PO3BUTOK PaalOTEXHIKU |
eNNeKTPOHIKK

Development of Radio
Engineering and Electronics



Development of Radio Engineering and
Electronics

e Teopia nowmnpeHHAa paaioxsunnb — EM wave propagation theory
Teopia i TexHiKa aHTeH — Antenna Theory and Technique
MincnntosanbHi npuctpoi — Amplification Devices

[eHepaTopu EM KonmnsaHb — Generators of EM oscillations
YyTtausi npmmmadi — Sensitive Receivers

Teopia BuasneHHa curHaniB — Theory of Signal Detection
KomnoHeHTH enekTpoHHMx cxem — Components of Electronic Circuits
EnekTpoHHi cnctemm pisHoro npusHadyeHHA — Electronic Systems
CucrtemoTexHiKa - Systems Engineering

TexHonoriqa - Technology

BupobHuurso - Producing

EKcnnyaTauia — Maintenance



«donamnoBun» nepioA,
“before valve” period
(1895 — 1918)

ETan namnoBoOl e/IeKTPOHIKK
Stage of valve electronics
(1919 — cepeanHa 1950-x pokiB)

HaniBnpoBIiAHWKOBA Ta IHTerpasibHa
e/IeKTPOHIKa
Semiconductor and Integral Circuit
Electronics



ETan HaniBnpoBIAHUKOBOI €/IeKTPOHIKU

e Y 1873 poui byno BusaBneHo, Lo onip cenexy (Se)
3MIHIOETbCA 3aJIEXKHO Big OcBiTAeHHSA. Lle byno
BUKOPUCTAHO Y PI3HUX ONTUYHUX NpUaaaax.
doTope3ncTop CTasB NepLUmnm
HanNiBNPOBIAHMKOBUM NPUNAAOM; UOTO
eNEeKTPUYHUKN ONip Y TEMPABI € HUKUYMM, HIXK NPU
OCBITNEHHI.

e llIBUAKMM PO3BUTOK HaNiBNPOBiAHNKOBOI
e/IEKTPOHIKM NOYaBCA 3 BUHAXOAY CNOYaTKy
To4yKoBoro (1948), a 3srogom i naowmHHoro (1951)
TPAH3UCTOPa — OCHOBM byab-AKOT Cy4acHOI
MIKpOCXeMMW.



Stage of Semiconductor Electronics

e [n 1873 it was found that the resistance of
selenium (Se) varies depending on the lighting.
It has been used in various optical devices.

e Photoresistor became the first semiconductor
device; its electrical resistance is lower in the
dark than light. [Photoresistor=Photoconductor]

 The rapid development of semiconductor
electronics began from the invention of
transistor: firstly point transistor (1948) and
later plane transistor (1951).

e Transistor is the basis of any modern chip
(integral circuit).



BHeCOK YKpalH1 B pO3BUTOK pafioTeXHIKM Ta
e/IeKTPOHIKMU

Transnational

Microwaves in Ukraine

B AL Nosich, YM. Poplavko, D.M. Vavriv, and FL Yanowsky



Microwaves

Microwaves in Ukraine . .
in Ukraine

B AL Nosadh, YA Poplavkco, DN Vavrrw, and FL Yamsowshky

B adk g rownd

In 2000, Yevpeny M. Kuleshov, a Ulkrai-
mian sclentist was awarded the [EEE
MTT-5 Microwave FPionesr Awanrd for

The Jubiles Issue of MTT Transac-
tiarss (March 2002 ) contabns o in-
formatdon on  mdcrowaves in
Ukmaine. This was a great odsun-
The epresentatives
of the Ukrainian microwave
community prepared an article, "
“Microwaves in Ukraine, ™ dhat .
willl fill this gap here. I kindly -

here are several mile-
stomes in Ulceabndan od-
crowave meseanch. The -
Ukmaindan micowave Oommms-
nity s comparable o that in such
nathons as France, Cermany, Italy,
and the United Kingdom in mumber
and potential, although today it is

scarcel y funded. This article shed s Light
on the history and present state of mi-
crowave reseanch, industry, and educa-
thon in Ukradne.

the development (in 1964-1972) of hiol-
low dielectric beamguide (HDE) technol-
ogy and measuring circuits of the near-
and sub-mdillimeter wanvelength mnges

Al Nosich & with the Netlonal Acadrny of Scknces of Uoeine (NASLL, Eharioo,
loraiee. YN, Poplatko s ot she MNatbo mel Todhunioal LinJoersy—Eko Palyiechmilc Ing-
tate, Kier, Likratre. DM, VEorie Is at the Institwte of Radio Astromomy NASLU, Kharloo,
iowiee. F.J. Yemoosky 15 ot e Notione! Avtetion Untoersity, Kieo, Lioratree.

