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Outline ZRD50

» Innovations in the design of silicon sensors (LGAD + RSD)

» Simulation of DC-RSD devices
 Spice (circuit level)

(d TCAD (device level)

» Reconstruction of the particle impact positions

 Spatial resolution analysis

» Design and optimization of DC-RSD
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Innovations in the design of silicon sensors (1/2) ' RDs0

Low-Gain Avalanche Diode (LGAD)

Resistive Silicon Detector (RSD or AC-LGAD)

Dielectric
Resistive n*
sheet

Efeld

particle gain Iayer o
particle
PRO © CONS ® PRO © CONS ®
v’ Internal low-gain v Segmentation v’ Internal low-gain v AC-coupled read-out
= large signals & low = fill factor < 100% = excellent temporal = long-tail bipolar signals
noise = low spatial precision precision = baseline fluctuation
= excellent temporal No gain area ~ 50 um i — position-dependent
precision v’ Resistive read-out resolution
SR = signal sharing = not easily scalable to
m = 100% fill factor large area sensors
= excellent spatial

precision [ Ideal for ‘l
position
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Innovations in the design of silicon sensors (2/2) ' RDs0
DC-coupled RSD (DC-RSD)

Resistive n*

sheet p* gain layer

particle

v’ Internal low-gain v’ Resistive read-out
= excellent temporal precision = excellent spatial precision
v DC-coupled read-out

= unipolar signals

—> absence of baseline fluctuation
= controlled charge sharing

= large sensitive areas (~ cm)
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Simulation of DC-RSD devices <\.A.£:;i5éb5o

v’ Issue: charge sharing over large distances (*mm)
v Hybrid simulation approach

Spice I TCAD

v’ Circuit level v’ Device level
= Fast simulations = High accuracy, but time consuming
= High abstraction level — Added values
= Proof of principle, but limited information 1. technological/design optimization

2. accurate modelling of particle hit
(position, energy deposition)
3. radiation damage effects
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Spice simulation (1/2)

v’ Equivalent lumped-element electrical model

———

Fundamental block

Full sensor module
e.g. 15x15 nodes

; one signal injection
: => one simulation

>

L. Menzio et al., DC-coupled resistive silicon detectors for 4D tracking, Nuclear Instr. Meth. in Phys. Res. A, Vol. 1041, 2022.
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Spice simulation (2/2)

v Reconstruction of the particle impact positions
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L. Menzio et al., DC-coupled resistive silicon detectors for 4D tracking, Nuclear Instr. Meth. in Phys. Res. A, Vol. 1041, 2022.
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TCAD simulation (1/3)

v’ Simulated layout (full 3D geometry) v’ Simulated doping profile (LGAD)

* Sheet resistance

Ry =52 [0 ]

1

Psin = m [Qum]

o  Width (W) 100 pm
o  Thickness (T) 55 pm
o PadLength (L;) 15pm
o  Pitch (P) 50 pm

o C, (X Cut) - ZOOM

v’ Biasing condition (inverse region) S
“ Res. Imp. —— R+ = 1.17 kQqq

===Rsn++ = 203 qu

(p)

Epitaxial

0 BACK => -V,

4 PAD1 => GND

Y (a.u.)

Z00M

0 PAD2 => GND

O PAD3 => GND

13370414

Epitaxial
(p)

Doping Concentration (a.u.)

=> GND

- ~3s8te+16
10008419 BACK TOP

Y (a.u.)
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TCAD simulation (2/3)

v’ Static (DC) behaviour v’ Transient (TV) behaviour

- ."-’ -
I-V, notirr. I-t, not irr. (ZOOM)
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Back Voltage (V) Time (ns)
Avalanche model: Massey. Temperature 300 K. Minimum lonizing Particle (MIP) Rs,n++ =203 qu ---> Rs,n++ =1,17 stq
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TCAD simulation (3/3) VRD50

v Reconstruction of the particle impact positions

y[AU] O Injection points y[AU]
4 % Reconstructed 4
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Reconstruction of the impact positions

