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2015 Global Semiconductor Market: $335 Billion

Percent of Semiconductor Sales by End Use

PC/Computer Communications
29.7% 34.1%
Consumer
13% Industrial/Gov’t
Automotive 12.8%

10.3%

Source: WSTS End Use Report, 2015
Note: Military is <1% and is included in Industrial/Gov't
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Total Semiconductors - $335.2B
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. poCet tranzistoru na stejné ploSe Cipu se kazdé dva roky zdvojnasobi
- min. rozmer tranzistoru: 5 nm? (odhad z 1961 — 10 ym, 2000 — 16 nm)

-dnes: 12 nm
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RETHINK ENERGY EFFICIENCY.
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ADDRESSABLE CONTENT OF $9 IN SMARTPHONES

High Power
Primary Power
Conversion and
Protection

USB PD,
Qualcomm
QuikCharge 2.0,
MediaTek CPE+,
Smart Charging
Protocols

Optocoupler

Secondary Power
Conversion and
Protection

a2 “

26 Analyst Day 2017
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Quick Charge 3.0
Smart Charging

Wireless Charging
™

Boost, Buck-Boost

USE PD/Type-C Interface Controllers
and Data Management

ESD Protection

2-input and High

Current Switching

Battery Charger
Wireless 1-input Switching
Charging RX Battery Charger

Public Information

Power Discretes

High Power Load
Switches and FETs

Low Power Load
Switches and FETs

Battery FETs, BPIC

Fuel Gauge

ON Semiconductor”

|




ADDRESSABLE CONTENT OF $200-$400* IN AUTOS

LIGHTING
LED Exterior

POWERTRA'N - LED Interior

= Adaptive Front Lighting System

Engine Control

»  Transmission Control (AFLS)
+ lgnition +  Stepper Motor Control
* Throttle Control Pixel Lighting
+  Start-Stop Laser Lighting
*+ 48V System
* Electrification
+ Charging
BODY & INTERIOR 2 W gy | ,.\“A.

20 Analyst Day 2017

Body Computers & Gateways

AGTIVE SAFETY

HVAC
Door & Seat W Rear View Camera
Smart-Junction Box . Surround_ View Camera
Instrument Clusters *  Park Assist
e FobsiaiE IN-VEHICLE NETWORKING - Forward-Looking ADAS
Connectivity + LIN/CAN, SBC, FlexRay & Ethernet « In-Cabin ADAS

«  E-Mirror

Wireless Charging

ON Semiconductor”

- Assuming level 2 autonomous features. $200 for IC engines and $400 for EV/PHEV
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A LEADER IN VEHICLE ELECTRIFICATION

MAIN DRIVE

650/1200 V Rectifiers
1200 V 5iC Rectifiers/FETs

ON-BOARD CHARGER

650 V 5] MOSFETs

650 V Si/S5iC Rectifiers/FETs
Automotive HV modules
Gate drivers

650/1200 V IGBTs

650 V GaN transistors

650V IGBTs Op-amps & current sense
DC-DC, LDO, IVN, ASIC

650 V GaN transistors

Op-amps & current sense

DCDC, LDO, IVN, ASIC 12V 48V DC-DC

e %3 o - 80/100 V FETs
. .. . ~ - | L Half-bridge dnvers (high speed)
BATTERY \ . i i P : A 40 V FET
> - - S

MANAG EM ENT o ] 650 V 5) MOSFETs Op-amps & current sense

650 V Si/SiC Rectifiers/FETs DC-DC, LDO, IVN, ASICs

650 V IGBTs
Half-bridge drivers
P-channel MOSFETs

40 V FETSs (lowest RDS0N)

650 V GaN transistors
Automotive modules

Op-amps & current sense
DC-DC, LDO, IVN, ASICs

Portfolio

21 Analyst Day 2017

ON Semiconductor”®
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IMAGING + RADAR FUSION

Customers Requiring 9 Imagers and 10 Radar Transceivers

9 IMAGE SENSORS

10 RADAR

Al

1LIDAR

1FIR

ON Semiconductor®
67 Analyst Day 2017
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PSG GaN AND SiC PROGRAMS

4.000 Currently producing and sampling all
3500 SiC & GaN power technologies
3000 KEY SiC & GaN BENEFITS
' . Power Supplies: smaller form factor
2 500 Automotive EV: no liquid cooling— reduced weight
' Auto On Board Charging: faster charge time
g 2.000 Solar Energy: higher power efficiency
=
& 1,500
1,000
500
0 - : )
2014 2016 2018 2020 2022 2024 s T
&35 He 5 Al
ON Semiconductor”
93 Analyst Day 2017
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ON Semiconductor - uvod Revenue:

2015 $3.496 bil.

