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Introduction to semiconductor detectors

E-field

Semiconductor detectors have good energy resolution, so
these detectors are widely used in high-energy collision
experiments.

When charged particles pass through the depletion region,

they create electron-hole pairs.

The created electron-hole pairs drifted in the electric field, , : :
depletion P-N junction

thereby generating the signal. region

To increase the depletion region, reverse bias voltage is

Front-end cards

One Fazia block is 16 telescopes Si,-Si,-Csl 20x20 mm?

applied to the device.

Connectors

16 Si, ntd 300 um

16 Csl (Tl) 10 cm
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Band gap
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Density of state

Vix,y,2) =0 for0<x<a

2mE _ 2 — K+E+k=(n +n§+n§-)(ﬁ)

h? a’ 0<y<a
T \3 ~ free electron 0<z<a
Vi= (E) v B
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Intrinsic semiconductor

Energy gap

Conduction Conduction S)
band band 3
S
=
>
o
Electrons %
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O 0O
Holes
©
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o
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(0]
g
Valence Valence k)
band band g
Insulator Semiconductor Metal

,g(E) : density of state
f(E) : Fermi-Dirac function

n(E)dE = g(E)f(E)dE
p(E)dE = g(E)[1 — f(E)]dE
E,—E

—) , Er : fermi energy

n(E) = Ncexp( -
EU

p(E) = Nexp (%”) N. N, : effective density of state

n=p => np = n? .from intrinsic semiconductor

\‘
E, ‘\
6B \
fr(E) =0 fr(E) =1

8LE)p(E) = n(E)

Area = ny =
electron
concentration

g(E)1 — fp(E)) = p(E)

Area = p, =
hole concentration
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Intrinsic semiconductor

Intrinsic silicon detector0{|A{2| S/N
& elZ0f YRt LIS W 47| = signal 2f background & | £FSH 2 A,

Mean ionization energy lp = 3.62 eV,
dE/dx = 3.87 MeV/cm,
nj ~1.45-10°cm=3 at T = 300 K (Ge= CH2F 1.5 - 10" cm™3)

© £ d = 300um, A& A = 1cm?2| ZZ7|0f MIP A7} A|LIZHCHH,

dE/dx-d  3.87-10%V/cm-0.03cm R
= ~ 3.2-10% " h* pairs
lo 3.62eV

© 4 4=7| 81 L{2Q] intrinsic charge carrier (T=300 K),
n;dA = 1.45- 10%ecm™2-0.03cm - 1cm? ~ 4.35 - 108e_h+pairs
Thermal e~ ht 42| 71 MIP 2} signal 2 C} QM| Z &Lt G CECH

= Al2| 22 0|85l H=7|= Pt=2{™ "depletion zone in reverse biased pn

junctions"O| & 2 5IC}. DopingO| ! 2 5t}
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Extrinsic semiconductor
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The p-n junction

——oUo—— Al JEE——
N, negative N, positive ///
charge charge g //
A A /
I
e R bias
- = = |+ + + + [—
= = = = |+ + + +
| Leakage current
lLe—— Space charge region
l i ! > U
I E-field 5
- -~
; Reverse
p bias
E \i
‘ o V=V vy-1/100
+
EF ----"--_-‘~~_'"_". """"""" - Ep ’dnlfusnon
{ s‘\ 2l [ LAl i —— Sl SPilLLL L

Intrinsic electric field structure of semiconductor due to
the diffusion of majority carrier at the junction

equilibrium Forward bias reverse bias
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The p-n junction

overall region, space-charge neutral

p (Clem?) 4 0 X > Xn
eNp D<X<X
d " p(x) = 1 !
+eN, —eNp —Xxp <x<0
i 0 X < —Xp
.+.
- av _ —eNp/e - x+ C, O< X< X,
rx, dx eNa/e - x+Cp —Xp <x<O
_ | —eNp/e-(x—x,) O<x<x,
" B eNp/e-(x+xp) —x,<x<0
o 1
as electric field E = -dV/dx must vanish for
X =Xpand x = —xp
v p dE
dx?~ € dx 2e(Vyi + Vo) (Ng + Np\| .., Na<<Na
— 1/2 N
Poisson e.q ser l e ( N,N, ) Wer = 0.53y/pVy, (um)
Na<<Nd
Wser = 0.324/pVo, (um)
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The p-n junction
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Figure 7.9 | Differential change in the space charge width with
a differential change in reverse-biased voltage for a uniformly
doped pn junction.

junction capacitance

€A
WS cr

C =

, _ breakdown voltage
p region n region

) _ 1/2
== {_6,( Voi + VR)} p Space charge region n
| —— eN,
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Figure 7.12 | (a) Zener breakdown mechanism in a reverse-biased pn junction; (b) avalanche breakdown
process in a reverse-biased pn junction.

