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HEMECCBAY2POBCKUI TAMMA-JIA3EP
HA OCHOBE [NTPAMO3OHHDbIX 3
ITOJIYITPOBO/HNKOBbBIX COEANHEHNU

Ha npumepe npamo3oniozo noaynposoo-
Huxo6020 coedunenusi CdS paccmompe-
HbL MeopuUsl U MexXHON0ZUsL CO30AHUSL He-
Mecchbayaposckozo zamma-iasepd.

Coszganne raMMa-JIa3epoB Ha SIJIEPHBIX TTepexo/[ax
OCHOBBIBAETCS Ha UCTIOIb30BaHNN adderra MeccOaya-
pa, MO3BOJISIONIErO OCYIIECTBUTD PE30HAHCHBIE TIPOIIEC-
CBI UCITYCKAHNS, TIOTJIOMIEHUS U PACCESTHIS TaMMa-KBaH-
toB. OTHAKO HA ITyTU CO3JAHUS TAKUX JIA3€POB JIEIKUT
OYeHb MHOTO TPYIHOCTEH, OCHOBHOW M3 KOTOPBIX SIBJISI-
€TCsI YPE3BBIYANHO CUJIbHOE YITHPEHUE PE3OHAHCHBIX
JIMHAH MeccHaysPOBCKIX YPOBHEH, CBSI3aHHOE CO Bpe-
MeHeM xusHu. [Ipeonosienye aTuX TpyAHOCTEN JIEKUT
Ha ITyTH UCKYCCTBEHHOTO CY:KEHUsT Mecc6AyIPOBCKUX
JIMHUH, Tog6opa HeOGXOAUMBIX /I HAKAUKH SIIePHBIX
Mepexo/ioB U T. [I.

B nacrosieit pa6oTe Ha OCHOBE aHAJOTUU MEKIY
axcuToHamMn Banbe —MoTTa 11 aToMaMyt TO3UTPOHUS Pac-
CMOTPEHA BO3MOKHOCTb CO3/[aHNsI HeMeccHayapOBCKO-
ro TaMMa-Jasepa.

BosteM MPSIMO30HHBIE TTOJTYTPOBOJHUKOBBIE COE-
munennst CdS, GaAs, ZnS, ZnO n-tuma mpo-
BOJIUMOCTH C KOHIIEHTpaluei 31ekTpoHos N~1017 ™3,
Ecii ux jierupoBath 6eTa-ILI0c-paioaKTHBHBIM 130~
torom Harpust (#2,Na) ¢ xonmenrparmeit N~10"7cy 3,
TO OH, BCJIEJICTBHE MAJIOr0 aToMHOro paauyca (~1,88 A,
6yner mud@yHAIPOBATh IO MEKIOY3IUSIM W UCITYC-
KaTb 1103uTpoHbl (e7) B pesysbraTe peakimm

22 22 +
yNa - > Nete +v,

(1)

rjae Ve — JJIEKTPOHHOE IIefITpI/IIIO;

221 oNe — YCTOIYMBBII H30TON HEOHA, KOTOPDIi, BCJIE/ICTBUE
CBOEH MHEPTHOCTU, ABJACTCA HEUTPAJBbHOU IIPU-
MECbhIO.

Kaxk usBectHo [1, c. 23], M03UTpOHBI B KOHIEHCUPO-
BaHHON cpe/ie Tiepe/l aHHUTUJISIIINEH C 3IeKTPOHAMI TOp-
Mo3sTest o aHeprun <10 3B, T. e. focTUTAOT TPAKTH-
YeCKH TEIJIOBOTO PAaBHOBecHs co cpenoii. Ilpu takom
3aMeIJIEHIH MOKeT 06pa30BaThCs TIO3UTPOHUIT — BO-
JIOPOIOTTOI0GHDII ATOM, COCTOSIIITUI U3 TIO3UTPOHA 1 AJIEK-
TPOHA, IBYZKYIIUXCS BOKPYT OOIIETO TIEHTPA TSXKECTH
[2, c. 82]. Tlo3uTpoHMil MOXKET BOSHUKATH B BO3OYK-
JIEHHOM 1 HEBO30OY K/IEHHOM cocTosTHUSX. CyIiecTByeT
JIBE €TO Pa3HOBUHOCTH — OpTO- (IIPU MapaIe bHONR
OPHUEHTAINHN CIIMHOB) U Mapa- (IIPU MX aHTHIIapaJJIe/b-
Holl opuenTanui). OPTONO3UTPOHUI UMEET BPEMST JKI3-

