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AHortauis. [IpoBenenuii aHasi3 103BoJIsI€ BCTAHOBUTH (PI3MUHY MPUPOLY HPOLIeCy MOIbOBOI eMi-
cii 3 HaHoapkyuriB ZnO. [TokazaHo, 1110 MOXKJIMBOMY Jliana3oHy €()eKTUBHUX 3HAY€Hb POOOTH BUXOAY
3 BEpIUMHU HAHOAPKYILIA BIANOBIIAIOTh 3HAYEHHS Koe(DilieHTy mijcuiaeHHs nois £ nopsaaky 20000.
Taxkum 3HaueHHSAM f 1 BUCOTI HAHOAPKYIIIA MOPSIIKY MKM BIJIOB1/1al0Th CyOHaHOMETPOBI BETMYHUHU
paziyca BepIIMHU HaHOAPKYIIA, M0 J00pe y3romKYy€eThCs 3 €KCIIEPUMEHTAIBHO BIIOMHM (PaKTOM:
MOJIbOBA €MICisl 3 HAHOCTPYKTYPOBAHOI MTOBEPXHI Maike BCS B1IOYBAETHCS 3 KTBKOX BEPXHIX aTOMIB
HaHOMpoTpy3ii. OTxe, ePekTUBHA eMicisl BiI0OYBa€ThCS JIMILE 3 BEJIbMHM HE3HAUYHOI YaCTUHU 3arajib-
HOT MOBEPXHI KaToy, IPOTE BEJIMKE 3HAYCHHsI Koe(illieHTa MiJCUIICHHS oISl S 3a0e3neuye MoMiTHE
3HAYCHHS T'YCTHHHU eMICIiHOTO cTpyMy mopsiaky 3-10* A/m? ist mosist BMUKaHHs mopsiaky 3-10° B/m.

KurouoBi ciioBa: nosiboBa emicisi, HAHOAPKY1I, KOE(ILIEHT MM1ICUIEHHS 110JIs, pOO0Ta BUXOLY

ON THE PHYSICAL NATURE OF FIELD EMISSION FROM ZnO NANOSHEETS
M. V. Strikha, R. S. Khilinich

Abstract. The performed analysis allows us to determine the physical nature of the field
emission process from ZnO nanosheets. It is shown that the possible range of effective values of the
work function at the top of the nanosheet corresponds to the field enhancement factor 5 of the order
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of 20000. Such values of  and a nanosheet height of the order of um correspond to subnanometer
values of the radius of the nanosheet top, which is in good agreement with the experimentally known
fact that the field emission from the nanostructured surface almost all comes from the top few atoms
of the nanoprotrusion. Thus, the effective emission occurs only from a very small part of the total
cathode surface, but the large value of the field enhancement factor § provides a noticeable emission
current density of the order of magnitude of 3-10~* A/m? for a turn on field of the order of magnitude

of 3-10° V/m.

Keywords: field emission, nanosheet, field enhancement coefficient, work function

MacuBHuit ZnO € NIUPOKOIIITMHHUM HaIliB-
MIPOBITHUKOM 13 IMIMPHHOIO 3a00POHEHOIT 30HU 32
KiMHaTHOI Temneparypu B 3,37 eB i 3a3Buuaii mae
€JIEKTPOHHY TPOBIIHICTH, 00YMOBIJIEHY CTPYKTYp-
HumH aedexramu [1]. Huspka BapTicTh Ta 31aT-
HICTh YTBOPIOBATH HAHOAPKYIi POOUTH OKCH]L
LUHKY MEPCIIEKTUBHUM MaTepianoM Ui CEHCO-
puKH, cydacHoi (oTo- Ta BaKyyMHOI €JIEKTPO-
Hiku [2—4]. V [4] BucOKOePEKTUBHUI KaTOMI JIJIst
MOJILOBOT eMicii OysI0 CTBOPEHO HAa OCHOBI HEJO-
POroro MeToy HU3bKOTEMIIEPAaTypHOTO XIMIYHOTO
PO3UYMHY Ha CKJSHIN MiIKJIaaIi y BapiaHTi Ha-
HoapKymiB ZnO Ta HaHOAPKYIIiB, JEKOPOBAHUX
HaHOYaCTHHKaMH| cpibna Ag. Byno nmokaszaHo, 1o
e(EeKTUBHICTh KaTOIy B 000X BHUITaJKaX CYTTEBO
3pocTae B ymMmoBax Y@ OCBITICHHS.

