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Hocaimkeno BmmB pexumiB cysnbdigaol mommudikarmii mosBepxHi y BomHOoMy po3umai NasS Ha
BOJIBT-aMIIEPHI XapaKTepucTuku p—n nepexoniB Ha ocuoBi GaAs. YcraHOBJIEHO, MO KOPOTKOTPHU-
BaJia, 0OpOOKaA 3MEHITy€E TpsAMi Ta 0OEpHEHI CTPYMH B TIepPeaITpoOiiiHii JITSHII, 10 € Pe3yIbTaToOM
3MEHIIEHHs TYCTUHU [MOBEPXHEBUX CTAHIB MeXKi PO3/iIy p- Ta N-IiAgHOK. 301/bIIeHHs TPUBAJIOCTI
00pOo0KY CYNPOBOMIKYBAJIOCH 3MeHmeHHaM edexTy nokpamenaa BAX. Ha 3ajeXHOCTI BeInmawHU
3MEHIIeHHsI CTPYMIB Bix TpuBajocTi cyiabdimmnoi moaudikamii moBepxHI CHOCTEPIraBcst MAKCHMYyM,
MiCJIsL KOTO HMOYMHAJIOCH 3MEHIIEHH 3MiH cTpyMiB. 1le MOXKHA IOSCHUTH 3POCTAHHAM T'YCTHHH II0-
BEPXHEBUX CTAHIB p—N-TI€PEXO/IiB YHACILIOK 301IbIICHHST MEXAHITHIX HAIPYKEHb IIi/T I1aC Y TBOPEHHS
Ha TOBepPXHI Mmapy cyabdiay ramiio 3a TpuBasol cyIbdinHol 06podKy.

Kutmro4oBi ciioBa: p—n-miepexif, aToMu cipkn, Moaudikariis MOBepXHi, MpsMuil Ta 00epHEHUI CTPY-

MU, TIOBEPXHEBI CTaHMU.
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I. BCTVII

Apceniz rajito — oxuH i3 HAAOLIBII HOMKMPEHNX HAILIB-
MPOBITHUKOBUX MAaTepiajiB CydacHOl enekTpoHiku. CBi-
TOBOIO TEXHOJIOTIYHOIO TEHIEHITIEI0 € TIOCTiHEe 3MEHITTEeH-
He QIBUIHEX PO3MIPIB MEeKTPOHHNUX MPUIAIIB HA OCHOBI
GaAs, a orKe i 3MEHIIIEHHs] TOBIIMHYA HAMIBIPOBITHU-
KOBWIX IIMapiB, II0 BUKOPUCTOBYIOTHCA. [Ipn mpomy ede-
KTH, TTOB’sI3aHi 3 MOBEPXHEBUMHU SBUIIAMHU, CTAIOTH OLIbIIT
BUDAXKEHUMHU. 3a3BUYail MiHIMI3aIisa IXHROIO HEraTUBHO-
IO BIUIMBY HA XaPAKTEPUCTUKU €JIEKTPOHHUX IPUCTPOIB
JocATaEThCs 3a jonomororo macuBari [1, 2]. Oxwieo 3
MEPCIEKTUBHUX METOIWK Yy IbOMY HANPSIMKY € CyIbdi-
nua monudikanis nosepxui [3, 4]. Ha Biaminy Bix inmuax
BuiB nacuBaiii nosepxai GaAs taka 06poOKa HOETHYE
AK XiMiuHy, TaK i eJeKTpOHHY MacHBaIiio. 1i HaCTiIKOM
€ TIOBHE 200 YaCTKOBE BU/IAJICHHS MOBEPXHEBUX OKCH/IIB,
PEKOHCTPYKIIisi TIOBEPXHi Ta MIBUJIKICTh YTBOPEHHS ITACH-
ByBasibHoro wapy GasSs [3-5].

