analog/digital readout electronics on the
same chip using deep p-well isolation.
e Engineer the breakdown voltage through different gain-layer
designs.
e Select the operating mode via the reverse bias voltage:
o Low gain mode: moderate internal gain(0-100), low noise.
o  SPAD mode: high internal gain with Geiger-mode
operation.

[1]S.Haberl ,21st "Trento" Workshop surrounding pixels
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CASSIA Sensor Design

M1: Standard n* electrode, no gain layer. Used as

the reference sensor to study electrical behavior A oA
without internal gain. I o —wmm
. LOW DOSE N-TYPE IMPLANT i DEEP PWELL ;
M2: Standard n* electrode with a 20 um Deep P-Wel GAIN LAYER
(DP) gain layer. M1 M2
P EPITAXIAL LAYER

M3: Standard n* electrode with a 12 ym Extra Deep | e ‘ i
P-Well (XDP) gain layer. |

M4: Shallow n* electrode with a 12 ym XDP gain
layer.

XDEEP PWELL
GAIN LAYER

M4

‘ XDEEP PWELL ‘
GAIN LAYER
M3
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Testing Configuration

Measuring from the NW

Deep P
well biased V_BIAS

\ ] §

W3 = floating

Sub biased \
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Current (A)

Low Gan\Region

IV Measurements and Breakdown

The Keithley 6517B was used both as the voltage source and
current meter.

The bias voltage was applied to the substrate, and
measurements were performed to compare the device response
when the WPD was biased and when it was grounded.

Measure Current from the Central pixel electrode.

The surrounding pixels were left floating.

Device illuminated with a white LED source.

High Gain region

IV Curves M2

Current (A)

IV Curves M3

IV Curves M4

-
109 M4_wPD_biased

M4_WPD_grounded

100

107°
—— M2_WPD_biased

—— M3_WPD_biased
M2_WPD_grounded

M3_WPD_grounded

Current (A)

0 10 20 30 40 50 60

,-//M

Voltage (V)
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IV Measurements and Breakdown

nt (A)

Curre

1077

M3

1078
107°
70 80

100 110
Voltage (V)

M4

Current (A)

107°
10-9
70 80 %

100 110
Voltage (V)

- Comparison:

* Big gain layer decreases
breakdown voltage

- Deeper gain layer -
implant increases
breakdown moderately

Sensor Electrode Gain Layer V(LGAD) V(SPAD)
M2 NW DPW(20 um) 38.8 58

M3 NW XDPW(12 pm) 81.2 100.5
M4 Shallow NW XPDW(12 pm) 92.3 109.6
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Dark Count Rate pulses

e DCR for CASSIA
sensors is measured in the identical setup as pulsed laser measurements with CASSIA
e Ghost events occurred by the thermal noise of electrons
e  Controlled temperature and humidity
e DCR pulses have the same amplitude as the laser triggered pusles
2,00 20000
)] o @
-2 oo B
2 o =1
1.25 g 500 g
g Hwe SO —
1.00 ™ 200 on
= s B il
0.75 50
& 2
§ 0.50 2 b ff‘ z.
@ , @
0.25 I~ : s
0,00 —’ g 1 g
0.0 0,2 0.4 0.6 0.8 1,0 . 2 i 0.6 . 6
le—6 e—
Time (s Time (s)
[2]First results of a Monolithic Active Pixel
Sensor with Internal Signal Gain Fully
. Laser Triggered Pulses Integrated in a 180 nm CMOS Technology
DCR self triggered pulses 10
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Dark Count Rate Performance

e DCR measured at 0°C, 10°C, 20°C, and 30°C in a climate 10" § i
chamber using an 80 mV trigger threshold. e
e Threshold chosen to:
o  Remain well above amplifier noise (~2 mV RMS). 10° -
o  Stay below the first detectable LGAD pulse amplitudes.
e DCRincreases exponentially with temperature, indicating
thermally generated carriers in the silicon. v
e Low noise performance:
o  ~1Hz at room temperature in LGAD / early SPAD mode .

= M3 30C

o  Corresponds to < 0.01 Hz/pm? (normalized to gain layer , M3 20C

107 o M3 10C
area).
92,5 950 975 100.0 1025

e At120V (=15 V above breakdown, SPAD mode): 850 875 900 e
o DCRrrises to ~0.1 Hz/pm?.