Results from Spice simulations VS. Results from TCAD simulations
. The reconstructed points
o tend to cluster in the centre. The larger the pitch size,

s 5 Such distortion is typical of
S resistive devices [*]

f =t
LD‘ 3 0 Injection points
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[*] H. Wagner et al., On the dynamic two-dimensional charge diffusion of the interpolating readout structure employed in the MicroCAT detector, Nuclear Instr. Meth. in Phys. Res. A, Vol. 482, 2002.
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Design and optimization of DC-RSD

v Reduced distortion by adding resistive strips between the read-out pads
viAu T
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Design and optimization of DC-RSD

v' Impact of different strip resistivity (Rsyrip) ON the reconstruction

A
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Design and optimization of DC-RSD

v" Impact of the pad size (L,,,) on the reconstruction

——Padl, Lpap = 7 um
——Pad2, Lpap = 7 pm
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Conclusions ZRD50

v" Novel evolution of the LGAD resistive silicon detector design: the DC-coupled RSD (DC-RSD)
v’ Strategy for the simulation of DC-RSD devices: hybrid approach
=> combination of TCAD and Spice simulation tools
=> signal spreading and 100% fill factor preserved in the DC-RSD design
v Optimization of the performance, e.g. accuracy of the position reconstruction
=> improvement by using resistive strips between the read-out electrodes
v" A first batch of DC-RSD is planned in the next few months (produced by FBK, Italy)
v Extensive campaign of measurements on both not irradiated and irradiated DC-RSD structures
v" New batch of TCAD simulations taking into account the radiation damage effects

v Guidelines for future production of radiation-resistant DC-RSD
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Innovations in the design of silicon sensors

Innovation Sensor property Experimental feature

Continuous gain layer |——>| 100% fill factor

Uniform weighting field

Continuous cathode

Uniform carriers drift velocity

Resistive read-out

Reduced power consumption

Vertex 2022, Resistive Readout

Large pixels
Space for electronics
Signal sharing |—>| Excellent spatial precision
Thin |—>| Low material budget

Internal gain

100% efficiency

Large signals

Excellent temporal precision

CNFR tommaso.croci@pg.infn.it
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Second design innovation: resistive read-out “/RD50

* The signal is formed on the n* electrode => no signal on the AC pads
* The AC pads offer the smallest impedance to ground for the fast signal

e The signal discharges to ground

short RC short RC

Fast signal ,= Fast signal, =

Vertex 2022, Resistive Readout

(Tredi conf. 2015)

= " In resistive readout the signal is naturally shared among pads (4-6)
-+
.Y without the need of B field or floating pads

Thanks to the internal gain, full efficiency even with sharing

Results presented here are from the FBK RSD2 production

T. Croci et al., 415t RD50 Workshop, Seville — December 1, 2022 o ﬁlnl?ﬁ (INFN tommaso.croci@pg.infn.it
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Signal propagation on a resistive surface

Pre-requisite: study the signal propagation on a silicon resistive surface

= Large structures (2 mm?resistive

sheet from RSD1 production) [ Profis ——
= Contact at the periphery toread- g, TR =
out the n** @ = N
i il
edge — T
EEEEE 20040
40| Mean 18.48
- ° r
R 301 Std Dev y 1437
= The shape changes with center e
af e
propagation: smaller and longer | e

with distance

L. Menzio — 17t "Trento" Workshop on Advanced Silicon Radiation Detectors
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Example of signal sharing

50- thick FBK RSD, Gain ~ 20 . . e . ene
mm fhie === Spatial precision of resisitive read-out

S 60 60 . . . o . . .
% 3 Pad 1 Pad 2 0. Spatial resolution for pixels with different geometries as a function of Metal-Pitch
é 49 : e 18 * MF 3 different position +
g- sorik 20 - 16 OLA reconstruction methods
< ] 3 E14 [ aDRC
AN\ St % +
= '§ 10 r 50-100 100 - 200 g 300 - 500
""""""""" s 81 150 - 200 H =500
s 4 6 8 10 ] 2 : 70-100 % ‘ $
= Pad 4 2 f o
£ : |
.Té- 0 50 100 150 200 250 300 350
< Pitch - Metal [um]
i e ° ., v" RSDs reach a spatial resolution that is
2R S P ] T ——— about 5% of the inter-pad distance
6 2 4 & 8 10 . . .
Yime [ns] Sone I => 5 pym resolution with 150 pm pitch
v" RSDs have the «usual» UFSD temporal
The laser is shot at the position of the red dot: the signal is seen in 4 pads resolution of 30-40 ps

Nicolo Cartiglia, INFN, Torino, VCI2022, 25/02/22
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I Used 18} Elie reconstruction
I A ]\ 1«

In large pixels, the signal is visible only on

the nearest pads.

