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JociixxeHHs epeKTUBHOCTI reTePHUX TEXHOJIOTIN B CTPYKTYypax
apCeHiay rajiro
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B kpewmniesiii TexHonorii ¢opmyBanHs crpykryp BIC st 3minu edextuBHOI aii rerepa KuUIBKiCHONO
XapaKTePUCTUKOIO-TIApaMeTPOM BH3HAYCHUH PICT 4acy JKHMTTS HEOCHOBHHMX HociiB 3apsimy [1]. Ile BimmoimHO
JI03BOJISIE TIPUPIBHIOBATH MO Mii TAKOXK KUIBKICHUI XapakTep, 3a JI0MOMOI'O0 SIKOI0 MOXKHA OLIIHIOBaTH €()eKTHBHICTh
IIiT TeTepHUX TEXHOJIOTIH 110 BiJHOILIEHHIO JI0 apCeHiy raiito. TakuM mapaMeTpoM BHOpaHa XOJUTiBChbKA PYXJIMBICTh
HOCIiB 3apsany. JlaHi JOCIIDKEHHS € 0COOJIMBO aKTYaJbHHMM ChOTOAHI IPH BU3HAUYCHHI TEXHOJIOril (hOpMyBaHHS
camocymicHux K-MOH-cTpykTyp Ha emitakciiiHOMy apceHifi raiito.

Kirouosi cioBa: Apcenin raniro, HBIC, TexHonoriuauii nporec, X0JUTiBCbKa PyXJIHBICTh, XOJJIOTPOH.
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Beryn

ApceHiZ ramilo — OAWH 3 BAXIMBUX MarepialiB
Cyd4acHOI  HaNiBIPOBIAHUKOBOI  MIKPOEJIEKTPOHIKH,
30KpeMa, JUIsl TAKUX KPHUCTAJIIB, SIK CBITJIOBHIIPOMiHIOOU1
i JazepHi giogy, ¢oTonpuiiMadi, GUIBTPH i MOAYISITOPU
JIA3EPHOTO BUIPOMIHIOBAHHS, COHSYHI CJIEMEHTH 1
Oarapei, cyOmikponHi 1m¢poBi 1 HBU-iHTerpanpHi
MikpocxeMu. B maHili cTaTTi HMOAAOTHCSA TOCTIIKEHHS
JUTsl BU3HAYEHHS €DEKTUBHOI il reTepHUX TEXHOJIOTiH Ha
apceHigl ramito npu  QopmyBaHHI  CyOMIKpPOHHHX
camocyMmicHux ~K-MOH-BIC. Takum mnapamerpom
BHUOpaHa XOJUTIBChKA PYXJIUBICTH HOCIiB 3apsy.

GaAs Mae psia Qi3MYHUX | TEXHOJIOTTYHHUX TIepeBar B
nopiBHsaHHI 3 S 1 G€, a y BUINIAAI emiTakCiiiHUX ImapiB
Ma€e OUIbII BHCOKI €JIEKTPHYHI TapaMeTpH, HIK
MOHOKPHCTAJIIUHUI apceHiJ ramito. Benwka mmpuHa
(DE, =1,42eB) i
pyxiuBicts enextponis (>6000cm¥/Bc), a TakoXk BHCOKA
OITHOPIMHICTh emiTakciiHuX MmTiBok GaAS BKa3yiOTh Ha
BU3HAYAIBHY IX pOJb Y BUPOOHHUITBI KIACHYHUX 1
KBaHTOBHX HAITiBIIPOBITHUKOBUX TIPUIIAIIB Ta
CyOMIKpOHHHX IHTETpaJIbHUX cXeM, B Tomy uuciai HBY-
niamazony. Ilpore oHMM i3 3HAYHHMX 3aBaJl Ha LUIIXY
LIMPOKOTO BUKOPUCTAHHS HAIIBI30JIIOI0YOrO apCeHimy
Tajiio € HU3bKA SKIiCTh MiJKJIJ0K Ha iX OCHOBI: BHCOKa
HJIBHICTE JIACTIOKAIIIH, HEIOCTaTHA IaAKICTh
nomipoBaHoi TOBepXHI 1 Judy3is 3aIMIIKOBUX 1
JIETYIOUHX JIOMIIIOK i3 MiIKITaJKH B €MITaKCIiHY IUTIBKY,
HH3bKa TEIUIOMPOBIJHICT Ta MIIHICTh.[2, 3]

ITpoGiieMa BHUKOPUCTAHHS TOHKHX ILTiIBOK (OIHHHII
Ta JecATi JI0Ni MIKpOHA) eMTaKCiHHOTO apCceHimy ramito