Zener breakdown : high doped
Avalanche breakdown : high electric field
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Typical signal shape

0 X0 d '.\’ ‘
9 in semiconductor detector
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Signal

&0 €0 E
[@300K] | [@77K] 9ap
on average
Si 3.6 eV 2.8 eV 1.1eV E.o, = E;0;
Ge = 29eV | 0.7eV g; =vVN, o, =N,
€0: mean energy per electron-hole pair
energy conservation
—FE.-N. . E, |E E; E
Eo=E;-N;+E,-N, O-l,:E ETO_E_ . Nl_:_o
i x X €o

E,-AN,+E.-AN, =0

Eo=const
o,=VNF ,F= ﬁ—(;—— 1)
: fano factor, & 2|22 E2(300K) ~0.1
Ei : ionization energy
E, : phonon excitation
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TCAD(Technology Computer Aided Design) simulation

»  TCAD simulators calculate the Poisson
equation of the semiconductor properties in

the numerical analysis method.

»  TCAD simulators can visualize physical
characteristics of semiconductors, such as

electric field, potential, and current density.

Project Edit Scheduler View Scenario Tool Parameter Experiments Nodes Variables Opfimization Calibration Extensions Help

0B E 2 ¢ X[X & @ «senaof o~ maB-ovR(3 @ a a % F
Projects ) Project \ Scheduler |
B /remote/ch Ohs/paveltpre -
81~ HTML training e [
| B3 most1d = E‘:,:‘
| B sdw 4 Jm
| & D SDE_| SDEVICE
d‘;zr‘n;nlle;‘rﬂsemsvsenlaum Type Igate HaloDose | | PolyDop | ved [ vas
B—(] CMOS 24 g} 15 [nS]:-- | [n21): 6e18 | [n27): - n33]: 1.5 39%: 0
[—[Z FTPApplicationNotes 2z [nS}: 1e13 40} 1
G GettingStarted 3 41): 0.0
[Fm =l [n3): 0.18 [n18] [n22): be1s | [nzs] 415 Lo
| &) SWB_nmos 5 431 0.4
(] Hetero ol me): 1e1z | i1} 1s M7 | 023 6e1s | e | MISETS
=Y 6 | | | | | h44) 1.
S Mom y 5 n2l: nmos o 01
) v [n12): 15 e - | 24 6e18 | a0k | 3815 (e
(& Run Project jremote/ch ts/SWB_nma X [| 3 a7} 00
M8 | n2s) Be1s | path- | aTE1S o
Nodes 10+13 - -1
I s ‘ 43} 0.
2 | mapis [n20):-- | (26} be1s | (3zk-- | [m3s): 15
4 Queue local:default v P50 1.
+ Use Queues >
Execution Time

Edit mode
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Synopsys TCAD tool

v

Electrostatic Potential
V'(€V¢+P)=_Q(p_n+ND_NA)_ptrap

v

Carrier transport model

— an(p)
V ']n(p) = q(Rnet,n(p) - Gnet,n(p))+q ot

ElectricPotential (V)

.0.09'&(.’0

-1.8e+02

i... Drift-diffusion model
I*° ]n_(m) = (D) tnnVPny by Einstein relation

-7.0e+02

v

¢ . electrical permittivity Ryenp - €lectron(hole) net recombination rate

P : ferroelectric polarization Grern(p) - €lectron(hole) net generation rate

n(p) : electron(hole) density fn_(m) . electron(hole) current density

q : elementary charge ®,, - electron(hole) quasi_Fermi potential

Un(p * €lectron(hole) carrier mobility Ny (N,) : concentration of ionized donors(acceptors)

Giyeong Kim.  e-mail : gikim@cern.ch. 15
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Synopsys TCAD tool

X select DB Tool

Available | Al |

H

i

Al insl

PTOPO3D JNSPTOPO
SEN'I'III.IIIIIS GRID GEKERATIOH

ﬁb
%

SENTAUVRUS DEVICE SIMULATION

25 s @ &

SENTAURUS VISUALIZATION

SENTAUVRUS PROCESS SIMULATIOHN, S'I'IIIIC'I'IIIIE GEHERATIOH, [k

oK | Cancel |

Senstaurus tools

Sentaurus process

« An advanced 1D, 2D, and 3D process simulator

« Equipped with a set of advanced process models,
which include default parameters calibrated with
data from equipment vendors

Sentaurus structure editor
g « Tools for creating geometric structures for TCAD
simulation
L
T o

SPROCESS

« Direct CAD operations can be used to create 2D
and 3D structures

Sentaurus device
I_'Jj_' .+ An advanced multidimensional (1D/2D/3D) devic
| e simulator
U0 . Characterize electrical, thermal and optical behavi
or of semiconductor devices

Giyeong Kim.  e-mail : gikim@cern.ch.
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Synopsys TCAD tool

X select DB Tool

Available | Al |

SENTAURUS PROCES

Mﬂ

PTOPO3D SPTOPO

MULATIOK, STRUCTURE GEHERATIOK, [k

SENTIII.IIIIIS GRID GEKERATIOH

‘ Cancel |

Senstaurus tools

SPROCESS |

=]

e

Sentaurus process

« An advanced 1D, 2D, and 3D process simulator

« Equipped with a set of advanced process models,
which include default parameters calibrated with
data from equipment vendors