Headquarters: Phoenix, Arizona _
2016 $3.906 bil.

Employees: 29 thousand worldwide

2017 $5 bil.

Manufacturing:

Belgium Design Centers: Solution Engineering Centers:

Canada Belgium China, Shanghai

China Canada China, Shenzhen

Czech Republic  Czech Republic Germany, Munich

Japan France Japan, Tokyo

Korea Germany Korea, Seoul

Malaysia India Taiwan, Taipei

Philippines Ireland United States, Detroit

Republic of Korea Japan United States, Portland

United States Korea United States, San Jose

Vietnam Philippines
Romania
Slovak Republic ON Semiconductor (Nasdaq: ON) is driving energy efficient
Switzerland innovations, empowering customers to reduce global energy use.
Taiwan The company is a leading supplier of semiconductor-based solutions,
United States 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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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
barevne televizni obrazovky. polovodiCoveé materialy a soucastky a mnoho
dalSich zarizeni.

1992 - Rozdélenim statniho podniku na 16 mensich celkt vznika spolecnost
TESLA SEZAM (vyroba Cipu) a TEROSIL (vyroba kifemiku).

1993 - Pocatky spoluprace se strategickym partnerem - spoleCnosti
MOTOROLA. Zalozeno navrhove stfedisko v Roznové - SCG Czech Design
Center.

1996 — Dosazena vyrobni kapacita 2000 desek (priméru 100 mm) s Cipy za
tyden.

1997 - Konec privatizaéniho procesu, MOTOROLA se stava akcionarem
spole¢nosti TESLA SEZAM a TEROSIL.

(K] 1/16/2019 Public Information @ I



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 pruméru 8°.
2008 - Akvizice AMI Semiconductor - navrhoveé stfedisko AMIS Brno.
- Konverze z desek praméru 100 mm na 150 mm.
2013 - Expanze vyroby kifemikovych desek pruméru 125, 150 a 200 mm.
2014 - Zahajeni VaV MOCVD technologie pro epitaxni rist struktur Ga(Al)N na Si.
2016 - Kvalifikace SOI technologie (Silicon-On-Insulator).
2017 - Zahajen VaV SiC technologe.
- Expanzni projekty pro podstatné zvyseni kapacit vyroby.
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Vyroba Si desek v Roznove

2200

2,000 (o B ]

E

2

3

B 8" epi wafers

Annual production [6" eq. k waf]

1,200 06" epi wafers
04" epi wafers
000 o 8" polished wafers
— o6" polished wafers
800 m4" polished wafers
,800
400
200 -
lo '
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Year
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Uplatneni fyziky (konkrétni pracovni pozice)

Vyzkum a vyvoj
- Material Science Engineer
- R&D Device Engineer
- R&D Integration Engineer
Vyvoj novych produktu
Technologie (Engineering)
- Vyrobni technologie (Technolog operace)
- Méreni
Vyroba
- Sménovy technolog
- Technik udrzby
Podpurné useky
Management a project management
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WWw.onsemi.cz

Struktura spolecnosti

Home = Ceska republika English
O spolefnosti

Pro zajemce o praci

Pro studenty

I — POMAHAME
{ VE VYZKUMU VESMIiRU

Nas pixelovy detektor pro projekt ATLAS - CERN

ATLAS Swpplier Award for OM Sembondistor

L T e —

I'"
>

'mrllgimlll 0

m

Volna mista Aktuality
ENGINEERING ENGINEERING ENGINEERING ?;4_‘::_;:_‘;7)
» TEST ENGINEER / Test *» DIGITAL DESIGN ENGINEER *» DEVICE AND PRODUCT
inZenyr q * MEMORY TEST ENGINEER ﬂ' RELIABILITY ENGINEER / Prohlidky ve v§rob&
» AI?PL!CATI-DHN EI"’GINEER ! * ANALOG & MIXED SIGNAL InZenyr kvality (1.3.2017)
Vyvojovy inZenyr elektro DESIGN ENGINEER
q IT . N .
» WYVOIAR - ELEKTRONIK ©&r » LINUX ADMINISTRATOR Uéebni pomiicky do £kol
* PRODUCT ENGINEER ©F (24.2.2017)
* DESIGN ENGINEER /
Konstruktér elektro Exkurze pro studenty v roce 2016 m
IT (6.1.2017)
»IT TESTER &
» SOFTWARE DEVELOPER €T Vano&ni jarmark neziskovych organizaci
#Jr. DBA ADMINISTRATOR (19.12.2016)
OSTATNI
** ACCOUNTANT (fixed Spoleénost ON Semiconductor vybavila
assets/travel) - OCETNI & elektronickou laborato¥ pro stfedoskolské
PRODUCTION studenty
» PRODUKT INZENYR VYROBY (15.11.2016)
KREMIKU

