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1G az 5G

Generation Device Specifications

1G

Year 1991
Standards AMPS, TAGS
Technology Analog
Bandwidth
Datarates -

2G

Year 1991
Standards GSM, GPRS, EDGE
Technology Digital
Bandwidth Narrow Band
Data rates < 80 - 100 Kbit/s
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Generation Device Specifications

3G

Year 2001
Standards UMTS / HSPA
Technology digital
Bandwidth Broad Band
Data rates up to 2 Mbit/s

DES

WS RS Veee ca

3G

Year 2010
Standards LTE, LTE Advanced
Technology digital
Bandwidth Mobile Broad Band
Data rates xDSL-like experience
1 hr HD movie in 6 minutes
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Generation Device Specifications

Dandwidth bt somectivity
Datarates ¥ider ke experimnce
1 e HO mevie in 6 seconds

B0
BEC
~fo

/ﬂ%%;% Miroslav Husak, FEL CVUT v Praze  V/ykonové struktury pro radiokomunika&ni obvody 4



oG

18.6.2014:
* \yvoj 5G siti s nasazenim 2020 — 2030

* Oznaceni se pouziva obecné pro pristi generaci mobilnich siti, které maji byt
rychlejsi nez 4G

* EU planuje spolupraci s Jizni Koreou ve vyvoiji sité 5G (spoluprace na vyvoji
2016 —2020)

 EU investuje 700 mil. Euro

* Technologie 5G/4G by méla pfinést az 1000x rychlejsi pfipojeni (teoreticky
rychlost az 1 GB/s)

* EU vyhlasila vyzkumné granty v hodnoté 50 mil. Euro na podporu vyvoje 5G
* Smartphony - narlst 2x/3roky

* Datové prenosy 2013 — 2x/1 rok (2013/2012)

e Datové prenosy 2018 — 18x/7 let (2018/2012) — soucasné sité nezvladnou
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oG

5G neni jenom rychlost
Lisa Eadicicco: vydano 26.7.2014

* Hlavni prednost sité 5G - spolehlivost a rychlé pripojeni

e Hlavnim cilem 5G - aby koncovy uzivatel byl vzdy pripojen bez ohledu na
jeho pozici (uvnitr nebo venku, v blizkosti okna nebo v suterénu).

e Vyuziti - 5G bude pro smartphony a dalsi periférie (inteligentni hodinky;,
fitness pasma a inteligentni alarm pro doméacnost, termostat apod).

* Rychlost - 4G sité umozni stazeni filmu v HD kvalité za 6 min, 5G sité za
6 s (teoretické maximalni prenosové rychlosti)

http://businessworld.cz/mobilita/jak-bude-vypadat-mobilni-sit-59-11065
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oG

Predpokladané pozadavky na nové sité 5G

www.5G-internet.cz

* Datové spojeni v méstském prostredi - 10 - 100x rychlejsi (mezi 1 a 10 Gbps).

* Objemy datovych prenosut - 1000x vétsi , predpoklad 500 GB /uzivatel x
mesic.

* Pocet soucasné pripojenych zarizeni - 10 - 100x .

e vydrz baterie - 10x.

e Podpora superrychlych aplikaci s kratkou dobou odezvy (,tactile internet”) a
s nizkou latenci (okolo 5ms!).

* Financni a energeticka naroCnost - stejna, jako maji soucasné systémy.

http://businessworld.cz/mobilita/jak-bude-vypadat-mobilni-sit-5g-11065
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oG

Hardware podpora

Uplatnéni novych materidlQ

Soucastky komunikace

Vykonové komunikacni soucastky

MEMS systémy

Fotonické systémy

Uplatnéni novych technologii

Nové technologie napajeni

Podpora inteligentnich senzorovych siti
Dlrazné uplatriovani systémové integrace

apod.

