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Beryn

CeneHin 1MHKY € OJHHUM 3 TIEPCIEKTHBHHUX
MaTepianiB TBEpAOTLIBHOI eTeKTpoHikH. Moro mmpuHa
3a00pOHEHOI 30HH OXOILTIOE 00JIACTh eHeprii (OTOHIB
BKJIFOYAIOYM CHHBO-OJIAKUTHY, @ BHCOKAa €(EKTUBHICTH
MOXIIMBUX TI'eHEpaliiiHO-peKOMOIHAIIIfHUX  IpoleciB
BU3HAYAEThCS MPSIMO30HHOIO CTPYKTypHOW. Bkasani
BAXIIUBI 0COONMBOCTI ZnSe ICTOTHO MPOSIBISIOTH cede
IpyU  JierTyBaHHI Marepiany. B sKocTi  cTOpoHHIX
JIETYIOYMX JIOMIIIOK BUKOPHUCTOBYIOTH eneMenty I, 111, V
ta VII rpyn nepiogudHoi cucteMu eneMeHTiB. Pazom 3
TAM 3QJIMINAETHCS MAaJOBHBUCHHM MUTAHHSIM IOJO
BIUIHBY i30BaneHTHHX xomimok (IBJ]) Ha BmactmBOCTI
ceieHiny uumHKy. IlokasaHo, 0 y BHIAAKY IHIIMX
pedoBuH, HasgBHICTh IBJl MpUBOIWUTE 10 MPUHIUIIOBOTO
MOKPAIIEHHS BUXIAHUX ONTHYHUX Ta €IEKTPOQI3HYHUX
BinacTuBocTei. lle 0co0NMMBO BaXIMBO Yy BHIAJIKY
TOHKMX IIapiB MaTepiamy. IX CTBOpEHHS € BaKIMBOIO
TEXHOJIOTIYHOIO TIEPEIyMOBOIO OTPUMAHHS aKTHBHOI
obuacti HepeBaxarouoi 6inbIocTi Cy4YacCHUX
CJIEKTPOHHHX TIPUITALIB. Tomy vy BUIIAJKY
JIOCITIKYBAaHUX KPHCTANIB CEIIEHITYy MUHKY OTPUMaHHS
TaKAX AaKTHBHUX ImapiB HUIIXOM BBeAeHHs IBJl Ta
JIOCTKeHHS i BIUIMBY HA CTPYKTYpHI Ta OITHYHI
BJIACTMBOCTI OTPUMAHOTO MaTepialy € BaKIUBOIO
HAyKOBO-TEXHIYHOIO 33/1a4€l0, SIKa € MEPCHEKTUBHOIO 3
TOYKH 30py MOXKIIMBOTO MPAaKTUIHOTO BUKOPUCTAHHSL.

I. O0’exkTH Ta MeTOaM OCJTI/I’KEHb
HocnimxyBamucs 1wmBkH  ZnSe:Mg, oTpuMadi
mudysier0  MarHilo |y 3audHEHOMY ~00’emi B

MOHOKPHCTANIN CEJIeHIAy IIUHKY, SIKi BUPOIIEHI METOIOM
Mapkosa-J/lasumoa [1]. CrTpyKTypHi BJIACTHBOCTI
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NPUIIOBEPXHEBOI ~ 00JIaCTI  JIETOBAaHUX  KPHCTaJiB
JOCII1JDKyBaJIUCS METOJlaMH PEHTIeHIBCbKOT
JIBOKPUCTAJIBHOT nudpaxkromeTpii Ta