* OPERATOR VYROBY -

- Y Pldnované cvi€eni na stanici HCI v ON
PRISPIVAME NA DOPRAVU

Semiconductor
(10.10.2016)

* TECHNOLOG VYROBY
POLOVODICO &

» TECHNIK PROVOZU Technicky talent mésta Roznova
VYROBNICH FACILITIES (7.10.2016)

» MATERIAL SCIENCE
ENGINEER ©r Technicky jarmark 2016

» TECHNIK PODPORY (7.10.2016)
TESTOVANI
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Vyzkumne - vyvojoveé projekty
Projekty fe$ené s podporou Technologické agentury CR:

TA01010078: Struktury SOI pro pokrocilé polovodiCové aplikace (2011-2013)

TE01020233: Platforma pokrocCilych mikroskopickych a spektroskopickych technik pro nano a
mikrotechnologie (2012-2019)

THO01011284: Nové polovodicové materialy a sou€astky s velkou Sifkou zakazaného pasu

THO01010419: Vyzkum a vyvoj novych technologii vyroby bipolarniho tranzistoru s izolovanym
hradlem (TIGBT)

TH02010014: Nové polovodiCove struktury pro pokrocilé elektronické aplikace

Projekty reSené s podporou Ministerstva prumyslu a obchodu

FF-P/129: Vyvoj polovodi¢ovych detektorl ionizujiciho zafeni
FI-IM2/131: Vyzkum a vyvoj pokrocilé kiemikové desky pro sub-mikronové technologie

FI-IM2/166: Vyzkum a vyvoj technologie pro vyrobu detektort zafeni na 150 mm kifemikovych
substratech

FR-TI1/582: Vyzkum a vyvoj pokrocilé komplementarni bipolarni technologie pro vyrobu
integrovanych obvodu

FR-TI3/031: Vyzkum a vyvoj technologii vyroby novych typu kfemikovych desek
FR-TI3/534: Vyzkum a vyvoj pokrocCilych IGBT technologii pro vysokonapétoveé vykonové aplikace
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Vyzkumne - vyvojoveé projekty

Korporatni projekty:
- dUsledné cilové orientované (novy produkt), 1 - 5 roku, rozpocet 100 k$ - 10 mil.$

- reporting na tydenni a mésicni bazi.

Technology Development Process Timeline

et T cuee 0STB OSTB OSTB Beta
me Concept Definition Planning Release
Commit Commit Commit ' |
F EILIT: lpoc J\¥ TAB
- L) ALl O
Qualified -
Begin Ramp

Technology

F TIB ﬁ,

Evausie  FIOW Dafne
SuCoats Scops

A —

Public Information
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Vyzkumne - vyvojoveé projekty

LDDA:

- od roku 2002 (PfF MU a FSI VUT)
- 4-6 projektu za rok

- financovano ON Semiconductor

- zapojeni studentu

IGA AMISPEC

- od roku 2013 (FSI VUT)

- 4-5 studentskych projektt za rok

- financovano ON Semiconductor a TESCAN

Jiné
- podpora investi¢nich projektl korporace
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Stru¢na historie kfremiku

Silicium, Silicon, Silizium, Silicio, Kiesel, Kiezel, Kpemuuii, Liaxuyp, Kfemik, Kremik, : , T A SR

1787 A. Lavoisier — zkoumani kiemene

1800 H. Davy — uvadi kfemen jako slouCeninu

1811 L. J. Gay-Lussac, L. J. Thénard — pfiprava amorfniho Si (SiF, + K)

1824 J. J. Berzelius — pfiprava amorfniho kfiemiku SiF, + 4K — 4KF + Si — objev nového prvku
1854 H. St. C. Deville — pfipravil krystalicky Si (z SiCl, + Al — Si + AICl,)

1907 N. Potter — reakci uhliku s kfemenem pfipravil ,Cisty” kifemik

1916 J. Czochralski — vyvoj nové metody rustu krystalt (kovu)

1946 J. Bardeen, W. Brattain, W. Shockley — polovodi€ovy tym, vyvoj tranzistoru
1948 G. K. Teal, J. B. Little — rust krystali Ge a Si z kelimku

1951 H. E. Buckley — pojmenoval techniku taZzeni z kelimku po Czochralskim
1952 W. G. Pfann — ,float zone melting*

1958 Vyroba polykrystalického a nasledné monokrystalického Si v Roznoveé
1959 W. Dash — vyuZil zdzeni zarodku krystalu pro zamezeni Sifeni dislokaci
1985 Czochralskiho metoda se stala dominantni technologii vyroby mono Si
1992 vznika TEROSIL — jeden z nastupcu TESLY