3a00pOHEHOT  30HH BHCOKa
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JUTSL TIPUWIAJIHAX CTPYKTYP 3BOAUTHCS IO PillIeHHS 3a1adi
M0 YCYHEHHIO BIUIUBY IIEpEXiJHOrO0 IIapy Mix
MAKIAJKOK Ta EMTAKCIHHOI IUIIBKOIO, III0 MAac Micle
HaBITh y BHWIIAJKy IIOBHOTO CHIBHAJiHHS IapaMmeTpiB
KPHUCTAJIYHUX TPATOK ITiJKJIAJKH 1 eIi-IUTiIBKH, 30KpeMa B
crpykrypax tuny N-GaAsi-GaAs. Taka mnocraHoBKa
3ajaul BUMarae po3poOKH BHCOKOE(EKTUBHUX T'€TEPHHUX
TEXHOJOTIM JUIS apceHily Tallil0 Ta BH3HAYEHHS
mapaMmeTpy, 3a JOIOMOIOH SKOI0 MOXHA KiUJIBKICHO
BU3HAYUTH, a 3HAYUTH, 1 MOPIBHIOBATH €(QEKTHBHY [iI0
pI3HUX TeTepiB, SK [Ie Ma€ Miclle B KpPeMHii Ha OCHOBI
TECTOBOT0 KOHTPOJIIO. [6, 7]

B  3amexHocti Bim  cmocoby  (opmyBaHHS
eMITAaKCIHHMX IUTIBOK Ta JOCMITaKCiiiHOI 00poOKHU
TOBIIMHA TMepexigHoro mapy nocsirae BennmunHu 0,5-
1,2 MKM, 10 CYTTEBO OOMEXYE BUKOPUCTAHHS HAHOLIbII
MEePCIEeKTUBHUX IUTIBOK 3 Maioro ToBummHOW d. A
TECTOBOIO CTPYKTYPOIO, 3a JOIMOMOIOI0 SIKOi JIErKO
BU3HAYUTH XOJUIIBCBKY pPYXJIHMBICTh, WIO BH3HaYae
IIBHKO/II0 iHTErpanbHUX CXeM, € CTpyKTypa Xomia. Ii
1€ HAa3WBalOTh XOJJIOTPOHOM. B neBHOMY HaOIIKEeHHI
JUIE  XOJUIOTPOHIB 3 BHCOKOI YYTJIMBICTIO MOXHa

BBakaTH, WO Hampyra Xomia V, I —. Came 3a

PaxyHOK TMEpeXiHOro Imapy OiIsd caMoi IIiJKIaIKH
PYXJHMBICTH  €JNEKTPOHIB  PI3KO  3MEHIIYETbCA 1
MOSIBIISIETHCST HENTIHIWHICTD B 3aJIGKHOCTI HANIPYTU XO0Juia
BiJ MAarHiTHOL THIYKITIT. Taxi XOJUIOTPOHU
BUT'OTOBJIIOIOTH OC3KOpPIYCHOMY  BapiaHTi  Ha
May4KOBOMY HOCIi.

BupimansHy ponb y 3MEHIIEHHI MepexiJHOro miapy
d Bimirpae miArOTOBKA apCeHIATATi€BUX MiAKIATOK IO

B
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EdexTuBHICTS TeTepHUX TexHOMOTIH B GaAS CTpyKTypax

emiTakciiHoro  pocty. Mwu  BHKOpUCTaNM  HaOip
TEXHOJIOTIYHUX IMPOIECIB i3 KPEMHI€BOI TEXHOJOTiI, a
came:

00pOoOKy B pO3uuHi Kapo
(H,SO,:H,0,:H,0=4:1:1), sxa 3a6esneuye
SKICHY ~OYHUCTKY MIKIaAKA BiJ  OpraHIiYHHX
3a0pyIHEHb;

00poOKy y BOIHEBIH IIa3Mi, siKa BiIHOBJIIOE BCI
OKHCIIY 3 TIOBEPXHI IMiKJIaIKH,

JIOEMITaKCiiHy 00pOoOKY B XJIOPUCTOMY BOJHI IS
OYMCTKH TOBEPXHi BiJ MeTaNeBHX JOMIMIOK (3

. . [0}
TOUKOIO pocH rasis He Ginbure -72°C).
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TemrepaTypu Bianamy miast eHeprii E=100eB 1 mosm
J1=25 mxm/em? (mapis B (kpusa 1) i BF,™ (kpusa 2)).