The full signal is used in the reconstruction

Used in the - — I ————— 1 ————— 1
reconstruction A _/\ \+ j\ | | N

In small pixels, the signal is visible on many

Vertex 2022, Resistive Readout

pads.
When only 4 pads are used, only a part of

the total signal is used in the reconstruction

In small pixels, for equal gain, the signal-to-noise ratio is worse since part

of the signal leaks to pads not used in the reconstruction

T. Croci et al., 415t RD50 Workshop, Seville — December 1, 2022 ‘ﬁlnl}?ﬁ (INFN tommaso.croci@pg.infn.it



Vertex 2022, Resistive Readout

Pixel size

. [ ~2sx2sum 7‘1 ay ! e — PG »
7 2 z z —em ‘ ! . 2 .
. 7 i o o o . S L7 Pixel size L / e
(e SRS fommss osees 7—————————f———————f———f———,' ————— : A e - Z 4 ' ,
! : : : ; | ‘ ] ' I S y 200 x 200 pm? | | A

Eeoromics| — 1L L A T /
gt Lt T it T T S I S O L5l gl R R
N Lo L Lo N Lo O Lo O Lo O Lo L L S B B B
o W A 4 WY W o v s W s s v s IV I‘W . el
A - T 7S
- L B Y — N
e
ilicon sensor } < y=

Standard trackér RSD-baged tracker

The design of a tracker based on RSD is truly innovative:

It delivers ~ 20 -30 ps temporal resolution

For the same spatial resolution, the number of pixel is reduced by 50-100

The electronic circuitry can be easily accomodated

The power consumption is much lower, it might even be air cooled (~ 0.1-0.2 W/cm?)

The sensors can be really thin

++)
Internal gain +++I
\
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RSD and DC-RSD

Vertex 2022, Resistive Readout

This design has been manufactured

in several productions by FBK, BNL,
and HPK

Cathode

Anode

This design is presently under

development by FBK
The main advantage of the DC-RSD

design is to limit the signal spread

T. Croci et al., 415t RD50 Workshop, Seville — December 1, 2022
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Technology-CAD simulations

» TCAD simulation tools solve fundamental, physical partial differential equations, such as
diffusion and transport equation for discretized geometries (finite element meshing).
» This deep physical approach gives TCAD simulation predictive accuracy.

» Synopsys© Sentaurus TCAD

eeeeeeeeee

(v (—&;Vep)=q (Ng — N7 +p—n) Poisson
< ot g In ectron continuity
op 1 i
O}Z +— a V- ]p Hole continuity

]_)n:]_)p @p =G _E
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TCAD simulation of LGAD devices

\/ RD50

v" Fully-3D structure

Gaussian
Gain Layer
profile

Doping Concentration (a.u.)

Oxide
ri

din Layer

ntt

Doping profile (TOP)

n** peak —2D
\ ---3D
p** peak
\ p Epitaxial
depth.u)

I-V, before irradiation

Good

—2D
1e-s} ———3D

Signal Current (A)

H
?
K
o

X R

— %

Gain

Avalanche model: Massey. Temp. 300 K. Electrical contact area 1mm?

x Meas.

G-V, before irradiation

40f Estimated error on data £10 %
o
x
30 ccC
Gain = —“WLC .
PIN x
20}
x
x
x
10| "
x x °
o o 3D
X Meas.
0 100 200 300
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Methodology

DC / AC analysis

*DC biasing (static)
o n cathode: 0V

o p anode: sweep
v start=0V
v step =-25V (from 100 V)
v’ stop =-1000 V
o Temperature
v" 300 K for not irr., 253 K for irr. [7]

* AC biasing (small-signal)
o For each DC bias step,
superimpositionofa 1V
sinusoid
o Impedance matrix for each node of
the discretized grid
o Temperature 300 K for notirr. / irr.