penrtreHoronorpadii. OnTHYHI BIACTHBOCTI BUBYAIUCS
3a pe3ylpTaTaMd, OTPUMAaHWMMH HAa YHIBEpPCaJIbHIl
YCTaHOBIII, SKa JO3BOJIsUIa BHUMIPIOBATH ITOTJIMHAHHS,
BiIOMBAaHHA 1 JIIOMIHECLEHIIO SK 3a KIACHYHUMH
METOAMKAMH, TaK 1 3 BHKOPHCTAaHHAM A-MOJYJISIII,
puc. 1. 3azHaunmmo, mo JeryBanHa IBJI wmarHito
OPOBOAMIIOCS ~ TIPH  PeXHMaX, SKi  BHKIIOYAIOTh
MOXIIMBICTh YTBOPEHHsI TBEPJHMX PO3YUHIB 3aMillICHHSI.
I[Ipo me CBiZYMTH HE3MIHHICTD BEIMYMHU IMPUHH
3a00pOHEHOI 30HHM BHXITHHX 3pa3KiB 1 OTPHUMAHHX
mudysiitHux mwapiB ZnSe: Mg.

II. Pe3yabTaTu eKCIEPUMEHTY Ta iX
00roBOpeHHA

@oromrominecriernis  (DJI) BHXITHUX KpHCTaTiB
CeNICHIy IHMHKY, OTPUMAaHHX 3a3HAYCHUM METOJ0OM
MapkoBa-/laBuioBa, XapakTepPU3YeThCS 1HTCHCHBHUM
BUIIPOMIHIOBAHHSAM Yy CHHBO-OJAKTHHIN CIIEKTpaIbHINA
obmacti, xpuBa 1, puc. 2. JleryBaHHS 130BaJCHTHOIO
JOMIIIKOI0O ~ MAarHito  NPUBOAUTH 10  30UIbILEHHS
IHTEHCHBHOCT] Y MakCUMyMI IPaKTUYHO Ha JIBa MOPSIKU
BEJIMYMHM, XO0Ya Yy LUIOMYy CIEKTpaJibHa 00JacTh
BUIIPOMIHIOBAaHHS HE 3MIHIOETHCS, KpuBi 2, 3 puc. 2. [Ipu

UbOMY CIIOCTEPIraeThCs icToTHA BiIMiHHICTh
BJIACTUBOCTEH IHOTO BHUIPOMIHIOBAHHS IIOPIBHSHO 3
BUXIIHUMH  KpucTaiamu. llo-mepiie,  MakCHMyM

3MiIIyeThCsl B 007acTh OUTBIIMX eHeprii (OTOHIB mpH
3MEHIIeHHI piBHA (HOTO30ymKeHHS L, Bpi3ka Ha puc. 2.
[o-gpyre, 3MiHa IHTEHCHMBHOCTI BHIIPOMIHIOBAHHS B
MaKcUMyMi omucyetbcs 3akoHoM [~ L'°. Bxazaui
BIIACTUBOCTI MPUTAMaHHI aHITLIAIl €KCHTOHIB MpHU iX
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HETPY>KHOMY PO3CISIHHI Ha BUIBPHHX HOCIAX 3apsamy [2].
IIpore, y uinomy crmektpu PJI xapakTepu3yrOThCA
BEIMKOI0 HaIliBIIMPHUHOIO, IO CBITYUTH MPO HASBHICTH
JOEKITBKOX cMyr. Bonu mposBisiors cebe mpu
nocimipkeHasx npu 1'=77 K 3 BHUKOpUCTaHHIM A-
moaymsiuii. Ha audepeHmianbHUX — KpUBHX — ApYroi
MOXiaHOT (4acToTa MOAYJISLIT 2 @y) CrieKTPiB Andy3iHHIX
IUIiBOK ZnSe:Mg HasBHO CIIOCTEPIraroThCsi TPU OCHOBHI
CKJIaJIOBi, mo3HaueHi cumBoiamu A4, E ta D, puc. 3.
Hominyrouoto € cmyra E, sika 0OyMOBIIEHa BKa3aHOIO
BUILE aHITULILIEI0 eKCUTOHIB. lle miaTBepmKyeThCs
XapaKTePHUMHU s JIaHoro BUIIPOMIHIOBaHHS
BJIACTUBOCTSMH [2], Bpi3ka (6) Ha puc. 3. HamiBmmpuna

