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Osnova

« Strucné predstaveni firmy ON Semiconductor
« Fyzika a procesy zlepsSovani v prumyslu
« Priklad vyuziti fyziky
« Popis distribuce dopantu v krystalu
« Simulace polovodi¢ovych soucastek - TCAD

« Moje zkuSenosti, akademické prostredi/firma, uplatnéni fyziku ve firmé
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ON Semiconductor a polovodicovy prumysl
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ON Semiconductor

Manufacturing:
Belgium
Canada

China

Czech Republic
Japan

Korea

Malaysia
Philippines

Republic of Korea

United States
Vietham

D .

4/19/2021

Design Centers:
Belgium
Canada

Czech Republic
France
Germany

India

Ireland

Japan

Korea
Philippines
Romania
Slovak Republic
Switzerland
Taiwan

United States

Headquarters: Phoenix, Arizona
Employees: 29 thousand worldwide

Solution Engineering
Centers:

China, Shanghai
China, Shenzhen
Germany, Munich
Japan, Tokyo

Korea, Seoul

Taiwan, Taipei

United States, Detroit
United States,
Portland

United States, San
Jose

Public Information

Revenue (milions USD):
2015 $3.496
2016 $3.906
2017 $5,543
2018 $5,878
2019 $5,518
2020 $5,255

Al Sy

ON Semiconductor (Nasdaq: ON) is driving energy efficient
innovations, empowering customers to reduce global energy use.
The company is a leading supplier of semiconductor-based
solutions, offering a comprehensive portfolio of energy efficient
connectivity, sensing, power management, analog, logic, timing,
discrete, and

custom devices. The company’s products help engineers solve
their unique design challenges in automotive, communications,
computing, consumer, industrial, medical and military/aerospace

applications.
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Pozice ON Semiconductor na trhu

Leadership in Semiconductors Leadership in Power Semiconductors
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Growing markets

2018 REVENUE BY MARKET

Consumer

==

Automotive
31%

Cloud Power
&%

2018 REVENLUE $5.878RB | GROSS MARGIN 38.1%
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AUTOMOTIVE

Power semiconductors for electrification, sensors
for ADAS, LED lighting, analog power
management for automotive processors

Energy efficiency for industrial
systems, machine vision, robotics

CLOUD POWER

Server power management, 5G
infrastructure



Elektrifikace

Auxiliary Motor

Control
OBc Mot(I:r;:verEr
I.C.E. cars sic s PHEV/BEV

IVN

Main Drive

IGBTs, SiC FETs
PiMs
DC-DC
IVN

Starter-
Generator

HV-48V-12V

MOSFETs

MOSFETs Fower Modules
SiC, GaN Gate Driver,
Power Modules Current
DC-DC Sense
ON Content ON Content
Up to $40 Up to $500
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TESLA Roznov - historie

1957 - Vyroben prvni Ge tranzistor. Svét: 1947 (1951+)

1961 - Vyroben prvni Si tranzistor.

1962 - Vyrobena prvni barevna obrazovka.

1967 - Vyroben prvni integrovany obvod. Svét: 1959

1989 - TESLA Roznov je statnim podnikem s 8500 zaméstnanci a vyrabi
barevné televizni obrazovky. polovodicové materidly a souc¢astky a mnoho
dalSich zafizeni.

1992 - Rozdélenim statniho podniku na 16 mensich celkl vznika spolec¢nost
TESLA SEZAM (vyroba GipU) a TEROSIL (vyroba kifemiku).

1993 - Pocatky spoluprace se strategickym partnerem - spolecnosti
MOTOROLA. ZaloZeno navrhové stredisko v Roznoveé - SCG Czech Design
Center.

1996 - Dosazena vyrobni kapacita 2000 desek (praméru 100 mm) s Gipy za
tyden.

1997 - Konec privatizacniho procesu, MOTOROLA se stava akcionarem
spole¢nosti TESLA SEZAM a TEROSIL.
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ON SEMICONDUCTOR CZECH REPUBLIC

2003 - TEROSIL + TESLA SEZAM = ON SEMICONDUCTOR CZECH
REPUBLIC.

2005 - ON Semiconductor (NASDAQ: ON) se stava 100%
vlastnikem.

2007 - Vyroba prvniho krystalu priméru 8“ (200 mm).
2008 - Akvizice AMI Semiconductor - navrhové stredisko AMIS Brno.
- Konverze z desek praméru 100 mm na 150 mm.

2013 - Expanze vyroby kiemikovych desek pramérd 125, 150 a
200 mm.

2014 - Zahajeni VaV MOCVD technologie pro epitaxni rist struktur
Ga(Al)N na Si.