2% Miroslav Husak, FEL CVUT v Praze Vykonoveé struktury pro radiokomunikacni obvody




Historie elektroniky
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1949 prvni
tranzistor mimo
Bell laboratori
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36 HISTORY OF SEMICONDUCTOR ENGINEERING

substitute transistors one-for-one for vacuum tubes. In summary talk, Jack
Morton supercharged attendees to take a BTL transistor techuology to the
outside world.

The first very aggressive firm which appreciated the potential of semi-
conductors for advanced electronic system was Hughes Aircraft Company. Si
Ramo, Dean Wooldridge and Burt Miller of Hughes hired Harper Q. North,
who was previously with MIT Radiation Laboratory and General Electric to
start Hughes Advanced Electronic Development Laboratory. In April 1949
North hired a young engineer Sanford H. Barnes to duplicate Bell Labora-
tories’ point-contact transistor. Barnes worked for six months; he had no
germaninm crystals so he was using large crystalline grain from polyerys-
talline germanium which he polished. This was a very difficult process and
Barnes was able to demonstrate only some feasibility of a new device; how-
ever no device really worked as a transistor. The project was scrubbed by the
end of 1949.

The first point-contact transistors built successtully outside Bell Labora-
tories (and before Bell released details about technology) were designed by
Helmar Frank and Jan Tauc in Prague. They had only limited information
published by Bell scientists in Physical Review, but they had germanium
crystals of very good quality which the Germans used for microwave diodes
in their radar research. Professor Frank actually developed a more advanced
method of “contact sharpening” than the method developed by Pfann. Frank
and Tauc transistors did not need any contact adjusting and there was no
window to access point contacts. (Fig. 1.24). Some of these devices survived
until now and they are still working”.

g AL UL

!

Fig. 1.24. The first Furopean point contact transistor designed by H. Frank and
J. Taue in 1949. “dot” is unpolished Germaninm sample

" The author “inherited” germanium samples from Prof. Frank, and learned how
to build point-contact transistor from scratch. The whole procedure takes about
sixty minutes. No really special tools are needed.




Mooruv zakon

Plvodni znéni: ,pocet tranzistort, které mohou byt umistény na
integrovany obvod se pii zachovani stejné ceny zhruba kazdych 18
mésicu zdvojnasobi.” (exponencialni charakteristika).

Soucasnost: Rychlost ristu poctu tranzistort na plosné jednotce se
zpomalila, nyni se jejich poCet zdvojnasobuje pfiblizné jednou za dva
roky. Objevuji se nazory, Ze zakon skonci se skonenim PC.

Microprocessor Transistor Counts 1971-2011 & Moore’s Law

Gordon Earle Moore
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Budoucnost — NANO (Vyvoj CMOS technologii)

EVOLUTION IN, CMOS
MANUFACTURING PROCESSES
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Budoucnost — NANO pro CMOS technologie
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Budoucnost — NANO (systemy, elektronika,.)

Tranzistor pro 90 nm proces

« Tloustka hradlového oxidu = 1,2 nm
* Pro 65 nm proces — hradlovy oxid 0,8 nm
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Budoucnost — NANO (systemy, senzory)
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Budoucnost — NANO (systemy, elektronika,.)

Co ocekavat od zmensovani rozméru — nanotechnologii?

Enginesring
Gap?

| fi"l.anar
Transistor |

Limit
_~%nm |

32 nm 22 nm

T

George Bourianoff, 2004, Silicon
nanoelectronics and nanotech innovation

A ?@? Miroslav Husak, FEL CVUT v Praze  V/ykonové struktury pro radiokomunika&ni obvody 16




Zvysovani komplexnosti systému

Added value of the packaging shifts at the wafer level

More TSV and more monolithic integration to be expected!

Wafer level 4

Packaging

expertise
Assembly T
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Soucastky versus MEMS

Porovnani ceny, spotreby a ztrat MEMS a ostatnich typu RF spinacu, trh

MEMS
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DIGITAL TERRESTRIAL TV
ICATV SATELLITE
COMMUNICATION
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Oblasti aplikaci

Promoting Loss Reduction Field of Application
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Note: A portion of thie research was conducted on behalf of New Energy and Industrial Technology Development Organization
(NEDOQ), an independent administrative institution.
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Tarmt lelﬂbiap H |gh—\~oltage Devices

10 50 100 500 1,000 sooo 1o.ooo

Fig. 1. ROHM’s SiC products are targeted at EV/HEV
applications as well as switching power supplies,

server workstations, and ac adapters.