1 kHz

pp’

[5] S. Meroli et al., Energy loss measurement for charged particles in very thin silicon layers, JINST 6 P06013, 2011

—

Transient analysis

*For each DC bias step, one
Time-Variant (TV) simulation of
impinging particle (MIP),
following the “Heavylon” model
o instant of penetration 1 ns

o through the whole device
o Linear Energy Transfer (LET)

LET =l Z_rft
where
E =3,68 eV
= Eioss = 0,027 log(y) + 0,126 kue;rZ

‘ Gain calculation

* Leakage current calculation
o instant=0,9 ns

* Leakage current offset subtracted
from the simulated I(t) curve

* Calculation of Collected Charge
(CC) as the integral of the current

) cC
Gain =—L42- § (g
CCPIN

[7]1 A. Chilingarov, Temperature dependence of the current

[6] V. Sola et al., First FBK production of 50 um ultra-fast silicon detectors, Nucl. Instrum. Methods Phys. Res. A, 2019 generated in si bulk, JINST 8 P10003, 2013.
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Transient responce: “Heavylon” model
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Simulation setup

\/RDSO

Physical models

v" Generation/Recombination rate
=> Shockley-Read-Hall (SRH), Band-To-Band
Tunneling (BTBT), Auger

Radiation damage model
v' “Perugia0”

=> combined surface and bulk damage scheme

=> Avalanche Generation: the impact energy (eV) intr. rate (cm™) | eXsect (em?) | hXsect (cm?)
. . . Donor E-0.23 0.006 2.3e-14 2.3e-15
ionization model is Massey
/ . ore . . Acceptor E-042 16 1.0e-15 1.0e-14
Carriers mobility variation FR— P = — —
=> doping and field dependent
v PhYSICaI Pa rameters Acceptor-like Donor-like
=> SO =0 Cm/S Energy (eV) Ec -0.56<Er<Eg By <Er <Ey +0.60
Width (V) 0.56 0.60
=>T, =T, = 1E-3 s Dir (&V-"cm ) Dir...(¢) Drr...(9)
Nir (&) (cm™3) Nit,.. (0) + AN, (¢) Nir,,., (0) + AN, (¢)
Oelectrons (sz) 1.00 x 10_18 1.00 x 10_“’
Ghoes (€M) 1.00 x 10718 1.00 x 10718
Fixed oxide charge Pre-irradiation values
Qox (0) = 8.0 x 10410
Qox (¢) em™) Qox (0) + AQox (¢) Nir,..(0) = 7.0x 1009
Ny, (0) =7.0 x 10+
tommaso.croci@pg.infn.it
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TCAD radiation damage models used

> “New University of Perugia model”
v" Combined surface and bulk
TCAD damage modelling schemel3!
v' Traps generation mechanism

» Acceptor removal mechanism

N (@) = NA(O)e_Cd)
where
* @Gain Layer (GL)
e ¢, removal rate, evaluated using the
Torino parameterization

TEST STRUCTURE
MEASUREMENTS

Surface damage (+ Q)

_EXTRACTION

PARAMETERS |

MODEL
__VALIDATION |

DETECTOR
OPTIMIZATION

CCE, I-V, C-V, ...

Bulk damage

[3] AIDA2020 report, TCAD radiation damage model - CERN Document Server

Donor | E--0.23 | 0.006 2.3x101 2.3x1018

[4] M. Ferrero et al., Radiation resistant LGAD design, Nucl. Inst. And Meth. Acceptor | Ec< Er<Ec-0.56 0.56 Dir = Dr(®) RO [ B —
eptor | E.- 0. i x10°15 1014
In Phys. Res. A, November 30, 2018. Donor | E,<E, <E,106 0.60 Dyr = Dyy(®) Acceptor | £.-045 | 09 | 7x10% | 7a0®
T. Croci et al., 415t RD50 Workshop, Seville — December 1, 2022 o &lnl?ﬁ INFN  tommaso.croci@pg.infn.it


http://cds.cern.ch/record/2705944
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Transient (TV) behavior “IRD50

v 3D structure, 2x2 PADs @R,,,.~203Q,
o hit 1 (center hit), 1 MIP
o Vg=-200V I-t, not irr.
— Padl
6e-06[ —— Pad2
—Pad3
Pad4
— -Bulk
< 4e-06}
=
g
5
O 2e-06f
0,
0 5 10