T, °C

3aJIe)KHICTh 130JIF0OFOYOT 0 BiJ

[IpobnematnunuM OyB BHOIp TexHoJoOrii, sika O
3a0e3redyBajia OTPUMAaHHS SKICHOI HAIiBi30JFOHOYOT
apceniaramieBoi miakmaaku. JIo BimoMux crocoOiB, sKi
JIO3BOJISIIOTh ~ YCYHYTH — BIUIMB ~ TEPEXIJHOTO  Imapy,
BITHOCATBCS Oe3mocepenHno yeryBanus GaAs B mporieci
BUPOILIYBaHHS 3JIMBKIB XpOMOM, 4M HaBmaku. J[o Takux
€JIEMEHTIB BiTHOCATH KpIM XpOMY, iHAIN, KHCEHb, OOp.
Mu B CBOIX EKCIIEpUMEHTaX BUKOPUCTAIM TEXHOJIOTIIO
faraTo3apsaHOI iIMIUIAHTAL], K ABO3apAIHMX ioHiB B,
Tak 1 Monekynapuux ionie BF,” i3 kpemmieBoi
texHonorii. TakuM 4YWMHOM, IS EKCHEPUMEHTY MH
BUKOPHCTAIM TMiJIKIaJIKH apCeHiAy Tajiio, JIEroBaHOTO
xpomoM (GaAs<Cr>) Ta Taki X MiIKIAJKH TOJATKOBO
neropani BF,”, npu emeprii E=100MB i nozi J =
5 mxm/eM?. [1,7]

[Mapamerpu TECTOBHX CTPYKTYp Xomna
(XOIIOTPOHIB), BUTOTOBJIEHHX HA Miakinaakax GaAs<Cr>
MIOPIBHIOBAJINCH 13 TIapaMeTpaMH JI0JaTKOBO JIETOBAaHHX
0OpoM, MO0 TIOKpallye KOMIICHCAII0 JOMIIIOK B
HAITIBI30JIIOI0YOMY apCeHii rajilo, a 1e NPUBOAUTH IO
3pOCTaHHs IMOBEPXHEBOro omnopy (puc. 1) i 3MeHIeHHs
TeMmmnepaTypu BiJmamny. OcTtaHHe JIO3BOJISIE
BUKOPHCTOBYBATH BKe MBUIKUHA (hoTOHHUH Bigmai. [Ipu

03ax 1o 1,25'1013 om? p, mpuiiMae 3HaueHHs Oinmblue

10° OM/W, a TpU 3POCTaHHI J03U JO 1,85'1014CM'2
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TIOBEPXHEBUH OIIp 3MEHIIYEThCS BXKE OO BEITHYHHU
10° Om/W.
BUKOPHCTOBYBAaTH JIBO3apsJHI 1OHH, $IKi JO3BOJISIOTH
3MEHILUTH K €HEprilo, TaK 1 703y iMIUIaHTalil B 2 pa3u.
Takmii  pexxuM  IMIUIAHTaIlii  3MEHIIYE  TOBIIUHY
MIepexiIHOro Iapy Maike Ha MOPSIOK.

Tomy B 1pOMy TUIaHI  HEOOXITHO

|. ®Di3UKO-TeXHOJIOTIYHI JOCTiIKEeHHS
XOJTIBCHKOI PYXJIMBOCTI B TECTOBHX
CTPYKTYpax apceHiay rajiro

BenuunHa nepexiTHOro mapy MiX apceHiqraiieBo
MIJKTAKOI0  Ta  CMIi-IIApOM  apCeHiay  Tralliio
BH3HAYAETHCSA HE TUIBKU SKICHOK XIMIYHOIO OOpOOKOIO,
aje 1 caMMM TIpOIECOM emiTakciiiHoro pocry. s
emitakciiiHoro pocry GaAs icHye 0araTo MeToJiB, cepen
SKAX MOYXHA BHJIUTUTH METOJ aTOMHO IIAPOBOI eITaKCii,
110 103BOJIsAE popMyBaTH Oe3ae(heKTHI emiTaKCiHHI mapu
NPy HU3BKIH TeMmrepaTypi pOCTy 3 BHUKOPHCTAHHAM
ekcimeproro  (KrF) masepa. Meron pimkodasHol
emiTakcii B [bOMY IUIaHi € MEHII pUBa0IuBHid. [2,3]

Monomapu GaAS MoXHa BHpOILIYBaTH TaKOXK
METOAOM razogazHoi ermiTaKcii i3 mapis
MeTajoopraniuHux cronyk. [Ipore mel mMeron BUMarae
CTPOroro KOHTpPOJIO IapaMerpiB mpouecy. Meron
aTOMHOI IApOBOi emiTakcii, SKUHA € CTUMYJIbOBaHUH
BUIIpOMiHEHHSM ekciMepHoro KrF nasepa, B 3HauHii
MIpi CIIPOIIy€e TEXHOJOTIYHUI MPOLEC OCaPKEHHS, SIKUH
CTa€ TEXHOJIOTIYHO KOHTPOJBOBAaHHM. PaxyeThbcs, 10 B
OMY TIpOIlECi iCHye JIBa MeXaHi3MH [il Ha aTOMHY
IIapOBy €MiTakcilo mpu (OTOHHOMY OIPOMiHEHHI:
MIEPIIMNA — MiICHITIOE PO3KIIAJ] Taliii MICTKHX ancopOatiB
i3-3a mepexony (OTOHHMX HOCIIB Ha moBepxHio GaAs, a
JIPYTHA — TIOCWJICHHS PO3KJIJy BHACITIJIOK HOTJIMHAHHS
(OTOHIB caMUM a/1cOpOaTOM.