50,000 100,000
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Oblasti aplikaci

Compound Semiconductor

2013 GaN device state-of-the-art (V & Amp) vs. application requests

{Source : GaN-on-Si Substrate Technology and Market for LED and Power Electronics, Yole Développement, March 2014)
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Oblasti aplikaci

NICHE Materials
TSilicon Carbide | Wafer | —
[' (sic) Bonding ’ P-Si | >
w Vg )
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N lCH E Explomtory Ge/SiC HEMT Transistor

- Devices

Heat Sink

\
Ge/SiC and Si/SiC Photodiodes, Solar Cell Substrotes

Application Areas
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Perspektivni materialy pro vykonove struktury

* Si - nejvice pouzivany material, dostupny, laciny, omezeni tykajici se pracovnich
kmitoCtu, zmenSovani rozméru, teplotniho zatizeni a energetického zatizeni, za
hranicemi fyzikalnich moznosti

« Materialy skupiny IlI-V (GaAs, AlLGa, .., AIAs) - vysoké T (500 °C — 800 °C) vysoke
P, vhodné pro MEMS, integrace na Cipu spole¢né s vyhodnocovaci elektronikou

* AlGaN/GaN, InAIN/GAN HEMT - vysokofrekvencni filtry pro mobilni a
bezdratové komunikacCni systémy

« HEMT (High Elektron Mobility Transistor) na bazi AlIGaN/GaN - v souCasnosti
nejvhodnéjsi prvek pro vysoce vykonové aplikace v mikrovinném i v mm pasmu,
perspektivni pro 5G (relativné velké P pfi vysoké T a vysokych f).

« Karbidy kfemiku (SiC), skupina llI-nitridu (IlI-N) a diamant - aplikace s vysokymi
teplotami, Curie teplota nad 1000 °C (pro AIN), oCekava se HEMT pro T>1000 °C

« Grafen - predpoklada se, ze by grafen mohl nahradit Si
* MoS, (sulfid molybdeniCity) - tranzistor se svymi vlastnostmi radi na vrchol vlastnosti

* MoS, tranzistory s hradlem cca 3 nm az4 nm
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Perspektivni materialy pro vykonoveé struktury

Fyzikalni vlastnosti Si, GaAs, GaN, SiC a diamantu

()

Vlastnosti Si GaAs GaN 3C-SiC | 6H-SIC 4H-SiC diamant
Sitka pasma Eg
V00 K] 1,12 1.43 3.4 2.4 3 3.2 5.45
Kritické elektrické pole Ec | 5 5145 3-10° 3106 | 2105 | 25108 | 22106 | 1-107
(V.cm?) ’ ’ ’
Tepelna vodivost A 1,5 0,5 1,3 3-4 3-4 3-4 22
(W.cm 1K pfi 300 K)
Saturacni elektronova
driftové rychlost veat 1-107 110" | 25107 | 25107 | 2-107 2.107 27107
(cm.s?)
Elektronova pohyblivost un | ) 55 113 8510° | 1-10° | 1-10° | 0510%° | 09510% | 2,2-10°
(cm2.V-1ist) ’ : ) ) :
Dérova pohyblivost yp 480 400 30 40 80 120 850
(cm?.V1is?)
Dielektricka konstanta &r 119 13 95 97 10 10 55
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Characteristics of Silicon / SiC /GaN

Substance ' SiC

Electric Field for | |
_Breakdown  "Vm | 93 | 30 | 3.3
Figure of Merit  ep€’ 1 ([ 440 | 1130 |

Characteristics of Gan / SiC compa@‘ito Silicon:

High Breakdown voltage: Compact:
~ Upto 10 times higher Reduced up to 1/1000
High Heat Resistance: High Speed:
| Up to 1000°C ] Up to100MHz
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Perspektivni materialy pro vykonove struktury

Zavislosti specifického odporu driftové oblasti, jako funkce prirazného
napéti U; pro unipolarni struktury z riznych materialt

Power MOSFETs
e S} LIMI T e SiC Limit GaN Limit
0__Si - _ I SiC - - 'A 'GaN

3
3

3 8

Specific On-resistance (mQ-cm?)
[y
o

O
[y

0.01 —L — -
10 100 1000 10000
Breakdown voltage (V)
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Perspektivni materialy pro vykonove struktury

Specificky odpor v zavislosti na prarazném napéti U; komerénich
soucastek s materialovymi limity

B

8 Sicon - SC S UMk

- ® GaN 0 Sixon-Shensd
~

E 10

c

E

g 10

n

&

g 1

o

8 Estmated PN
U Supmr Junction Dlode Umie
& M MOSEET Liewdt Gal Vertical

§. {Extimated far , \ Bult CoNBuction Limit
A *ium) GaN Lateral HEMT Limit

oo1 ¢ E
10 100 1000 16000

Breakdown Voltage (Volts)
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Perspektivni materialy pro vykonove struktury

Semiconductor technology roadmap for

power electronic devices

Do you see the opportunity in going directly with diamond towards ultimate
applications?
4
. Diamond

=
©
E
o
-
a
g
a

—

Technology and cost barriers

Two approaches within the semiconductor technology roadmap for power electronic devices
Yole Dévelbppement
b 3 2013+ 3 ‘,I\YQKI_

A % Miroslav Husak, FEL CVUT v Praze  V/ykonové struktury pro radiokomunika&ni obvody

30



Perspektivni materialy pro vykonoveé struktury

—
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Prospects of widegap semiconductor transistors

Power

capacity 4 .
(KVA) transmission

10,000

100

* Low-cost substrate

Enhanced

e L

On resistance (mQ ¢cm?)

performance

i S
100 1000 10000

100 1.000 10.000 Voitage (V)
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(a) (b) @ NICT
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Perspektivni materialy pro vykonove struktury

1 kW

100 W

10W

1W

01 W
S ek Toen”
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Perspektivni materialy pro vykonové struktury

(W)
s ™\
Diamond will replace
10,000 traveling-wave tubes
=, now used for RF
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Perspektivni materialy pro vykonove struktury

Bulk or Free-Standing GaN Substrates

Mass-market introduction in various applications
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POWER ELECTRONICS

Power module packaging evolution;

Breakthrough and innovation - All applicable 16 Si, SiC and GaN )
(Source: Inverter Market Trends Report — To be released O3;

R aiad
A

Saw a

" GE power overiay
Delphi Vipar

aPSI' module

Semikron Ag sintering
8 5‘: -
by o

Iimprovements in packaging can be made in 3 different aspects:

1. Die Interconnection, which & searching for innovative wire bonding or no-wires connection for better
lifetime and reliability

2. Die sttach, which uses new materials for better lifetime
3, DBC+ baseplate, which uses new materials and suppress layers for improved cooling and smaller size

Showar power

S @Ol 2014

-y DYOLE
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Perspektivni materialy pro vykonove struktury

GaM device market size split by applicative markets (M$) |

W Others, RAD

$90004
SBOOM
$700Mm " ues
S600M

W Motor contsol

NPV verter
$500M ;
B Auvtomatiee
$40008 W1, Comvumer & Ligthing
S100M ‘
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$1008 l
” I il
2014 2015 2016 207 2018 2019 2000

2010 2011 012 2013

Market shaw (M$)

Figure 1: GaN could exceoed 5% of the overall power device market by 2020
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Perspektivni materialy pro vykonove struktury

Diamond material market 2013-2020 - Base scenario

Report includes cetaiad bragtdown: RAD and cther, damond DUV LED,
heat spreadecs (power davices, LD, BF devices, LEDS), Samond power devices, diamond high-fréquenty devices
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Perspektivni materialy pro vykonové struktury