Cynpdinny momudikalliio moBepxHi 3a3BUYail MPOBO-
IATHh Y BOAHUX ab0 y CIUPTOBUX PO3YUHAX PI3HUX CYJIb-
dbinpux cuoanyk [3-7]. IIpu upomy mBuikicTh HACUBY-
BAJIHOTO TIOKPUTTS €KCHOHEHIAJIHHO 301IbIIyeThCs 3i
3MEHITIEHHAM BEJIUYUHU [TI€IEKTPUIHOI CTAJIOl PO3YMH-
HUKa, gkuii BukopucroByerbesa [3, 4, 8-10]. Sminuru
MIBUAKICTH CyTb]imHOl Moauikaril moBepxHi MOXKHA SIK
3a PaXyHOK BHOODPY PO3UMHHWKA, TAK i 38 PAXyHOK 3MiHU
ifforo kouuenTpanii [11, 12]. IIpu npomy 3MiHa MIBHIKO-
CTi He BILTHUBAE HA 3arajbHy KiJbKiCTh XiMITHUX 3B’A3KiB
CIpKM 3 [IOBEDXHEBMMU ATOMaMU HaliBIpOBiiHUKA [3-5].

Cynbdinna momudikamis mosepxui GaAs mossosisie
3MEHIIUTHU I'yCTUHY TOBEPXHEBUX CTAHIB, 3HU3UTHU IITBU/I-
KiCTh TIOBEPXHEBOI peKOMOiHAIIl, 8 TAKOXK 3araJbMyBaTH
WIBUJKICTH yTBOpeHHs loBepxHesux okcuzis [3-5]. Ile
MPUBOIUTH IO CYTTEBOIO MOKPAIIEHHS XAaPAKTEPUCTUK

ITro mpawpo MoxkHA BUKOpUCTOBYBaTH HA yMoBax Mixxuapoanol [Iy6maiunoi Jlinensii Creative Commons 4.0 “I3 3azuauenuam
v

HAITIBITPOBITHUKOBUX IPUJIAJIB HA OCHOBI apCeHimTy ra-
aifo. 3okpema, crocrepiranocs pizke 36iabinenns koedi-
I[I€HTA MM ICHIEHHS CTPYMY B OITOJSIPHUX TPAH3UCTOPAX
Ha ocHoBi GaAs / AlGaAs, cyrreBe 36ibienns Gorody-
tiuBocTi GaAs — rOMOCTPYKTYPHUX COHSIYHUX €JIeMEeH-
TiB, 3MEHIIEHHs IIOPOrOBOIO CTPYyMY reTepoJia3epiB Ha
ocuoBi GaAs / AlGaAs [3, 4]. HasaBHi ekcriepuMeHTaIbHI
pe3yabraTu Oyau orpumani micas cymabdinnol momudi-
KaIlil ToBepxHi 3a pi3Hux ymMoB. BincyTHicTb mOCTiT2KeHD
BILJIUBY TPUBAJIOCTI Ta YMOB IIPOBEICHHSA CYIb(iaHOI MO-
muikariii moBepxHi HA 11 €PEKTUBHICTD 3BYKY€E MOYKJIU-
BOCTI BUKOPHUCTAHHS Ii€1 00POOKM I MOKPAIIEHHS Xar-
pakrepuctuk GaAs Ta HAMBIPOBI THUKOBUX TPUIAJIB HA
oro OCHOBI.

Y poboTi HOCTiTKEHO BIJIMB TPUBAIOCTI CyIbDiTHOT
moudikarii mosepxHi y Bogaomy po3unti NaoS Ha me-
XaHI3MU IPOXO/KEHHS MPAMUX Ta 3BOPOTHUX CTPYMIB y
p—n nepexonax Ha ocHOBi GaAs.

II. EKCIIEPUMEHTAJIbHA YACTUHA

st mocytiizKeHb, BUKOPUCTAHO Jioau Ha ocHOBl GaAs,
orpuMani enitakciajbuuM HapouryBanaam GaAs (Si) na
nigknanky GaAs (Te). Konuenrparis teaypy B niakiazi-
i e nepesumrysaa 5 - 1017 em ™3, Konuenrpanisa kpem-
HiI0 y emiTaxciampHOMY mapi goxommaa g0 5 - 1018 em 3.
s apceniay rasmiro KpeMHil € aMdOTEPHOIO JOMIIIKOIO.
Ie 103BOTMIIO CTBOPIOBATH P—7 TIEPEXOAN 3MIHOKO TEM-
neparypu emitakcii [13]. YV mociiizkeHux crpykrypax p—
n-nepexiz Oys napasenbauM mrormusi (100).