Sentaurus structure editor

« Tools for creating geometric structures for TCAD
simulation

« Direct CAD operations can be used to create 2D
and 3D structures

Sentaurus device

 An advanced multidimensional (1D/2D/3D) devic
e simulator

» Characterize electrical, thermal and optical behavi
or of semiconductor devices

Giyeong Kim.
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SWB (Sentaurus WorkBench)
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(<d
(sdegt

(<d
(st

geo:create-rectangle (position (+ Lactive Lspa Lmg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa )[Tox 0) (position (+ Lactive Lspa Lmg Lsp:

o:create-rectangle (position (+ Lactive Lspa Lmg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa ) Tox 0) (position (+ Lactive Lspa

(ed
(sdegt

o:create-rectangle (position (+ Lactive Lspa Lmg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa Lsg Lspa ) Tox 0) (position (+ Lad]

(<d
(sdeg

Giyeong Kim.
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SDE & SDEVICE

Giyeong Kim.  e-mail : gikim@cern.ch.

19


mailto:gikim@cern.ch

1

3
B

-t
C?‘
©

Concentration (atom/cma)
S o
~ 2]

-
o
>

oL ¥ o IR | P T
0 500 1000 1500 2000
Depth (nm)

Reverse engineering target c

F —=— #1 (Channel Stop, Phos)
r —— #2 (GRD, Boron)

= —— #3 (ACT, Edge, Boron)

3 #4 (ACT, Center, Boron)
L #5 (Cathode, Phos)

1.0kV 5.4mm x4.50k

SIMS

© 21556.53

> um

=)

Map Sum Spectrum

Element Line Type |Apparent Con| k Ratio Wt% Wt% Sigma |Standard Lab |Factory Stand|Standard Cali

centration el ard bration Date

C K series 0.09 0.00091] 13.19| 0.50 CVit Yes
o] K series 0.40 0.00135 7.01] 0.18| Si02 Yes
Al K series 2.07 0.01485 18.70 0.15 Al203 Yes
Si K series 5.33 0.04221] 60.34 0.38| Si02 Yes
ITi K series 0.03 0.00031] 0.44 0.06 Ti Yes
IAg L series 0.02! 0.00020| 0.33 0.10| Ag Yes
Total: 100.00

#1 B #2 #3 #4

2
agigitist
agiti
R

HEEY

T

e N

I I S I I I I

Giyeong Kim.

e-mail : gikim@cern.ch.
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Simulation setup

Half of cross section of 2 x 2 cm? chip

Temperature

300K

Input parameter

Bias voltage 0 ~ -700V

Doping density

Vo , reverse bias voltage

Carrier lifeti | electron

1x104s"

me

hole

3x104s1

Edge of silicon sensor

P-type 1x1079cm-3
N-type 5x101cm?-3
N-type 1x1020¢m-3

Design of PiN sensor using TCAD simulation

Giyeong Kim.  e-mail : gikim@cern.ch. 21
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Leakage current result with the final design

Sio2

2cm

Al I h— Al A Al
[N ] o Anode P*

Sub GDR Main GDR

Al

» We calculated the leakage curre
nt of the final design based on th
e calibrated parameters.

= back_gate TotalCurrent(Sensing_Id_Vgn1003_des

Leakage current f
(sign reversed)

~40nA/cm?2
(calibrated & converted considering the dimension)

-----

Reverse bias voltage

Giyeong Kim.  e-mail : gikim@cern.ch.
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Process flow co- ETRI

Sio2
N-type silicon
Sio2

1. Oxidation [900°C, 6000A]

N-type silicon

6. #Channel Stop Patterning

N-type silicon

11. #Active Patterning

Si02

N-type silicon

Si02

2. PR coating

N-type silicon

7. Oxide etch ~6000A

~7000A
n* n*
N-type silicon
N

12-1. Oxide etch (Dry + Wet)
12-2. PR strip

Si02

N-type silicon

3. Backside Oxide strip
PR strip

N-type silicon

8. N* implant [channel stop]
P31, 50KeV, 4.0E14/cm?2

~7000A
¢ jOOA fOOA
n nt
N-type silicon
N

13. Oxidation [850°C, 300A]

23

Si02

N-type silicon

4. POCI3 Doping
Deglase PSG

N-type silicon

9. PR strip

N-type silicon

14-1. #GRD Patterning
14-2. P* implant [GRD]
B11, 180KeV, 1.0E14/cm?2

Si02
N-type silicon
N
5. Oxidation [900°C, 1000A ]
2200/& ¢~7000A
n* n+
N-type silicon
N

10. Oxidation [900°C, 2000A]

N-type silicon

15-1. PR strip
15-2. Anneal (950°C, 60min)



N-type silicon

16-1. Active Patterning
16-2. P* implant [Active]
B11, 50KeV, 1.0E15/cm?2

n+ I o I n
N-type silicon

21. PR strip

Mt} B

N-type silicon

26. PR strip

n+ l _l n
N-type silicon

17. PR strip

JLIL

N-type silicon

22. metal deposit
[10000A]