1997 vstup MOTOROLY do TEROSILU

1999 TEROSIL/ ON SEMICONDUCTOR

2003 ON SEMICONDUCTOR CZECH REPUBLIC

Sileacén, Shillagon, Sylycon,Silisiom, Silici, Siliciu, Silitsiumu, Krzem, Cunuuunjym, Cunuumi, Silicijan
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Prvni technologie vyroby kremiku

krystalicky Si - 1854 - H. St. C. Deville

RN ‘:li Mins
i

i

|

\

1
,leal-Little® aparatura - 1948
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Czochralskiho tazeni krystalu z kelimku

_an

Seead lift mechanism L_.___“_‘_"
l |
L
lE:’/, Gas inlet (Ar)
Pull chamber ._\\\\
Isolation valve Seed and seed chuck
Gias inlet (Ar]
Optical system
Tank cover (dinmeter controll

Crystal

Heat shield

Water cooled jacket

Pyrometer pert
Mely

Guartz crucible

Optical pyrometer

Crucible support
Graphite heater
Crueible shaft

H
| — Electrodes

|_— Crucible retation and
lift mechaniam
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Axialni profil koncentrace primesi

5x10" 0.012
| 0,011
‘-‘?h 1 r
£ 410" | 0010 =
= 3
= o008 T
E 19 3
310" | : Z
§ | 000 =
-I:‘ —
= : &
§ , o007 2
2 2x107 -Koncenfrace A I
L 0,006
mémy odpor [
1x10™ 1 . 1 . 1 . 1 . 1 . 1 0,005
0.0 0.2 0.4 0.8 0.8 1.0
Relativni délka ingotu
Dopant ko ¢ [em?] g [em s7] & [%6]
B 08 6 x 10%° 8 % 10-6 -25
As 03 1.8 < 10 8 x 10-3 0
P 0,35 1,3 x 102 1,6 x 10-4 —7
Sb 0,023 7 % 107 0.13 +15

24 1/16/2019 Public Information




Axialni profil koncentrace kysliku

1210
& i
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Relativni delka ingotu

[HZ]SE = A;vCy = ACD{CE - Cm).-"r'[ﬁjc - AmDCmf(ﬁ:ls:

kde A; je plocha pfiéného fezu ingotem, v je rychlost taZeni, Cw je koncentrace kysliku v taveniné, 4c
je plocha styku kelimek/tavenina, D je difuzni koeficient kysliku, C¢ je koncentrace kysliku ve sténé
kelimku, (d)ca(d)sjsou tloustky difuznich vrstev na rozhrani kelimek/tavenina a tavenina/volny
povrch, 4w je plocha volného povrchu tavemny. Z uvedeneho vztahu vyplyva pfedeviim vyznam
rychlosti tazeni a poméri na rozhrani kelimek/tavenina (izce souvisi s proudénim taveniny
v kelimku).
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Simulace metodou konecnych prvku

T K]
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1985 |
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1685 |
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Mikrodefekty
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Normalized crystal pull rate

\
\

\-\",,\n-"'-\g\.ﬁ/-r

Vo

=
e
== e o

Normalized position in the crystal 1

vacancy-type crystal core

1000
900
800
700
600
500
400
300
200
100

Defect density [crm”]

X 2
L= 3

LA - T TR R TS RN N

MNormalized paosition in the crystal 1




Vyroba kremikovych desek - rezani, zaoblovani a lapovani

Eilicon 1ngat

Edge of wheel in shape
Wafer of desired Edlze

Wire spool
!

| \“\\ /!
-, .r—.' 3
P t} ] Vacuum chuck
9 .
|‘:\- T_'.I—"’)I
el o 1
SR _HFQ‘*
Wire guides = _ BT ey 7 ) )

Carrier

Lapping plate /

Lapping plate
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FLUIDIZED BED REACTOR

CHEMICALVAPOR
DEPOSITION OF
POLYCRYSTALLINE SILICON

INNER DIAMETER SLICING

MULTI WIRE SLICING

EDGE ROUNDING

GZOCHRALSKI PULLING

I Fasisivly Haxter

FLOAT ZONE PULLING

oo calimes Silcum
Poyoystalnasicon
uronine —

-
oo Cot —

Enrital
Mmoo sal

INGOT GRINDING

LAPPING
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Flow 2/2

OXIDE DEPOSITION

CLEANING AND ETCHING . POLISHING

POLY DEPOSITION

© 2004 Sitronic www.siitronic.com
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Duvod zvétSovani prumeéru desek

