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Annoranus. MccnenoBanbl paguaiiioHHbIe 3(@MEKTH, BO3SHUKAIOIINE B SITUTaKCUATBHBIX CJIO-
SIX apCeHUIa TaJUIUS MIPU 00JyYeHUU OBICTPHIMU 3JIEKTPOHAMM U HeliTpoHamu. [IpoBeneH cpaB-
HUTEJNbHBIN aHAJIU3 UX BAUSHUS Ha 3JeKTpodU3nIecKure mapaMeTphl coenuHeHns GaAs.
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THE COMPARISON ANALYSES OF THE INFLUENCE OF THE POWER ELECTRONS AND
NEUTRONS EFFECTS IN EPITAXIAL LAYERS OF GALLIUM ARSENIDE

V. A. Mokritsky, V. A. Zavadsky, S. V. Lenkov, Ya. I. Lepich, O. V. Banzak

Abstract. The radiating effects arising in epitaxial layers of gallium arsenide at an irradiation fast
electrons and neutrons are investigated. The comparison analyses of their influence on electrophysi-
cal parameters of compound GaAs.
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MOPIBHAJIbHUI AHAJII3 BILIMBY HMIBUAKUX EJEKTPOHIB I HEUTPOHIB
HA ENITAKCIMHI IITAPA APCEHIJTY TAJIIA

B. A. Mokpuuvkuii, B. A. 3asadcoxuii, C. B. Jlenxos, 4. 1. Jlenix, O. B. banzax

Anotanisa. HociimxeHi pamiamiiiHi eheKTH, 110 BUHUKAIOTh B €MiTaKCiaJJbHUX IIapaxX apceHi-
Iy Tajlis MpU ONMPOMiHEHHI IBUAKUMU eJIEKTpoHaMu i HeliTpoHamu. [IpoBeaeHO MOpiBHSUIBHUM
aHaJli3 iX BIUIMBY Ha eJleKTpodi3nuHi mapamMeTpu crioayku GaAs.
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BBenenne

K HacrosieMy BpeMeHHU BBIIIOJHEHO 3HAUYM-
TEJIbHOE KOJMYECTBO PAOOT IO MCITOJIb30BAHUIO
VOHU3UPYIOLIMX U3IYYeHUM IS MaTepuaioBe-
JEHUS Y TIPUOOPOCTPOCHHUSI HA OCHOBE TOJIYIPO-
BOJTHUKOBBIX coelMHeHU. OIHAKO OHU, B OOJIb-
IIMHCTBE CBOEM, PEIIAIOT MPUKJIAAHBIEC 3a1a4U, HEe
peliast mpooJieMbl paaualiMOHHON (U3KUKU TTOJTY-
TPOBOJHUKOBBIX COSIMHEHUIA.

B nanHoit pabote caeaHa MOIbITKA COMOCTAa-
BUTh paHee IMOJYyYEeHHbIE aBTOpaMU PE3YJIBTaThl
BJIVSIHUS OBICTPBIX 3JIEKTPOHOB M HEMTPOHOB Ha
CBOICTBA OJTHOTO 13 HauboJiee MOMYJISIPHbIX MaTe-
pYaIOB MUKPO3JIEKTPOHUKU U, B YACTHOCTH, OII-
TORJIEKTPOHUKU — apceHu rajaaus [1].

DKcnepuMeHT

Obayuenue Ovicmpoimu  Inekmponamu. OO0Iy-
YEHUIO J03aMM 3jieKTpoHoB 1107, 1-10'¢ 1 510
CM™2 GBUIM ITOABEPTHYTHI MOIOKKHM apCeHU 1A Tajl-
JIAS, TETUPOBAHHBIE TEJUIYPOM, C KOHLIEHTpaleii
(2-4)-10"7 cM™3, srIMTaKCHATBHBIC CJIOM HEJIETHPO-
BaHHbIE C KOHIIEHTpAlMell OCTATOYHBIX MpHUMeE-
ceii okoJio (5-6)10'¢, (1,2-1,8):10"7, (7-8)10" cm™3,
a TaKXe SIUTaKCUaJbHBIE CJIOU, JIETMPOBAHHbIE
LIMHKOM 10 KoHueHTpauu (1,3-1,6)10'% cm3. Pe-
3yJIbTAaThl U3MEPEHUI UX MapaMeTpOB ITOKAa3allu:
Majlag 103a OOJydeHUs YBEJIMYMBAET YAETbHOE
COIPOTUBJIEHUE MaTepuaia Ha 6 %, KOHLIEHTpa-
M1 HOoCUTeNiel 3apsina yMeHbInaetcst Ha 20 %, a
MX MOJIBMXHOCTh Bo3pacTaeT Ha 15 %. D1o MoxXeT
ObITh BBLI3BAHO YIIOPSOOYEHUEM CTPYKTYPhI ap-
CEeHUA TajIig MPpU MaJIoi J03€ OOJIydeHUs, T.K.
CKOPOCThb BBEAEHUS pagvallOHHBIX Oe(eKTOB
MEHBIIIe CKOPOCTH aHHUTHISILIMKA COOCTBEHHBIX U
BBEIECHHBIX.