Buwmiprosamu (BAX) npsimi ta 3BOpoTHI CTpyMH p-n-
nepexoziB Ha ocHoBi GaAs y moBiTpi 0 Ta micss Cyiib-
digmol Moandikaii 3 pisHOI TPUBAJIICTIO.
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JIis TiaBAIIEHHS MOMKJIMBOCTI KOHTpoJio 3min BAX
BUKOPHUCTAHO BOIHUN PO3YMH CYJIb(MiTy HATPIIO, Y AKOMY
MIBAJIKICTH YTBOPEHHS MACHBYBAJILHOIO MOKPHUTTS MEH-
wa, Hixk y couprosux posuunax [3-5, 10]. Josarkose
CTIOBITHHEHHS TPOIECY CyabdiIHOT TACUBAIIl TOCITAIIO-
Cs 3a PAXYHOK 3MEHITIEHHS KOHIIEHTPAIll CyabdiI-itonin
y po3unsi. [Ipeacrasmeni pe3yabraru Oyau OTPUMAaHI ITi-
cnga momudikamnii mopepxai aromamu cipku B 30% BomHO-
My po3umHi Cyibh(diny HATPiIO 3a OcBiT/IeHsT ChHOKYCOBA-
HUM CBIiTJIOM BiI JaMmu po3zkapioBamms. Ilicis oOpoOku
JI0/IU ITPOMUBAJIU B JIMCTUIBOBAHIM BOJII Ta BUCYIITYyBAJIA
B LIOTOILIl MOBITPS JJ1si BUJAJIEHHS BOJAU 3 IIOBEPXHI.

III. OBI'OBOPEHHZ PE3VJIBTATIB

Ha puc. 1 306pazxeni BAX upsimoro crpymy p—n nepe-
xony Ha ocHoBi GaAs, Bumipsui B moBiTpi 10 (kpuBa 1)
Ta MiCJIs TPOBeAeHHS CyabdimHOl MoaudIKail MOBEPXHi
(xpuBa 2) Tpusasnicrio 40 c.
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Puc. 1. BAX npsimoro cTpymy p—n-tiepexoy Ha ocHoBi GaAs
10 (1) Ta micaa cympdinaol momudikanii mosepxwi (2) Tpusa-
gictio 40 ¢
Fig. 1. I-V characteristic of the forward current of GaAs p—n
junction before (1) and after (2) the sulphide modification of
the surface for 40 s

Ha BAX neoOpobaeHnx p—n-nepexoIiB y JIAHIN Tpsi-
mux crpymis I < 1078 A cmocTepirammes cTpyMm 3aKo-
POTOK, §Ki MOB’A3YIOTh i3 MOBEPXHEBUMHU PEKOMOIHAITIH-
HuMU LeHTpamu [14].

VY minammi crpymis 107° A > T > 1078 A BAX rmiogis
MaJIu BUTJISII:

qU
IT = 1y0 €XpP <M) y (1)

ne I, — koHcrtanra, ¢ — 3apsz ejgexkrpona, U — mpu-
KJIaJeHa HAmpyra, n — KoedillieHT HeimeanbHOCTI, k —
crana Bonpnmana, T — TemmepaTypa B KeJIbBiHAX.

s scix BAX 3a kiMHaTHOI TeMIEpaTypyu BeJTHIHHA
KoedimnienTiB HeimeaabHOCTI N cTanoBuan 2.1-2.4 i 3po-
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cranu 3i 3umkenuam temmeparypu. Ctpymu Bumy (1),
JUTST SIKUX M > 2, MAIOTh TyHeJbHO-PEKOMOIHAIIHY npu-
pomy # 3yMoBJeHI pekoMOiHAIi€0 HOCIIB 3apsamgy B 30i-
JHeHoMy miapi ta (abo) Ha nosepxHi gloxis [14-17].