OnHak HaBeaeHi aBTopamu [4] 3Ha4YeH-
Hs KoedirienTa miacuieHHs most (B Jiama3oHi
3000-5000) BukIMKaOTh CyMHIB. Pid y ToMYy, 1110
JUTS PEKOHCTPYKIIT IUX nudp aBTOPU BHKOPHC-
TOBYBAJIM B YCiX BHMaJKax HaWMpocTimy ¢op-
myny Daynepa-Hopareiima s MeTaiB, X04 Jist
HaMIBOPOBIAHUKIB (TUM O1JIbIIE TAKUX IIHPOKO-
30HHHMX, SIK OKCHJ] ITMHKY) BOHA 3a3HA€ CYTTEBHX
Moudikarii [5]. HaBegena HUMHU MOJIETh TaKOXK
HE BpaxoByBajia reéOMETpii CHCTEMH, Je eMicis
BiJIOYBa€THCS JIMIIE 3 MAJIOi YACTHHH 3arajbHOT
iomi karoxy. He Oyno BpaxoBaHO 3MiHH POOOTH
BUXOJY Ha Kpai HaHoapKymia ZnQO, 3 sIKOTo i Bij-
OyBa€ETHCS EMICisl, a TAKOXK 3MIHH POOOTH BUXOILY
OKCH]Ty ITUHKY BHACTiIoK Y® reHepariii BEIUKOT
KUTBKOCTI HEPIBHOBAXHHUX HOCIIB.

B wiii po60Ti MU cripoOyeMO TEOPETUYHO
3MOJIEJTFOBATH KATOJ JJIS IIOJIbOBOI eMicii, CTBOpe-
HUi y [4], BIaro4nch 10 peanicTHYHIMNX 1 (i3nd-
HIMMX HaOMMKeHb. 30KpeMa, MU, y BIIMTOBIIHOC-
Ti 710 [6—8], BBayKaTIMEMO, 110 eMICisi HaCTIpaBIi
BiIOyBa€eThCs JHIIE 3 KpaiB HaHOapKymIiB ZnO, e

KPHUBU3HA MOBEPXHI MPHU3BOAUTH JO TMOSBH I10-
CUJICHOTO JIOKAJIbHOTO T10Jist [, , OB’ A3aHOTO
3 HaNpy’KEHICTIO MOJIT MK aHOAOM 1 KaToIoM

F = I% (e V — nanpyra Ha aHo1i, / — BiJICTaHb
MIX aHOJIOM 1 KaToJI0M) CITiBBITHOIIICHHSIM

Fe = PF. (D.

B (1) BBeeHO KoediieHT MmiCHICHHS OIS

[, OOyMOBIIEHUI TEOMETPIEI0 EMICIHHOT TOBEPXHI.

Tomonorito peanbHOi eMiCiiiHOT TOBEPXHI,

nochikeHoi B [4], 300paxeno Ha puc. 1. Ha-

Hoapkytrn ZnO, 3a naHuMH [4], MalOTh TIOBKHHY

Onmm3bKo 1,8 MKM 1 iaMeTp 3a0KpyIJieHHS BEepX-
HBOTO Kparo 8 HM.

KV 8.5mm x100k SE(U)

Puc. 1. CtpykTypa emiciiiHoi moBepxHi KaToay
3 HaHoapkymiB ZnO (aganToBaHo 3 [4]).