VBenudyeHune O03bI OOJIyUEHUSI PE3KO YBEIM-
YMBAEeT yIeJIbHOE COIPOTUBJICHHE MaTepuaa,
YMEHBIIIaeT KOHLIEHTPALMIO HOCUTENIEN 3apsiia U
MX TTIOABUKHOCTD (puC. 1).

DTO rOBOPUT O BBEACHUM pPagUALIMOHHBIX Je-
(bexTOB, KOTOpbIE KOMIICHCUPYIOT WCXOIHBII
Matepuaj, IOo-BUAVMMOMY, 3a CYET OOpa3oBaHUS
KOMILJIEKCOB C IIPUMECIMU U COOCTBEHHBIMHU aTO-
Mamu. C yBeInyeHeM KOHLIEHTPALMU ITPUMECH B
CJI0SIX YMEHBIIAETCS CTeNEHb M3MEHEHMS UX DJIEK-
TPOGU3UUECKUX MapaMEeTPOB IpU AaHHOM I03€
o0nyueHusi. I HaobopoT, Haubosiee “yucthie”
obpasibl (510 cM3) KOMIIEHCUPYIOTCS YK€ TTPU
HebobIINX A03aX 00ydeHus. CienyeT OTMETUTb,
YTO He HaOJI0AAIOCh CYIIECTBEHHOIO OTIMYMS B
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MOBEACHUU OOBEMHBIX OOpa3loB (MOMJIOXKEK) W
SMUTAKCUATIBHBIX CJTIOEB apceHUAa rajuiis. Takke
He ObUIO OTMEUYEHO W BIWSHUS THUIIA IPUMECH Ha
MPOIIECC BOBHUKHOBEHUS paAUallMOHHBIX Me(heK-
toB. [Ipu go3ax 10'® 1 5-10'° cM™? saIUTAKCHATBHBIE
CJIOV apceHuAa Tajuius HACTOJIbKO CUJIBHO KOM-
MEeHCHUPOBAJIUCh PaAUallMOHHBIMM JedeKTamu,
YTO CTAHOBWIMCH TIOJYU3OJUPYIOIIUMU U B HUX
OBUIO 3aTPYAHEHO OIpEAeIeHUE BIEKTPODU3U-
YeCcKMX NTapaMeTpOB.
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Puc. 1. 3aBUCHMMOCTb OTHOCUTEJIBHOIO U3MEHEHUSI

KOHLEeHTpaluu (a) U moaBMXKHOCTH (0) Hocureleit
3apsima B apceHuAe Taulusi OT WX HadajlbHOM
KOHIICHTpAllMM TIpU OOJIydeHUU 3JIeKTpoHaMH. Jlo3a

00s1yueHust anekTpoHamu: 1 (0,0,0) — 110 cm?;
2 (O,4,m ) — 110" cm?%; 3 (A,A,A ) — 510" cm2
DKCMepuMeHTalbHbIE TOYKU: O,,A — ITOMLIOXKH;
O,d,A — HeJerMpoBaHHbIE 3IUTAKCHATbHbBIC CIIOH;
O,0,A — DJIUTaKCUAJbHBIC CIIOM, JIETHPOBaHHBIC
LIMHKOM

IToporom yxyaumieHUs1 3IEKTPOPUINIECKUX
CBOMCTB SIMTAKCUATBHBIX CI0€B apCeHUIA Ta/UIUsT
IpU O0JTYYEHUH DJIEKTPOHAMU MOXKET CIIYXXKUTh YC-
JIOBUE:
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n,>(30-40)®, (1)

rlie N, — KOHLEHTpaLMs HOCUTENEl 3apsna 10 00-
JyyeHust; O — MOTOK OOJIyYEHHUS SIEKTPOHAMMU.