S (200 mm) = 31 400 mm? (x2,25) S (300 mm) =70 650 mm?2

88 die

200-mm wafer X2,636 .
Costs saving potential: 50-60% 232 die

300-mm water

1/16/2019 Public Information




Silicon-On-Insulator

* SOI

* sSOI

* SiGeOl

* GeOl

* Thick Film SOI
* Thin Film SOI
* UTSOI

Silicon on
Insulator

Ky 1/16/2019

Silicon on Insulator

Strained Silicon on Insulator

SiGe (silicon germanium) on Insulator

Germanium on Insulator

SOl with device layer thickness 2 2um

SOl with device layer thickness < 2um

Ultra Thin SOI - SOI with device layer thickness £ 50nm

,S0I“ layer Si — active device region ~10 pm
SiO, 2~5pum
substrate - Si ~ 500 pm

Public Information




SOl - priklad ,shrink™ soucCastky

PN Transistor — Classical Approach vs. SOI

NPN SOI

Estimation
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BGSOI

‘ pOlIShlng \Jried oxide (BOX)
’ device wafer
& back side j

bonding & annealing

edge treatment

oV

BGSOIl wafer

front side (polished)

handle wafer
back side
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Bonding leSténych povrchu Si

Room Temperature Bonding

¥ e 1
=
1F3R | Surface 1
N 0 :
S TH, 800 °C Annealing
H
2768 \ HD
O
H™ e | | |
A . . : :
2 H \ H Bonding interface Si Si Si f
11548 2365 - --—- TTH T i | i
S S L 0 0 0 3.18
o o Pl f
276 8 \ Y s Rt et
_ HDf
1834 | : Surface 2
i et S

Chemical interface structures of bonded hydrophilic silicon wafers at different temperatures.

Q.-Y. Yong, Principles of wafer bonding, in Silicon Wafer Bonding Technology for VLSI and MEMS Application, edited by S. S. lyer and A. J. Auberton-
Hervé, INSPEC, The institution of Electrical Engineers, 2002.
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TEM bondovaného rozhrani

PEF B EYREIY S

»

T ErrEyy.

AP FREEOrY,
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PREYSNY
[
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T
‘l'J"'l’I'l'l'l' P )j

.l".l' uf' ’p ‘! _l‘.r‘}'r"lr r’r
R Cross-sectional TEM image of bonded
interface of Si/Si bonded at room

temperature in UHV w/o any further

heat treatment.

Annu. Rev. Mater. Sci. 1998. 28:215-41 Handbook of Silicon Based MEMS Materials and Technologies
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AFM lesténych povrchu

RMS (1x1pum?)

Bonding quality

<0.15 nm

Excellent

(0.15-2) nm

Good to mixed

(2—=5) nm

Poor

>5nnm

Impossible

Wik bge:

10y B
Aea Ra DD ey '

Area RS 1AM
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W Range: 118
Pawtil e
Area Ra DRk e
Area RS 01082 nm ]
agg Heger 116 m I
Heght Max | TOR0 nm
(5 Incude Aea
) Exciude fosy Dpm

Sprre 8

Dprn

0.10 nm
0.14 nm

Ra
RMS
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- similar RMS for 1x1 ym? and for 5x5 um?
- CZ2 wafers are suitable for bonding
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Analyza sily vazby mezi povrchy desek

3,2
y=3E2 Bond strength
32L I

Surface activation
#1 (withont DB @y ~ 030 Jim? NO PLASMA
#12 (with DBD N2) @ v~ 0.20 Jm?® PLAS MA |

E ... Young module

y ... Blade THK (150 pm)
t... Wafer THK

L ... Length of crack

Y,
v #18 (with DBD 02) : v~ 1.20 J'm? PLASMA II
t
T /1
“L
N

#12 #18
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Uprava okraje SOl desek

- polished wafer for SOl is made with @150.3 mm,
- asymmetric edge profile for maximizing of bonding area,

- post bond annealing in wet atmosphere (for oxidation of
bonded pair edge),

- SOI edge grinding - removal of 300 um from wafer @,

- min. 150 pym will be ground off Profiling of device layer edge (to prevent peeling).

- Details of notch confirm alignment accuracy of ~10 ym.