JLIL

N-type silicon

27. metal deposit[400A]
barrier metal split

~15000A

10000A 8000A ¢

¥

N-type silicon

18-1. TEOS 8,000A
18-2. Anneal (950°C, 30min)

E

N-type silicon

23. PR coating

E

N-type silicon

28. PR coating

24

N-type silicon

N-type silicon

19. #CONT Patterning

N-type silicon

24. #GRD metal Patterning

J L L

N-type silicon

29. #ACT metal Pattering

20. Oxide etch (Dry+Wet)
Target: ~10000A (oxide on n+)

Iy

N-type silicon

25. metal etching

N-type silicon

30. metal etching



SRt FYESEY Fyssys oy 0 EAt)R

N-type silicon N-type silicon N-type silicon

N-type silicon N-type silicon
NN
NN e e—

31. PR strip 32. PR coating 33. oxide etching 34. PR strip 35-1. metal deposit [10000A]
35-2. Alloy (420°C, 30min)

25



Photomask designed

Photomask layout of 8" wafer using AutoCAD tool

Align key for NNFC

Giyeong Kim.  e-mail : gikim@cern.ch. 26
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Performance of fabricated chip

-V
1.20E-03

0.00E+00
-100 -90 -80 -70 -60 -50 -40 -30 -20 -10 O _cgp-1p

1.00E-03

-1.00E-09
s oor.on -1.50E-09
-2.00E-09
-2.50E-09
00608 -3.00E-09
-3.50E-09
-4.00E-09
005100 -4.50E-09
-5.00E-09

6.00E-04

2.00E-04

-2.00E-04

Giyeong Kim.  e-mail : gikim@cern.ch. 27



mailto:gikim@cern.ch

Hands on session



swb -> new project

->Save (B E STDB)

untitled - SWB@Iocalhost vP-2019.03 - a X
Project | Edit Scheduler View Scenario Tool Parameter Experiments Nodes Variables PCM Studio Extensions Help
New " New Project Ctrl+N fo:| -1/ [ SO BN vy & ﬂ[ E3 @[ B % %K
Open... Ctrl+O Nngmder
1 Close Cirl+F4 u
A Save Ctrl+S No Tools No Variables
1 Save As P
Saye Selected Experinents :— , ‘ [ ,
Search... home/isdl/tmp/g_localhos _0.tmp (Runtime N X
— Project Edit Scheduler View Scenario Tool Parameter Experiments Nodes Variables PCM Studio Extensions Help
perations P
S DB @& ¢ X[y @ ofsenaofa H[5 o 8 ,E 03 @& & a= HOUDEEER
roperties
i i Projects _\ Project ] Scheduler |
LarE B /homefisdl/STDB
Y i TEBH L] NewFolder21 Al
| | -] 2em
Export | | BBl IGBT_MeltLaserAnneal o e
Import... | | &l implant
|§| |mplantat|on
Recent Projects - @ process_Copy
I ||:. realchip | | 1 1 1
X il
E'.t_ s Al == X save Project As X
C]Sersors [S3nia] /h0mef‘lsdl/TCADr‘senlauvusr‘P_
B Solar B Analog Directory:  /home/isdl/STDE
(] Templates B[ Backend =
(] Variahility B[] Bipolar
&o chos NewFolder21
B FinFET realchip
€] FTPapplicationiotes test!
B GeftingStarted tmp
(] Hetero
(] Memary
B—(] Nanowire
B[] Opto 4 D]
B Power
tg gslr:rors Selection: [/homerisdl/STDB/testchip oK
arT Cancel
D BT tg Vanabllny g
No project. Create or open a project. none |queuel
¥
v 4] 1=
d
Saving project... none :1 di




/home/isdl/STDB/testchip (Runtime Mode : Editable) - SWB@localhost vP-2019.03

Project Edit Scheduler ¥iew Scenario Tool Parameter Experiments Nodes Variables

PCM Studio  Extensions

Help

0D BE B & & x[ * 3 x'z[Scenario: all j[_v_ ==

Ty §h

H % @ & &« X 55 5 W[EEK

Projects

Project | Scheduler |

B /homeisdl/STDB
| B NewFolder21
£l zcm
| B IGBT_MeltLaserAnneal
| [ implant
| & implantation
| L[] process_Copy
] realchip
—[E] test1
HE
B tmp
BHr(] shomerisdl TCAD/sentaurus/P_
(] Analog
(] Backend
(] Bipolar
B—(] CMOS
B[ FinFET
—[€] FTP&pplicationNotes
(] GettingStarted
B—(_] Hetero
B Memory
(] Nanowire
(] Opto
B Power
B Sensors
(] Solar
(] Templates
B[] Variability

Ins
Del

N

Pa

pecia

Ctrl+X
Ctrl+C
Ctrl+V

Cirl+M

| home/isdl/STD

| Project Edit Scheduler ¥iew Scenario Tool Parameter Experiments Nodes Variab

Edit Input

Preprocess

i DBEBa ¢ x[ X oo [ Scenario: | all v [ < available | i |

Ereeze Rows/Columns
Unfreeze Rows/Columns

{Projects Project | Scheduler |

| B3 homesisdl/STDB
[0 NewFnlder21 I $ $ 24| SENTAURUS PROCESS SIMULATIOH, STRUCTURE GEHERATICOH, Ik

Hide
Show

X Add Tool

Tool Properties | Input Files | Output Files | Parallelization | St
JSPROCESS MISPTOPO3D MSPTOPO I GDE |

Lock
Unlock

LA

Name | v Tools.