VY [4] nns pexoHCTpYKIii oaepkaHOi 3a-
JISKHOCTI TYCTUHH €MICIHHOTO CTPYMY BiJ MpH-
KJIQJICHOTO 10Jis OyJ0 BUKOPUCTAHO CTAHIAPTHY
bopmyny Daynepa-Hopareitma [5] anis xonomHoi
emicii 3 meTainy:
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Tyt e i m — 3apsn i Maca BUILHOTO €JIEKT-
pona, @ — pobora Buxony. OnHak, ik Oyno mo-
Ka3aHo B [5], 111 hopmyIia He onucye emicii 3 Ha-
MIBNPOBIIHUKA, sIKUM € ZnO. J1o Toro x, BOHa HE
BpPaxoBY€ TOTO, IO PeaIbHO eMicisi BiI0yBa€eTh-
Csl JIMILE 3 MaJoi YaCTUHHM HAHOCTPYKTYPOBaHOI
MOBEPXHI, 300paxkeHoi Ha puc. 1 — Tiel, ae mo-
013y Kpar HaHOApKyIa peasi3yeThCsl BEJIMKE
nokanbHe Tone (1). Pemra moBepxHi B3arami He
pPOOUTH MOMITHOTO BHECKY B CTPYM XOJIOIHOI eMi-
cii ju1st mocipKeHoro B [4] Aianma3zoHy MOMIB MIX
AHOJIOM 1 KaTOJIOM.

Tomy nmnst emicii 3 HAaHOAPKYIIy HariBIIPO-
BigHMKA ZnO ckopucTaeMocs 3 Moaudikariii pop-
Mynu, BuBeneHoi B [10] ansa Bumaaky, 300paxe-
HOTO Ha puc. 2: pi3KUI BUTUH 30H Y MaTepiaii
N-THITY TIi/1 BIUTMBOM IIPUKJIaICHOTO 30BHIIIIHHOTO
T0J1s yTBOPIOE IPUMOBEPXHEBY 2D KBaHTOBY MY,
y SIKIM 30CepeKeH] eJICKTPOHH:

2
h

Js = 4 (80} MNSﬂzeexp -
em, \ €

4\2m, @37
3he  PF |
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Tyt &,— nieneKTpuYHa NPOBIAHICTL BaKy-
yMy B OfMHHLSX Sl, & — BiAHOCHA Ji€IEKTpHYHA
MIPOHHUKHICTh HAIIBIPOBITHUKA. 3BEPHIMO yBary
Ha Te, 10 B €KCIOHEHTI (3), K 1 B eKCIIOHEHTI
¢dopmynu daynepa-Hopareiima (2), cToiTh Maca
BUIBHOTO €JIEKTPOHA, OCKIJIBKU €JIEKTPOH TYHE-
JIFO€ 3 HaIIBIPOBIJIHUKA B BakyyM. HaTtomicTh
y HepeAeKCIOHEHT] CTOiTh epeKTUBHA Maca
enekrpona B ZnO m,= 0,23 m, [1]. Muoxunux M,
€ YaCTKOIO TIOBEPXHi, 3 sIKOT BiIOyBa€eThCs eek-
THUBHA XOJIOJTHA €MiCisl; 3 BUINISLY pucC.]l 3po3yMi-
o, mo M, << 1. Innexkc NS'y dopmyti (3) o3ua-
4ae eMicCito 3 HaHOAPKYIIiB (aHT1. nanosheets).