2016 - Kvalifikace SOl technologie (Silicon-On-Insulator).
2017 - Zahajen VaV SiC technologe.
- Expanzni projekty pro podstatné zvySeni kapacit vyroby
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Roznov pod Radhostém
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Roznov - ON Semiconductor

A
Shared Services PRUMYSLOW AHEA[_
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Fyzika a procesy v polovodicovém primyslu

13 4/19/2021 Public Information

o,
o




Fyzika v prumyslu?

https://xkcd.com/1052/

NOW IFYOU GANT BUT IF YOUR HINDSIGHTS | | €5 WL MAKE EACH WVIROOGY WiLL
PROGNOSTICATE, THATS | \JEAK AS WELL, YOUD | | DAYA QUESTTOFINDA | | GUARANTEE YbulL
OK INSEISMOLOGY | BesT 5Tk T THEDIOGY. | | MISSING CLOSE-PAREN. | | NEVER GET A HUG AGAIN,
*a3X £
- (((@((((@¢
o . MOX D) SB i /ﬁ
IT PREPPRES YOURR | AS PRARHETT SAD, THOUGH PHYSICS SEms | THE WIK) PAGE FOR
A LFE OF FIGHTING T — PROMISE YOU A RICHARD "PHYSICS MATOR"
ﬂﬁ*ﬁ%&"
" L Egineer
THEY SAY TO STUDY BUT PUT ME DOWN AS
HISTORY OR FIND “UNDECIDED"—EVERY
YOURSELF REPEATING IT, :
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Od kremiku k cip

15 4/19/2021

o

um

Public Information




Monocrystalline ingot pulling

Prekurzor -polykrystalicky kremik

N AN

: : Float Zone pulling (FZ)
Czochralski pulling (CZ)

Czochralski Puller l Argon inlet

Cable
Seed chuck

Camera
(diameter control)

Optical
pyrometer
Water
cooled jacket

* Low Oi content
* Higher price
* High voltage applications (lower defects level)

* High Oi content => Qi precipitation =>
microdefects
* Lower price
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RS Czochralski pulling

Argon inlet
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Oxygen content

2 \

o 200 400 600 BOD 1000
Crystal length/ mm

—_—MCZ0i ——H50i ——5TD0i

Simulace metodou konecnych prvkl

1200




Velikost desek
— S (200 mm) = 31 400 mm? (x2,25) S (300 mm) =70 650 mm?

i ——

= Year . 100 mm2 [hide]

. Typical _ Weight -

Wafer size % ; 4 | introduced ¢ 4 | (10 mm) Die per #
Thickness per wafer
[18] wafer

1-inch (25 mm) 1960 -
2-inch (51 mmj} 275 ym 1969 88 d le
3-inch (76 mm) 375 pm 1972 20{}_mm Wafcr x2,636

4-inch (100 mm) 525 um 1976 10 grams 22 56 . . - 2 3 2 d *
e e o Costs saving potential: 50-60% 1€
150 mm (5.9 inch, usually e o 300-mm “"ﬂﬁl‘r
referred to as "6 inch")

200 mm (7.9 inch, usually

: 725 pm. 1992 53 grams 221 269
referred to as "8 inch")
300 mm (11.8 inch,
usually referred to as "2 775 um 2002 125 gramsl22! 640
inch"y
450 mm (17.7 inch) 342 grams
925 um - 1490
(proposed)#3 12
B75-millimetre (26.6 in)
Unknown. -

(theoretical)2]
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Dratové rezani

A .

Fig. 1. Schematic of multi-wire slurry sawing of silicon wafers [1].

H. Wu / Precision Engineering 43 (2016) 1-9

[1] (http:f{www.rockwellautomation.com/global/solutions-services/oem/
application-profiles.page).
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Brouseni hran desky

= > % Profiles examples:

Blunt profile Standard profile

—

Velka rychlost

Asymmetrical profile Epi profile
&i> Mala rychlost
Public Information w
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Oboustranné lapovani

Lapovaci kotou€
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Lesténi / CMP - chemical mechanical polishing

LeStici suspenze
Sklada se z €astic oxidu
kfemicitého (SiO,) ve vodni
suspenzi s organickou zasadou a
detergentem.

Lestici suspenze

Kremikova deska ~ Unasecé Vlozka

Sablona

Lestici podlozka

[ 1
B
B 2 Kotouc¢
B e
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Chemické cistéeni

lont kovu Castice Organicky zbytek

rstva oxidu

H,SO, + H,0, (130°C)

H,O + HF
H,O + NH,OH + H,0, (70°C) o
H,O + HCI + H,0, (70°C) .

