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[lpeamMmeT HayKOoBUX AocnigXeHb
€NeKTPOHIKN-

BUBYEHHS 3aKOHIB B3aEMOLIl €NeKTPOHIB Ta IHLWNX
3apAIKEHMX YacTUHOK 3 eneKkTpomarHiTHUMU
nonsamMu | po3pobka MeToAiB  CTBOPEHHS
eNeKTPOHHUX npurnagiB, B SIKUX UA B3aemMofis
BUKOPUCTOBYETbLCH aons NepeTBOPEHHS
erneKkTpoMarHiTHol eHepril 3 MeTol nepenadi,
00poOkM | 30epiraHHA iHdopMaLii, aBTomaTuaadil
BUPOOHUYMX NPOLIECIB, CTBOPEHHSI €HEPreTUYHMX
NPUCTPOIB, KOHTPONbHO-BUMIpPIOBasbHOI
anapartypu, 3acobiB HaykoBOro eKCnepuMeHTy Ta
iH.



EneKkTpoHika

l

BakyymHan
3NEeKTPOHUKA




Mikpo- 100 MKM = L = 1 MKM
CyoMikpo- 1 MKM =2 L 20,1 MKM
HaHo- 100 HM 2 L =2 1 HM

CybHaHo- 1 HM =2 L 20 HMm



1.

BakyyMHa eneKkTpoHika

EnekTpoHHa emiciq.

. DopmMyBaHHSA MOTOKIB €TIEKTPOHIB, iIOHIB, KEPYBAHHSA LMW MOTOKaAMM.

. CDOpMyBaHHFI eJ'IeKTpOMaFHITHl/IX noniB 3a JOMNOMOror pe3oHaTopa,

3aTPUMYH4YUX CNCTEM, I'IpI/ICTpOIB BBOAY-BUBOAY eHepFII

. KaTogontomMiHecueHL|is.
. ®i3nka | TexHika BUCOKOro BakyymMy (OTPUMaHHS, 36epiraHHSA | BUMIpHK).

. TennodisanyHi npouecu, NoBsi3aHi 3 TEXHOSOME BUTOTOBIEHHS |

POBOTOK EfIEKTPOHHUX Npunaais.

. Di3nko-xiMivHI NpoLecn Ha NOBEPXHI eNeKTPOoaiB i I30NATOpIB.

. TexHonorist 06pobkn NOBEPXHI B TOMY YUCSTIi €1EKTPOHHOI, iIOHHOI Ta

nasepHoi 0b6pobKn.

. OTpuMaHHS i nigTprMKa oNTUMaribHOro ckraay i TUCKy rasie B

ra3opo3psaaHnX npunagax ta iH.



TBepAoTINbHA eNeKTPOHIKa

1. BuBYEHHS BnacTnBocTen TBepAOTiNIbHUX MaTepianis
(HaniBNpoBiAHMKOBUX, AIENEKTPUYHNX, MarHiTHMUX Ta iH.), BNMBY Ha
Lji BMACTUBOCTI AOMILLOK i OCODNMBOCTEN CTPYKTYPU MaTepiany.

2. BMBYEHHS BNACTUBOCTEMN MOBEPXOHD i rpaHnLb pO3ainy Mix wapamm
PI3HUX MaTepianis.

3. CTBOpeHHFl B Kpl/ICTaJ'II MeTodaMun eniTakcil, D,l/quy3II IOHHOI IMnaHTauil
Ta iH. obnacTen 3 pI3Hl/IMl/I Tnnamm I'IpOBILI,HOCTI

4. CDOpMyBaHHFl METOOaMM NNasMoBOro TpaBlieHHA, OMNTUYHOI,
eJ'IeKTpOHHOI Ta peHTFeHIBCbKOI J'IITOFpaCbII/I ,El,leﬂeKTpI/I‘-IHVIX I
MeTani4YHMX nsiBoK Ha HaI'IIBI'IpOBI,EI,HI/IKOBl/IX MaTeplanax

5. CTBOpEHHS reTeponepexoais i baratowapoBux CTPYKTYP.
6. [locnigXeHHs BNacTUBOCTEN AUHAMIYHUX HEOOHOPIAHOCTEN.

7. CTBOPEHHS OYHKLIOHaNbHUX NPUCTPOIB MIKPOHHMX, CYOMIKPOHHMX i
HaHOPO3MIpiB, a TakoX crnocobiB BUMIpIOBaHHS X MapaMeTpiB.