hw, cmyrn E menma 3a Benuuuny 0,747, mo CBiTYUTH

npo  3B’s3yBaHHS  ©KCUTOHIB Ha  IEHTpax, SKi
(hopMyIOTHCSI JOMIIIKOIO MarHito, a came Mgz, Piznuus

eHeprii E,—7®, BHU3HaYa€ EHEPril0 aKTWBAIi LUX

eKCUTOHIB. YTBOpEHHS IGHTpIB 3amilieHHs Mgz,
00YMOBJIEHO XapaKTEPHUMH sl i30BaJIEHTHUX JIOMIIIOK
npoLecaMy y KaTioHHi# miarparmi [3].

[Ipupona ckmanoBoi 4 0OyMOBJIE€Ha MIK30HHOIO
BUIIPOMIHIOBAJIFHOIO pekoMOiHamieo. [Ipo me cBimuatsb
XapakTepHi U1 JaHOTO THITy TepexomiB o3Haku. Cepen
HHX HAHOUIBII BaXKJIMBUMH € PO3TAIIYBAHHSI MaKCHMyMY

ho, npu eHepriax ¢GoToHiB OuTbIIMX 3a E, a TaKok

HE3aJIeKHICTh HOTro MOJIOXKEHHS BiJ PIBHS 30yDKEHHS.
Jdo Toro i, cHocrepiraeTbCst m00pe y3rOoJDKEHHs

CKCIICPUMCHTAIBHOT ~ 3aJI)KHOCTI 3 BIJAOBITHUM
aHATITUYHUM BUpas3oM [4], Bpi3ka (a) puc. 3
R y ho-E,
N, ~ho*(ho-E, ) exp| - ———= 1)
¢ kT
BkasaHi OCHOBHI peKOMOIHAIINHI ImpomecHd 3a

Y4YaCTIO MI>K30HHOT peKOMOiHalliT Ta aHIrIALil 3B’ I3aHUX
EKCHUTOHIB BHSBIIAIOTE ceOe MpH  JOCTIHKEHHI A-
MOJyJTbOBaHOTO ONTUYHOTO BijIOMBaHHS,
puc. 4. Ilpu 7T=300 K cnocrepiractbcst Makcumym A
npu  eHeprisx QotoHiB 2,7 eB, moy0oXKeHHS sKOTO
BIANOBi/Ia€ MIMPHHI 3a00POHEHOT 30HU CEJEHIy LUHKY.
3a3HauMMO, MO0 HOr0 PO3TAUIYBAHHS JUISL BHXiTHHX
KPHCTAJIB 1 yTBOpeHUX ANGY3iHHUX TUTiBOK ZnSe: Mg He
3MiHOeThCI. lle Bkasye Ha Te, IO 3a JaHUX
TEXHOJIOTIYHUX YMOB JIETYBaHHSI HE OTPUMYIOThCS TBEPJII
posumHn  ZnxyMg xSe. Jlo TOrO K, IOJOXKEHHSA
ocobmuBocTi B, puc. 4, TaKOXK HE 3aICKHTh Bia
HAsIBHOCTI JIETYI0YOT JIOMIIIKK NPU 00OpaHUX pexumMax il
BBe/ICHHS MerojoM audysil. 3a3HaueHa OCOOJIHUBICTH

criocrepiraerbest Ipu iw = 3,14 eB, a pisanus ii eneprii

BITHOCHO FE, y3roJKyeTbCsl 3 BEIMYMHOIO CIIiH-
OpOITaTBHOTO PO3IICIUICHHS BaJICHTHOI 30HU CEJICHITY
uHKy. Ha ciekrpax R) momiHyrouoro € oco0muBicts E,

gKa 32  CBOIM CHEPreTHYHUM  IIOJIOXKEHHSIM
Y3TOKYIOTBCSL 3 ONMCAHOK CMYTOI0, IO OOyMOBIIEHA
BUIIPOMIHIOBJBHUMH IMPOLECAMH 32 YYacTIO 3B’s3aHHX
Ha IIEHTPaX 3aMilieHHs Mgy, eKCUTOHIB.