DCR [Hz]

[2]First results of a Monolithic Active Pixel Sensor with Internal
Signal Gain Fully Integrated in a 180 nm CMOS Technology

11
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Dark Count Rate pulses

——4— D =20 pm — M2 0.07 | ) =12 pym —
- 0.30}- ; LI’I: 20 :mln::rnw spacing to PW) — S4 r ‘a) .‘! S d.06 -;- L; 1;; um _2153 b) *"!
. £ i D=28pm—S5 / o908 F
Dark Count Rate (DCR): o= i
. io.zo ‘,.' g o !
Effect of Sensor Design  : 4/ & s
g i 4 £ 0.03f g
O . Eﬂ.m- // * ',1' éo_oz_ ,,«i"r’;“' ) ) .
bservations 5 sl o - al—
= 209 DTO - 255 5:0 755 l(;.O 12‘.5 15‘.0 1’;.5 0.00 r()f[] 215 5?0 7?5 10‘,0 12‘6 15‘.0 17;,5
e DCR strongly depends on the gain V=Viers V] VeV
layer (GL) and electrode implant of T om0y ;| omss| EDzmmosn gy
combination. g, [T BT g [
=2 > b = 0.030}
e DCR values are normalized to Sl ol &
the gain layer area for a fair g ~ T
comparison. Eol o e | BT
e Larger gain layers lead to earlier % .| R - 2
a S a L
breakdown. - e
e Shallow electrodes also exhibit e e T WA W R o e IR0 18
later breakdown, but produce . L : . .
hiaher DGR P [2]First results of a Monolithic Active Pixel Sensor with Internal
9 Signal Gain Fully Integrated in a 180 nm CMOS Technology
12
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Gain Measurements Configuration

1064 nm infrared laser

e Laser pulse is split into 2 pulses
using a fibre

splitter, one pulse is delayed by
98ns

e External trigger on the laser
signal

cividec

Diamond Shaping Amplifier
»>
Cx

[3] L. Diehl, 5th DRD3 week on Solid
State Detectors R&D

13
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Gain and timing Measurements in Zurich

Charge vs Voltage (All Sensors)

e Measurements were performed in the central channel, positioned at the

—$— M1(C2)
center of the gain layer (metal opening). * he
e The collected charge in the CZ M1 sensor (without a gain layer) is e

M4 (EPI)

consistent with the response observed in the non-gain regions of the other
CZ sensor matrices.

e Epitaxial (EPI) sensors exhibit lower collected charge due to their reduced
active thickness, while achieving higher internal gain.

e Uniform gain above gain layer

e Notable gain outside gain layer

10°

Collected Charge (nV s)

Gain vs Voltage (All Sensors) 20 40 60 80 100 120

Bias Voltage (V)
, M2 (C2Z)
—— M3(C2)
—— M4 (CZ)
M3 (EPI)
M4 (EPI)
[3] L. Diehl, 5th DRD3 week on Solid
S State Detectors R&D
1]
0 d ' N— Y ¢
20 10 0 10 20 100 120 14
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Cassia 2

* CASSIA2 sensor manufacturing completed in IPHC run
« 2 wafers (one of each split) will go now to thinning and
dicing - chips available beginning of august

CASSIA2-A « Focus on LGAD operation * Analog (4x4
matrices) and digital readout (5x5 matrices)

CASSIA2-B « Multiple test structures without on-chip
readout « Explore new structures, aiming for improved fill
factor »

CASSIA2-C « Focus on SPAD operation « Quenching
circuits (4x4 matrices

15
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Summary

Conclusions

e  Successfully demonstrated CASSIA, a monolithic CMOS pixel sensor with internal avalanche gain fabricated
in a 180 nm TowerSemiconductor CMOS process.
e Internal amplification is achieved using DP and XDP gain layers without modifying the standard CMOS
fabrication process.
e The same pixel can operate in two modes by adjusting the reverse bias:
o LGAD mode: gain = 10-100
o  SPAD mode: gain >4000
e Avalanche multiplication is uniform across the active region and exhibits a smooth transition from LGAD to
SPAD operation.
e The sensors achieve a low dark count rate (~0.01 Hz/um? at room temperature), making them suitable for
High Energy Physics applications.
e CASSIA demonstrates the feasibility of large-scale monolithic pixel sensors with internal gain for future
HEP and nuclear physics detectors.

16
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Thank you!
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Gain and timing Measurements in Zurich

Timing jitter remains below 100 ps across all gain matrices.

Good timing performance is preserved even at low laser intensity

(<11 MIPs)

Jitter vs Voltage (All Sensors)

0.15 1

W%.

®-000000000—00

- M1(C2)
—$— M2 (C2)
—— M3(C2)
—— M4 (C2)
M3 (EPI)
M4 (EPI)

Jitter

Constant fraction
discrimination to

assign time stamp z
for both pulses ‘
-> fill Avinto
histogram

[3] L. Diehl, 5th DRD3 week on Solid
State Detectors R&D
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