Compound

Time evolution of patent publications

{Source: GaN-on-Silicon Substrate Patent Investigotion, Yole Développement, April 2014)

L TOK
GoeNono
silicon by F“’“?" i
pyrolising GaN on a silicon at low
= organic Ga temperoture by vopour phase
§ <0 compounds  €Pitaxyinan ECR plasma 4
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t.ee s -
2 4 10cc2103399 JPHO1155630 4.
g. | N = s
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'3, 20 AlGaN buffer GaN on 3C-SiC/S o :
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10 \
v
0 o e i, R L. RN l
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Layer Transfer the patent search was done in early December 2013 s
. tpitaxial Layer
\YOLE
Y L
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Perspektivni materialy pro vykonove struktury

1200 F{ohm MOSFET (102 mQ)
—_— N-On JFET (87 mQ)
|n:ree MOSFET (88 mQ)
800

GE MOSFET (115 mQ)

Total Switching Energy Loss (uJ)

600 BJT (53 mQ)
F

400 \

SJT (215 mQ) //
50D , N-Off JFET (100 mQ)

0
4 9 14 19 24 29 34
Load Current (A)
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Perspektivni materialy pro vykonove struktury

A Mu|t|p|e3GHz Few

competing ._—‘ competing

technologles ' technologles
1000 — :
SiC MESFET
2 GaAs HBT !
g 10— :
2 |
o 1
R :

b GaAs HEMT
0.1 =, | |
] 10 100
Frequency (GHz)
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Perspektivni materialy pro vykonove struktury

2015 Technology Positioning Forecast

High-end Super
solutions GalN Junction

MOSEFET
Middle-end G S " g;orn /mf
solutions Junction

sl MOSFET
> Silicon

Low-end Silicon mm I1GBT
solutions IGBT, M’(')SFET . Vusle el grpaiwnl laly 2911

200V 600 V +1200V

Technology positioning depending on voltage range and system value requirements
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Perspektivni materialy pro vykonove struktury

163 Im/W with 2.8 V,
50 mA Pulsed CC T 4988K by Nichia —=
100 ¢ AllnGaP/GaP
F «— Fluorescent (red, orange, yellow) | Incandescent
g "« Compact AllnGaP/GaP equivalent
E Fluorescent (red, orange) 15 Im/W
e Mncandescent @0 A | £ [
2 bulb GaAsP;N
2 (red, yellow)
= " Thomas Edison’s
S Fefirst bulb ingan/ [ (Plue)
= 1 GaP,Zn:0 (green) InGaN
- I . -
= - AllnGaAs/GaAs SiC (blue)
2 L GaAsP (red) (blue)
= I 1
O 1 BT e b et et iy byy gy pataagd
1965Q11970 1975 1980 1985 1#90 2000 2005 2010
GaAs start SIC start GaN start

1. This timeline traces the development of Light Emitting Diodes (LEDs). Source:
University of California at Santa Barbara, Solid State Lighting and Energy Center.
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Perspektivni materialy pro vykonove struktury

2

L0 Power Confrol !
HVDC, FACT : Motor Control
T~ .
10 ~a {’7/ -
GTO ;
10°
=
7 10° /
E SCR
2 o
& 0
i
10 Bipolar |
o R
Air—conditioner
10 l L I 2 i 4 &
10 10° 10 10 10

Operation Frequency (Hz)
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Discrete vower module and /'

semiconductor tra nslsto

power semiconductor v, ’
transistor device manufacturing {only diode
makers manufacturers is mastered in some cases)

Supply chain integration and diversification
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Perspektivni vykonove struktury MOSFET

4H-SiC DMOSFET

« SiC - 3x vétsi bandgap, 3x vySSi tepelna vodivost a 10x vySSi prurazné napéti nez Si
* lze pouzit az 1600 V