B2 IEEE muoroswows magazine

Microwaves in
Europe 2012

[1]. He is the only European to be
awarded this internadonal

prize, after 11 Americans and three Jap-
arese. since 1990, This thee
ousstanding contribution of his seam o
this ama of science, made
more than 20 years before today’s inter-
est in the teomhertz range. This is but
the dp of the of dozens of
years of microwave R&D in dozens
of laboratories in Ullcradne.

Howwewer, the invited paper

on micrmwaves bn Europe, in the

Jubdilee Issue of the [EEE Trans-

actions on Microtwaoe Theory and

Technigees [2], did not menthon

Lieraine at all In parct, this may
be explained by the fact that the
history of Ukraine as an inde-
pendent nation only started on 24
August 1991, It is sdll overshad-
owed by its greater eastern neighbor.
Theredore, we beleve that our article
will be of interest for the internadonal
microwave COommuniey.

R&D in Ukaine is concentated n
three wradidonal bmanches nherived
from the Soviet Undon Originally, fun-
damental sciences were studied in the
MNadonal Academy of Sdences of
Ukraine (MASL). Applications were de-
veloped in the laboratories of the minis-
tries. Und versities comb ined science amd

educason. Although today the pattern

Dacemibeer 20002



OCHOBHI AOCArHEeHHA, 33434l Ta
3aCTOCYBAHHA eNeKTPOHIKA

Major achievements, Tasks, and
Applications of Electronics



BnauB pO3BUTKY HAYKM | TEXHIKU HA
CXeMOTEeXHIYHI pilleHHA

[MepBblM 3NEKTPOHHbIM NMepekAYaWmMm NPMbopom bbia BaKyyMHbIN Anoa,
3anaTeHToBaHHbIN B 1904 roay aHrnnvyaHnHom [.A. dnemuHrom.

N30b6peTeHne n npakTnyeckoe ocBoeHme BakyymHoro Tpuoaa (1906 roa, /1. e
®opect u P. JInben)

MonynpoBoagHMKOBbLIN TpaH3ucTop (1947 rop, Y. BpattenH, K. bapaun, V.
LLoknun),

NHTerpanbHble MUKpPOCcXxembl Ha KpemHum (1958-1959 roabl), nonoxKusLiune
HA4YaN0 HOBOMY HAMPaB/IEHUIO B 3/IEKTPOHUKE - MUKPOINEKTPOHMKeE. [NaBHOMU
TeHAEHLUMEN 3TOro Pa3BUTMSA ABNAETCA YMEHbLUEHME pa3mepoB NPUOOPHbIX
CTPYKTYpP. B cOBpeMEHHbIX MHTErpasibHbIX MUKPOCXemMaxX OHU COCTaBAAIOT
eaNHULbI U AecAaTble A0AM MUKPOHA (1 mkm = 100 m).

Mo mepe NpnbANKEHUA pa3MepOoB TBEPAOTE/bHbIX CTPYKTYP K HAHOMETPOBOW
obnacti (1 Hm = 0,001 mKkm =107 m), a 3To 06pa3oBaHMA U3 eAUHULL, U
NIeCATKOB aTOMOB, BCe 60 blle NPOABAAIOTCA KBAaHTOBbIE CBOMCTBA 3/IEKTPOHA.
B ero noBegeHnn npeobaaaatoLLMMmn CTAaHOBATCSA BOJIHOBbIE 3aKOHOMEPHOCTH,
XapaKTepHble AN KBAHTOBbIX YacTul,

3TO NPUBOAMUT K HapyLLEHWUIO PaboTOCNOCOBHOCTN KNacCcUYeCKux
TPaH3UCTOPOB, MCMNO/Ib3YIOLWMX 3aKOHOMEPHOCTM NOBEAEHUA SN1IEKTPOHA KaK
KNaCCMYECKOM YacTuLbl, a C APYron - OTKPbIBAET NepCcrneKkTUBbl CO34aHNSA HOBbIX
NnepeKkNoYaoLWmnX, 3aNOMUHaLWMX U YCUANBAKOLWLNX SNEMEHTOB AN
MHPOPMALMOHHbIX CUCTEM (HAHOS1IEKTPOHMKA).



The influence of the development of science
and technology on circuit solutions

Vacuum diode, patented in
1904 by D. A. Fleming
(England) was the first
electronic switching device.

The invention and the
development of the vacuum
triode (1906, Lee de Forest,
USA and Robert von Lieben,
Austria).