Public Information @

A




alni mechanick

in

F

c
o
8
©
S
S
L
£
L
o
>
a




Chemicke cisténi

Kremikova deska

Vakuovy
~ drzak

TIR=h h

min

max ~

Kremikova deska

Stredni ¢ara desky

Kremikova deska

Warp = (Dmax - Dmin)/ 2
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Perfect Silicon wafer

Flat RES and Oi profiles

Very low contamination level
Efficient gettering

Optimized wafer edge

Low warping

Excelent flatness

Very low level of front side particles

A

Public Information




Epitaxni rust kremiku - APCVD

Tvorba vertikalnich profili dopantt
Strmé prechody

ZlepSeni kvality kiemiku
Snizeni krystalografickych defektu
Denundovana zéna bez kysliku

Kremikova homoepitaxe je APCVD - atmospheric
pressure Chemical vapor deposition

Stabilni proces, fizeny poradim, rychlosti a
tlakem plynu
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Silicon-On-Insulator (SOI)

Device (active) layer Silicon
Structure on
— thin single crystal silicon layer Buried oxide (BOX) Insulator

thickness: <50 nm (ultra-thin SOI) Handle wafer (base wafer)

2-20 um (thin SOI)
20-200 um (thick SOI)

— insulating layer

oxide: =) sapphire (SOS)
I:> buried oxide = BOX

separation of 2 silicon layers

Device layer

thickness: 0.1-4.0 um

BOX 732.9 nm

— thick bulk silicon = handle/base wafer
Handle wafer

mechanical support SEMHV: 100kV | WD:7.00mm FERA3 TESCAN
View field: 4.61 pm ‘ Det: SE 1 pm
thickness: same as used Si wafer (0.5—1.0 mm) SEM MAG: 45.0 kx | Date(m/dly): 03/15/17 ON Semiconductor Roznov PAL
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Silicon-On-Insulator (SOI) Eel) -

Buried oxide (BOX) I nsulator

Handle wafer (base wafer)

SOl structure enables a full isolation of each electronic component on an

integrated circuit by using a (buried) insulating layer
—silicon on aluminum oxide (sapphire; SOS) "
—silicon on silicon dioxide

Benefits
—reduced source and drain to substrate capacitance
—absence of latch-up, reduction of parasitic components
—better immunity to crosstalk effects
—radiation hardness _
—denser layout = lower cost

Allows devices to achieve: Standard structure SOl structure
—better performance Area = 1990 pm? Area = 526 pm?

—higher frequency (switching) Shrink 73.6%

—smaller size
Public Information w
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Unipolarni tranzistor CMOS

S
o
Hradlova elektroda 5 MOSFET Vth

Hradlovy oxid .l
—_ 0,025 +

/

A

N P N

MOSFET output characteristic

0.01
z /

Source D @ + » & Z o0or
- — . 2
. | e 5 - + + . . - al |t Drain
_ _ _ = + _ _ _ = 0,0001
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Unipolarni tranzistor MOSFET - vyroba

Oblast typu P (well) Pwell - foto -> implant -> Diflize
Kremikova deska typu N

Oblast typu P (well)

- - - Source/Drain - foto -> implant-> Diflze
Kremikova deska typu N

Oblast typu P (well) Hradlova oxidace

Kremikova deska typu N

Oblast typu P (well) Depozice hradlového polykiemiku

Kremikova deska typu N

Oblast typu P (well) Hradlova elektroda - foto a plasmatické leptani polkyfemiku
Kremikova deska typu N
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Fotolitografie

Na povrchu Si se vytvareji motivy jednotlivych Uy syello
vrstev integrovaného obvodu. ‘QID’
Nanese se tenka vrstva fotorezistu, ktera se v

Rezist Maska

po osviceni pres retikl (masku) v
pozadovanych mistech ve vyvojce odstrani.

Pres lakovou masku Ize implantovat ionty

libovolnych prvk(, protoZe teplota Sid zUstava
pomerné nizka. 1) Hydrofobizace 2) Lakovani 3) Suseni po 4) Orientace a
lakovani Expozice

Pro maskovani difuznich procesu je treba
pouzit teplotné odolnéjsi oxidovou nebo
nitridovou masku.

5) Suseni po 6) Vyvolavani 7) SuSeni po 8) Vizualni kontrola
expozici vyvolani
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Fotolitografie - zarizeni

Lakovka / vyvolavka

Public Information

Step and Repeat System [6]

Zrcadlo

+— Rtutovéa lampa
Filtr

Cotky
kondenzoru

Retikl

Deska

Zakladna



Leptani

Odstranovani materialu z povrchu kremikové desky v roztocich kyselin (mokré leptani) nebo reakci s ionty/radikaly

vytvorenymi v plasmeé (plasmatické leptani)

Mokré leptani

* VrlGzné koncentrovanych HF

* Leptani pouze oxidovych vrstev - vysokvodnich roztocich a
selektivita vaci jinym dielektrickym materialim