Coig BIA3HAYUTH: 3 MIJBUIECHHSAM IBU-
KOCT1 30Ha-30HHOI reHepailii HociiB Yd-BUIpo-
MIHIOBaHHSM KBa3ipiBeHb Depmi 11 enekTpo-
HIB N1JIHIMA€ThCS Bropy, 110 BiANOBIAA€E (IMB.
puc. 2) 3MEHIIEHHIO POOOTH BUXOAY JUISl €JIEKT-
POHIB y HAHOAPKYIIIaX OKCHUY IUHKY MOPIBHSHO
3 piBHOB)KHUM 3Ha4eHHsIM @ = 4.9 eB [11], mo
B CBOIO Yepry MPU3BOIUTH 10 €KCTIEPUMEHTAIBHO
CIIOCTEPEKECHOTO B [4] 301IbIICHHS TYCTHHH EMi-
CIIIHOTO CTpyMy Ta 3MEHILIEHHS TOJIs BMUKAHHS,
KOJTU 1Ie¥ CTPYM MOYHHAE TOMITHO 3POCTaTH.

Puc. 2. Emicisl eJleKTpOHIB 3 TOHKOI0 30araueHoro
OCHOBHUMHU HOCisiMU-ejiekTpoHamu 2D-mapy B ZnO
n-tuny. Ilpu 30i1b1IeHH] BUAKOCTI 30HA-30HHOT
reHepanii HociiB Y®-BUNIPOMiHIOBAHHSAM
kBasipiBeHb MepMi 1111 e1eKTPOHIB NiAHIMAEThCSA
BIOpY, IbOMY BiJNOBiia€ 3MeHIIIEeHHsSI pOOOTH
Buxony; £ > EY Bianosigae ) <),

3BEpHEMO yBary, 110 JOKaJlbHE 3HAYCHHS
®, Ol Kparo HaHOAPKyIIa MOXE OyTH 1 CyTTEBO
MEHILIUM BiJ IIbOTO PIBHOBAYXHOTO 3Ha4YeHHs. Lle
OB’ S13aHO 3 TUM, 110 Oy/Ib-SIKE BICTPS HEMHUHYYE
BKJIFOYA€ OOJIACTI 3 MEHII IIITbHUM MaKyBaHHIM
aToMiB, /i TIOTEHIIaTLHUN Oap’ep IS eNeKTPO-
HiB, 1110 BUXO/AATh y BaKyyM, HIbKuuid. Ha npomy
Oy10, 30KkpeMa, MoOy1I0BaHO MTPUHITUII JTii €IeKT-
POHHOTO TOJBOBOIO MIKPOCKOIIA, SIKUH HTHPOKO
BUKOPHUCTOBYBaBCS, MounHawo4u 3 1936 p., nus
JMOCIHIJKEHHSI CTPYKTYPH TYTOIUIaBKHX MeETa-
i [12].

[Tobynosana B [13] henomeHomnoriuna Mo-
JIeTb TIOKa3ye, 10 poOoTa BUXOMY JJISI IOBEPXHI,
300pakeHoi Ha puC. 2, MpomopiiiiHa \/?, ne
n — YUCJIO JIEKTPOHIB, 10 NepenaeTscs B 2D
eJICKTPOHHUH Ta3 MpU MOBEPXHI BiJl OHOTO IO~
BEPXHEBOT0O aTOMa, 4 — MOBEPXHEBA TUIOIIA, 10
npunaaae Ha takui arom. Tomy Ha Kpai HaHO-
apKyIna, pajaiyc sSKOro CATa€e MOPSIKY KIIbKOX
HM, 3Ha4€HHs pOOOTH BUXOAY MOXKE BUSBUTHCS
IEeNm0 HIKYUM BiJ TaOJIMYHOTO 3HAYEHHIM
®,.,=49 ¢B.

Buxoasuu 3 1poT0, EKCIIEPUMEHTAIbHY
KPHUBY 3aJIe)KHOCTI TYCTHHU €MICIIHOTO CTpy-
My Bif mons [4] HaMU 3 BUKOPHCTaHHSM 1HTE-
rpoBaHoro cepeaosuina po3podku PyCharm Ta
moBH Python nmpunacosano 1o popmynu (3), 1uB.
puc. 3. [Ipuuomy KOXKHOMY 3HAUEHHIO POOOTH
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Puc. 3. 3anexHicTh rycTunm emicilinoro ctpymy 3 HaHoapkyuwiB ZnO
Bi/l HANIPYKEHOCTI €JIEeKTPHYHOIO MOJISI: eKCIePUMEHTAIbHA KpuBa 3 [4]
(MyHKTHP); TeOpeTHYHA KPUBA /sl IapaMeTpiB, HaBeaeHuXx y Tadaumi 1

(cyuisibHa JiHis).