HU Ha BepxHeM Bo36ykaenHoM yposue 1~1,4-1077 c u
AHHUTHJIPYET 110 CXeMe €'+~ - 3y ¢ U3JIyYeHneM Tpex
ramMMa-KBaHTOB, a lapanoautponuii umeer 1~1,21-10710¢
U aHHUTHUJIAPYET M0 cXeMe e +e - 2y ¢ U3JIydyeHneM
JIByX TaMMa-KBaHTOB. CeueHne 06pa3oBaHUsI TO3UTPO-
HUS O, B CTOJIKHOBEHUAX CBOGO/IHBIX 3JIEKTPOHOB |
MTO3UTPOHOB TPHU MaAJIONl OTHOCUTEJIBHON CKOPOCTU O
paBHo [3]
0,= 128 %0%/3 a2 2010 % em?, )
T/Ie 7 — KJIACCHYECKMIl PAyC DJIEKTPOHa, 7, = e?/mc? =
=2,818-10"13 cm;
— 3apdll 3JEKTpOHa;
— €ro Macca,
— CKOPOCTH CBETa B BaKyyMe;
— TI0CTOSTHHAsI TOHKOIT CTpYKTYpbI, 0=1/137=7,3-1073.
[Ipu v=0c=2,2-10% cM-c™!, ut0 cooTBETCTBYET KMHE-
tudeckoit anepruu ~13,5 3B, ceuenne o6pa3oBaHus 10-
3UTPOHNA B 43 pasa 6oJIbllle CeveHns aHHUTHIIAIMN O,
[2, c. 82]:
0,/0,=43 v%/0%c2.

Qa = o

(3)

Ciie1oBaTeIbHO, MOYKHO OKU/IATh, YTO B OOJIbIIINH-
CTBE CAyYaeB nepes aHHUTUIAIneNl 6y1eT 06pa3oBbl-
BaTbCs MO3UTPOHUIA.

PaccmotpuM o6pasoBaHie TIO3UTPOHUS B TTPSIMO30H-
HOM TIOJIyIIPOBOHUKOBOM coeutenuu, Harmpumep CdS,
€ TOYKHU 3peHus (PU3NKN MOJTyTPOBOAHUKOB. B Takom
KpHCTaJLJIe CYIIECTBYIOT CBOOOIHBIE 3KCUTOHBI (GOJTb-
IIOTO pajJiiyca — SKCUTOHbI Banbe —MotTa, T. €. CBS-
3aHHbIE 0CTa0JEHHBIM B €, Pa3 KyJOHOBCKUM B3aHMO-
JIEiCTBUEM BOJIOPOIOTIOIOOHBIE 3JIEKTPOHHO-IBIPOYHbIE
napbi (g, — craTMyeckas JUIJIEKTPUUECKAS IIPOHUITAC-
MOCTh Kpuctajna). OHM ONUCHIBAIOTCSA yPaBHEHUEM
Bammne [4, c. 36]:

(=h2/2pu0P—e¥/eyr, JW(r, )=

=lE-E,~ 02K%/2(m + m)]¥(r,), (4)

rae h — mnocrosiunas Ilnanka;
M — mpuBeleHHAss Macca 3JEKTPOHA U JIBIPKH, 00pa-
3YIOIUX 9KCUTOH, U =mm, /(m +m,);
mg, my, — 3P QPEKTUBHbIE MACCHI HJIEKTPOHA U JIBIDKH, COOT-

BETCTBEHHO,

E_— 1mupuHa 3ampenieHHol 30HbI OJIYTTPOBO/IHNKA;

g
K — BOJIHOBOII BEKTOP 9KCUTOHA C KHHETUYECKOU HEP-
rueit h2K? /2 (m+m, ).

W3 pemennst ypasaerns (4) MOKHO TOMY4UTh COG-
CTBEHHbIE 3HAYECHUS SHEPTUN HKCUTOHA —
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E=E ~E ~e'W/h’%%1/n+ha+h?K2/2(mtm ), (5)
SHEPIUIO CBA3N UJIN MOHU3AITNN IKCUTOHA IIPU 72 =1 —

AE, =pei/h? € (6)
U PAJINYC 9KCUTOHA
r..=h%g,/ue?, (7

rle n — TJABHOE KBAHTOBOE YHCJIO;
hw, — smeprua ¢omHoma.