KiF

(24 Brn)

[1%)

SF;
H

AsHjy
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h

10
7

Puc. 2. Cxema yCTaHOBKH JIJIsl aTOMHOIIAPOBOI €MiTaKCil
GaAs.

Ha puc. 2 moka3zaHa cxema eKCIEPUMEHTAIbHOI
ycranoBku it AIIE, ne 1 — BikHo; 2 — excimepruit KrF
naszep; 3 — Bakyymmerp; 4 — GaAs migkinaaka; 5 —
KpioreHHuii Hacoc, 6 — HarpiBay; 7 — (OopBaKyyMHHUH
Hacoc, 8 — nmudysidHuil Hacoc, 9 — mmbep; 10 —
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TypOOMOJIEKYIISIPHUI Hacoc.

B pom razomomiOHuMX JpKepen — BHUKOPHUCTaHi
tpumetmwiraiii (TMG) Ga(CHa)s, apcen (AsH;z — 10% B
H,) ta eneras (SFg). BoiaeHb BUKOPUCTOBYIOTH SIK Ta3-
HOCI 1 BIJHOBJIIOBaY OKCHJIB. PeakTop mpeacraBise
co0OI0 BEPTHUKAIBHUN IIWIIHAP 13 HEPXKaBilOUoi CTali.
Bin cnpocroBanuii Tak, mo0 MiHIMI3yBaTH KOHBEKIIIO
ra3oBOro IOTOKY. HarpiBHUK mNpu3HaueHWH s
migirpiey GaAs-ninknanok. [igxmangku GaAs opieHTarii
(100), meroBani XpoMoM, 4acTKoBO MackyBamuch SiO,,
OCa/DKEHUM B PEAKTOpi ITOHMKEHOTO TakTy THUILY
“I30TpOH” IS KOHTPOIIIO TOBIIMHU IUTiBOK. [TonepeqHpo
IUIACTUHH  Tiepen  0arato3apsiTHOI0  IMIUIAHTAIli€l0
npoxonmiu o0podky B cymimi Kapo ta Bignani Hy+HCI.

TMG i1 AgH3; momepeMiHHO MOTABAIKMCh B 30HY
ocaypkeHHst GaAs. 1li ra3oBi NOTOKM MiJirpiBajuch
BOJIHEM, II00 3MEHIIMTH IepeMilnyBaHHs ra3i. OmuH
LMK EHITAaKCIMHOrO  OCaDKEHHSA  CKIAJa€eThbesd 13
MOCTIIOBHOCTI  5-X TasoBux iMmyibciB: AsHz, Hp,
TMG(i)H,, SFs i H,. TpuBamicTh KOXHOTO iMITYNIbCY
Oyna 2 CeKyH/H, a MBHUIKICTh TOTOKY XpOMY Y BOIHI —
25 cm’/xB.

KinekicTb ar.
IIAPIB/LHKT

T, °C

500

O 3

450 50
Puc. 3. TemmepaTypHa 3aJeXHICTH POCTY aTOMHHX

mapiB Ha 1 HUKII IPOIIECY eMiTaKCIHHOrO POCTY.

5

Hanigizomtoroua i GaAS-mijikiiaika onpoMiHIOBaIach
3a JomoMoror ekciMepnoro unasepa KrF. Jlazepne
BUIIPOMIHIOBAJIOCH ~CHHXPOHHO 3 BBEJCHHSIM  BCIX
ra3oBUX TOTOKiB. [loTyKHICTH  BHUIPOMiHIOBaHHS
cknagana (15-20)-10° [x/cm?, a WBHAKICTH TOBTOPEHHS
immysbecie — (80-100) B cekynay. TpHuBaIicCTh iMITyNbCY
ckmagana 15Hc. Ilpouec emi-pocty BimOyBaBcs Npu
ticky 1,3-10°Tla. Takuii mymbCYIOUHil DPEXHM HAMH
BUOpaHWi 13 KpPEMHI€BOI TEXHOJIOTII MpU OCaKeHHI
JIETOBAHOTO MONIKPEMHII0 Ha ycTaHoBII “[30TpoH”.