* |zotropni leptani

lons

MM

lons  passivating
film

Film removed d v 4 & 4

Plasmatické leptani
* Reakce materialu na povrchu desky s volnymi radikaly
vzniklymi v plazmé nad deskou - procesm plyny CF4, CHF3,

NF3, SF6, 02, CI2, HBR “‘“i‘“’
* Leptani jakéhokoli materialu [1] =
* lzotropni/anizotropni leptani T —
AN |
St | — R Ry~
o [T
8 =1

AccV Spot Magn Det WD — 2um
100kv 3.0 8000x SE 100

Subtrate ——j

+<—— Kombinaci depozic a leptani se vytvari

Public Information SPACery, Zmensovani detailu, self-alignment w



lontova implantace

NejbézZnéjsi zpusob dopovani
Svazek iontl dopantu urychlen na energie v radu stovek az tisict keV

lonty ve svazku separovany systémem magnetl dle atomarni hmotnosti

Analyzacni | Urychlova¢ | | Flag Farady [ Plazmova Procesni
magnet sprcha komora

102 T T T T
5
Extrakéni s
elektroda O, - -
§ 1020
s VWV /\\ \N/ FJ\~"~"~"~~~77 0.606 C
lontovy zdroj | ___— p S 1
1] g I
< 1
- 10 I B
Implantacni
disk Si '
deskami 1017 \ h ' 1
0 0.2 0.4 0.6 0.8 1.0
Hloubka [ptm]
Predavact Rozdéleni iontd v kiemiku implantovaném pfi 200keV
komora
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Oxidace

* Vysokoteplotni operace - >800°C - v oxidacnich pecich  Druhy oxidace
* RuUst vrstvy SiO2 (pasivace povrchu, maskovani iontové implantace) * Sucha - Si+ 0,— SiO,
* Mechanismums oxidace popsan Deal-Grove modelem e Mokra - Si + 2H20 — Si02 + 2H2
2 fedni a zadnf
ID+AIXD=_B(I+r) ‘ Povrch Si desky (pred dni) |
Plynna faze Cast vrstvy Si0, nad pivodnim povrchem Si desky(56% tl
L o 0 G o B e 7 R R L B Si02)
- . Pa ra bo“cka CaSt ce \‘\\\ ‘ Pivodni povrch Si desky (pfedni a zadni) pred oxidaci ‘
QX - Odeaénf Cs Cast Si desky spotiebovana oxidacni reakei (44% tl. Si0,) ‘
L Y )
4 }' N PR I’yCh|OSt 7 Si (solid) + 0, —Si0, (solid)
10 S % < t t s Si(solid) + 2H,0 — Si0, + 2H,
o f/ P - ra nspor em 8 plvodni povrch Si
. | / ia 7 (difuzi) reakcnich : O Si0:
7R P AL § loZek k povrch
y/ } S.O e povrcnu .
Ll L H,0 0, = ﬁ P F1 —
= / ’/ .'1 300:3 a nea rni CaSt — B > — - - - rozhrani Si0, - Si po oxidaci
- ‘\t\hfésk oxidacni rychlost o pyng médaviitnaroste | méaodboiany
| o L i 4 . . fégekpovrcht‘xm Casti Si0, chemickou reakel
. ° : ggg.g | |Im|t0V8 na (Z';frﬂﬂﬂu;[) P;Itompostvogni
*E Lot 3 Kinetikou reakce A
[ IS N1 B SRR IR N0 B A A A . podporuje
- o1 1 10 102 103 10*  na povrchu Si
r+ T
A%jaB
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Difuze

* Vysokoteplotni operace - >800°C - v difuznich pecich
* Rozdifundovani (prohloubeni) implantovanych vrstev dopantu typu N (fosfor, arzen) nebo P (bér). Difuzni koeficienty pfimési v Si mrizce

* Mechanismus difize - nahodny pohyb atomu Si . T
nebo dopantu mezi mrizkovymi polohami . O] S 380 ) £
aAs
et T | e Li
— 10'5\ 1075}
;é w“&ﬂ 10781
O=0=0 0O=0=0 o::'b.io ol
0 00 Qog=( (2l | e
O:O\:j’j} === O:S\)'C{!;Q § - ey ool N
b0 0 0 0 0 03 ool
== J== == J=== = Je== 0 é«o-“ : i LN
a) Vacancy b) Interstitial ¢) Interstitialcy g 10-12 10-12 \ cr
a Te N \
10 10~13 10-13]- \SS‘:
g - . - . > P T
« Difuze je popsana Fickovym zakonem. 10714 o ea\ T s\
o - 1
d(’o ' ' ‘ 0 Hc‘a.s 0.7 08 085 © 1rj.es 07 ol,a 0.9
. D 1000/ T (K™ 1000/ 7 (K™
J —_— (a) (b)

dw 10
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Schéma zarizeni pro oxidaci / difuzi