ITpoBeieM aHAJIOTHIO MEXKIY SKCUTOHOM Bambe —
Motra n nosutponueMm. bynem cumrtaThb MO3UTPOH B
KPUCTAJLIE JIeTYallTIiell IpKoii ¢ a(hPeKTUBHON Maccoii
my=m,. Torma mo3uTPOHMI MOKHO CINTATh SKCUTOHOM
Banbe — MotTa HOBoOro TiIa (Ha30BEM €ro, HarpuMep,
1no3uTaKC) ¢ aeKTHBHOI Maccoil u = m, /2, sHeprueit
cesasu AE =me'/2h%, u pamuycom 7, =2h%/me*.
OmnTruecknii CeKTp U3AYUEHHSI, €CJIN MTO3UTIKC yCIIe-
BaeT BBICBETHUTHCS 10 AHHUTUJISAIUN B PE3yJIbTATE TIe-
PEXOMIOB B HU3KHUE COCTOSIHUSI BO3OYKIEHUsI, MPe.-
craBJisieT co60il cepuu y3KUX JMHUN TP SHEPTUSIX

hw=E R, /n* +hw, €))
rae R pex TMO3UTAKCHBIN puAGepr, KOTOPBIl MOXKeT
OBITH MOJIyYEeH U3 CIEKTPA aTOMa BOJIOPO/IA.

Ceput TUHAT YKIAIBIBAIOTCS B IUATIA30H [IJTHH BOJIH,
3aHUMAIOIINX YJIbTPAbUOIETOBYIO, BUANMYTO 1 GJIVK-
HIOI0 nHGpakpacHyio objactb crekrpa [2, c. 83]. I1o-
CKOJIbBKY B JJaHHOI paboTe HAC WHTEPECYET AHHUTIIIS-
IUST TTO3UTIKCOB C M3JTydeHIEM TaMMA-KBAHTOB, JI€TAJIb-
HBIM PACCMOTPEHUEM WX ONTHYECKIX CBOUCTB MbI 3aHHU-
MaTbCsl He Oy1eM.

Kak yKas3bIBasIoCh BbIIIIe, KOHIIEHTPAIUS 3IEKTPOHOB
U TIO3UTPOHOB B paccMaTpuBaeMoM Hamu kpucrasuie CdS
N~10'7 cm3, ceuenne o6pasoBanus nosutsxca (¢ yue-
ToM adderTrBHON Macesl B hopmyJie (2)), onpesieisiemMoe
KyJIOHOBCKIM B3aMMOJIEHCTBHEM, O pex=2,6-10‘22 cM? Ha
TOPSIZI0K GOJIbIIIE CedeHHst 00Pa3OBAHNS IIOSUTPOHHSI O .
ITpu TaKUX KOHIEHTPAIMSIX U CEYEHUSIX ATEKTPOHBI 1
MIO3UTPOHBI, TI0 AHAJIOTUH C SJIEKTPOHAMHU U [[BIDKAMHE
(KOTOpBIE CBA3BIBAIOTCS B 9KCUTOHBI), 0OBEIUHAIOTCSI
B MTO3UTAKCHI U 06PA3YIOT MMO3UTIKCHDIN Ta3. OH OyeT
COCTOSITH U3 TIO3UTIKCOB, HAXOISIINXCS B BO3OYK/IEH-
HOM ¥ HEBO30YIK/JIEHHOM COCTOSTHUSIX. B30y K/IeHHbBIE
MIO3UTIKCBI CIIOHTAHHO AHHUTHJIUPYIOT. BOJIbINAst 4acTb
MO3UTIKCHOTO Ta3a GY/IeT COCTOSITh U3 HEBO3GY K/EeH-
HBIX OPTO- U MTAPATIO3UTIKCOB, MOCKOJIBKY BO3HUKIIIIE B
KpucTaJse B pesysbrate peakimu (1) mosuTpoHsl 10 nX
00beIUHEHNS C JIEKTPOHAME HAXO/SAITCS B TEPMAJIHA30-
BAHHOM COCTOSIHUHU. [IpU 3TOM YHCJIO YaCTHI[ B OPTO-
COCTOSTHUU 3HAYUTEIBHO TIPEBBIIIAET X YKUCJIO B TTapa-
cocroguuu [ 5, c¢. 291].

Jlosio cBOGOIHBIX 3JIEKTPOHOB U TTO3UTPOHOB, HE
CBSI3aHHBIX B CBOOO/IHBIE TIO3UTIKCHI, T. €. CTEIIEHD NOHHU-
3a1uu B IO3UTIKCHOTO ra3a B 06pasiie P JAHHON TeM-
reparype, 1o aHAJIOTHHU ¢ IKCUTOHAMHU [ 6] MoskHO o1te-
HUTH C IOMOIIBIO YPABHEHMSI HOHU3AIIMOHHOTO PABHO-
BECHSI

B%/1-B*=1/N(m kT/4Tth?)%2-exp(-AE _ /kT), (9)

rie N — 4HCJI0 371eKTPOHHO-TIO3UTPOHHBIX Map B €IMHUIIE
oObeMa;
k — mocrosinnas BosbiMana;
T — remneparypa.