v CIIEKTpax ONTUYHOTO BiIOMBaHHS i
JFOMiHEeCLeHNIT IUTBOK ZnSe:Mg TakoX CHOCTEpiraeThes
Tpers ocobmusicte D, puc. 3, 4. i mnpupona
BU3HAYAETHCSI TpOIecaMH, sKi BiIOYBalOThCS IIpH
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neryBanHi IB/] MarHito. ATOMH OCTaHHBOI 3aliMarOThCA
Miclsi LMHKY Yy KaTiOHHIM miArpatii i YTBOPIOIOTH
3a3HaveHl Bullle UEHTpU Mgz, BoHM 00yMOBIIOIOTH
(hopMyBaHHS TIAMOOKHX JTOHOPHUX €HEPreTUYHUX CTaHIB
i BIINOBIIHO CWJIBHY  JIOKaJI3alil0  €JIEeKTPOHIB.
BHacniok 1poro Mae Micle IiHTEHCHBHA KYJIOHIBChKa
B33aEMOIIs Mg 3 OTOUYYIOUYHUMHU aToMaMu
KoH(irypamiiiHoro Terpaeapy. lLle cmnpuumHse ix
JIOKaibHe 3MileHHs. ToMy 3a muMX yMOB BiIOyBaeThCs
TeHepallist 10JaTKOBUX BIIACHUX JI€(EKTIB KPHCTaJi4HO]
rpaTkd. AHali3 MOXJIMBHX MEXaHI3MIB iX YTBOPEHHS 3
ypaxyBaHHSIM KPHUCTAIOXIMIYHUX MapaMeTpiB (i0HHI
paniycH, eJeKTPOHEraTHBHOCTI) JOMIIIKH 1 aToMa, SIKHA
BOHa 3MIilllye, BKa3dye Ha TeHEpalil0 MDKBY30JIbHHX
aTOMIB ceJieHy Se;. 3a3HA4MMO, IO y CKIAIi HIMXTH
TaKoXk 000B’A3KOBO 3HAXOMUTHCS Zn. Moro atomu imyTh
y MDKBY3Jist 1 GOpMyIOTh Zn;. YTBOpEHI HUMH JOHOPHI
EHEepreTuyHi piBHI, SK 1 akUenTopHi piBHI Se; €
3apsaPKeHMMH. TOMy Ha BIACTaHAX MEPEKpPUTTS iX
XBWJIBOBUX (DYHKII (OPMYIOTBCS JIOHOPHO-aKIENTOPHI
napu (JJAII). Bonn BH3Ha4alOTh NPUPOLY CKJIAJOBOI
cmyru D. Y BUMAAKy JFOMiHECICHIIi eHepris (OTOHiB
J00pe arpOKCHUMYETHCS HACTYITHUM BHPa30M
Z 7,

ho=E -E —E, +
¢ 27e, &R,

@)
ne E, i E; — rimbuHa 3aJsraHHs aKIeNTOPHOTO U
JIOHOPHOTO PpiBHIB, Z; 1 Z, — 3apsaaM UCHTPIB;, R, —
BiZIcTaHb MiX mapTHepamu mapu; A — 3cyB ®Dpanka-
Konmona, sxkuit mist ZnSe gopiBaoe ~ 0,2 eB [5].
3a3HauMMoO, 110 MAaKCUMYyM L€l CKIIaJ0BOI MIOCOBYETHCS
B 00J1aCTh OUIBLIMX €Hepriii (GOTOHIB NpH 30UIbIIEHHI L,
ii HamiBIIMpHHa HabaraTo Ounbia 3a 2k7 1 MPaKTHYHO HE
3aJIeXKHUTH BiJl TeMmIiepaTypu. MakcuMalibHe 1 MiHIMaibHe
3HAUEHHs eHepriil GOTOHIB criekTpa cMyru D Bianosinae
o0yacTi MOXXJIIMBOTO TIEPEKPUTTS OOpPIBCEKHX paJliyciB
B3a€MOJIIIOYHX TOHOPHUX 1 aKIETITOPHUX CTaHIB.
Bxaszani nporecu 1eQeKTOyTBOpEHb Y KPUCTATIYHIN
rparui ZnSe nupu ¢dopmyBanHi qudy3ifiHUX mapiB