Semiconductor transistor
(1947, Walter Brattain & John
Bardeen). Point-contact.

William Shockley developed
the theory of transistor (1948-
50). Junction transistor.

MakeT To4e4yHoro TpaH3ucTopa
bapavHa n bpattenHa.
TpeyronbHuK B LLEHTpe —
npo3payHas npuama, no pedpam
KOTOPOU MPUKIeeHbl MOSTOCKU
doonbrn — BbIBOAbLI KOSIeKTopa n
amuTtTepa. bason cnyxmt
MeTansinyeckoe ocHoBaHue, Ha
KOTOPOM 3aKpensiéH repMmaHneBbIn
Kpuctann



MepBLie OTEYECTBEHHLIE TPAH3UCTOPLI.
MA w N3A (c pagwaTtopom). 1957 roa.



e Integrated circuits on silicon (1958-1959) was a
new line of electronics - microelectronics. The
main trend of this development is to reduce the
size of device structures. In modern integrated
circuits, they are units of microns and the tenth
of a micron (1 micron = 10°° m).

OnHa 13 NepBbiX MUKPOCXEM
Texas Instruments 1960 rog

1962 ron



e Step by step, the size of solid-state structures are
approaching to the nanometer range (1 nm = 0.001 um
=107 m). That means that we deal with the formation
of units and tens of atoms. In this case, the quantum
properties of the electron manifest more and more. In
the behavior of electron, the wave properties become
dominant over properties of quantum particles.

* This leads to a malfunction of classical transistors using
the behavior of the electron as a classical particle. But!
On the other hand, this offers the prospect of new
switching, storage and amplification components for
information systems. (Nanoelectronics).

Malfunction = HapyweHne HopmasnbHOU PaboTbl
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MwuHnaToapmn3aumA

e 1959 AmepuKaHCKUN du3unK Pnuapa denHmaH Bnepsble
onybaunkosan paboTy, rae oueHMBAIUCL NMEPCNEKTUBDI
MUHUaTIopu3aumn. OCHOBHbIE NONOXKEHUA HAHOTEXHONOTUN
ObiI HaMeYeHbl B ero nereHaapHom nekumm “Tam BHU3Y —
mHoro mecta” (“There’s Plenty of Room at the Bottom”),
NPOU3HecCeHHON UM B KanndopHMNCKOM TEXHONOTMYECKOM
NHcTuTyTEe. DEeMHMaH Hay4YyHO A0Ka3an, YTO C TOYKU 3PEHUA
dYHOAAMEHTANIbHbIX 3aKOHOB PU3NKMN HET HUKAKUX
NPenATCTBUIM K TOMY, YTOObI CO34aBaTb BELLU NPAMO U3
aTomoB. Toraa ero cnosa Ka3asincb PAaHTACTUKOMN TONbKO
JIULWLb NO OAHOW NPUYMHE: eLle He CYLLLeCTBOBaNo
TEXHO/I0TMK, NO3BONAIOLLLEN ONEPUPOBATL OTAENbHbIMM
aToMamu (To ecTb ONO3HaTb aTOM, B3ATb €ro U NOCTAaBUTb Ha
apyroe mecrto).4Y1ob6bl CTUMYIMPOBATb MHTEPEC K 3TOM
obnactun, PetHMaH HasHaumn npus 8 S1000, TOMy, KTO
BNEepBble 3aNMLET CTPAaHNLY U3 KHUTM Ha ByN1aBOYHOM
rON10BKe, YTO, KCTAaTU, OCyLLeCcTBMAOCH yKe B 1964 roay.



1968 Anbdpen Yo n [IKoH ApTyp, COTPYAHUKN HAay4YHOTO
noapasaeneHmna amepmKaHCcKom KomnaHum Bell,
pa3paboTanm TeopeTnMyeckme o0CHOBbl HAHOOHPaAbOTKM
NOBEpPXHOCTEMN.

1974 AnoHCcKun dusmnk Hopuno TaHUryum BBeN B HAYUHbIN
060pOT CNOBO “HaHOTEXHMKA”, NPeanoXKUB Ha3biBaTb TaK
MEXaHM3Mbl pa3mepom meHee 1 MUKPOHa.

1981 lepmaHckue dusmku lrepa BUHHUT N TeHpux Popep
CO3/a/11 CKaHUPYIOLWMNN TYHHENbHbIM MUKPOCKON npubop,
NO3BO/IAKOLWMM OCYLLLECTBNIATL BO34ENCTBUE HA BELLECTBO
Ha aTOMapHOM ypoOBHe. Yepes yeTbipe roga OHM NONYUYUIN
HobeneBckyto npemuto.