pex

IIpu T=300 K u N~10'7 cMm3 crenenn nonusain
MO3UTIKCHOTO rasa 3=2%, T. €. B IO3UTIKCHI CBA3bIBA-
fotcst 98% 2JIEKTPOHHO-TIO3UTPOHHBIX TTap. OIHAKO yiKe
npu T=77 K u N~10'7 cm3 B=1,5108% , 1. e. B
MO3UTAKCHI CBS3BIBAIOTCS TIPAKTUYECKH BCE ATEKTPOH-
HO-TIO3UTPOHHBIE TTapbl. [Ipu 6ecrpensTcTBeHHOM /BU-
JKEHUN CBOOOIHBIX HEBO3OYKICHHBIX TTO3UTIKCOB IO
KPUCTAJLTY MX aHHUTHJISTINS C U3/TyI€HNEM TaMMa-KBaH-
TOB MAJIOBEPOSATHA. B TakoM ciydae [T 9KCUTOHOB
BpEMsI JKU3HU OTIPEJIETISIETCST UX PACCEesTHUEM Ha TIOJISIP-
HBIX oNTHYeCcKuX poHoHax [4, c. 44]:

1/t = wy,e?(1/e_~1/e)1/2(m,~m, /m +m, )*(m +m, /h?*)x
xrd [2(m tmy)wy/h13?[exp(h wy/kRT)—1]71, (10)

riae w, — yacrota LO-donona;
€, — BBICOKOYACTOTHASI AM3JIEKTPHUYECKas [IPOHHIAe-
MOCTb.

Kak Buzro nsz popmyarst (10), a1s osurakcos 1/1=0, a
CJIe/IOBAaTEeTbHO, BPEMS JKU3HU T — . OTCIo/a CJeyerT,
yr0 MOHOKpucTawa CdS, jernpoBaHHbIN TO3UTPOHHO-
aKTUBHOMW TIPUMECHIO NP TeMmeparype Huke 77 K, me-
pecTaHeT M3/ Iy4aTh raMMa-KBaHTbI. MOKHO TIpeInoJio-
JKUTDH, 4TO ITO3UTIKC 6y,aeT AHHUTUJINPOBATDH C U3Jay4e-
HUEeM TaMMa-KBAaHTOB, KOT/IA MIPH IBUKEHUU MO KPUC-
TAJLTy OH CTOJKHETCS C TIPUMECHBIM IIEHTPOM, TOYeU-
HBIM Jie(peKToM MM AUCJIoKaIneit. ITOT mporiece o6yc-
JIOBUT (DOHOBOE CITOHTAHHOE TaMMa-M3./IyuYeHHeE.

Ecsin monokpucramt CdS, comep:xaniuii HeBo36y:K-
JIEHHBIIl MMO3UTIKCHBIH ra3, Bo30yANTH 3JEKTPOHHBIM
MyYKOM TaK, KaK 3TO JIEJAETCS B MTOJTYTPOBOTHIKOBBIX
Jlazepax C 3JIeKTPOHHOI HaKa4yKoii [7, 8], To maparnosu-
TOKCHI OYyT AaHHUTHJINPOBATD C U3JTyYeHUEM JIBYX KO-
TEPEHTHDBIX TaMMa-KBaHTOB C SOHEPTUAMN hw:

2h=E +E ~Shwy—2E , (11)
rae £, — TonHas BHYTPEHHAS SHEPTUA MO3UTIKCA,
E=2mc?
E,_ — ero kuneTnyeckas sHepTHS;
Shw, — u36LITOK SHEPTUHU, OTTABACMOI KPHCTa/LIITIeCKOl
pemerke (ucmyckanme GOHOHOB);
S=123.,
E, — oHeprus oTfadyd raMMa-KBaHTOB.

OpTOmo3UTIKCHI 6YAYT BHOCUTH MEHBIITII BKJIA/ B
CTUMYJIUPOBAHHOE TAMMA-M3JIyYeHue, T. K. OHU AaHHUTHU-
JIUPYIOT TPEXKBAHTOBO M KBAHTHI MMEIOT CILJIOIIHOM
criekTp ¢ BepxHeil rpanuueii 102 kaB (¢ yuerom agp-
dbexruHoit Macehr m,=0,2m). [[pyrumu cioBamu, mpu
TPEXKBAHTOBOI AaHHUTUJISAIIUY SHEPTHS KBAHTA MOJKET
MPUHUMATB JTI060€e 3HAYEHUE OT HYJIST 10 MAKCUMAJIbHO-
ro (~102 ksB). OnHAKO NPH SJEKTPOHHON HAKAYKE 3a
CUET PaccesiHUsI OPTOTIO3UTIKCOB HA ONTHYECKUX (DO-
HOHAX BO3MOJKEH Tepexo 1 60JIblIIell X YacTH B Mapa-
MO3UTIKCHI, BHOCSIIINE CYIIIECTBEHHDII BKJIA/] B CTUMY-
JIUPOBaHHOE TaMMa-u3Jaydenne. MIx mMbl u 6yaeM pac-
CMaTpUBATH B JATLHEHTIIIEM.