Spolecny odtah ¢tverice peci(scavenger) Topna kazeta se 3 topnymi zénami Drzaky Si desek (lodicky) s Si
f deskami

Unikajici zplodiny Uzaviraci disk pece)

Kysliko-vodikovy hofak (injektor) - systém IBS
Zéna 1 Zbéna 2 Z6na 3 (Internal Burn/erSystem)

I e 4

/ Nm TIH0E &
N
<« e o L UL UL L \ ‘
‘\Eﬁ.;ﬂ. f
AME, 04T
] ! =
Z6na 1 Z6na 2 Zo6na 3 0,

Nakladaci systém pece (Cantilever)
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Hlavni znaky

Chemickeé depozice: LPCVD

Schéma LPCVD reaktoru eDepozice za nizkého tlaku

eProces fizeny reakéni kinetikou

/N Pressure eReaktanty neni tfreba redit inertem (snizovat parc.
\_ /" Sensor Wafers tlak)

. eNeni dosazeno reakeni rovnovahy

‘ eVelmi dobré fizeni reakce teplotou

ToP o i termické ' St
(( 0 Pump eNizsi teplota oproti termickému oxidu (mensi
teplotni budget)

eNizka prasnost procesu (nizka nukleace v plynné
Quartz fazi)

Tebg eJe mozno deponovat i tam , kde termicky oxid
nelze
eNevnasi pridavny naboj
e\'ysoka kvalita, stechiometricka struktura (vysoka
hustota, dobra homogenita tloustky, vyborné

PolySi: SiH4 (g)— Si(s)+ 2H2 (g) (575-650°C) elektrické vlastnosti...)
Si02: SiCI2H2 (g) + N20(g) — SiO2(s) + N2(g) + HCI (g) (840°C) e\lysoka kapacita reaktoru - batch system
Si3N4: 3 SiCI2H2 (g) + 4NH3(g) — Si3N4(s) + 6H2(g) + 6HCI (g) (800°C)

Public Information @

Loading
Door

Process Gas Inlet

Priklad chem. Reakce:

Zdroj: Holik, S.: Pfednasky pro MU Brno




Chemické depozice: PECVD

Jestlize spolu 2 latky v plynné fazi prakticky nereaguji za teplot do 400 °C, potom jediny zpUsob, jak je prinutit
reagovat, je rozStépeni jejich molekul na atomy, radikaly nebo ionty. Ty jsou jiz tak reaktivni, Ze budou vzajemné
na povrchu Si desky reagovat a vytvaret poZadovanou vrstvu. Sté&peni molekul se provede v elektrickém
vysokofrekvenénim vyboiji za nizkého tlaku

SiH, (g) + NHy(g) vrlzma  Si N H,(s) + H,(g) (400°C)

(C,H50),Si (g) + O, (g) Vfrlazma  Sj_0,C.H, (s) + CO (g) + CO2 (g) + H20 (g)
Process ~  RFpower
es -] )
Hlavni znaky SA8CS T' V)
e Reakce v plazmatu za nizkého tlaku Process
Nizka teplota cca 400 °C 4_1_,
Vihod * P chamber P ..
o Nizka teplota (mozno deponovat na metal) Waf Plasma _(/>
o Velmi dobra homogenita tloustky (single wafer reaktory) HAGRS » . ——
e Velmi dobré kryti schodku _
e  Moznost fizeni vystupnich parametrd vrstvy (stres)
e Automatické Cisténi reaktoru ihned po depozici jedné desky | |
Nevyhody L')H tedinlat
e Vneseni pfidavného naboje By-products to CRtRE DS
e  Horsi vlastnosti oproti LPCVD Nitridu (El. vlastnosti, porozita) the pump
— v8ak postadujici pro pasivaci ——
e  Slozeni molekuly neni stechiometrické — vnesené atomy H, C
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Silicon Carbide, Galium Nitride
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S

High voltage
operation

C

Breakdown electric field
[MV/cm]

e — S
— 4H-Si1C
= GaN

Thermal conductivity
[W-K/cm]

High temperature
applications

Saturation velocity Melting point
k [107 cm/s] J [x10°K]

[

High frequency switching

Properties (at 300 K) Si 4H-SiC 6H-SiC 3C-SiC GaN Diamond
Band gap width E
112 3.26 3.03 23 3.45 545
[eV]
Breakdown electric field E .
0.3 22 25 2 2 10
[MV-cm™]
Intrinsic carrier concentration n; -
9.6 x 107 5x10* 1.6 x10% 1.5x 10! 1.9 =101 1.6 x 10¥
[em?]
Electrons mobility 1
1500 1000 500 800 1250 2200
[em*V*s]
Holes mobility 1 p
600 115 101 40 850 850
[em?Vist]
Thermal conductivity A
15 49 49 32 13 22
[W-K cm™]
Relative permittivity ¢ , 118 10 9.7 9.7 9 55
Saturation velocity v .,
1 2 2 25 22 2.7
[x107 em-s™']
Maximum working temperature T .
) 150 760 760 500 800 1100

Table 1. Comparison between intrinsic properties of Si and WBG semiconductor materials.