Label ‘ SEHTAURUS GRID GEHERATICH
apel L

Binary ‘

@ Line [ J

SEHTAURUS DEVICE SIMULATICHN

L
&

Edit mode

none [queued [t

'@% .
Eeoevice v |

Comment SENTAURUS VISUALIZATICH

oK ‘ Apply Cancel

=
|

Edit mode

Tools -> Add -> SDE




/home/isdl/STDB/testchip (Runtime Mode : Editable) - SWB@Iocalhost vP-2019.03

Project Edit Scheduler View Scenario Tool Parameter Experiments Nodes Variables PCM Studio Extensions Help

0B E 2 ¢ %X & @ o senaofa MR RSEAEAE I N T # U0 EK
Projects Project | Scheduler |
B /homefisdl/STDE
() NewFolder21 |
[£] 2cm Add... Ins
| Bl IGET_MeltLaserAnneal Delete Del
| [&] implant
| | |—[&] implantation Properties... X sent Structure Edi alhost.loc: in P-2019.03 (1.1114) X
| | L[#] process_Copy T —— File Edit View Draw Mesh Device Contacts Help
1 [n1]): - EO| = L b L o He
| S L S Ctrl+X
i Copy - O New Ctri+N base > |[none v ||select Body
— £ -
| -E S Paste Clrlsv @ QpenModel..  Cik0 | o |3 g 4 G @B[[r= s = » 2B % B[00 02 (@
| E—C tmp ) & Save Model cui+s
Erp() /home/isdiTCAD/sentaurusP_{ |~ Rasielopectals Sikb] e Moddl A I A = s G N S
B Analog — Model As... _
B Backend Edit Input e Save Boundary ’ﬁ
B[] Bipolar Boundary Fil Save Boundary As...
-] CMOS Create Process Output Links Boundary Flle... R
B FInFET — CSV Data File... imeort.. o
|—[E] FTPApplicationhotes o
B GettingStarted — - FE—
-] Hetero | EreezeRows/Columns T =
B Memary Unfreeze Rows/Columns on.. &
o Sarere - y 8
[} Plfwer — g;l :ﬂ Ql Resume 3
B[] Sensors — = L ,E
B Solar e e T ™ Save... 5]
B—(] Templates - Cleat]
(] Variability Unlock. = c
B
=
-]
m
=]
=)
Scheme Commands:
#
I ectangle (position 0 0 0) (position 250 10 0) "Silicon” "region_Active")
V] #{body 6 1] . » e ;
el riele - el [rone [fueuea) iad| >(sdege:,n.ﬁlea(e»rec15nqle (position 260 0 0) (position 310 15 0) "Silicon” "region_main")

>(sdegeo:create-rectangle (position 0 280 0) (position 1000 300 0) "Silicon™ "region_back")
#[body 8 1]

>(sdegeo:create-rectangle (position 905 0 0) (position 1000 10 0) "Silicon” “region_channel’)
#body 9 1]

>(sdegeo:create-rectangle (position 0 0 0) (position 1000 -0.2 0) "SiO2" “region_ox)

#[body 10 1]

>(sdegeo:create-rectangle (position 0 0 0) (position 250 -1 0) "Aluminum” "region_Actm")
#{body 11 1]

>(sdegeo:create-rectangle (position 260 0 0) (position 310 -1 0) "Aluminum” "region_mainm’)

#[body 12 1]

>(sdegeo:create-rectangle (position 0 300 0) (position 1000 301 0) "Aluminum" "region_backm")
#[body 13 1]

>(sdegeo:create-rectangle (position 905 0 0) (position 1000 -1 0) “Aluminum" “region_chanm")
#[body 14 1]

>

Boundary File

=2

=2! -> SDE #0| =M file -> Journal -> on 2&(7|

=

-

o

)



x Sentaurus Structure Editor@localhost.localdomain P-2019.03 (1.1114) - [m] X
File Edit View [Draw Mesh Device Contacts Help

|D S ||| v AutoRegion Naming ] [base | [none _v|[select Body ~|
40 e | (Elgwmoo;:::s BT IEEEEEY IR
l@[®]&@ & wokpianes.. 50N

Coordinate Systems...