Buxony @, 3 00paHOro HaMH PeaTiCTUIHOTO JTia-
Ma30Hy 3MIHHM I[i€1 BEJIMYUHU (B 3aJIC)KHOCTI BiJ
peanbHOi CTPYKTYpPH Kparo HaHOAPKYIIa) BiAMIO-
BiJla€ BJIACHE 3HAYCHHS KOC(IIIEHTY TiACUICHHS
noJst f, Ta KoedilieHTy eeKTUBHOT YaCTKH eMi-
CiliHO1 MOBEpXHI M, (mmB. Tabmuirio 1).

TabGmuns 1.
@, (eB) B M, (1077)
3,5 17116 2,02
3,7 18517 1,73
3,9 19268 1,62
4,1 19982 1,52
43 21044 1,38
4.5 22033 1,27
4,7 22510 1,24
49 23535 1,14

Tabmuus 1 nae ysiBieHHS Ipo Gi3udHY TIPH-
poxy mporiecy eMicii 3 HaHoapkymiB ZnO. Mox-
TUBOMY (BHXOJSYM 3 OLIHKY 3a [13]) miama3oHy
e(heKTUBHUX 3HAYCHb D, BIIIOBIIAXOTH 3HAYEHHS
koedimieHTa MmiCUICHHS MO, B JICKIJIbKa pa3iB
BHIII 32 OTpUMaHi B [4] (1110 MOSICHIOETHCS PI3HOIO
CTPYKTYPOIO MepeeKCIOHeHT dhopmyn (2), BU-
kopuctaHoi B [4], 1 (3), BUKOPUCTAHOI B HAIIIH
po6oTi). BUKOPHCTOBYIOUM METOAMKY, PO3BHHY-

Ty B [8, 14], nerko mokasaru, 1o B HaOIMKEHH1
JHIMHOTO PO3MOALTY T'YCTHHH 3apsly MO BUCOTI
HAHOAPKYIIA /1 KOe(IIIEHT MiACUICHHS OIS HaJ
HOro BEPUIMHOKO, 110 Mae pajiyc R , 10piBHIOE

2h/R,

e anir -2

“4)

3navueHHsaM f 3 Tabnuii 1 1 ekciepumeH-
TaJbHOMY 3HAQUYEHHIO BUCOTHU h MOpSIKY MKM TO-
BHHHI 32 (4) BiAnoBigaTn CyOHAHOMETPOBI BEJIU-
YHHU pajilyca BEPIIMHU HAHOAPKYILA, 110 100pe
Y3TOIKYETHCS 3 €KCIIEPUMEHTAJIbHO B1JIOMUM
(hakTOM: TIOJIbOBA €MiCisl 3 HAHOCTPYKTYPOBAHOT
MOBEPXHI Mai’ke BCA BiOYBAETHCS 3 KIIBKOX
BEPXHIX aTOMIB HaHONPOTpPy3ii. Takomy maio-
My 3HAUCHHIO I0Ope BIAMOBIZAE 1 Majla BEJIMYHU-
Ha MHOKHHKA szs‘ Ile o3Hauvae, mo edpekTuBHA
eMicist BiIOyBaEThCS JUIIE 3 BEJIbMH HE3HAYHOT
YaCTHHM 3arajibHOi MOBEPXHI KaToay, MpoTe Be-
JIMKE 3HA4YCHHS KoediIieHTa MiJCUICHHS IO
3a0e3neuye MOMITHE 3HAYEHHS TYCTUHU CTPYMY
nopsaky 3-10* A/M? [UIst TOJIst BMEKaHHS TIOPSIKY
3-10° B/m.