Time (ns)
Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior C, (Center Cut)

v t=0.00 ns

I TOT

100 BACK TOP

Abs(TotalCurrentDensity-V) (A*cm”-2)
3.512e+00

1.188e-02
4.016e-05
1.358e-07
4.592e-10
1.553e-12

100 BACK TOP

5.250e-15 X 1 E 2
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Transient (TV) behavior — hit 1 C, (Center Cut)

L
v' t=1.00 ns (hit)
= Y
x 1E2 fg .
— Padl
1.5e-08| Pad2
—Pad3
/\ " |
Y / TOT =
M / \ 60
U se9)
80
@ |
1 7 3 100 BACK TOP
Time (ns) -
-100
! ' 20
Abs(TotalCurrentDensity-V) (A*cm”-2) x
HeavylonChargeDensity (cm*-3) 3.512e+00 @
9.899e+11 1.188e-02
9916404 4.016e-05 L]
9:933-03 I 1.358e-07
I9.9sue-1u
9.966e-17 ‘:'::za':: 100 BACK TOP
9.983e-24 -553e- u : .
Il.nnue-su X 1E2 I5.2509-15 X 1E2 CZ e * Y
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=1.01ns
x 1E2 )
— Padl
15608 Pad2
—Pad3
/\ [ o
T 1e08 / TOT _
5
U se9)
80
®
u !
1 2 3 100 BACK TOP
Time (ns) |
-100
0
20
40
Abs(TotalCurrentDensity-V) (A*cm”-2) «
HeavylonChargeDensity (cm?-3) 3.512e+00 o
.9.599.9" ! 1.188e-02
. 4.016e-05 .
9.933e-03
I9.9sue-1u I 1.358e-07
s o . BAK rop
9.983e-24 E53e- | 7 ‘
Il.nnue-su X 1E2 I5.2509-]5 X 1E2 100 50 v u
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Transient (TV) behavior — hit 1 C, (Center Cut)

v t=1.03 ns
x 1E2 )
— Padl
15608 Padz
—Pad3
Pt I
< letg /\ TOT x
lj. \
u 09,
. 80
u |
: 2 : o BACK ToP
Time (ns)
-100
‘; ~Y
o,
Abs(TotalCurrentDensity-V) (A*cm”-2) E
HeavylonChargeDensity (cm?-3) 3812100 i
lq.awen 1 1 1.188e-02
99162404 4.016e-05 0
9.933e-03 1.358e-07
9.950e-10
9.966e-17 ':i:ze':: o0 BACK TOP
9.9830-24 . "
e X 1E2 5.2500-15 x 1E2 CZ % = v
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Transient (TV) behavior — hit 1 C, (Center Cut)