« velmi malé svodové proudy pfi Vg =0 V pfi T az do 200 °C

* nizké hodnoty specifickeho odporu R,
/ Aluminum \_

~ Inter-metal Dielectric
[ Degenerately doped Poly Si Gate I

{ )

10um, 6 x 105 cm3
n-epi-layer

N*4H SiC Substrate
Drain
4H-SIiC DMOSFET - zjednodusena
struktura s bunkami 10 ym 2 10 um .
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Perspektivni vykonove struktury MOSFET

RonanneL

ﬁte metN
B Gate oxide

N -type substrate

d
qNp

- Cross-section of DMOSFET power transistor shows its
resistive components: the channel resistance, the inherent
JFET resistance and the drift resistance that combine to
produce a relatively high on-resistance.

RopiFr =

A ?@? Miroslav Husak, FEL CVUT v Praze  V/ykonové struktury pro radiokomunika&ni obvody

51



AlGaN/GaN HEMT

* 4 nm vrstvou AIN

« 50 nm pasivacni vrstva SiN,

« 3,8 um GaN buffer vrstva

* 21 nm Al,,sGa, -cN bariérova vrstva
 specificky odpor 1,3 mQ.cm?

* prarazné napéti Ug=600 V

AlGaN/GaN
HEMT -
principialni
schéma struktury
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Perspektivni vykonove struktury MOSFET

Struktury MOSFET

geometrické rozmery se zmensuji
snizeni odporu v napajecim obvodu bez zvétsovani plochy
variabilita napajecich napéti vykonovych MOSFET
minimalizace odporu ve vodivém stavu
zlepSovani spolehlivosti pfi Sirokém rozsahu U, |, T nebo pfi ozareni
rav
« optimalizace rozlozeni energie ve vykonoveé strukture MOSFET
» zlepSeni vyrobni technologie
» pouziti perspektivhich materiald

VA4l &4
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Perspektivni vykonove struktury MOSFET

Lateralni struktury MOSFET
« VSechny vyvody (Drain, Source, Gate, Bulk) pripojeny na stejné strane
« MOSFET kanal orientovan lateralné k povrchu polovodice

» Pouziti - v inteligentnich vykonovych integrovanych obvodech nebo diskrétnich
soucastkach

* Dvojity difuzni MOSFET (DMOS) - ve vykonovych soucastkach

n+ n+
NW
n-epi n-epi
buried n+ buried n+
NMOS s p-jamou s NLDMOS s Drain s NLDMOS s Drain s

n-LDD n-LDD n-LDD a n-jamou

MOSFET - principialni zobrazeni lateralnich struktur
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Perspektivni vykonove struktury MOSFET

Vertikalni vykonové struktury MOSFET
» vyuziva pro inteligentni vykonové integrované obvody
» Drain vyvody jsou pfipojeny na stejné strané, jako je Source, Gate a Bulk

» Dskrétni MOSFET - Drain na opacné strané (umoznuje umistit vice robustnich
propojeni k zajisténi vysSi proudové hustoty)

Source
n+
\
A
/
p-well
Vertikalni SiC DMOSFET
prurazné napéti 1400 V, SiC vykonové
— . 2 e e e e e o S Pere Mt et AN o W Per s e e o et ool e e e i e e
MOSFET, R,,,=5 mQ:-cm n-type substrate ﬁﬂsub
S
Drain
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Struktury MOSFET

Unipolarni vykonovy spinaci tranzistor typu MOSFET

3 hlavni typy vykonovych struktur MOSFET - podle typu vykonového spinace, ktery ridi

proud:
° Unipolérnl' Source @ Gate
* Bipolarni D
 tyristorova
CGS RD
N AT p-body
-
- :.l=cGD o \\:>Z#
DMOS - a) struktura, b) 2 nepi ‘,

k ' | t , b d , =~ // Inverse
ekvivalentni obvodové - T 4 Gioda
zapojeni l

Main
S MOSFET
Drain
Pouziti - konverze elektrické energie s U niz§imnez 1 kV al 100 A
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Perspektivni vykonove struktury MOSFET