Ha puc. 3 mnokazaHo 3MiHy LIBHIKOCTI pOCTY
neroBaHoro N-GaAs 3a muki sk (QYHKIIT TeMmIepaTypu
OCa/DKEHHSI TIPH OJJHOYACHIN Mii eKciMepHOro Jjasepa.
Taka moBXHMHA XBWIJII €KCIMEPHOTO Ja3epa BHOpaHa Uis
3a0e3neueHHs] e(EeKTHBHOTO PO3KIIaJy METaiorpaHiuHIX
cronyk Tpumetwiraiiro (TMI).

Ha puc. 3. BBeneni noznauenns: 1 — moHomap; 2 —
emi-piCT TP JIa3epPHOMY OIPOMiHEeHHi; 3 — picT 0e3
ormpomineHHs: JnazepoMm. IlBumkicte moroky TMI
cknanana 1,83 cm°/xB, a AsHs y BomHi — 25 em/xB, SFs—
0,3 cm/x.

[Ipu ompomiHeHHI MOHOIIAPOBHI PICT JOCATaBCS B
OLIBII IIMPOKOMY TeMIlepaTypHoMy iHTepBai Bij 470°C

no 525°C B mopiBHsHHI 3 TepmiunuM (kpuBa 3). Jlist
JIa3epHOTo OIPOMiHEHHS Ha PO3IIUPEHHSI
TEeMIICPATYPHOTO  IHTEpBAy MOXE 3yMOBIIOBATHUCS
TaKUMH MPOIIECAMU:
JI€F0 TeMIepaTypu IiaKIa Ky,
CMiByJIapaMU PEAaKTHBHHUX YAaCTHHOK SIK aTOMaMu
rayito ipu ¢oromizi TMI B razosiii ¢asi;
posknanom Ga-micTkux ancopbati npu (HoTomisi;
MPUCKOPEHHSM JICTYFOUO1 TOMiIIIKH.
BusHaueHHs1 il KOHKPETHOTO MpoIecy MmoTpedye

MEBHOTO  YTOYHEHHS  JAaHOI  EeKCIepUMEHTAJIBHOI
METOJIMKH.

Takuit eriTaKCiiHUH picr JIETOBaHUX
apceHirayieBUX ImapiB N-TUIMy BinOyBaeTbcs TpHU
HU3BKIM  TemmepaTypi, 1m0 3a0e3medye  BHCOKY

OJTHOPIZHICTh CTPYKTYpPH IUTIBKM 3 MajJHuM TNepexiTHUM
IIAPOM ITiJ[ eMi-IDTiBKOO Ta ITiIKJIaIKOFO.

Taoauus 1
[oBepxHeBmii I'ycruna
Bun OpienTaris OUTOMMIT  omip, | AMCIIOKALIMH,
ps,OM/W NH,CM'2
I (100) 8,5-10° 1,5-10°
il (100) 4.2.10° 2,3-10°
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Jlpyra YacTMHa HalmIMX JOCHIPKEHb IPUCBSIYEHA
BUSICHEHHIO BIUIMBY JICT'YBAaHHS MiJKJIaJKH Ta BETHYHHU
MepexiIHOro mapy Ha XOJUIIBCBKY PYXJIMBICTH HOCIIB
3apsamy. Jus 1mporo Oyiau BUKOPHCTaHI JBa BUIU
TectoBux cTpykTyp Xomia (I i 1l) Ha ocHOBI emiTakCiiHOI

CTPYKTYpH NGaAs-iGaAs, SIK1 BiJIPi3HAIOTHCS
MaTepiajiom HAITiBI30JTFOI0YHX T JIKJTA TOK i3
MoHOKpucTaimiuHoro  GaAs.  [lns  Bapianty [

BUKOPHCTOBYBAJIACh MiAKIAAKa i3 MOHOKPHCTAJIIYHOTO
GaAs, neroBaHoro xpomom, a aist Bapianty II — mi x
migrangkd i3 GaAS  TIIBKM  J0JAaTKOBO JICCOBaHI
GaratozapsaaHolo iMmanTtamiero Gopa (BT, BF™).
[NapameTpu HamiBizomorounx migkiaanok GaAs, ski
BUOpaHi U €KCIIEPUMEHTAIBHUX JAOCIIKEHD € TAKMMHU

(Tabm. 1).

Enitakciiini mapu Oyau OTpUMaHi  METOAOM
razodasHoi  JasepHoi  emiTakcii  (aTOMHO-IIApPOBOI
emiTakcil)  omucaHoi  Burie.  TOBHIMHA  TakWX
eIiTaKCIiHUX apis CcKJIazasa 1,85 MM 3

KOHIIHTAIIi€l0 enekTponiB Ha pisHi (1,5-5)-10®cm™ i

pyxnmBicTio HociiB [, =5200-6300 cM?/B-c.