o
v t=1.05ns
x 1E2 0
— Padl
1.5e-08| Pad2
—Pad3
Pad I 40
3 ua /\ TOT _
5 \
U se0st @
80
0
! : : 100 BACK TOP
Time (ns)
-100
o
20
40
>
HeavylonChargeDensity cm-3) l‘”’ 12e+00 @
l"-mﬁ*" 1.188e-02
99166404 4016e-05 "
9.933e-03
2950010 1.358e-07
p9ete1? Lo9aerl - BACK TOP
9.9830-24 1.553e-12
oess X 1E2 5.250e-15 x 1E2 10 e N o
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=1.10ns
x 1E2 )
— Padl
1.5e-08| Pad2
—Pad3
Pagd I w
S TOT
ol /\\ x
g “
a Se-09) . !
80
0
l 2 ’ 100 BACK TOP
Time (ns)
100 50 N o
0
20
40
Abs(TotalCurrentDensity-V) (A*cmA-2) .
HeavylonChargeDensity (cm*-3) l3.5 12e+00 o
[go59en1 1.188e-02
Toserns 4016e-05 ;
9.933e-03
9.9506-10 1.358e-07
9.966¢-17 4592e-10 . SACK
9.9830-24 1.553e-12
ez X 1E2 5.2500-15 x 1E2 o - . -
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=1.25ns
x 1E2 »
— Padl
1.5e-08| — Pal2
—Pad3
Pad I 40
2 /\\ TOT .
E / \
= A\
U se9) \
80
0 .
' X : 0 BACK TOP
Time (ns)
100 -50 ¥ o
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2) x
HeavylonChargeDensity (cmA-3) l3-5 12e+00 @
e 1.188e-02
99162104 40166-05 Y
Jomsens 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.983¢-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=1.50ns
x 1E2 »
— Padl
1.5e-08| — Pal2
—Pad3
Pad I 40
: TOT
il /\\ x
@ / l‘\ 60
£ / \
U se9)
80
0 .
' X : 0 BACK TOP
Time (ns)
100 -50 ¥ o
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2) x
HeavylonChargeDensity (cmA-3) l‘”’ 12e+00 @
e 1.188e-02
99162104 40166-05 Y
Jomsens 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.983¢-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=1.60ns
x 1E2 »
— Padl
1.5e-08| — Pal2
—Pad3
Pad I 40
- /\\ TOT ]
E / "‘\ 60
£ / \
U se9)
80
0 .
' X : 0 BACK TOP
Time (ns)
100 -50 ¥ o
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2) x
HeavylonChargeDensity (cmA-3) l‘”’ 12e+00 @
e 1.188e-02
99162104 40166-05 Y
Jomsens 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.983¢-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior — hit 1

C, (Center Cut)

0
v t=1.75ns
x 1E2 2
1.5e-08| ::;
—Pad3
Pad I 40
e /‘\\ TOT
E ,’. "\‘. 60
a Se-09) )
0 ~
1 z : 100 BACK TOP
Time (ns)
-100 -50 - o
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2)
HeavylonChargeDensity cm-3) l“"5 120100 @
o el 1.188e-02
9.916e+04 4.016e-05 0
993303 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.9830-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1 Ez -100 -50 v 0
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=2.00ns
x 1E2 »
— Padl
1.5e-08| — Pal2
—Pad3
Pad I 40
- /\ TOT ]
£ \
= / A\
U seosf / \
80
0 .
' X : 0 BACK TOP
Time (ns) - . .
¥
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2) x
HeavylonChargeDensity (cmA-3) .3-5 12e+00 @
e 1.188e-02
99162104 4016605 Y
Jomsens 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.983¢-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior — hit 1 C, (Center Cut)

0
v t=2.25ns
x 1E2 »
— Padl
1.5e-08| — Pal2
—Pad3
Pad I 40
: TOT
3 e /\ \ x
g / \ 0
g / \
= / \
U seosf / .
)
0 .
' X : 0 BACK TOP
Time (ns)
100 -50 ¥ o
0
20
40
Abs(TotalCurrentDensity-V) (A*cm®-2) x
HeavylonChargeDensity (cmA-3) .3-5 12e+00 @
e 1.188e-02
99162104 4016605 Y
Jomsens 1.358e-07
9.950e-10
I9.966--17 4592e-10 100 BACK
9.983¢-24 1.553e-12
1.000e-30 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior — hit 1 C, (Center Cut)

v t=2.50ns
x 1E2 )
1.5e-08| _:;
—Pad3
Pagd
g 1e-08| ’/\_\ 5
‘3 Se-09)
. ®
1 2 ’ 100 BACK TOP
Time (ns) ‘
-100
20
Abt(TofulCuromDonﬂhr V) (A*cm”-2) «
HeavylonChargeDensity (cm?-3) 3 512e+00 o
.9“9 + I 188e-02
Tosenns 4.016e-05 .
S lasse 07
9.950e-10
I"-"“°"’ :::za :: 100 BACK TOP
9.983e-24 ™ . | V ‘
I"""“"'su x 1E2 Is.zsue-ls x 1E2 CZ = - §
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Transient (TV) behavior — hit 1 C, (Center Cut)