Bipolarni vykonovy spinac¢ (IGBT - Insulated Gate Bipolar Transistor)

Pouziti - aplikace s vysSim U > 600 V (ma lepSi vodivost v porovnani s MOSFET)
Bipolarni tranzistorovy prechod je vypnut, kdyz v MOS zmizi vodivostni kanal
IGBT je mnohem pomalejSi v porovnani s vypinanim vykonového MOSFET

IGBT obsahuje vnitfni tyristorovou strukturu (je tfeba zabranit tyristorovému latch-up)

Main
C Bipolar
/ Transistor
"i s
\\ g RD
Cec——
R = Cee i i
& O-:GH—\ ” Vykonovy IGBT
l—
Coe =

_____ nbuffer Ti

Collector U

Ekvivalentni elektricke
Principialni struktura nahradni zapojeni
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Perspektivni vykonove struktury MOSFET

Tyristorovy vykonovy spina€ (IGCT) fizeny MOS (MCT)
* |IGCT - Integrated Gate Commutated Thyristor
» Vykonovy polovodiovy spinac s tyristorem (Silicon Controlled Rectifier)
» NejvysSi elektricka vodivost (velké elektrické vykony)
* Nevyhody - konstrukéni a technologicka slozitost, Spatné vypinaci vliastnosti

GCT Cathode

Gate
dET o

N- Spinaci struktura ICGT
N
e
GCT Anode
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Perspektivni vykonove struktury MOSFET

Hradlové architektury

V zavislosti na velikosti vyuzité plochy hradlové elektrody slouzici pro vytvoreni
kanalu Ize definovat 4 rizné hradlové architektury:

» Planarni - vyuziva pouze jeden okraj hradlové elektrody
» Prikopova (trench) - pouziva oba okraje poly-kfemikové hradlové elektrody
* FINFET - pouziva 3 hrany okraje hradlové elektrody

» Gate-all-around - vyuziti vSech hran hradlové elektrody pro vytvoreni proudového
kanalu, v souCasnosti moznost teoreticka.
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Perspektivni vykonove struktury MOSFET

Planarni hradlova architektura
Je pouzity pouze jeden povrch poly-Si fidici elektrody pro vytvofeni vodivého kanalu

Planarni hradlova architektura -
vykonovy tranzistor MOSFET

A ?@? Miroslav Husak, FEL CVUT v Praze  V/ykonové struktury pro radiokomunika&ni obvody 60




Perspektivni vykonove struktury MOSFET

Prikopova (Trench gate) architektura (UMOSFET)
« UMOSFET (U - drazkovy MOSFET)
* mensi odpor v dané oblasti

» PFikopova hradlova architektura (trench gate) pouziva povrch ze dvou okraju poly-
kfemikové elektrody pro vytvoreni vodivého kanalu

« UMOSFET umoznuje ,trench gate” realizaci uzkych jednotkovych bunék

D
<>
n+
ik
pltel n+
Interlayer n+
dielectric™ —>4 | | [E—
Poly-Si— :'\!_ I B !_ '
-
UMOSFET
n+
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Perspektivni vykonove struktury MOSFET

FINFET hradlova architektura (nékdy oznacovano jako 3D hradlovy tranzistor)

» Puvodné vyvinut pro Cisté digitalni CMOS ¢&innost pro lepSi fizeni kanalu
s nanomeritkovou hradlovou geometrii
* Proud je fizeny hradlovym napétim (ale dominuje objemova vodivost silné

dotovaného GaN kanalu, ktera je odliSna od povrchové vodivosti AlGaN/GaN
planarniho HFET nebo nanokanalového FET)

 $§ifka nanokanalu 80 nm, délka 1,0 um, odporem v sepnutém stavu 120 mQ mm?,
lgmax = 962 MA/mm, vysoky pomeéru sepnuty / rozepnuty stav, velmi vysoke
prarazné napéti ~ 300 V

» Modifikace struktury FINFET
umoznuje realizaci
vykonovych aplikaci

GaN FinFET
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