- Alignment is important for bonding of wafers with structures or
for both-side technologies.
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Zakladni metody pro analyzy kvality bondingu
(komercni reseni EVG)
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Infrared Inspection

Material Bkl *[pm]
51 1.12 1.10
Gals 143 0.8
InP 1.35 091
e 067 1.84
a-51C (3C-50) 22 056
B-52C (6H-51C) 293 042
Gal i4 036
AN 62 0.20 H=NA H - height of the bubble
Si02 (Quartz) 5 0.15 2 N - number of fringes
ZnS 36 0.34
C (Dizmond) 5.48 0.22

Minimum wavelength for which
the materials are transparent

 _he
=",

IR transmission image of a
bonded wafers pair

EV Group Confidential and Proprietary E WV =

— i
—i
—EE i
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Transmissive/Reflective IR Inspection stage

aa

[ N\ Reflector

Light source -
reflexion

]

[

P

16 i.-lalogen
lamps inside
(reflective) _

Light source -
transmission

3 Lamps inside
{transmissive)

EV Growp Confidential and Proprietary E VWV =

— I N
—i
— e
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Voltage

Totally reflected waves
FPartially reflacted waves

Specimen surface

A Transmitied waves
Acoustic focal plane
inside of speciman

‘ Gate signal
=
Surface
reflected
waves
“--.._ Intermal
reflected
WAVES
&
= Tumrna

EV Group Confidential and Proprietary
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Bonded

| R £228 | i =

Unbonded

=4
| A i [[Fas mis & A | D 230 | g ]
ﬁ ﬁ ﬁ EV Group Confidential and Proprisfary
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Comparison Between Different Methods

- < resolution: 4 pm <> resolution: 2 ym

< resolution: 1 mm - Ul resolution: 10 nm
U275 nrmm @2 =1.10 um

Acoustic imaging

EV Group Confidential and Propriefary E V =
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TEM Analysis

Bulk Si

Bulk Si

#hgﬂ‘i"-m
437%_F_M2_Band_{06 28,/04/2008 &( Thermal Oxide
A5
Nl

ative Oxide

4
EV Group Confidential and Proprietary EV G
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Voids Decoration

Decoration of interface defects by etching of cleaved specimens

Etching solutions:
- KOH @ 90°C (Si)
- H,S0,:H,0,:H,0 (lll-V compounds)

Investigation method:
- Optical microscope
- SEM

EV Group Confidential and Propriefary E VWV =
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Bond Front Generation — ,,Capture Defects”

,Capture
Defect®

Typical region for
bond generation

!

Critical distance
from edge

Bond wave propagation Bond wave propagation Bond wave propagation

Bond wave propagation

Critical distance Critical distance Critical distance Critical distance
from edge from edge — from edge | from edge
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ONCR/BGSOI

H559 (BGSOI for HFVR, WB60S00, LOT MP1106133, #20, JUN 2011)
Device layer thickness: 3.02 um £ 0.17 um (target 3.0 um # 0.5 um)

Y axis (mm)

®axis (mm)
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BGSOI - manufacturing

Oneway Analysis of Thickness By Wafer ID

_  Precise targeting of the grinding and polishing
117 - stock removals.
’ 11e] « Examples of two lots with device layer thickness
£ R PR o targets of 115,0 and 3,0 um.
1147 + Usual within-wafer thickness variability of 0,5 —
_ - 1,0 um.
Wererp « Usual within-lot thickness variability of 1,0 um.
4
EUS:L: i P | T |
o LSL: | i 1’
5 it e S B i B e G B E S o B M e AR S E B
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Defect-free CZ Si - Bulk

Denudation annealing
-1200°C / 2hrs, N2 + 0,5% O2
-dissolution of grown-in oxygen precipitates
-oxygen outdiffusion
-denuded zone

polished DZ annealed

100 >
g0 + —¢— Reference

80 + —=—Low-Oi
70 I —a— N-doped

60 ls

50 f

30— g .
I o

- <
10 i M

0 1 1 1 1 1 1
0O 100 200 300 400 500 600

Position in crystal [mm]

DZ depth after PTtest [um]
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Defect-free BGSOI Device Layer

SOl (HFVR materials) Formation of buried oxide on device wafer:

- load & ramp-up

- DZ annealing (1200°C/2 hrs, N2+0,5%02)
- thermal oxidation (1100°C/50 min, wet O2)

- ramp-down & unload

device wafer
buried oxide

Si:P, 0.002 Ohm.cm, 525 um handle wafer

device wafer

||I| I#uﬁlih b I||1 I ||| 1

e : ! buried oxide \

e i R | e
|

handle wafer
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Comparison of SOl Manufacturing Technologies