=
x Sentaurus Structure Editor@localhost.localdomain P-2019.03 (1.1114) . [u] X
File Edit View Draw Mesh Device Contacts Help

DS "] » oS loase ~]none ~l[eectgory <]
|4 =[cormoc|[ReEdP@lr=r-n»prilhogoed
|@[e e @@= 9= o6 NEE

2D Create Tools ~ »
3D Create Tools ~ »

=

OlerErEEEL|Bol220

'Scheme Commands:

>
>
>(sdeio:readbnd "sde_dvs.bnd")
>

>

3 X Structure Edi alhostlocaldomain P-2019.03 (1.1114) - o X
g File Edit View Draw Mesh Device Contacts Help

o lo@adlln o EE— o ~][rone l[setectioty <
e l¢=mornmoc/[Red @@=t~ nEi blogoc o
] R EEFEEE T T |

E X Exact Coordinates X ?

- @

= First Vertex Second Vertex o

] x: [-0.9866 x: [-0.4429 &

= ¥: [-26706 ¥: [-1.0945 e

= &

A

@l

=

aoaooe|

Scheme Commands:

>
>
>(sdeio:readbnd "sde_dvs.bnd")
>

>

| b= bR

Scheme Commands: & X
7 - - - — =
>(sdegeo:create-rectangle (position 0 0 0) (position 250 10 0) "Silicon" "region_Active")

#[body 6 1]
>(sdegeo:create-rectangle (position 260 0 0) (position 310 15 0) "Silicon" "region_main’)
#body 7 1
>(sdegeo:create-rectangle (position 0 280 0) (position 1000 300 0) "Silicon™ "region_back")

o - 5 #body 8 1]

U EINE 5T rectangle (position 905 0 0) (position 1000 10 0) "Silicon” “region_channel”)

#body 9 1]
>(sdegeo:create-rectangle (position 0 0 0) (position 1000 -0.2 0) "SiO2" “region_ox")
#body 10 1]
>(sdegeo:create-rectangle (position 0 0 0) (position 250 -1 0) "Aluminum" “region_Actm”)
#[body 11 1]
>(sdegeo:create-rectangle (position 260 0 0) (position 310 -1 0) "Aluminum” "region_mainm")
#[body 12 1]
>(sdegeo:create-rectangle (position 0 300 0) (position 1000 301 0) "Aluminum" "region_backm")
#[body 13 1]
>(sdegeo:create-rectangle (position 905 0 0) (position 1000 -1 0) “Aluminum" "region_chanm")
#body 14 1]
> -

X: 768.6862 Y: 256.8882 Z: 0.0039

Draw -> exact coordinate -> AtZE 28, Eh@{= um,
silicon, aluminums 1 EH



x Structure Edif lhost.locald in P-2019.03 (1.1114) - [m] X
File Edit View Draw Mesh Device | Contacts Help

X Contact Sets

| Be2RD &

meEEEEEEL|Ee3R0 ]

(=3 n QA Contact Sets... v ~|[select Body v
ﬂ HEJ“O MO—’M—’, setco _l|non:e | . ‘ ;]‘Iﬂ 9 o OTI X sentaurus Structure Editor@localhost.localdomain P-2019.03 (1.1114) - m} X
ntact a =% -
ol |=] [ G = [ g g o File Edit View Draw Mesh Device Contacts Help
e 0@ @] P o) —— lore seectzony <]
Set Edges — ——s = Sentaurus Structure Edi Ihost localdomain P-2019.03 (1.1114) X
Set Region Boundary Faces | =[oornmoc|[ReEdE@=t=-=nEi|lb|oB0oe|d :ﬁ - Viewmo,,:msh m.,..e.u.o:ca om::p (1114)
s L A EETIRI s o
Unset L = = =
s = Auto Select
Imprint Rectangle || 4 '?‘”EO RO e ”W@Q & @IUE w2 oo B3 D Sel:mBscry
imprin Polygon FEEEEEFEELE T LT F
Imprint Circle = Select Vertex