BHACJIIIOK JIETyBaHHA MarHiem MTOBHICTIO
MiATBEPIKYIOTHCS peHTrenoaudpakiitHuMu
JIOCITIJPKEHHSIMH. 3a pe3ynbraramu

peHTreHoTonorpadivHoro aHaiizy OyJo BCTaHOBJICHO,
[0 PO3MOALI JICTYFOUOl JOMIIIKK y Audy3iiHii TUIiBLi €
OJTHODIZTHUM 1 HE BUKJIMKA€ TOSBH JOAATKOBUX HAIpPyT
BHACJIIIOK HE3HAYHUX 3MiH Yy pO3TallyBaHHI aTOMIB y
KpHCTaliuHii rpatui. Ha KopHcTh OCTaHHBOTO TaKOX
CBimUaTh JOCIHIIKEHHsS, TPOBEICHI 3a METOIOM
IBOKPUCTANBHOI audpakTtoMeTpii, puc. 5. 3 HuX
BCTaHOBJICHO, 1110 HAMIBIIUPHUHA KPUBUX AUDPAKIIHHOTO
BinouBanus (KJIB) mpumoBepXHEBUX MIapiB JIETOBAHUX
IBA Mg (f,=38 KyT. cek.) KpucramiB ZnSe Yy
nmopiBHSHHI 3 BuXimHUMH ([, =41 KyT. cek.) 3a3Hae
HEBEJIMKOTO 3MeHIIeHHs. lle cBiguMTh Ha KOPHCTH
3HATTS HAIpyr BHACHTIJOK JIETYBAaHHS Ha BEIMYMHY, SKa
CTaHOBHTH 5,546:107°. 3a 1mx 06CTaBUH MOXKHA
NPUIYCTUTH, WIO TPOSBISIIOTH cede sK Ipolecu
YTBOPEHHSI 130€JIEKTPOHHOTO JIOMIIIKOBOTO LEHTPY Mgy,
1 BIAMOBIIHO 3B’S3yBaHHS HAa HUX CKCHUTOHHHUX DIBHIB,
TaKk 1 TeHepamlil MJOJAaTKOBUX BIACHUX TOYKOBUX
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Puc. 1. biok-cxema  excrnepuMmeHTanpHOl  ycraHoBkM st Pue. 2. Hopmogasni 3a intencuBHicTio criekTpu DJI HeneroBanux
BUMIpIOBaHb ONTHYHUX CIEKTpiB. 1 — mazep 3 JokepenoMm (1) i meroBanux (2, 3) MarHieM kpucraiiB ZnSe, MOMIpsHI IpH
KuBIeHns 2; 3,7,10 — mimsu; 4 — obTiopatop; 5 — monoxpomarop L = 107 ¢or./cek. (1,2) Ta L = 10 '® or./cex. (3). Ha Bpismi —
M/IP-23; 6 — xonuBHE a3epkano (MOAYJSATOP); 8 — ONTHUYHMI  3aleKHICTh MOJOKSHHS MaKCUMYyMY Bij piBHs 30ymkeHHs (4) Ta
Kpiocrat; 9 — 3pazok; 11 — QorompuiimMayu; 12 — celeKTHBHUN  HOTO IHTEHCHBHOCTI (5).

migcwtoBay; 13 — cuaXpomerekTop; 14 — camommcenp; 15 —

3BYKOBHI TeHepaTop; 16 — MiAcuiIroBad HOTY>KHOCTI.