; BGSOI BESOI Smart Cut” ELTRAN"
Thinning process mechanical grind and mechanical grind, cleave along plane cleave along stressed porous
polish polish and chemical defined by H implant Si layer, chemical etch

etch

Factors determining layer
uniformity and target

base wafer flatness,
mechanical control of
grind and polish

epi layer uniformity,
chemical etch
selectivity and CMP

implant uniformity, CMP

epi layer uniformity,
chemical etch selectivity

Reference surface

bottom of handle wafer

top surface of SOI layer

top surface of SOI layer

top surface of SOI layer

Wafer surface finish

CMP

CMP

CMP

hydrogen anneal

Active layer type bulk of epi epi bulk of epi epi
Uniformity - + + +
Donor wafer recyclable - - + +
Thick layers (ti > 1.5 ) ++ + 0 (only with epi +

deposition)
Active layer box interface thermal oxide bonded interface thermal oxide thermal oxide
Ultrathin layers (t; <0.1p) | -- + 0 +

Residual doping controlled by device determined by etch-stop | controlled by device controlled by epi and porous
wafer out-diffusion wafer of epi Si process
Strengths high quality and low layer quality, flexibility | flexibility of active layer | layer quality, flexibility in
cost for thick layers in active/BOX layer type (bulk or epi), active/BOX layer thickness,
thickness, no relatively simple, high no implantation and no
implantation throughput process CMP
Limitations not suitable for t;; < 1 not compatible with possibility of implant high boron concentration in
u and demanding high temperature damage (?), limitations porous Si and BOX layer,
uniformity specs bonding, susceptible to | for ultrathin Si/BOX susceptible to epi defects
epi defects combinations
Cost ++ - + +

S. S. lyer, in Silicon wafer bonding technology for VLS| and MEMS applications, (ed. S. S. lyer, A. J. Auberton-Hervé), INSPEC, London 2002

53 1/16/2019

Public Information




BESOI

evice EPI
tch stop (B/Ge doped EPI)
F CMP
evice wafer
\\ back side /
polisixikiy B MMbgLciing ( grnding

F CMP

— )

BESOI wafer

buried oxide (BOX)

front side (polished)
handle wafer
back side
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Perspektivni polovodiCove materialy

Johnson's FM

100 __-o.

Breakdown voltage j——e " |

SiC Si ]

~ _ xh ) KE}'ESIS FM

Electron / | L~ L /

saturation velocity < R /7 1/Ron

[GaAs-HEMTJ

Electron mobility “nax [GaN-HEMT
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Vykonova polovodiCova reseni

Capacity in KVA IGBT: Insulated Gate Bipolar Transistor

Switching GTO:Gate Turn Off Thyristor

100.000
GaN is :
Bipolar - Extending the switching
Diodes capacity of Si MOSFET

10.000 SiC - Extending the frequency

operation of IGBT

1.000

100 | Bipolar

Diode
Silicon

MOSFET
Silicon
|

I
1000

Frequency
> in KHz
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MOCVD proces pro rust Ga(Al)N/Si

Alkyls (Ga(CH3),, In(CH3)s..) )
Inlet Gases Hydrides (NH.) g Total Flow Rate:
(Reactants) | '~ : Q =5-250 slm

Shroud flow (N,,H.)

Reactor Pressure: Water-
P=50-1000 Torr cooled walls
| t, =25-75°C

e S L e Solid Products:
GaN, InGaN,
AlGaN ...

Diameter
d=75-450 mm

Heated Substrate
t. =500 - 1100°C

'''''''
.......

4p o

Outlet
Outlet o =0 — 1500 rpm HHe

Spindle
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Substraty pro heteroepitaxni rust GaN
. Propety | GaN | Si____ | Sapphire | SiC |

Orientation (0001) (111) (0001) (0001)
Lattice mismatch GaN/substrate (%) - -15 +16 +3.5
Thermal mismatch GaN/substrate (%) - +55 -26 +33
Thermal conductivity (W/ecm.K) 2.3 1.5 0.5 4.9
Max. wafer size availability (mm) 50 300 200 150
Cost Prohibitive Low Medium High
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Supermfrizky pro heteroepitaxni rust

u-GaN 0.5um

C:GaN 1.5 um

AIN /Al ,sGaN
100 periods

Transition Al, ;GaN 40nm

AIN 200 nm

Si (111)

30431

Defects originating from
localized low AIN quality

Dislocation blocking
At SLS / GaN interface

2000 nm
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Viiv kontaminace kyslikem

17 U ' ' ' e 1822 B Before H, purifier installation A
. N~— ] :
Ga V ]
Al 4 1E21
ﬁ 1E20 “_ ing limi

—~ Roughening E (S Roughening limit
N L. ] O
o limit ] cbu
= 41E19 &
Q ; <
'E 0,1 -] !\ ] ..%
3 1 1E18
< ] ] o
3 2

O 1% g comweon | wsman [ e

: O SEM MAG: 45.0 kx Date(m/dly): 04/10/115 ON Semiconductor Roznov PAL
o ber N 116
— oater | I After H, purifier installation I
0,01 T T T T T T T T .
0 1000 2000 3000 4000

Depth (nm)

* Defect formation due to the oxygen contamination:
— Formation of inversion domains on the oxidized Si surface.
— Low AIN quality and coalescence due to oxidation of the material during growth.