Ref/Eval Window

auaoe|

X:-8.7998 Y: 361.1844 Z: 0.0000

Ql Defined Contact Sets } &
= e Contact Name: | | e
L M | H
= sl =
c Edge Color: |1 0 0
= B I I | a
ll | =
] Edge Thickness: |4 Face Pattern: |## EI ‘ 3]
- E
Scheme Commands: = ‘ =
T =] Delete I Close | ™
>(sdegeo:create-rectangle (position 320 0 0) (position 340 15 0) "Silicon” "region_sub1") =
1
>(sdegeo:create-rectangle (position 905 0 0) (position 1000 10 0) "Silicon” "region_chan") )
Jlsdegeor ; " o eoe i summlzulr?mws, |
;I(hs‘: ;“ﬁ'i’em'm"’"“'e (position 0.280 0) (position 1000 300 0) "Silicon" "region_back’) >(sdegeo:create-rectangle (position 0 300 0) (position 1000 301 0) "Aluminum"” “region_backm") =
>(sdegeo:create-rectangle (position 0 0 0) (position 1000 -0.2 0) "Si02" "region_ox") . o 2“_“1;1. tactset A" 4 (colorrab 100 " g
#ﬂu;ﬂy e e ( 000) (position 250 -1 0) "Al ) ds comodeneeaers oo
>(sdegeo:create-rectangle (position ition - "Aluminum" "region_actm' .
“lbody 16 1] >(sdegeo:delete-contact-set "A")
>(sdegeo:create-rectangle (position 260 0 0) (position 310 -1 0) “Aluminum” "region_mainm") g(lenderrebu‘ld) Scheme Commands:
#[body 17 1] rebul r#[body 19 1]
>(sde92§cllr]eAM-recmngh (position 320 0 0) (position 340 -1 0) “Aluminum" “region_sublm") Qmeg eo:define-contact-set "A" 4 (color:rgh 10 0) "4#") >(sdegeocreate-rectangle (position 0 300 0) (position 1000 301 0) "Aluminum" “region_backm") =
] N N I #{body 20 1]
>(Sde°e§,'°1']em"m°'e {position $050.0) position 3000 -1.0) "Akminum region_chenrr) >(sdegeo:define-contact-set "M" 4 (color:rgb 10 0) "##) B(Stieueo:deﬁne-wmm-set "A" 4 (color:rgb 100) "##")
Hbody 1911 " " [ 0
>(sdeqe;6clr]=nle rectangle (position 0 300 0) (position 1000 301 0) "Aluminum" “region_backm") Sisdegeo:define-contact.set "SI 4 (colorrgh 100) "##") >(sdegeo:delete-contact-set "A")
>
| >(sdegeo:define-contact-set "C" 4 (color:rgb 10 0) ") >(renderrebuild)
0 0
(:)(sdegeo:ﬂeﬁne-cumam—set "B"4 (color:rgb 100 ) "##") X ntact-set "A" 4 rgb 100 ) "#&")
0
> > ntact-set "M" 4 :rgb 100) "##")
X: 263.4412 Y: 147.3603 Z: 0.0000 0
-contact-set "S1" 4 (color:rgh 100) "##")
0
>(sdegeo:define-contact-set "C" 4 (color:rgb 1 0 0) "##)
0
>(sdegeo:define-contact-set "B" 4 (color:rgb 10 0) "##")
0
>

Contacts -> contact Sets -> electrode Bt=7|

-> select bodyO| M select edgeZ HHI noneR 22 X|HSI0X}L 6t O|EC 2 HY



x S Structure

File Edit View Draw Mesh Device | Contacts Help

alhost.localdomain P-2019.03 (1.1114)

DS @]|» o | [ Cor sets..

<l lfseeciese <]

|4 o2e|m O R En O o] setcontact

o p B2 |00 0 |@

= o @ @ | = @ & : setRegion Boundary Edges
Set Edges

Set Region Boundary Faces
Set Faces
Unset

Imprint Rectangle

Imprint Polygon
Imprint Circle

MEEEE Y EREE T

Scheme Commands:

&l

B O

auaee|

Y
>(sdegeo:define-contact-set "M" 4 (color:rgb 1 00 ) "##")
0
>(sdegeo:define-contact-set "S1" 4 (color:rgb 1 0 0 ) "#4")
0

ntact-set "C" 4 100)"#)

0
>(sdegeo:define-contact-set "B" 4 (color:rgb 10 0 ) "##")
0

>(sdegeo:set-current-contact-set "none”)

“none”

>(sdegeo:set-current-contact-set "A")

“none”

(sdegeo:set-contact-edges (list (car (find-edge-id (position 125 -1 0)))) "A")
>(render:rebuild)

0

>(sdegeo:set-current-contact-set "M™)

-

>

IR

X sentaurus Structure Editor@localhost localdomain P-2019.03 (1.1114)

][ cathode

lSeeeme ]

Electrode 20l &

2l S Set contact =&

4 2«2 O @ gn O M ArovicalProfiePiacement.. |, ", ., L gg [ § [n][d B 0@

([ eS| Ee3R0

X Constant Profile Placement

Placement Name I ConstantProfilePlacement_all

@ Regi

" Material

- 7 Define Ref/Win

|

2 |

Scheme Commands:

#[body 2T 1]
>(sdegeoicreate-rectangle (position 0 0 0) (position 2 5 0) "Silicon” region_p")
#[body 22 1]

>(sdegeo:define-contact-set “anode” 4 (color:rgh 100) "##")

0

>(sdegeo:define-contact-set "cathode” 4 (color:rgb 100) "##")
>(sdegeo:set-current-contact-set “anode”)

“none”

(sdegeo:set-contact-edges (ist (car (find-edge-id (position 0 2.5 0)))) "anode”)
>(renderrebuid)

>(sdegeo:set-current-contact-set “cathode”)

“anode”

(sdegeo:set-contact-edges (ist (car (find-edge-id (position 5 2.5 0)))) "cathode")
>(renderrebuild)

0

>

— Constant Profile Definition

Name | ConstantProfileDefinition_all

Species Ir- Acti

Change Placement | Delete Placement

=

H O

EFELT:

[ x

L

Doping concentration H&}7|



X sentaurus Structure Editor@localhost localdomain P-2019.03 (1.1114)
File Edit View Draw | Mesh Device Contacts Help

| D& @ | » Define RelEval Window » ~][cathode ~[selectedge  ~|
Delete Ref/Eval Window o -
|4 =oon 2 smopBlilb|000 O
JJE' El@ @@ Jageﬁnemeumm...
= | il Multibox Placement... —
W Offsetting Parameters... ’E
Q Clear All 4
oy Tools Parameters... -
&m Tensor Parameters... X Refinement Specification
2] Axis-Aligned Parameters... Placement Name I RefinementPlacement_all ;]
— 10Controls and Interpolate Parameters...
Q Quality Report... P Type
] Global Refinement... Ref/Eval Window Materials Regions
£ Facewise Refinement... ~| [Silicon .| [region_1 ;|
v Aluminum p_region
Bl ety anode
] = | | cathode =l
=
P - [v Define Ref/Eval
w X1 |0.000000 Y1 [0.000000 2 |
=
=) X2 [10.000000 Y2 {10.000000 22 | Modify |
—R Definition
Name lReﬁnen'lemDe‘rinition_all _:]
X Direction Y Direction Z Direction
Max Element Size |°*5 I°-5 I
S(;:heme Commands: Min Element Size |0.5 |0.5 I
(sdegeo:set-contact-edges (list (car (find-edge-id (position -1 5 0)))) “anode")
More >>

>(render:rebuild)

0

>(sdegeo:set-current-contact-set “cathode”)

“anode”

(sdegeo:set-contact-edges (list (car (find-edge-id (position 11 5 0)))) "cathode") Create Refinement I elete Refi nt | Close

>(render:rebuild)

9! dedr: profile "C Definition_all" "PhosphorusActiveConcentration” 1E+12)

3 dedr- profile-region "C rofileP ¢_all" "C Definition_all" “region_1")
3sde&: profile "C Definition_pdop" "BoronActiveConcentration™ 1e+20)

%sdeﬁ: profile-region "C t_pdop" "Ci fileDefinition_pdop™ “p_region")
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|DE @ | » Define RelEval Window » _x|[none

Delete Ref/Eval Window
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| Jil Multibox Placement...
Offsetting Parameters...
Clear Al

Tools Parameters...

Tensor Parameters...

Delaunizer Parameters...

Axis-Aligned Parameters...

10Controls and Interpolate Parameters...

Quality Report...

Global Refinement...
Facewise Refinement...
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Scheme Commands:
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>
>(sdeio:readbnd "sde_dvs.bnd")
>
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| & Print..
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1 X sentaurus Structure Editor@localhost locz

File Edit View Draw Mesh Device Cont:

D tew o SR
(& Open Model... co | o
I save Model cui+S J”Q 4
Save Model As...
Save Boundary
Save Boundary As...
Import...

| a = ol
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Mesh -> Build Mesh

File -> Journal -> off
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8 jEdit - sdevice_des.cmd (HZE), detector_dvs.cmd, sdevice_des.cmd@Ilocalhost.localdomain
2E BUED ZMO P e B2V =FW EEQ S332U@ =8TR)

THEER B & @

B ||™ sdevice_des.cmd ($STDB/NewFolder21/test/)
v 1|#setdep @previous@
=
il I
aF 4| Grid ="n@nodel-1@_msh.tdr*
1| 5| Paramete @parameter@"”
on 6| Plot drdat@"
E 7| Current ="@plot@"

8| Output ="@log@"

s}

10|

1

12

13|Electrode {

14]

15| (Name="znode" Voltage=0}
16| {Name="cathode" Voltage=0)

18}

20| Physics{
21| Temperature= 300
22| EffectivelntrinsicDensity( OldSlotboom )

26| Physics{

27| Fermi

28| Mobility(

29| PhuMob

30| HighFieldSaturation

Recombination(
SRH(Tempdepencence ElectricField)
Avalanche

~

Plot{
eDensity hDensity
TotalCurrent/Vector eCurrent/Vector hCurrent/Vector
eMobility hMobility
eVelocity hvelocity
eQuasiFermi hQuasiFermi
e err jre * hTer
46| ElectricField/Vector ElectricField
47| Potential SpaceCharge
48| Doping DonorConcentration AcceptorConcentration
43| SRH Band2Band * Auger
so| AvalancheGeneration eAvalancheGeneration hAvalancheGeneration
51| eGradQuasiFermi/Vector hGradQuasiFermi/Vector
s2| eEparallel hEparallel eENormal hENormal
s3| BandGap
54| eSRHrecombination
ss| hSRHrecombination

s6| tSRHrecombination
57| BandGapNarrowing

sg| eQuasiFermiEnergy hQuasiFermiEnergy

ss| Affinity

60| ConductionBand ValenceBand

61| eBarrierTunneling hBarrierTunneling * BarrierTunneling
62| eTrappedCharge hTrappedCharge

63| eGapStatesRecombination hGapStatesRecombination
64| eDirectTunnel hDirectTunnel

65| Band2BandGeneration

66|_eBand2BandGeneration

(|
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