[TpoBenenwuii anasi3 703BOJISIE BCTAHOBUTH
GI3UYHY TPUPOIY TPOIIEeCy MOIBOBOI eMicii 3 Ha-
HOapKyiB ZnO, 110 MOXKYTh PO3MIIAIATUCS K
MePCIEKTUBHI i HEIOPOT1 EMITEPH JJIS MPUIIAIiB
HOBOTO TOKOJIIHHS.
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Summary

Low cost and the ability to form nanosheets make the semiconductor zinc oxide a promising
material for sensors, modern photonics, and vacuum electronics. In [Sheng-Joue Young et all, ACS
Omega 3, 8135-8140 (2018)], a high-performance cathode for field emission was created based on
an inexpensive low-temperature chemical solution method on a glass substrate in the form of ZnO
nanosheets and nanosheets decorated with silver Ag nanoparticles.

Since the Fowler-Nordheim formula derived for metals does not describe cold emission from
a semiconductor, for theoretically modeling of the nanostructured ZnO-based cathode we have used
the formula for the emission current density from an n-type semiconductor, where a sharp bending of
the bands under the influence of an applied external field forms a near-surface 2D quantum well, in
which electrons are concentrated:

2
f P 4.12m (DB/Z
Jys = =2 | M\ B> F exp| — oM
Y dem, (ESJ wh xp{ 3he pPF

Here, ¢ is the vacuum dielectric constant in SI units, ¢_is the relative permittivity of the
semiconductor, m_and m  are the free electron mass and effective electron mass in the semiconductor,
®, . is the work function of the semiconductor, F is the electric field strength, f is the electric field
enhancement coefficient near the edge of the nanosheet, and the M ( factor is the fraction of the surface
from which effective cold emission occurs.

It is shown that the possible range of effective values of the work function at the top of the
nanosheet corresponds to the values of the field enhancement coefficient f of the order of magnitude
of 20000. Such values of § and a nanosheet height of the order of um correspond to subnanometer
values of the radius of the nanosheet top, which is in good agreement with the experimentally known
fact: that the field emission from the nanostructured surface almost all occurs from the top few atoms
of the nanoprotrusion. Thus, the effective emission occurs only from a very small part of the total
cathode surface, but the large value of the field enhancement coefficient S provides a noticeable current
density of the order of 3-10* A/m? for a turn on field of the order of 3-10° V/m.

The performed analysis allows us to determine the physical nature of the field emission process
from ZnO nanosheets, which can be considered as promising and inexpensive emitters for new
generation devices.

Keywords: field emission, nanosheet, field enhancement coefficient, work function
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Pedepar

Hwu3bka BapTiCTh Ta 31aTHICTH YTBOPIOBATH HAHOAPKYII pOOUTH HAMMIBIPOBITHUK OKCHT ITUHKY
MEPCIIEKTUBHUM MaTepialioM Uil CEHCOPHUKH, Cy4acHOT )OTO- Ta BAKYYMHOI €IeKTPOHIKH. Y poOoTi
[Sheng-Joue Young et all, ACS Omega 3, 8135-8140 (2018)] BucokoeeKTHBHUI KaTo 1715 TOIHOBOT
eMicii OyJ10 CTBOPEHO Ha OCHOBI HEJOPOTOTO METOAY HU3BKOTEMITEPATYPHOTO XIMIYHOTO PO3YMHY HA
CKJISTHIM TIAKIAI Y BapiaHTi HaHOApKymIiB ZnO Ta HAaHOAPKYIIIB, TEKOPOBAHUX HAHOYACTHHKAMHU
cpibnma Ag.