B IpoIlecce U3JIydaTeIbHOW aHHUTHJISIIIAT TTO3H-
THKCOB MHBEPCHS HACEJIEHHOCTH BO3HUKAET aB-
TOMATHYECKH, T. K. OHU SIBJIIIOTCS GO30HAMM, U OTCYT-
crBue 3ampera llayam 1 HUX [eJaeT BO3MOYKHBIM
HAKOILJIEHNe HEOTPAHMYEHHOTO YMC/IA TAKUX KBA3UYAC-
THI[ HA BEPXHEM BO30YKIEHHOM SHEPTETHIECKOM YPOB-
ne [9]. Paccmorpum aT0 iogpoGHee.
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Bpems :ku3HI BO30Y:K/I€HHbIX TIO3UTSKCOB Ha Bep-
XHEM yPOBHE JI0 aHHUTHISIINH, KaK YKa3bIBaJI0Ch BbILIE,
Gyzner 1~ (107 —1071%) ¢. D10 osnauaer, 4to 1pu MIOT-
HOCTH YMCJIA TIO3UTIKCOB Ha BEPXHEM YPOBHE ~ ~10"7 cm3
CKOPOCTb BO36YKICHMSI TaKOI/I CHCTEMBI JI0JIKHA ObITh
Tpex ™ (102 —10%") em 3.~ . Ilpu stexrpomHofi HaKau-
Kb T0JTy TPOBOJIHIKOB C amepreit BosOys st EY, mior-
HOCTbIO TOKA HAKauKH j ¥ TJyOUHOI TIPOHUKHOBEHMS
5JIEKTPOHOB B KPUCTAJLI d CKOPOCTb TeHepaIuy 3/1eK-
TPOHHO-/IBIPOYHBIX TIap, BO30Y K /IAI0NMIX TI03UTIKChI B
euHMIle 06beMa, OIpe/IesisieTcst cooTHolenueM [7, ¢. 210]

g=iE®/3edE,, et (12)
kortopas 1pu E'=50 kaB u d~5 MxM 6yneT uMeTb BU/I
9=2-10%/E  em-c7! (13)

IockobKy CKOPOCTD BO3OYIK/ICHHS TIOSUTIKCOB G .
MPOMOPITHOHATIBHA ¢, TO MO TOPSKY BEJTUYNHBI (oco-
6enno npu 6oabmux E® u j) ona cormacyercs ¢ yka-
3aHHBIM BbIIle Auana3oHoM. [loaToMy cospanue nepe-
HACEJIEHHOCTU HA BepXHEeM BO36Y>KIEHHOM dHEPTETHU-
4YeCKOM yPOBHE BIIOJTHE peasbHO. BO3MOXKHO, 4TO 13-32
SHEPTUM OTJAaul TaMMa-KBAaHTOB KpHUCTaJI GyaeT pa-
30TpEBATHCS.

O1ieHKH pa3orpeBa KPUCTAJLIOB IPUBOASTCS MIPU UX
JIMArHOCTHKE METOJIOM PAJIMOAKTHBHBIX U30TOIOB (Me-
YEHBIX aTOMOB) M COCTABJISIIOT MPH YKA3aHHbBIX KOH-
nerTparsix ~10°C, a oreHKM pa3orpeBa KPUCTAJIIOB 3a
CYeT HAKAUK! 3JIEKTPOHHBIM ITyYKOM COCTaBJSIOT ~ 3°C,
YTO TIPH TIIYOOKOM OXJTKIEHUHN MCCAETyEeMbIX 06pas-
110B (TeMIepaTypa KUMeHust )KUAKOTO a30Ta, KUAKOTO
reJivst) He OKa3bIBaeT CyIIeCTBEHHOTO BJIMSHUS Ha pe-
3yJIbTAThI 9KcIIepuMenTa. ClieJoBaTeIbHO, HUKAKUX 0CO-
ObIX 9KCIEPUMEHTATBHBIX TPYAHOCTEN [T HAKAYKU Ta-
KOU CHUCTEMBI TIyYKOM OBICTPBIX 3JIEKTPOHOB HE JTOJIK-
HO CYIIECTBOBATh. B 3THX yCIOBUSAX MOKET OBITH J10C-
TUTHYT 3HAYNTEJIbHBIN KOADDOUITMEHT yCUTEHUS.