1985 AmepuKaHcknin dusmkm Pobept Kepn, Xaponba
KpoTtoun Pnyapa Cmonnum cosganm TeXHONOruto,
NO3BONAIOLLYIO TOYHO U3MEPATb NpegmMmeTbl AMaMeTPOM B
OAWH HAaHOMeET).



B 1985 rogy Pobept Kepn, Naponba Kpoto n Puuapg Cmonnm
COBEPLUEHHO HEOXNAAHHO OTKPbIZIM NPUHLUMMNANBHO HOBOE
yrnepogHoe coeiMHeHne — @ynnepeH, yHUKAbHbIE
ceolicmea Komopo20 BbI3Bann LENblA LWKBAA UCCe0BaAHUMN.
B 1996 roay nepBoOOTKpbIBaTENAM PYN/1IEPEHOB NMPUCYHKAEHA
Hobenesckaa npemusa.

1986 Co34aH aTOMHOCUMI0BOM MUKPOCKOT, MO3BONAOLWNN, B
OT/INYMe OT TYHHE/IbHOr0O MMKPOCKONA, OCYLLLECTBAATb
B3ammozaemnctame ¢ NtobbiMn matepruanamm, a He TONbKO C
NpPOBOAALLNMMN.

1986 HaHOTEXHO/10rMA CTasia U3BECTHA LWMPOKOW nybauke.
AmepuKaHckmn pytyponor dpuk [pekcnep onybankosan
KHUrY, B KOTOPOM NpeacKasan, YTo HAHOTEXHO/IOTUA B CKOPOM
BpeMeHM HAaYHeT aKTUBHO Pa3BMBaATbCA.

1989 [loHanbAa durnep, COTPYAHUK KOMnaHuu IBM, BbINOXKKA
Ha3BaHMe cBOen GUPMbl aTOMaMM KCEHOHaA.

1998 lonnaHacknm pusnk Cees [lekkep co3aan
HAHOTPAH3UCTOP.



EnemeHTHa 6a3a eneKkTPoHiKK Ta
Alana3oHN eneKTPoOMarHITHUX
XBUNb

Element Basis (Components) of
Electronics; Electromagnetic
Wave Bands



Knacuoikauia EM sunpomiHtoBaHHA (1)

class wavelength freruency
ultrasmolet 1004 ~ 0.4 um 750 -~ 2,000 TH=
visthle 0.4 ~ 07 pm 430 ~ 750 THz
neat infrared 07 ~ 1.3 um 230 ~ 430 THz
shott wave infrared 1.3 ~ 3 um 100 ~ 230 THz
iftared interme diate mfrared 5~ B um <h ~ 100 TH=
thetnal mfrared B~ 14 um 22 ~ 38 THe
far mfrared 14 pm ~ 1 tom 0.3 ~ 22 TH=
subtnllineter 0.1 ~ 1 mm 5 ~ 4 THz
GO trilltreter (EHE) 1 ~ 10 trm 0 ~ 300 GHz
WATE cenfirneter (=HE) 1 ~ 10 cm 4 -~ A0 (GHz
radio dectmeter (LTHE 0.1 ~1m 0.5 ~ 3 (Hz
WaE very shott wave (WHE 1 ~10m 20 ~ 200 MH=
shott wave (HE) 10 ~ 100 m 5 ~ 30 MH=
tecdm wave (IWIE) 0.1 ~1km 0.3 ~ 3 MH=
lotg wane (LE; 1 ~ 10 km 20 ~ 200 EHz=
very long wave (WLE) 10 ~ 100 km 5~ 20 EHz




Knacudikauia EM BunpomiHtioBaHHA (2)

® Mpumitka: Knacuoikauia iHbpauyepBOHUX i pasioxBUab
MOXe ByTHh pi3HOIO BiANOBIAHO A0 TPAAMLIN Y PI3HUX
HAaYKOBUX AUCUMNAIHAX.

Tabnnuya Ha nonepeaHbOMY CAanNAi NOKA3YE NNLLE
npuKnag Knacuodikauii, AKa 3a3BM4Yan BUKOPUCTOBYETLCA Y

as.
® Y 13 BUKOPUCTOBYOTb HAaCTYNHI Aiana3oHu EM
BUMNPOMIHIOBAHHA:
— 3 ynbTpadionerosoro sunpomiHtoBaHHA 0.3-0.4 MKm

— 3 Bnammoro csitna 0.4-0.7 mkm
— 3 KOPOTKOro i TennoBoro iHppavyepBoHoro 0.7-14 MmKkm
— 3 MikpoxBusib (HBY) 1 mm-1m



Aiana3oHu xeunb y A3 (1)
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