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NPN SiGe HBT

(depleted regions in light colors)

from wikimedia
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SiGe BICMOS Process

SiGe HBT = BJT with Germanium as base material:

—> higher doping in base possible
—> thinner base
—> reduced base resistance R,

Grading of Ge doping in base:

—> charge transport in base via drift
—> reduced charge transit time in base
—> high current gain [
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Leading-edge technology: IHP SG13G2

130 nm process featuring SiGe HBT with

* Transistor transition frequency: ft=0.3 THz
* DC Current gain: =900

e Delay gate: 1.8 ps

SG13G2 technology from IHP Microelectronics

innovations
for high
performance

microeélectronics

Leibniz-Institut fir
innovative Mikroelektronik

2016

2018

2017

FRR¢- PRl SIIF SR - rEd-afeE-d

S50ps
* Hexagonal pixels 65um
and 130um side
+ Discriminator output

200ps
* 1 and 0.5 mm2 pixels
* Discriminator output

110ps

+ 30 pixels 500x500um?2
* 100ps TDC +1/O logic

ATI'RACT noGAIN
36ps

* Hexagonal pixels 65um side

» 30ps TDC +I/O logic
* Analog channels
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PicoAD p1

* Hexagonal pixels 65um side
* 1ps TDC +1/O logic
* New FE, target 10ps
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« Digital electronics
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4+ Sensor design
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* RO system
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 Chip design * Laboratory test
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ATTRACT prototype

100um pitch hexagonal pixels - 25um depletion

Four Matrices

1. Active pixel
* Front end in pixel
 HBT preamp + driver (in pixel) + CMOS
discriminator (outside pixel)
2. Active pixel v2
« HBT preamp + CMOS discriminator
3. Limiting amplifier:
« HBT preamp + HBT limiting amplifier
4. Double threshold:
MPW submission in 2019 funded by H2020 QTTR act ° HBT preamp + two CMOS discriminators

PIXEL MATRIX
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https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019

ATTRACT prototype

il 2
Q:H z
al :
B UNDER TEST HERE :
g Analog Channels: 5
g | HBT preamp + two HBT Emitter Followers to 500() Resistance z
on pad. :
Vee In M,y Ms  Qut O
i _:.1’ TGS L4 i o ‘:::. Bias_Preamp L E
j. o perprery e Sl | ——
By g g e e o v - o L
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MPW submission in 2019 funded by H2020 ATTRACT Zinl il 1
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https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019
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To get rid of the effect of the telescope precision, we used the bins of the area
inside the red triangle, that represents the entire pixel area in the right proportions.
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ATTRACT prototype - Efficiency

Track position y [mm]
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ATTRACT prototype — Detection Efficiency

Wide range of operation points above 99.5% detection efficiency

100

£ 100 1 — —y =
) oy
s s |
g L [ z
T 98 ﬁ 98+ g
<
=
96/ 96 2
i i =
2
94} . . 94— . : S
CERN SPS Testbeam with 180 GeV/c pions CERN SPS Testbeam with 180 GeV/c pions o
HV =120V, V, =60, -~ HV=120V;1, = 1504A z
92 -4 DUTO 92T —+- DUTO ;
—- DUT1 [ — DUTY 5
I s
! J 90 I 1 N S T S— — PRI T SR T S Y SR N PR ISR W S R E
% 20 4 60 8 100 120 140 5 6 7 8 9 10 =
lpreamp (MA] Threshold [c,]
Efficiency measured at HV = 120 V
Dpreamp [HA] 7 20 50 150
: 1.4 +0.12 +0.03 +0.05
Efficiency DUTO [%] | 96.1%% | 99.75%515 | 99945005 | 99-9175 s
Efficiency DUTI [%] | 98.4*03 | 99.45*02 | 99.86*0:03 | 99.78+0.9%

‘ UNIVERSITE FACULTY OF SCIENCE

Department of Nuclear and

MONOLITHIT ) 5 DEGENEVE  prfitc prysic
- .




ATTRACT prototype — Time Stamping
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MONOLITH ERC project

| - Mt:th:n_l'th
5 year ERC project to develop a monolithic silicon sensor able to

measure precisely the 3D spatial position of charged particles while
providing at the same time picosecond time resolution.

Eurcpesn Research Council

Ertent st by e Drspenn Carmrwinmn

IHP SG13G2 electronics
already available at DPNC

H2020 ERC Advanced grant 884447,

July 2020 - June 2025

WP1: Monolithic PIN diode

Optimization of:
geometry, time resolution,
electronics working point

VIENNA CONFERENCE OF INSTRUMENTATION

WP3: Electronics
Amplifier

WP2: Gain Layer Discriminator

TDC

Optimisation of:
ety R/O logic

position, thickness, doping.
Radiation hardness study

WP4: Production of
Monolithic Multi-Junction PicoAD
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PicoAD sensor

Schematic sketch of deep multi-junction PicoAD sensor process:

Collection electrode incorporating electronics

Top epitaxial
layer -
hole gain

As gain layer
B gain layer

Down epitaxial layer -
electron gain

Substrate

VIENNA CONFERENCE OF INSTRUMENTATION

Placement of gain layer deep inside sensor:
De-correlation from pixel implant size/geometry —> high pixel granularity possible (spatial precision)
Only small fraction of charge gets amplified —> reduced Landau charge fluctuations (#iming precision)

Picosecond Avalanche Detector (PicoAD): EU Patent EP18207008.6
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PicoAD prototype p0O

FRONTENDS. ¢

ANALOG
PIXELS

PIXEL MATRIX
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PicoAD sensor

Fe-55 spectrum - 120V
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PicoAD sensor

Fe-55 spectrum - 120V
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PicoAD sensor

h* Gain Fe-55 spectrum - 120V
1st peak
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n++
+ nl10014_GR11toGND_HV_-200_step_0060_desgain_C
P 2500 |
S e[ Je-ne]
Mz) = " — :
_ . + [ aen| [ @i
h* Gain e  Gain -120V ° =
1000 1 R. J. McIntyre Gain Model
1st peak 2st peak

500 A
Only carriers passing through the gain layer are multiplied 0
. 0 2 4
Two different peaks for e and h* )
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First Peak [mV]

PicoAD — Gain Characterization

Peak amplitude of 3 Different Samples Dose4>Dosel
Amplitude of first peak (holes) vs. HV Amplitude of second peak (electrons) vs. HV
S50 Dose 4 ' 5‘180; Dose 4 Dose 1
45 Wafer 6 Wafer 9 ‘ £ 160 Wafer 6 Wafer 9 Wafer 9
- e T=-20°C -=T=-20°C x reT=20C -=-T=-20C i 5
40— *-T=-10°C - T=-10°C ‘ o 140 * T=-10C -=T=-10C ™ Lok, i =
: - T=420°C -=T=4+20°C Q. - @ T=420°C -=T=4+20°C "+ T=+20°C u =
35 " ?\\k [ g 120 S
| Dose 1 Ns | S
30 Waer 9 e | ‘% ool :
| Qv ™
25 ~ae T = -20°C o 80 i 2
20 ~a T = 4+20°C ¥ ‘ 3 %
| Zod | 60 :
r | 5
40 s
20 S
0 85 90 095 100 105 110 115 120 125 130 135 14\(/)[\1/]45 0 85 90 95 100 105 110 115 120 125 130 135 1:8[\1/]45

* Both peaks increase with HV

* Temperature dependence

* Clear difference between wafer 6 and wafer 9 for the same dose (under investigation)
* Dose 1 almost no holes gain, use for normalization to get electron gain
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PicoAD — Gain Characterization

e gain vs HV Gain ratio vs e gain
£ 25 Dose 4 cle 8
& Wafer 6 Wafer 9 'g S |
'‘© e T=-20°C -==T=-20°C ‘0 = 7}
20— T=-10°C -=T=-10°C :
_ #:T=420°C - T=420°C . 6 z
~ Dose1 1 E
15 Wafer 9 4 55 =
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" o T = 420°C \N\\$P\ & A =
\ | 2
10| N 3 £ .
| . | Dose 4 Dose 1 v\PS‘ o
| I o ,/‘ Wafer 6 Wafer 9 Wafer 9 \)N\\ g
5 : . =/ *T=20C --T=20C __ o \3 o
| e ? il . T=-10°C -=T=-10°C =-20 s
‘ g B 3 ; o T=420°C -&T=4+420°C =& T=+20°C :
| ‘_i A —d B 0 | %
0 85 90 95 100 105 110 115 120 125 130 135 140 145 b 2 4 6 8 10 12 14 16 18 20 22 24 =
HV [V] e gain
Wafer9 shows gain between 15 and 20 for temperatures Consistent behaviour of the 3 samples
between +20 and -20 degrees
The curve is expected to saturate:
Hypothesis -> Space Charges reduce electron gain
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PicoAD p0O vs pO NO GAIN

Testbeam at CERN SPS 180GeV pion beam. FEI4 Telescope (o, ~10um o, ~15um)
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PicoAD - Time Stamping

TOF Distribution
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TDC Monolith

Picosecond TDC test chip

TDC Time Resolution

—

—'3.0

V1.0

VIENNA CONFERENCE OF INSTRUMENTATION

0 100 200 300 400 500 600
Time of flight [ps]

Integrated in MONOLITH p1 Prototype: under test
Improved TDC version back from foundry in April 2022.
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Outlook and Summary

JINST 17 P0O2019

MONOLITHI NoGain prototype PichP pl Full reticle E
Kick off >99.5% efficiency Optimized sensor design Based on PicoAD p2 §
T NoGAIN =~ 36S Optimized FE + ps TDC 5

July2020 Q4 2021 Q2 2022 Q3 2024 5
TO DAY Q3 2023 :

+ - PicoAD p2 .
. Target: <10ps
Proof of PicoAD Concept 50pum pitch hexagonal pixel
Opicoapp, = (24.2 £ 0.7)ps New FE for ps resolution
>99.5% Eff|C|encyN\$P%*
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https://iopscience.iop.org/article/10.1088/1748-0221/17/02/P02019