o
v t=3.00ns
x 1E2 )
— Padl
15608 Padz
—Pad3
padt I “
§ 1e-08| /\\‘ TOT *
5
U se9)
80
0 ( J
: 2 3 o BACK ToP
Time (ns)
-100
o
20
40
Abs(TotalCurrentDensity-V) (A*cm”-2) E
HeavylonChargeDensity (cm?-3) 3812100 i
lq.awen 1 1.188e-02
9916404 4.016e-05 L]
9.933e-03 1.358e-07
9.950e-10
I9,966o-17 ':i:ze':: 100 BACK TOP
9.983¢-24 e
1000030 X 1E2 5.250e-15 X 1E2 100 -50 v 0
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Transient (TV) behavior C, (Center Cut)

v t=5.00 ns
x 1E2

1.5e-08| Pat2

/\ h lror

Se-09|

Current (A)

TOP

1 2 3

100 BACK

Time (ns)

Abs(TotalCurrentDensity-V) (A*cm”-2)
3.512e+00

1.188e-02
4.016e-05
1.358e-07
4.592e-10
1.553e-12

100 BACK TOP

5.250e-15 X 1 E 2
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Transient (TV) behavior C, (Center Cut)

v t=10.0ns
x 1E2 _—

1.5e-08| Pat2

/\ h lror

Se-09|

Current (A)

1 2 3
Time (ns)

100 BACK TOP

Abs(TotalCurrentDensity-V) (A*cm”-2)
3.512e+00

1.188e-02
4.016e-05
1.358e-07
4.592e-10
1.553e-12

100 BACK TOP

5.250e-15 X 1 E 2
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Transient (TV) behavior (2/7)

v 3D structure, 2x2 PADs
o hit2,1MIP

o Vg=-200V I-t, not irr.
——Padl
‘;,’\‘v 6e-06[ — Pad2
——Pad3
Pad4
—— Bulk
< 4e-06f
—VS -
[
Q
=
>
O 2e-06f
1 /[4
/P o ol
0 5 10
Time (ns)

Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior (3/7) @”‘%Dm

==

v 3D structure, 2x2 PADs
o hit3,1MIP
o V,=-200V

@ Rs,n++ =203 qu

I-t, not irr.

——Padl
6e-06 o Pad2
— Pad3
Pad4
— -Bulk
< 4e-06f
]
[
Q
=
>
O 2e-06f
0,
0 5 10

Time (ns)
Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior (4/7) @f’?mo

v 3D structure, 2x2 PADs @R,,,.~203Q,
o hit4,1MIP
o Vg=-200V I-t, not irr.
—— Padl
6e-06[ —— Pad2
——Pad3
Pad4
—— Bulk
< 4e-06f
=
g
5
O 2e-06f
0,
0 5 10

Time (ns)
Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior (5/7) @”‘%Dm

==

v 3D structure, 2x2 PADs
o hit5,1MIP
o V,=-200V

@ Rs,n++ =203 qu

I-t, not irr.

——Padl
6e-06 o Pad2
— Pad3
Pad4
— -Bulk
< 4e-06f
]
[
Q
=
>
O 2e-06f
0,
0 5 10

Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior (6/7) @f’?mo

v 3D structure, 2x2 PADs @R,,,.~203Q,
o hit6, 1 MIP
o Vg=-200V I-t, not irr.
—— Padl
6e-06[ —— Pad2
——Pad3
Pad4
—— Bulk
< 4e-06f
=
g
5
O 2e-06f
ERNN
of —\ | |
0 5 10

Time (ns)
Avalanche model: Massey. Temperature 300 K
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Transient (TV) behavior (7/7)

v 3D structure, 2x2 PADs
o hit7,1MIP

o Vg=-200V I-t, not irr.
——Padl
6e-06[ _Ea3§
— Fa
Pad4
—— Bulk
< 4e-06f
]
[
Q
=
>
O 2e-06f
0,
0 5 10
Time (ns)

Avalanche model: Massey. Temperature 300 K
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