— Localized Ga-Si melt-back etching due to Ga diffusion through the defects in the
AIN layer.

SEM HV: 10.0 kV WD: 6.00 mm FERA3 TESCAN|

View field: 5.93 ym Det: BE 1 pm
SEM MAG: 35.0 kx  Date(m/dly): 04/30/115 ON Semiconductor Roznov PAL
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SIiC
Polytyp:

(B)3C-SiC

Krystalova
truktura

Sitka pasu
zak. en. 2.2 3.26
[eV]

Elekitr.
pohyblivost 900
[cm2.V-1.s]

Kritické el.

pole 1.2 3
[MV/cm]

Tepena
vodivost 4.9 4.9
[W.cm1.K1]

1140 (//c)
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(a)6H-SiC

370 (//c)

24

4.9

Kremik

1.1

1350

0.3

1.5

GaN

3.39

900

3.3

1.3




SiC - rust objemovych krystalu

- Sublimace prasku
- Depozice z plynné faze na zarodecCnou
desku
- Procesni teplota 2200 — 2400 °C o
- Rychlost ristu 0.3 — 0.8 MM/ ¢ystal Growing Systems PVA€TePla
- 3-4 dny/béh baSiC-T, High temperature processes for silicon carbiae

- délka krystalu 2 - 3 cm =

-
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SiC - vyroba desek

- Principialné podobna
kfemiku

- Velice tvrdy material

=  pomalé procesy

— dedikované zafizeni

Existing process Lead time: 117.3h (5days) |
= (W
e = ! | lp i
*g -g;, » | i i g
\w-._ft_.i& - - L J
{1)Free abrasive wire @Lapping BGrinding @CMP
Processing time: 100H 16h 0.3h 1.0h
\. J
( KABRA process Lead time:1.8h |

__________________________

Ingot

1

1

1

!

i ﬁ

: (T-1 Laser processing (1)-2 separation

i 025h SH O0.1h 0.3h
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Vyvoj novych analytickych metod
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Installed prototype of Plasma Xe FIB SEM

FERA3 GM Xe Plasma FIB SEM (STEM, EDX, mono GIS: XeF2, W, SiO2), installed and operated since
12/2014 in ON SEMICONDUCTOR.
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Methods for analysis of semiconductors with Plasma Xe FIB-SEM

- Demonstration of stress analysis in GaN(AI)N/Si structure with Ga FIB and STEM for R&D of Ga(Al)N
layered structure incl. AlIGaN/AIN superlattice (with requested nano-scale resolution).

pasiion (Image # 29) (Strain x 0.00214415)
uuuuuuuuuu

........

......

< o % ® verage Sirant
hoos
Vises

b ol :
i "-mm"ﬂimhﬁ ‘( _.. !

T L s
=5 ey & i ”!""!" Back and Forem
=4 i l"mlmm'm ;,,’mi'";'mm""" ! J_
(1] T . ; it - ; —

500 - 1100
bt < 1000
900

) : ~
60 e ~ 700
500 -

- The method for internal stress evaluation with FIB is a topic and result of different iISTRESS project. Our work
is involved in the application on semiconductor structures and for utilization of Xe iFIB.
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SEM imaging - BE

SEM(BE) of heteroepitaxial superlattice (SL) of AlIGaN and AIN, which is used for growth of HEMT structures
on Si substrate. SL is strained-layer structure that could stop dislocation propagation from the substrate-layer
interface. 30 regular analysis of Ga(Al)N/Si structures were completed in 2016.

4535 nm

2771 nm

115 nm

257 nm

SEM HV: 10.0 kV WD: 7.95 mm FERA3 TESCAN SEM HV: 10.0 kV WD: 7.92 mm FERA3 TESCAN

View field: 5.19 pm Det: BE 1pum View field: 2.08 ym Det: BE 500 nm
SEM MAG: 40.0 kx |Date(m/dly): 03/08/16 ON Semiconductor Roznov PAL SEM MAG: 100 kx |Date(m/dl/y): 03/08/16 ON Semiconductor Roznov PAL
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Characterization of wafers flatness and topography

Optical Tribomometer Analysis of ground wafer edge .
Contour GT X8 Bruker.
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Zaver
- Pfedstaveny uvod je pouze malou Casti vyuziti fyziky v polovodi€ovych procesech

- Fyzika pevnych latek

- Fyzikalni chemie

- Fyzika polovodicovych soucCastek

- Fyzikalni aplikace polovodiCovych soucCastek
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