Si SiC (4H) SiC (6H) SiC (3C) GaN Diamond
KFM 1 8 Bl 3.7 15 35.3
BFM 1 2228 158.6 1299 1883 25319
BHFM T 35.9 231 237 37 1629.6
SFM 1 644 39.5 19 30.8 5207.1

Table 2. Main figures of merit for WBG semiconductors compared with Si.

Source: 0. Deblecker, Z. De Gréve and C. Verséle, Comparative Study of Optimally Designed DC-DC Converters with SiC and Si Power Devices, Advanced Silicon Carbide Devices and

Processing, 2015

Public Information




PVT system - Physical Vapor Transport

a-SiC powder source material in graphite crucible T [ W ok
\
tricky seed attachment (stress, sublimation, etching) SIC seed N \ L
i : : - SIC Ingot| - Quartz tube
predominantly inductive heating (~ 10 kHz, 10 kW) Poly SiC| | \
2000-2300° ¢, mbar pressure, Ar atmosphere, N2 for doping o *I‘ - T ©
. o Si, Si,C, SiC, | o)
process parameters: 5
. SiC charge | . TFcoil
hot zone design o T _ o)
vertical position with respect to coil )
temperature Gapo _ Gr?ph"e
pressure - 5”;"’“""
Ar flow Insulation-+—"" | a A
N2 flow .

| |

| |

| |

y. |

Toovom Bottom hole ‘ |
- |

Pyrometer | G

Crystal Growth Technology, K. Byrappa, T. Ohachi (Eds.)

6 Silicon Carbide Crystals — Part |: Growth and Characterization
G. Dhanaraji, X.R. Huangl, M. Dudleyl, V. Prasad3, and R.-H.
Ma2
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State-of-the-art SiC vs. Si bulk crystal growth

Linton .y
Silicon | K70 Silicon

Substrate wafer cost Ca rb|de
[UsD]

100000 .

10000 .
" 1000
Growth rate . .. Wafer thickness Boule

detail

[um/hr] [um]
i
N —Sig"
N —SiC 6"
Wafers per boule/ f};trystal length
[units] [mm]

8“Si PVA CGS 6“ SiC
crystal SiCma600 boule
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Pracovni prostredi - Cisté prostory

Perforovana podlaha pro odtah vzduchu
- 40% objemu vzduchu se vraci zpét +
60 % of Cerstvého vzduchu do

Stropni HEPA filtry

Osvétleni -
luminescentni zafivky
Vv prostoru
fotolitografie (Zluté
svétlo)

Laminarni proudéni
vzduchu od stropu do
podlahy

Klimatizace

Nabytek s

perforovanymi
plochami pro udrzeni
laminarniho proudéni

Monitorovani ¢astic (prachu) se provadi:
* Kontinualné - s pouZitim zabudovanych monitorovacich systémui -
* Namatkové (po servisnich zasazich) s pouzitim ruc¢nich pfistrojl

Public Information

Clovék je
vyznamnym zdrojem
Castic — potfeba
vhodného oble¢eni

| Pokryvka hlavy

| Obli¢ejova maska

| Pracovni kombinéza

| Rukavice

| Navleky na obuv




Priklady vyuziti fyziky
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Popis distribuce dopantu v krystalu SiC
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Principle

[0001] * Implantation uder specific angle, along preferetial axis to
minimize collision chance

* 3 times deeper implant than with ,random* direction
* Necessary for vertical superjunction structure

* Minimal lateral straggle

e * Aluminum show good channeling along [0001] direction,
1099 2 Phosphorus less, Boron and Nitrogen very little

3590

3081 &

2572 E

2062 2 ECS Transactions, 98 (6) 119-124 (2020)

1553 10.1149/09806.011%ecst ©The Electrochemical Society

1044

180° 0°
P-type and N-type Channeling Ion Implantation of SiC and Implications for Device Design and
Fabrication

H. Das?, S. Sunkari?, J. Justice®, R. Malousek®, J. Chochol®, R. Wada®, and T. Kuroi®
* ON Semiconductor, South Portland, Maine, USA

b ON Semiconductor, Roznov, Czech Republic
¢ Nissin Ion Equipment Inc., Kyoto, Japan

Hobler, G., Nordlund, K., Current, M., & Schustereder, W. (2018). Simulation Study of Al Channeling in 4H-SiC. In V.
Haublein, & H. Ryssel (Eds.), IIT 2018 Proceedings (pp. 247-250). IEEE.
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Vysledky