OleHKa TeMmIla KOMIIEHCAllUM HOCUTEJIe 3a-
psiia pagMalMOHHBIMU JedeKTaMu IToKa3aja, 4yTo
MpoLIeCC BLIBEICHUS HOCUTEIIEH 3apsiia IpoTeKaeT
110 9KCIOHEHIINAILHOMY 3aKOHY (pHc. 2):

n=nexp (- K D), 2)
IIe N — KOHICHTpaLus HOCHUTeNIei 3apsiga B 00-
pasue mocie obnydeHus;, K —— xoadduimenr,

XapaKTepU3YIOIINI CKOPOCTh BEIBEICHUSI HOCUTE-
JIEH 3apsiaa.

CyliecTByeT MHEHME [2], YTO MPU MaJIbIX YPOB-
HSX JIETUPOBAHMS M HU3KUX ITOTOKAX pagdallvn
BEJIMYMHA CKOPOCTH BBIBEACHUS HOCUTENE 3apsi-
Ja U151 apCeHUIa TajIus TTOCTOSIHHA U HE 3aBUCUT
OT KOHIIEHTpaLMH U IIpUPOabl IpuMech. B Hamrem
cilydae MpU KOHIEHTpaluu npumecu ot 5:10'¢ mo
1,510" cm” Bennuuna K| 3aBUCHT OT HavaIbHOI
KOHILIEHTpalUMU Hocuteneil 3apsima. OoOpaboTka
AKCIIEPUMEHTAJIbHBIX [OaHHBIX, IIOJYYEHHBIX B
[1] mo3BoaMIa ONpeAeanuTh TaKyl0 3aBUCUMOCTb,
npeacTaBieHHYI0 Ha puc. 2. B norapugpmuuec-
KMX KOOpAMHATax 3Ta 3aBUCUMOCTb OKa3ajach
MpakTUYeCKn JuHelHoM. IlpumyeM, CKOpOCTb
BBIBEJCHUSI HOCHUTENICH 3apsiia KaK B 00ObEeMHOM
MaTepualie, Tak ¥ B 3IIMTAKCUAJIbHBIX CI0SIX ObLIa
onuHakoBa [3].
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Puc. 2. 3aBUCHMOCTB CKOPOCTU BBIBEICHUS HOCUTEIICH
3apsga B apCeHUAEC TauMsd OT WX HavaJabHOM
KOHIIEHTpaLUM TP OOJYyYEHMH DJIEKTPOHAMU: @ —
3MUTAKCUAJIBHBIE CJIOU; O — MOIJIOXKHU

Obayuenue Obicmpoimu Heiimponamu. OOIyde-
HUIO MOABEPTaIUCh 3IUTAKCUATIbHBIE CIIOU apce-
HUJIa TaJUTAS HeJIETUPOBaHHbBIE C OCTATOYHOM KOH-
LIEHTpalel akTUBHBIX ITpuMeceit (1-10)-10'¢ em3.

IMpu Manbix mosax obiaydenus (mo 10 cm?) u
BBICOKOI HayaJbHOM KOHIIEHTPAIMU CBOOOTHBIX
HOCHTeJIel 3apsiia B CIOSIX UX 2JIEKTPO(U3NYECKIE
XapaKTEePUCTUKU yiIydlnatoTces (puc. 3): yMeHbla-
€TCs KOHLIEHTpAIIMsI U BO3pacTaeT MOABUKHOCTD
HocuTenel 3apsaaa. [Ipu aTom creneHb UX U3Me-
HEHUS HEe 3aBUCUT OT THUIIA JIETUPYIOLIEH MpuMe-
cu. ITpu GonplIMx 103ax 00JydeHMsT HaOI101aeTCs
KOMITeHCAllMsl MaTepraja cjaosl paavaliOHHBIMU
nedexTaMu.

[Mpu no3ax obaydeHust 6obimx 510" cm2 Ha-
OmomaeTcs 3HAYMTETbHOE M3MEHEHME TapameT-
POB, 3aBHUCSIIEE OT 103bl O0JYUYEHMS U HE 3aBUCS -
1ee OT TUTIA JIETUPYIOLIeid TPUMECH.