HanienpoeioHukoea esieKmMpoOHiKa

OCHOBHUW HanpsaM TBEPOOTINbHOI ENeKTPOHIKN —
HaniBNpoBIAHMKOBA  €neKTpoHIKa  3BA3aHa 3
PO3POOKOKD |  BWUFOTOBMIEHHAM  PI3HMX  BUAIB
HaniBNpPOBIAHMKOBUX NMpunaais: aiodis, TPaH3UCTOPIB
(BGIiNONApPHUX | NONLOBUX), TUPUCTOPIB, aHANOrOBUX |
ungposmx IC  pisHOro  cTyneHw  IHTerpauil,
ONTOENEKTPOHHUX Mnpunaais (CBITNIOBUNPOMIHIOUYNX
aioais, dotoaiodis, MOTOTPAH3UCTOPIB, OMTPOHIB,
CBITNoAiogHuX | oToaIoaHNX MaTpuULb).



KBaHTOBa erneKTpoHiKa

1. Po3pobka meToaiB i NpUCTPOIB NiACUNEHHS | reHepaulii
erneKTpOMarHiTHUX KofiMBaHb Ha OCHOBI ePEeKTY 3MYLLEHOrO
BUMNPOMIHEHHA aTOMIB, MOSeKyn, | TBepanx Tin.

2. CTBOpPEHHS ONTUYHUX KBAHTOBWUX reHepartopis (nasepis).
3. CTBOpEHHSA KBAHTOBUX MigcUIoBadviB.
4. CTBOPEHHSI MOSEKYIAPHUX reHepaTopiB.

Ta IH.



TexHonoria eNneKTPOHHUX
npunaaise
1. 'pynoBe BMpPOOHNLTBO.
2. EnekTpoHHe maTepiano3HaBCTBO.
3. EnekTpoHHe MawunHobyayBaHHS.

4. Knac ymcTtoTw.



Mnboke NPOHUKHEHHS
eJIeKTPOHIKU B XUTTS NIOOUNHN

1. Papio.

2. TenebayeHHq.

3. KomntoTtep.

4. |HTepHeT.

5. MoOinbHUn TenedoH.

6. IHTenekTyanbHi CeHcopW.

7. JliTakn, cynyTHUKN, aBTOMODINI.

| OaraTo-6araTo iH.



Evolution curves of some major technologies
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Transistors

Moore's Law
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"I knew the transistor was imporvtant, but I never foresavw the revolution
in electronics it would bring' .. Burdeen



Feature Size Scaling
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Transistor gate length is smaller than other features
for improved performance and reduced power

Process Name  P1262  P1264 P1266 P1268
Lithography 9%nm 65nm 45nm 32 nm
1st production 2003 2005 2007 2009

Moore's law continues!

For transistor size
<20 nm: end of
"Moore's law'" is
predicted.

This is because below
20} nm physics of
transistors indicates
an unacceptable
power dissipation.
Therefore new
technology need to be
explored for making
electronic devices in
the nanometer scale:

Molecule-based
electronics is one
such possible
solution

(size 0.5 - 2.5 nm).
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Fabrication plant cost as a function of year. Notice the tremendous
cost projected by the year 2010.
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Device Building Blocks

a) b)

/— Oxide

c) d)

Basic device building blocks. (a) Metal-semiconductor interface;
(b) p-n junction; (c) heterojunction interface; and (d)
metal-oxide-semiconductor structure.



Major Semiconductor Devices (20)

Year
1874
1907
1947
1949
1952

1963
1963
1965
1966
1967

Semiconductor Device
Metal-semiconductor contact
Light emitting diode
Bipolar transistor
p-n junction

Thyristor

Heterostructure laser
Transferred-electron diode
IMPATT diode

MESFET

Nonvolatile semiconductor memory

Author(s)/Inventor(s)
Braun
Round
Bardeen, Brattain, and Shockley
Shockley
Ebers

Kroemer, Alferov and Kazarinov
Gunn
Johnston, DeLoach, and Cohen
Mead

Kahng and Sze



Key Semiconductor Technologies (21)

Year
1918
1925
1952
1952
1957
1957
1957
1958
1959
1959
1960
1963
1967
1969
1969
1971
1971
1971
1982
1989
1993

Technology

Czochralski crystal growth
Bridgman crystal growth
ITI-V compounds

Diffusion

Lithographic photoresist
Oxide masking

Epitaxial CVD growth

Ion implantation

Hybrid integrated circuit
Monolithic integrated circuit
Planar process

CMOS

DRAM

Polysilicon self-aligned gate
MOCVD

Dry etching

Molecular beam epitaxy
Microprocessor (4004)
Trench isolation

Chemical mechanical polishing
Copper interconnect

Author(s)/Inventor(s

Czochralski

Bridgman

Welker

Pfann

Andrus

Frosch and Derrick
Sheftal, Kokorish, and Krasilov
Shockley

Kilby

Noyce

Hoerni

Wanlass and Sah

Dennard

Kerwin, Klein, and Sarace
Manasevit and Simpson
Irving, Lemons, and Bobos
Cho

Hoff et al.

Rung, Momose, and Nagakubo
Davari et al.

Paraszczak et al.



All semiconductors
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Growth curves for different technology drivers



THANK YOU!