6)

Puc. 4. TectoBa CTpyKTypa XOJUIOTpOHA: a) IS
BUMiproBaHHs Hanpyru Xomia Vy; 6) uisl BUMipIOBaHHS
MarHiToonopy R.

Ha nux mmactuHax Oyna BHUTOTOBJIGHA TECTOBA
CTPYKTYpa y BUIISAI CHMETPUYHOTO XPECTa 3 pOo3MipamMu
.. . 2 .
aktuBHOI obmacti 0,95x0,3 Mm“ (puc. 4,a). TexHoioris




EdexTuBHICTS TeTepHUX TexHOMOTIH B GaAS CTpyKTypax

(OopMyBaHHsS TECTOBHX CTPYKTYyp Oyia B3sta Hamu i3
KpeMHi€eBOI ~ cyOMikpoHHoi — TexHomorii  [7]. [ns
OTPUMaHHS OMIYHHMX KOHTAaKTiB BHKOPHCTOBYBaBCS
ciaB  cpibno-inmifi-repmaniii  Ag-In-Ge, HaHeceHwmi
BaKyyMHUM DPO3NWICHHSIM 13 AMOOPAHOBOTO THIJIS.
BunantoBaHHs KOHTakTiB 3ailicHoBasock nipu T=450 °C
B armocdepi aprony mporsrom SxB. Ilicis
CKpaiiOyBaHHS 1 JIOMKH KPHCTaJliB 3 TOTOBHUMH
NPWIAAHUMH ~ TECTOBUMH  CTPYKTYpaMH  OCTaHHI
MOHTYBAJIICh Ha TWOMIIMIIHUA naydyok. Buomm 0
KOHTaKTHUX  IUIOMIAJIOK MNPUETHYBAIUCH  METOIOM
yABTPa3BYKOBOI 3Bapku. BHMIpIOBaHHS XOJUTIBCHKOI
HANpyry 3AiHCHIOBAIOCH 3TiQHO cxemu (puc. 4,0).

BrumB  HamiBizomorounx migknmagzoxk I i I Ha
ENEKTPUYHI  MapaMeTpu  CQOPMOBAHHX  TECTOBHX
CTPYKTYp BU3HauyaBcsi B pexumi ctpymy / = S5MA Ta

MmarHiTHOI iHAyknmii B = O0,5Tn. Takwmii pexum
3a0e3nedyBaB XOJUIIBCBKY UYYyTJIMBICTH Ha PiBHI Y =
150 B/A-Tx.
V,, mB R, Om
=+2000
1600 =
1200 =+ 3
= 1000
800 = 2
Ry, R 4
400 +
1
4 + + B, Tn
0,25 0,5 0,75 1.0
a)
Vy, mB R, Om
T2000
1600 +
1200 + 3
R, R
& +1000
800 = 2
400 +
1
+ + t B, Ta
025 0.5 0,75 1.0
6)

Puc. 5. 3anexnicts Hanpyru Xomia Vy i Marsitoonopy R
BiJl 3MiHM MarHiTHOI IHAYKIII B Il TECTOBUX CTPYKTYP:
a) [; 0) IL.

Ha puc 5 mnsa tecroBux crpykryp I i Il BignosimHO
nojaHi 3ajexHocTi Hanpyrd Vi s 3-X  3Ha4YeHb
YIIPaBJSIFOYOrO CTPyMYy [, @ TakoXX MAarHiTOOIOpY Bif
BEJIMYMHA MATHITHOI IHAYKINI B Jdiama3oHi 1HTYKITT
0+1Tn, sike BUMIpPIOBAJIOCHh 3a JOIMOMOTIOIO IH(POBOrO
Tepaomerpa ¢ipmu “Systron Donner” (mozens 3102A).

Jlani  XapakTepUCTMKM  3HATI NP KiMHATHIH
TEeMIIepaTypi.
binpm  BUCOKa  JIHIWHICTE @  3aJI€KHOCTI

I
V, =y (B) IJI TECTOBMX CTPYKTYp Tumy I Bixke

criocrepiraerbess sl cTpymy [ 10 MA, mo Bxe
neMoHCTpye puc. 6. B Tolf ke wac i1 TECTOBOL
cTpykTypu Il Mae MicIie BUKITFOUHO BUCOKA JIIHIHHICTD B
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1
3aJaHoMy Jiana3oHi MarHiTHOI inaykuii B i e maibke
OJIHAKOBOIO A iMIUTaHTaNiiHuX ionis B™* ta BF,™. 1le
3HAYUTH, 0 BEMTMYMHA TIEPEXiHOrO MAapy Ul CTPYKTYp
Il € MeHImIOW i TNPAaKTMYHO HE BILIMBAE HA 3MiHY

CTPYMOIIOTOKY.
V, mB

14004
10004
600 4

200+

V;, mB R, Om

170
1100
160
T 9200

=700

130+

120
+= 300

100 + +

Puc. 6. 3anexuicte mis TecroBux crpyktyp I i II: a)
Hanpyru Xomna Vy Big ympasistouoro crpymy I (B =
0,2Tn (1), 05Ta (2), 1,0Ta (3)); 06) TemmepaTypHa
3ajexuicts Hanpyru Xomna Vi (1,2) ta marnitoomopy R
(3.49).