49

4/19/2021

108419 ¢ THT O
& RT —Tin3g"
106418 | THeT
- Tita 2
£ 108017 = Tos
T3 7"
S T3
a \J
IJI"‘.. f ‘L. II| A A ‘ 1 A |
1.0E+14 " f’ﬁ"f" 1 R
| AR i
1.0E+13 - 1l
a 1 2 3 4
Depth (um)
Fig. 3. Shows the room temperature

channeled implant of AlI™ 960keV with a
dose of lel3 cm™. The range variation with
off-cut mismatch is not very sensitive,

1.0E+18
RT implantation_bulk wafer
1.0E+18 300°C implantation_bulk wafer
P 500°C implantation_bulk waler
§ 1oee7 .
g V4 o T
1.0E416 Va
F:
z 10E+15 J_:;:.- N \,
i /! Y \
W R
1.0E+14 Fr'u Vi il
1.0E+13 . L ]
] 1 2 3 4

Depth (pm)

Fig. 4. Shows the channeled implants at
various temperatures. As expected, the
channeling effect reduces with an increase in
temperature.

P :960keV 1E13/cm? at RT

1.0E+19
—[0001] channefing impfant.
10E+18 |
- ~—random implant
g
§ 10417
E
§ 1.0E+16
o
1.0E+15
1.0E+14
(i} 0.5 1 1.5 2 25 3
Depth {um)
Fig. 9. Shows the room temperature

channeled implant of phosphorous at 960 keV
with a dose of 1el3 em™. The implant profile
shows a usable flat profile, but with a lower
range than aluminum.

f ---CV —SIMS

Depth
Fig. 10. Shows the comparison of the SIMS
profile and capacitance voltage profile of
channeled Al into an epitaxial wafer after
1650°C  activation.  Almost  complete
activation is observed.
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Vysledky

. Super{junction JBS diode
* Potfreba vyuzit kanalovany profil implantace -1 T | |®4 T
pro dosazeni dostatecne hloubky R - o | 1 p
* Nové technologie, nedostatecna data EEE €L h |
« Na&vrh experimentu + data od partnerd P L. Mo fiiormeiennilly dievt, | B 12 A esperpmstion g, i Sia
. SIMS data with the modeled data. Very good | utilizing the deep-channeled implant of
 SIMS (secondary ion mass spectrometry) agreement is seen in all the energy ranges and | Aluminum is shown. It offers a similar
~ v - . , . . all doping concentrations of interest enabling blocking  voltage  with IE_SSET epitaxial
mereni + CV (kapacita v zavislosti na pisipties device designs. el g o oiauny S, Tie
napétf) zf:zlzlécs;?:wic emartic an 1€ 1stribution
* Vyuziti analytického modelu distribuce
|mp|antu — ZVOJeny Pearson IV The Pearson—1V distribution is given by:
* Alternativa - Monte Carlo AT el pa oo
. . R . . Fly) = K|b3_r: +hyy +by| exp | 2 - atan |'_ Ll “: (23)
* Fit modelu, interpolace pro ruzné energie | Ababo=by ababe-by)
* Export do simulacniho programu pro navrh Pearson V- modifikace Gaussovského
soucastky rozdéleni o Sikmost a strmost

Zdvojeny - umoznuje popsat hlavni
¢ast a i ocas - tail
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Simulace polovodi¢ovych soucastek - TCAD
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Jak probiha navrh polovodicovych soucatek?

Pocitacova simulace (TCAD - technology computer
Pozadavky aided desing): o ) -
(zakaznik, interné) * Simulace fyzikalnich/inz. procesu (implantace,
difuze, oxidace, ...)
» Vliv geometrie soucastky, procesnich parametru
* Vliv tolerance vyroby
» Elektricka simulace jednotlivych soucatek (dioda,

Pocitacova ; stor)
- ransistor
SIullelest 5 Inzenyrské sady < xie o < -~ <
soucatek v dané * prahové napeti, prurazné napeti, saturacni
teChnOIOg“ proud,
* Jednoduché obvody (zahrivani pri spinani induktivni
zatéze)

» SlozitejSi obvody/integrované soucatky jsou jiz oblasti
navrhard obvodl - pracuji s daty z jednotlivych
soucatek které my navrhneme

 Cadence
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Nastroj - Sentaurus TCAD

Mel Depeg fem ™

s
!
KRR A "||."1

CMOS Image Sensor structure created in
Sentaurus Structure Editor

SRBAM Cell simulated in Sentaurus
Process

Mesh and structure for LDMOS device
simulated in Sentaurus Device

Trench deposition simulatedion in
Sentaurus Topograph
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Komercéni nastroj na simulaci polovodic¢ovych

soucatek

* logické soucastky

* vykonové soucatky

* optické senzory

ReSeni metodou konecnych prvku

* Fyzikalni modely (takrka) pro vSe

Skriptovaci jazyky:
* tcl, scheme, python



Ukazka

Getting the device geometry and doping :
concentrations (from process emulation)

J&_

PRE-

Generating a grid (mesh) for numerical i PROCESSING
computation

EGNMESH |
Solve for Poisson equations and current continuity *
equations on the defined mesh ‘:El PROCESSING
for some given boundary conditions WEDEVICE |

"he description of physics
loes here

T POST-
Visualizing the results

(both electrical results and internal quantities)

/--.4.