Ockinbku BUBeAcHa a1 MeTaliB Gopmyna Paynepa-Hopareiima He onucye XoJ0mHOI eMicii
3 HaIBIPOBITHUKA, JJIS1 TECOPETHYHOTO MOJICITFOBaHHS HAHOCTPYKTYPOBAHOTO KaToay Ha OCHOBI ZnO
MH BUKOPHCTAIH (HOPMYITY I TYCTUHU €MICIHHOTO CTPyMY 3 HaIliBIPOBIIHUKA 1-THILY, 1€ PI3KUI
BUTHH 30H ITiJ] BIUTABOM MPUKJIAJICHOTO 30BHIITHHOTO TOJISI YTBOPIOE MPHUIIOBEPXHEBY 2D KBaHTOBY
SIMY, Y SIKI 30CEpePKEH] eICKTPOHH:

2
Jo= 80 g prexp - Ve LIS
¥ 4em, N 3he BF

8,3'

Tyt ¢ — nienexkTpuvHa MPOBIIHICTL BaKyyMy B OAMHHULAX SI, & — BIZIHOCHA JIIEJIEKTPUYHA IIPO-
HUKHICTh HaNBIPOBIAHUKA, 71 Ta M, — Maca BUILHOTO €JIEKTPOHA Ta €()EKTUBHA Maca eJIEKTPOHa
B HaIliBNPOBiAHKKY, @,  — poOOTa BUXOY HAIIBIIPOBiHKMKA, ' — HANPYKEHICTh €IEKTPUYHOIO MOJI,
B — Koe(iLieHT MOCUIIEHHs eJIEKTPUIHOTO MO 611 Kpar HaHOApKyIla, MHOXKHHK M, . € 9aCTKOKO
MOBEPXHI, 3 SIKO1 B1I0YyBA€ETHCS €(DEKTUBHA XOJIOAHA EMICIs.

[ToxazaHo, 0 MOXKIIUBOMY Jiana3oHy e(peKTHBHUX 3HAYEHb POOOTH BUXOIY 3 BEPIIMHU HAHO-
apKylia BIJAMOB1Ial0Th 3HaYeHHsI KoedinieHTy migcuiaeHHs nomust nopsaky 20000. Takum 3HaueHHAM
J 1 BUCOTI HaHOAPKYIIIA TOPSIIKY MKM Bi/IOBIal0Th CyOHAHOMETPOBI BEIMYMHU pajiiyca BEPUIMHA
HAHOAPKYIIIA, IO J00pe Y3roMKy€eThCs 3 EKCIIEPUMEHTATBHO BIJOMUM (PaKTOM: TIOJIHOBA eMICist 3 Ha-
HOCTPYKTYPOBAHOI TIOBEPXHI Maii’ke BCSI BiIOyBA€ETHCS 3 KUTBKOX BEPXHIX aTOMiB HAHOTIPOTPY3ii. OTxe,
e(eKkTUBHA eMicCisl B1I0OYBaEThCA JIUIIE 3 BEIbMU HE3HAYHOI YaCTUHM 3arajibHOi MOBEPXHI KaTo.Ly, Po-
T€ BEJIMKE 3HAUEHHS Koe(ilieHTa MiICUICHHS oS 3a0e31euye MOMITHE 3HaU€HHS T'YCTUHU CTPyMY
emicii mopsaky 3-10* A/m? mist mosst BMUKaHHS mopsiiky 3+10° B/m.

[IpoBeneHwmit aHaAI3 T03BOJISIE BCTAHOBUTH (PI3UYHY MPUPOJTY IMPOIIECY IMOIBOBOT eMicii 3 HaHO-
apkymiiB ZnO, 110 MOXXYTb PO3IIILAATUCS SIK IEPCIEKTUBHI i HEIOPOT1 eMITepH JUIsl TPUIIaAiB HOBOTO
TIOKOJIIHHS.

Kuro4oBi ci1oBa: moboBa emicisi, HAHOAPKYII, KOSQIIIEHT I ICUIICHHS ITOJIsI, POOOTa BUXOTY
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