Takum o6pasoM, IPU AHHUTUJISIIUU TTO3UTIKCOB C
UCITyCKAHUEM OJTHOTO UJIM HECKOJIbKIX (DOHOHOB MOK-
HO TIOJIYYHTD TeHepanuio uaaydenus [8, 10].

lenepartust M3Jy4eHus TOTy4€eHa B CHCTEME CBOOO/T-
HBIX 9KCUTOHOB. JKCUTOHHBI MEXaHW3M TeHepalun
HanboJIee YeTKO MPOSIBJISIETCS B ITIPOKO30HHBIX TIOJTY-
IPOBOJIHUKOBBIX coeJuHeHusaAX Tuna A,B, Ha npu-
mepe CdS u ZnSe [8, 10, 11]. B or/imune oT 9KCUTOHOB,
npu Hakauke (3JIEKTPOHHOMN, ONITUYECKON U T. [1.) TIO3HU-
THKCBI He o6padyiorcs. Cieayer OTMETUTD, 9TO B pe-
3yJIbTaTe 3JEKTPOHHOTO BO30OY KIEHUS TTO3UTIKCHI MO-
TYT HEYIPYTO CTAJKUBATHCS APYT ¢ Apyrom. Ilpm Ta-
KOM CTOJIKHOBEHUU SHEPTUS U UMITYJIbC OHOTO MTO3U-
TaKca Tepenaercs aApyromy. OIUH U3 TTO3UTIKCOB U3-
JIyIaTeIbHO AaHHUTUIUPYET, & APYTOoi JTu6O0 TUCCOIIN-
pyeT Ha 3JeKTPOH U O3UTPOH, a 3aTeM CIIOHTAHHO aH-
HUTUJUPYET, TNOO0 TIepeXoauT Ha 60Jiee BBICOKUT MO31-
TOKCHBIN YpOBeHb. Takoe MO3UTIKC-MO3UTIKCHOE B3aH-
MOJIEIiCTBHE MOKET IPUBECTH K CMEIIEHUIO JIMHUH Te-
Hepaluu B AJIUHHOBOJIHOBYIO 06sacTb. Kak BuHO 13
dopmya (12) u (13), mporecce CTUMYJIMPOBAHHOTO W3-
JIy4EHUST TTO3UTIKCOB 3aBUCUT OT TIJIOTHOCTA TOKA J
BO30YIK/AIOIIETO HIEKTPOHHOTO MyuKa 1 GyJeT mpo-
MCXOAUTD 11PN ] < (KpI/ITI/I‘{eCKOI/I)

Hpuj>j,, MO3HTOKCDI JIICCOIMHUPYIOT Ha CBOGO/I-
HbIE SJIGKTpOHbI U TTO3UTPOHBI, KOTOPbIE 3aT€M CIIOH-

TaHHO AHHUTHJUPYIOT, T. €. MHBEPCHAS HACEJIEHHOCTh
He BO3HMKAeT. ITO MPOMCXOIUT MOTOMY, UTO CyIIe-
CTBYET KPHTHYECKAs! KOHICHTPALNS HEPABHOBECHBIX HO-
cureseit sapsita N, IpU KOTOPOIi 9KCHTOHHOE, a COOT-
BeTCTBEHHO H IO3NTOKCHOE, COCTOSIHIE BOOGIIE He
MOJKET CYNIeCTBOBATh M3-3a CTATHYECKOTO ¥ JWHAMU-
YECKOTO TIA3MEHHOTO HKPAHNPOBAHNSA KYJIOHOBCKOTO
B3aMMOJENCTBUS 9JIEKTPOHOB U AbIPOK (IIO3UTPOHOB).
ITO ABJEHHE TIEPEXO/Ia OT IKCUTOHHOTO (MMO3UTIKCHO-
o) Tasa K 1asMe 9JeKTPOHOB 1 AbIPOK (IO3UTPOHOB)
OJIyYUJIO B JIUTEPATyPe Ha3BaHHe 9KCUTOHHO-TIIIA3MEH-
Horo dazoBoro nepexoga Motra. Kpurepuit Morra
r/r, <(2,5—3,7), rae r=(3/4TIN )1/3 — paccrosiHue
Mesk Iy yactuiamu [12 —15].

B CdS N, ~(2 1017 —2-10'8 ) cm™3 [16]. D10 Co-
OTBETCTBYET KpI/ITI/I'-IeCKOI/I IJIOTHOCTH TOKA HAKaYKM
Jup ~(1—10) A/cm?. Orciofa cieyer, uTo HOJYIpPO-
BOJHHKOBbIE TaMMa- JIa3epbl ¢ HAKAYKOI 5JIEKTPOHHDBIM
MyYKOM OTPAHMYEHBI TI0 MOIHOCTU KOT€PEHTHOTO TaM-
Ma-M3/Ty9eHHSI.