INSPECT RREVIGUAL |
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Ukazka - vliv modelu vcetné kvantové mechaniky

0.002
le+21 ¢ [ QC=none ] ® HD (QC=DG)
| et ||==HD (QC=none)
il {| @ Thermo (QC=DG)
ler0g ___0.0015+|—Thermo (QC=none)
= = || @ DD (QC=DG)
o ler19 < ||—DD (QC=none)
z — _
g ® S 00014
O le+18+ - 5 1
5 = O _
E =, O s % 1
% tena7d U? @ o 3 1
%‘ A © 0.0005 -
O ]
le+l6 + Q. v 1
-0.(302 0 n.(:mz [].i;ﬂd —————p——t——t————t—¢
Distance (um) 1 0 ! =
Gate Voltage (V)

Figure 2. Electron density profile in the center of the channel, taken under strong inversion ) . o
gate bias conditions. Quantum-mechanical size quantization, ied oC_DG Figure 3. Ig-Vygs curves computed with different camier transport models. Solid lines: without

condition, leads to an eleciron concentration peak shifted away from the silicon-oxide carrer quantization. Markers: with carier quantization. (Click image for full-size view.)
interface by a distance of approximately 0.8 nm. (Click image for fuli-size view.)
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Moje zkusenosti, akademie/firma, uplatnéni fyziku ve firme
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Moje zkusenosti

2007 - Nastup na VSB Ostrava, Obor
Nanotechnologie

2010 - Bc. - téma: Depolarizace ve
spektroskopické elipsometrii

2012 - Ing. téma: Light diffraction on
layers with harmonic modulation of
dielectric function

2017 - PhD pod dvojim vedenim, VSB +
Dalhousie University, Halifax, Canada,
téma: Plasmonics in Semiconductors

Od 12/2017 - ON Semiconductor, Silicon
Development Engineer
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Co se mi hodilo ze skoly? a dalsi nevyzadané rady

. Programovani, Data Science, Modelovani To PhD or not to PhD?
. Matlab, Python

* Ve vyzkumu a vyvoji nesporna vyhoda, ale nutnost to neni
. tcl, scheme

. Schopnost pracovat samostatné, dostudovavat (rychle) informace,

. Charakterizacni metody aplikovat a je umét je prezentovat
. SEM, AFM, XRD, Raman, elipsometrie, FTIR, SIMS, ... o Networking
*  Matematika, Statistika *  NavSechny konference jezdi lidé z firem, budovani kontaktu,
R IMP zjistovani co se kde déla
. Mat. anylyza, diff. rovnice e Zahranicni studium/staze
. Anglictina . MozZnost i ve firmé
. Veskera komunikace v anglictiné . Publikaéni, patentni fizeni
. Prezentovani . Projektovy management

*  technickym i netechnickym pozicim
*  vysvétlovat, zdUvodnovat, ziednoduSovat

. Simulace
. COMSOL, ANSYS, Lumerical

. Fyzika, Chemie, Kvant. mechanika
. Elektrotechnika

58 4/19/2021 Public Information




Akademie/Firma

Co

Zajimavé a aktualni projekty
Moznost vybrat si projekt
Nutnost psat granty

Moznost vzdélavani

Cestovani
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Akademie

Ano

Ano

Velka

Ano

Konference, staze

Ano

Omezené

Mala

Ano, nutnost

Sluzebky,
konference, staz
Vv jiné pobocce



Uplatnéni fyziky (konkrétni pracovni pozice)

Vyzkum a vyvoj

 Material Science Engineer

 R&D Device Engineer <- Moje pozice
* R&D Integration Engineer

Vyvoj novych produktu

Technologie (Engineering)

* Vyrobni technologie (Technolog operace)
 Méreni

Vyroba

* Sménovy technolog

» Technik udrzby

PodpUirné dseky

Management a project management
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Diky za pozornost!

https://www.kariera-onsemi.cz/

https://www.linkedin.com/in/jan-
chochol-8a757071/

https://scholar.google.cz/citations?us
er=Bp303WUAAAAJ&hI=cs&oi=sra

jan.chochol@onsemi.com
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