I
Heniuiiinicts 3anexnocti Vy =Yy (B) KiJIBKiCHO

MOXEC 6yTI/I BH3HAY€HAa Ha OCHOBI BHpasy.

__Vv.(B)/B

"V, (0,1)/01

HeniHiiHICTh XOUTIBCHKOI HANIPYTH () JUISI TECTOBHX
crpykryp 1 i II obuncnena 3a dopmymnoro (1) mis aBox
1 1

X400% )

3HayeHb MarHiTHOI igykuii B, = 05Tni B, = 1Txn
BIANOBIHO ckianae: mis [ — g1 = 4%, ¢, = 13,3%; s 11
—p1=0,8%, ¢, = 1,2%.

Marsitoomip TecroBux cTpykTyp I i I 3miHIO€TBCH 13
3MIHOIO MarHiTHOI iHAYKIII 3TiHO BUpa3y:

R=R,(1+MB?), @
0 BUpa)xkae MarHitope3uctuBHui edekr. s
tectoBux crpykryp 1 1 Il wmarnitope3ucTuBHMIA
Koe]iIlieHT BIJIIOBIAHO piBHUI M;=0,28 TJ'IZ,
M;=0,58 Tn.
3Hatoun Hanpyry Xojuia, Ha OCHOBI BUpa3y:
1B
V=R, —, 3
d
ne d — ToBmmHa emiTakciliHOro N-mapy, MoXHa



C.II. HoBocamnuii, C.M. Mapuyk, }0.B. Bo3nsk, T.P. Copoxreit

BusHaunTy crany Xomwia R, i gepes pyxausicts Hociis

crpymy M), .

Sk 1 y BCiX HamiBIIPOBIIHUKOBUX IPHJIAJIB, OIHIEIO
i3 HaWOLIbII BAXKJIMBUX XapaKTEPUCTUK TECTOBHX
CcTpykTyp Xola € iX TeMmIepaTypHa CTaOUIbHICTb.
Hanpyra Xomna Vi 1 marmitoomip R o000x BuIIB

JIOCHI/DKYBAIUCh 3~ BHKOPHCTaHHSIM  KpiocTara B
1

marHiTHoMy moini B = 05Tn mpu 7 = 2MA s

HEJIOyIICHHS ix TieperpiBy. [pu BOMY

TEpPMOCTa0UTBHICTh TECTOBUX CTPYKTyp Buny Il mpwm
temnepatypax >100°C e xpamioro, 00 TeMIiepaTypHHA
koedinient mpu 7 = 150°C wmaibke Ha TOpSANOK €
MeHIIMM. Hikde mopatoThest TeMmneparypHi kKoedilieHTn
XOJUTIBCBKOI HAmlpyr#, sIKI pO3paxoBaHi IS TPbOX
TEMIIEpaTyp 1 MalOTh HACTYITHI 3HAYEHHSI

TemmepaTypHi koedimientn, Vy, K7

T -50°C 20°C 150°C

I 6,8-10" 54-10° 5,8-10"

11 3,2:10" 1,110° 6,7-10°
TemmnepatypHi Koe(illieHTH MarHiToOnopiB

tecroBux cTpykryp 1 i Il € Onm3pkumu i CKiIamaroTh
2,4-10'3 Ta 2,1-10'3 K Bigmoinmo. 3anumkosa Harpyra
Xomna Vy(0), sixka Mae micuie mpu BiACYTHOCTI 1HIYKIGT
MAarHiTHOro moJs i sika omiHoeThes K Vi(0)/Vy(0,5) y %
ckiagana s tecroBux crpykryp 1 i 11 Bigmosinuo 4,7%
ta 1,1% BignmoBigHo. PyxnuBicTh HOCITB 3apsgy y
tectosiit crpykTypi II 36imbmyerses go 8200 cm”/Brc
npori 6100 cM?/B-¢ y TecToBiii crpykrypi 1.

Takum uymHom, TC 'y BuUIJSIII  XOJJIOTpOHA
3a0e3meuye  SIKICHUA Ta  KUJIBKICHUA  KOHTpOIb
reTepyIOUUX BIACTHBOCTEH B apCeHiAralieBiii TEXHOIOTIT

¢dopmysanus ctpykryp BIC.