N&, B. on.
20 ~ 1J\fé,a,Nm,Nw, B. OJ. (@)

ho, eB
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Puc. 3. Cniextpu apyroi moxiasoi A-Momymsoasoi ®JI kpuctanis ZnSe:Mg, Bumipssi npu pisusx 30ymxenns (L) ~ 10 '* dor./cex. (1),
~9-10'® por./cex. (2) Ta~ 8 - 10" dor./cex. (3). T=T77 K.
Ha Bpi3ui: @ — cekTp MiK30HHOT peKoMOiHaIli1, po3paxoBaHuil 3a TeOpeTHYHUM BUpa3oM (5), ioro nepiua (6) ta apyra (7,4) noxiaHi. 6
— 3QJIEKHOCTI IHTEHCUBHOCTI M>K30HHOTO (8) Ta eKCUTOHHOTO (9) BUIIPOMiHIOBAHHSI.

L 1 -50 0
3,1%im, cB 6, KyT. CeK.

-50 . .
2,5 2,7 2.9

Puc. 4. 1 — MonynboBaHi  crexkTpu  onTudHOro  BimOmsamus Puc. 5. Hopmosani 3a intencupHicTio KB Buxignux (xpusa 1) ta
Buxiguux kpucranie ZnSe (1), Ta neroBamux wmarmiem (2). nerosanux IBJ Mg mpu T, = 1000 °C (xpuBa 2) KpucTaliB
CuMBOJIaMH  T03HAYeHO MiK30HHI nepexomu (4), ontuuni ZnSe. Binbusarodi niormunu (400).

Mepexoad  3a  y4yacTI0  BIJIIEIJICHOT  CHiH-OpOiTalbHUM

pO3IIeNyIeHHs BaJleHTHOI Mif30HU (B), aHirinsuis ekcutoHis (E) Ta

pexkoMOiHallis Ha TOHOPHO-aKIEeNTOpHUX napax (D).
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nedexTiB, sAki 00’emHyroTbes B acomiatu  [3]. e
ITOBHICTIO M ATBEPIKYETHCA OIMMCAaHUMH BHILIE
pe3ysibTataMu  JOCHI/KeHb ONTHYHUX BJIACTUBOCTEU
nudys3iitHux mwiiBok ZnSe: Mg.

BucHoBku
JleryBaHHS ~ CeNeHiLy  IUHKY  130BAJICHTHOIO
JIOMIIITKOIO MarHiio 00yMOBITIOE YTBOPEHHS

130€NIEKTPOHHUX IMEHTPiB 3amimieHHs Mgy, Ha Hux
JIOKQJII3yIOTBCSl €KCUTOHM, SIKIi BHU3HAYalOTh IPUPOIY
JIOMIHYFOUOTO BHIIPOMiHIOBaHHS. [30BajieHTHA IOMIIIIKa
00YMOBJIIOE€ YTBOPEHHS JIOJATKOBHX BJIACHUX TOYKOBHX
nedekTiB KpUCTATIYHOI TpaTKu, JOHOPHI Ta aKIENTOpHI
€HEepreTU4Hi CTaHM KX (POPMYIOTH acoLiaTHBHI LIEHTPU

Zn; —S8e!. Onruuni

00yMOBITIOIOTH

rnepexonu 3a  iX

[pUpony
BHCOKOEHEPreTHYHii obnacti fiw> E, crnocrepiraetbcs

y4acTIo

CKJIaloBOi  cMyru. Y

e(eKTUBHE  BHIIPOMIHIOBAHHS, SKE€  IOSICHIOETHCS
MIXK30HHUMH IIepPeX0JaMy. B IitoMy po3noIin Jieryrodoi
MOMIIMKK y IUQY3idHIA IUTBII € ONHOPIAHUM 1 HE
BUKJIMKAE MOSIBU JIOJIATKOBHUX HAIPYT.
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Structural and luminescentional properties of the layers, which obtained by thermo diffusion of the isovalent
impurities Mg in the host zinc selenium monocrystals, is investigated. The nature of recombination centers and
optical processes with its participation is discussed. It determines the properties of ZnSe:Mg.
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