AHanu3 3aBUCUMOCTU (pUC. 3) U3MEHEHUS
KOHIIEHTpalluM HOCUTEJEe 3apsiia OT J03bI
0o0ydyeHUsT HEUTpoHAMM TI0Ka3bIBaeT, uYTO
yXyIIlIeHUEe 3JeKTPoDU3NIYECKUX TapaMeTpoB
3MUTAKCUATBbHOTO CJIosl HabJrogaeTcs Mpu Ha-
YaJIbHOW KOHIIEHTpAlluu aKTUBHBIX MMPUMeEcei
B HUX:
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Puc. 3. 3aBUCHMMOCTb OTHOCUTEJIBHOIO W3MEHEHMUS

KOHIIEHTpaluuu (a) M TIOABMIKHOCTU (0) HOcUTEei
3apsiia OT MX HavajJbHOM KOHIICHTPAIlMW B apCeHMIE
rajuiust mpy ooyyeHuu HelTpoHaMmu. J1o3a o0aydeHust
HeviTpoHamu: 1 (0,0,0) — 1-110" cM?; 2 (O,4,m) —
510" em% 3 (A,A,A) — 1110 cm%; 4 (+, x) — 5105
cM25(2, 72, €)— 110" cm?
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n, <(50-250)@, , (3)

rae @ — 1032 06/ TyYeHUSA HEHTPOHAMH.

I[Ipy >TOM MEHBIIMM O03aM COOTBETCTBYET
Oosblliee 3HAaUEHVE YUCI0BOro KO3 UILIMEeHTa.

OlLieHKA B 3TUX YCJIOBUSIX TeMITa KOMITCHCAIINA
HOCUTEeNIeN 3apsiia paguallMOHHBIMU AedeKTaMUu
MOKAa3bIBACT, UTO IIPOIIECC BHIBSACHMSI HOCUTEICH
3apsiga IpoTeKaeT II0 SKCIIOHCHIIMAIBHOMY 3aK0-
Hy, aHaJoru4yHoMYy (2):

n=n,exp (—Kn(D,, ) 4)

IIpu oGnyyeHnun po3zamu HeidTpoHoB (1-
100)10'* ¢cM2 ¥ HaYaJIbHON KOHLEHTPALIMU CBO-
0OIHBIX HOCUTEJIENH 3apsiaa B peaenax (2-200)-10'
CM~ OKa3ajgoch, 4TO Benu4yMHa K 3aBUCUT He
TOJIbKO OT HAaYaJIbHOM KOHIIEHTPALUU HOCUTEIICi
B IIUTAKCUAJIBHOM CJIO€, HO U OT J03bl O0JIy4eHMS

(puc. 4).
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Puc. 4. 3aBUCUMOCTb CKOPOCTH BBIBEICHUST HOCUTETIEH
3apsiia B BINMTAKCUAJIbHBIX CJIOSX apceHuaa Tajuids
OT MX HayaJlbHOM KOHLEHTpaUUU IIpU OOIydYEHUH
HelitpoHamu [4]. Hosza obayyeHUs HelTpoHamu: |
(O — nomnoxku, ® — ciaon) — 110" em?; 2 (O —
MOMJIOXKKHU, d — cyton) — 510" ecm?%; 3 (A — MOITOXKKY,
A — cion) — 1105 cm?; 4 (+-MMOMIOXKKHU ,X- CIOU,) —
510" cm?; 5 (= -nomnoxku, A- cion) — 1:10 cm?
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BriBoapI

1. CymiecTByeT Mmopor n103bl 00aydeHust ~5-101
CM23JIEKTPOHAMM U HEUTpPOHAMM, IO KOTOPOi
VIIy4IlIaloTcs 2JIeKTpopr3nIecKue CBOMCTBA ap-
cenuaa rajanus (puc. 1, 3).

2. B 0060ux ciayyasix u3BMeHeHue 3JeKTpodU3H-
YeCKUX MapaMeTpoB He 3aBUCUT OT THUIIA JIETUPY-
IOLIEH MpUMecH U 00beMa Matepuaa (MoIT0KKHU
WJIM 3TIUTaKCUAIbHBIE CJION).

3. CTOMKOCTb CBOMCTB 3MUTAKCUAILHBIX CJIO-
€B apCeHMIa rajuiisl K OOJIyUeHUIO 3aBHUCUT KakK
OT KOHUEHTpalUKu MpuMecH (M TeM OOJIbIlIe, YeM
CUJIbHEE OHM JIETMPOBAaHbBI), TaK U OT J03bl 00JIy-
YeHUs1 ObICTPBIMU BJIEKTPOHAMU U HEHTPOHAMMU.

4. Xapaxktep BIMSIHUS OBICTPBIX 3JEKTPOHOB
U HEHATPOHOB Ha CBOMCTBA apCE€HHUIA TaJUIMsI BO
MHOIOM Moa00eH. OaHaKO KOJIMYECTBEHHO BJIM-
sIH€ OBICTPBIX HEUTPOHOB 0O0Jice CYIIECTBEHHO.
ITpuuuHBI 3TOro OOYCIOBJIEHBI MX IMPUPOION U
0oJbllIel Heprueit.
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