MBI paccMOTpEJIN HJIEKTPOHHYIO HAKAUKY, HO MOYKET
0Ka3aTbCsl, YTO CO3/IaHNe MHBEPCHON HACEJTeHHOCTH B
cucreMe Mo3uTIKCoB Gyaer Gosiee s EKTUBHBIM MTPH
WCTIOJIb30BAHUHU ONITUYECKOIT HAKAUKH.

KaK M3BECTHO, YCJIOBUE WHBEPCHON 3aceIeHHOC-
TH SIBJISIETCSI JINIIb HEOOXOAUMBIM, HO HE J[OC-
TATOYHBIM YCJIOBUEM TOJYUEHUS JTA3€PHOTO M3JIyIeHUS
(renepanum). [locTaTounbM siBasieTcs ycaosue [8, 17],
Kor/a KoapuImenT ycuieHust ay 60.b111e KO3 DUIIHN-
eHTa MoTepb A :

(14)

rae G — HOTE€PpU U3JIYyYE€HUA Ha €ro paccedaHue u 1morJolie-
HHe B aKTUBHOMI cpeae;
ug - [[I/I(l)paKI_II/IOIIIIbIe TIoTepU IIpH BBIXO/€ N3JIyYEHUA
U3 KpPHUCTAJLIA.

PaBeHCTBO oTIpeiesisieT TOPOT TeHEPAIIHH.

Jlns BoinosHeHust yeaosus (14) Heo6XoanMo uc-
MOJIb30BATh PE30HATOP, CO3/IAIONINIA TOJIOKUTETbHYIO
06paTHYIO CBS3b. B O6GBIYHBIX ONTHYECKUX PE3OHATO-
pax o6paTHasl CBSI3b YCTAaHABJIMBAETCS M3-32 OTpaKe-
HISI TeHEPHPYEMOTO U3JTyYeHHsI OT 3ePKaJ PE30HATOPA.
3nech 11es1ecoo6pa3Ho BOCHOIb30BAThCS pacIipe/ieieH-
Holi o6patnoii cesasbio (POC). Ina POC-1asepos 3ep-
KaJla pe3oHaTtopa He TpeGyloTcs, T. K. UX (QPyHKIUN
BBITIOJTHSIET caMa IPOCTPaHCTBeHHast cTpykTypa [8] pe-
NIeTKH Kprctasuia. [Ipn audpakimy peHTreHOBCKITX W
raMMa-JIyueil OTpakaTessIMU CJIY>KaT IIJIOCKOCTU KPHC-
TAJJIMYECKON pemeTKH. JTOT MPOIecC OMMCHIBAETCS
dopmymoit Bysnda— Bperra

020, =0 0,

2dsin® = A, (15)
rie d — pacCTOsHUE MEXK/Ly JBYMsI COCE/IHUMU TLJIOCKOCTSI-
MU
0 — yroa Mex/Iy IaJaioliUM Jy4oM U OTpajkalouieit
IIJIOCKOCTBIO;

| — nopsiiok orpakenust, [=1,2,3 ...;
A — [UIMHA BOJIHBI U3JTy4Y€HUSI.

B namem caydgae POC-na3epa amsi o6ecriedeHust
6perroBckoro orpaskenus Ha 180°, He06X0IUMOTO JJIsT
OCYTIECTBJIEHNS TTOJIOKUATEIBLHON 00paTHON CBSA3H, CJie-
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ayer npunath 8 = 90°. Torga us dpopmyasr (15) mouy-
quTcst AarHa BOHBI A=2d /[ . COOTBETCTBEHHO TITHA
BOJIHBI HYJIEBOU TTPOJI0JIBHOI MOzbI OyaeT A=2d. Xots
pereTKa MOKeT OTPakaTb MHOTO PAa3TMIHBIX TTPOIOJIb-
HBIX MOJI, COOTBETCTBYIOIINX PA3INYHBIM 3HAUEHUSIM /,
BHYTPH TIOJIOCBI YCUJICHUS JIazepa OYET JIeKATh JUTIIb
OJTHA WJIN HECKOJIBKO MOJI.

[Tpu 6osbIIoM K03 DUIIEHTE YCUIEHNST 3HAYEHIS
YaCTOTBI TEHEPUPYEMBIX MO/ 33/IaI0TCS BBIPAKEHUEM
[18, c. 267]

w,=w—(n+1/2)(1c/L),
rge w — 6perr013c1<a;1 qacToTa,

n=2012.;
L — jmHa KpUCTaJLIA.

(16)

Paccrosnne Mexx1y 4acToTaMHu MOJL OIIpe/iesIgeTcCs
dopmy.toit
W, ~w=Tc/L.