BucHoBkn

XO/UTOTpOHH Ha OCHOBI CMITAKCIHHUX aTOMHO
LIapyBaTUX CTPYKTYP apCeHiay rajiro i3 MmiJKIagKol Ha
HamiBizomorodoMy GaAS IMIUIaHTOBAHOTO i0HaMU OOpy

[1]

JElectrochem. Soc., V.134, Ne3; —p. 711-714 (1987).

[2]

MaloTh OUIBII BUCOKO CTaOUIBHI — MapameTpu B
TIOPIBHSHHI 3 XOJUIOTPOHAMM Ha miaknankax i3 GaAs
JIErOBaHUX XpoMoM. [le Ha3BUUaiiHO BHCOKA JIiHIHHICTS,
IO JIa€ MOJIMBICTH iX BHKOPHCTOBYBATH SIK CEHCOPH B
MarHiTOMeTpii, eJNIeKTPOHHOMY  3allaJIlOBaHHi,  sIKe
MpaIfoe Ha BUCOKHX TEMIIEpaTypax, Ta i NpW OI[HII
€pEeKTUBHOCTI TeTepHOI apCEeHiAramieBoi TEXHOJOTIl
yepe3 Hanpyry Xoiia ado pyXJIMBiCTh HOCIIB.

BuHUKHEHHS MEpeXiJHOro mapy MiK ITiIKIaaKom i
eIiTaKCiel0 00YMOBJIEHO B TIEPEXO/Ii AOMIIIOK i Ae(eKTiB
i3 MmOKIaAKd B pocTydy emi-IuriBky. JlomarkoBe
IMITTaHTAIIHE JIETYBAaHHS HAIiBI30JIOI0YHMX ITiIKIAT0K
O0opoM cTBOplOE TeTepHHH 1 Oap’epuuid edexr, B
pe3ynbTaTi  4oro - TOBIIMHA  [EPEXiJHOTO  [Iapy
sMmeHmyerbess g0 0,1-0,15mMxM, a  gedekTHICTBH
eMiTaKCIHHOTO Mapy 3MEHIIYEThCSI Maike Ha TIOPSIOK.

JlocnmiKeHHsIMA  BCTaHOBJICHO, IO BHUKOPUCTAHHS
€KCIMEpHOIr0 Jiazepa TMpH eMiTaKCitHOMY pocTi i
neryBaHHi N-GaAS 1mapiB  /I03BOJISIE  TIOHU3UTH
Temnepatypy enitakcii no 470-520°C, mo B KiHIICBOMY
PaxyHKy TeX 3MEHIIye aeeKTHICTh emiTaKCidHuX nN-
GaAS mapis.

ImmnanToBani B GaAS-miaxnanky OaraTo3apsaHi
ionu 6Gopy (B*', BF,") BucTymaroTh fIK cuia, 1o 3a
JIOTIOMOT'OI0 TTIOJISI HATIPY)KEHb, CIIPUYMHSE TeTePYBaHHS
nedekTiB, JOMIIOK 1 AUCIOKALIN 10 MEepPeXiHOro mapy,
a0o B OCTaHHHOMY B OJHOYACI MPOXOJHUTH 3MIIHEHHS
KpUCTAIy apCeHily Tallilo 3a PaxXyHOK 130BajJICHTHOI
JIOMIIIKH Oopy.

IetepHa Jis i30BaJICHTHUX JOMILIOK (60py, iHi0) ¥
BUTJISIII OaraTo3apsiHUX JIETKHX i30BaJICHTHUX 1OHIB
CIPUYHHAETBCA Je()OpMAIIi€l0 apCeHIAraaieBoi TPaTKH
miakaagka  (iGaAS), 1m0 BHKIMKAE CTiK Jae(eKTiB,
JIOMIIIOK 1 JMUCIOKAIii 3 emiTakciiHuX mapiB. Yum
OUTBIIMI 3apsAa 1 UMM OUTbIIA Maca 10Ha, TUM OiJIbIla
nedopmaliist rpaTKH i Oibiia ii rerepHa eeKTUBHICTD. B
LBOMY IUIaHI 3acCIYrOBYIOTH YBary piJKiCHO3eMENbHI
enementu (Ho, La, Y, Yh).
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In silicon VLSI technology forming structures to change the effective action of hetero-quantitative characteristic
parameter defined growth lifetime of minority carriers [1]. This allows to equate respectively to action as quantitative
in nature, with which you can evaluate the effectiveness of heter technologies in relation to gallium arsenide. This
option is selected Hal mobility of charge carriers. These data are particularly relevant today in determining the
formation of technology semi-combining K-MOS structures on epitaxial gallium arsenide.
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