. 17)

Wcnoabsoanne POC maeT BO3MOKHOCTD CysKEHHSI
JINHUY TeHEPaIy ¥ YMEHbIIEHUS YIJIa PACXOAMMOCTH
usJayuenns. [IpuMenerre 6perroBcKoi JudpaKii 1e-
J1ecoo6pasHo elre U MOTOMY, YTO TIPU Hell IPOUCXOINT
AHOMAJIbHOE MIPOITYCKAHNE, T. €. TAMMA-KBAHTBI, PACIIPO-
CTPAHSISICh B KPUCTAJLIE TIO/] YTJIOM AU PAKINHT, TIOUTH
HE TIOTJIOMIAIOTCST SIAPAMU aTOMOB PEITETKH KPUCTALIA
[19, 20], a cremoBaTelbHO, YMEHBIIACTCS O » 1 TOpOT
rereparmu. [10CKOJIBKY BBIXO/HBIE XaPAKTEPUCTHKHY JIa-
3€PHOTO U3JIYYEHUs CYIECTBEHHO 3ABUCST OT [[JIMHbI
KPHUCTAJJIA, TO CJIEAYET UCI0Jb30BaTh KPUCTAJLIBI ¢ L
nopsizka 1 cM 1 6oJiee, CKAHUPYSI IO HAM 9JIEKTPOHHBIIH
Y YOK.

Hapsiziy ¢ KorepeHTHbIM raMMa-u3JIy4eHneM, B Kaue-
crBe mo6o4HOro apdexTa MosKeT HaGII0AThCS CIIOH-
TaHHOE TaMMa-, yJIbTpaduoJIeTOBOE, BUAUMOE 1 MH(Ppa-
KPACHOE M3JIyUYeHIe TIO3UTIKCOB, & TAKKE CIIOHTAHHOE
9KCUTOHHOE U3JIyYeHNe B BUIMMOM JUATA30HE, KOTOPOE
MOJKHO HCITOJIb30BaTh [IJIsT OCTHPOBKH Jiazepa. Kpome
TOTO, UMEET MECTO MSITKOE TOPMO3HOE PEHTTEHOBCKOE
U3JIyveHre Bo30ysKAAoIMnX 31eKTpoHOB. OT BeeX aTHX
BU/IOB MMOOOYHBIX U3JIYYEHNI MOKHO, TT0 Mepe HaJJOGHO-
CcTH, H363BI/ITBCH C TTOMOIIbIO COBPEMEHHBIX TEXHUYEC-
KUX CPEJICTB, BBIJESIST TOJBKO My4OK KOTE€PEHTHOTO
raMMa-M3JIyYeHusI.

& ok ok

Taxum o6pasoM, IPUBEIEHHOE BHIIIIE HCCIEI0BAHIE
TIOKA3bIBAET IPUHIIUITAATBHYIO BO3MOKHOCTD CO3/IaHMUST
HeMeccOayapOBCKOTO TaMMa-Jazepa HOBOTO THMA HA
OCHOBE€ ITPAMO30HHDBIX MMOJIYIPOBOJHUKOBDIX COCIUHE-
Huii. [Ipeamaraercst ncnosb3oBaTh CaeyONINE TEXHO-
JIOTUYECKHUE ATATBI TIOJTyYEHUsT TAKOTO JIa3epa.

1. JlernpoBanue MpsMO30HHOTO TI0yTIPOBOIHIKOBOTO
coeurentst, nampumep CdS, mo3uTpOHHO-aKTUBHON TIpH-
Mecblo, Hanpumep 22, Na, 10 komuentparym ~107 em™>.
IIpu 6OTBITHX KOHIIEHTPAINAX, UTO CICAYeT U3 KPUTE-
pus MoTTa, 51eKTPOHbI U HO3UTPOHBI He GYIYT CBA3bI-
BaTbCS B TIO3UTIKCHI.

2. OxnaxaeHne NCCaeyeMoro KpucTasima HixXe TeM-
nepaTypbl KUTIEHUS JKUIKOTO a30Ta, YTOOBI BCE AJIEKT-
POHBI U TIO3UTPOHBI CBSI3AJUCH B [IO3UTIKCHI.

3. Vcnosb3oBanue pe3oHaTopa pacipeleseHHOM
06paTHOI CBSI3U [T TaMMa-U3JTyYeHusI.

4. Bos6y:x/ieHne CICTeMbI TO3UTIKCOB B KPUCTATLIE
CdS 1og06HO Oy IPOBOHUKOBBIM JIA3EPAM C JJIEKT-
POHHOI WJIM ONITUYECKOI HaKauKoii [7, 8].
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