Ilopisuaunsa kpuux 1 i 2 wa puc. 1 mokasye, 1o Ti-
cis cysibdianol Mmoaudikaril MOBEpXHI MPAMi CTpyMu 34
HU3bKUAX PiBHIB iHXKeKIil 3MeHmyiThca. Taki mepersBo-
proBannsi BAX MOXKHA MOSICHUTH 3MEHIIEHHSIM T'yCTUHH
nosepxuesux cranis (IIC) mMexi po3ainay p- Ta n-JlIsHOK
yHACJIITOK 00pOOKH, siKe BiAOyBaEThCS MiC/Isi BUIAJEHHS
MTOBEPXHEBUX OKCHU/IIB TA YTBOPEHHS 3B ’I3KiB CipKa-TaJiit
[3-5].

Ha puc. 2 nokazano BAX obGepueHoro crpymy p-—n-
nepexony Ha ocHoBi GaAs, aki Oyiau BuUMIpsiHI B MOBi-
Tpi mo (kpusa 1) Ta micas (KpuBa 2) HPOBEIEHHSI CyJib-
dinnol momudikanii nosepxui rpusasicrio 40 c. Ilopis-
HaHHS KpuBuxX 1 i 2 mokasye, mo OOepHeHi CTpyMu B
nepeanpobiitHiit mimsuHi micas cynabdinaol 0Opodbku Ta-
KOK 3MEHINYIOThCS. 3MEHIeHHs] 0OEPHEHUX CTPYMIB IIi-
¢t MoaniKallii MOBEpXHi AaTOMAaMU CiPKU TaKOXK MOXKHA
nosicauTu 3MeHtenusaM rycruau [1C p—n-mepexomis.
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Puc. 2. BAX 06epHEHOro CTpymMy p—n MEpexXoiy Ha OCHOBI
GaAs 1o (1) ra micas (2) cynbdinmol Momudikaii nosepxui
TpuBajictio 40 ¢
Fig. 2. I-V characteristic of the reverse current of p—n juncti-
on based on GaAs before (1) and after (2) the sulphide modi-
fication of the surface for 40 s

Benuauny 3menmennss cTpyMy micast cyabdianol mMo-
mudikaril moBepxHi po3dpaxoByBasin npu (BpiKcoBaHil Ha-
npy3i 3a GhopMyI0I0

AT =1 — I, (2)

ge I — mogarkoBa BeUYWHA CTPyMy, [s — BeandmHA
CTPpyMy Tic/ist OOPOOKY MTOBEPXHi.

Ha puc. 3 mokazamo 3a1eKHiCTb BETMYIUHNA 3MEHITIEHHS
npsamoro crpymy Al 3a manpyru U = 0.3 B Bixg rpusa-
JocTi cyabdinaol Moaudikalii moBEepXHi p—n-TIEPexXoIiB
na ocuoBi GaAs. KpuBy oTpumano micjs ycepeaHeHHs
3MiH MPAMHUX CTPYMIB O 3Pa3KiB A7l KOKHOTO PEKUMY
06pOOK™H.



BILJINB PEXKUIMIB CYJIB®IOTHOT MOANPIKAILIIL IIOBEPXHI HA MEXAHI3MU ITPOXOIXKEHHA CTPYMIB. ..

3aJIeKHICTh BEJINYNHN 3MEHIIEHHSI 3BOPOTHOTO CTPY-
My Big TpuBasiocTi cyibdianol monudikarii moBepxHi Ma-
J1a, AHATTOTIYHUM BUTJISA,
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Puc. 3. 3amexxHiCTh BeJMYIMHN 3MEHIIEHHS IIPSIMOrO CTPyMY
3a manpyru U = 0,3 B Big tpusasocti cyapdigaoi Mmomudi-
KaIii moBepxHi
Fig. 3. Dependence of the magnitude of the decrease in the
forward current at a voltage of U = 0.3V on the time of the
sulphide modification of the surface

Anajiz 3MiH TpsSMHUX Ta 3BOPOTHUX CTPYMIB MOKa-
3aB, 110 3i 30LIBITEHHAM TPHUBAIOCTI OOPOOKHU BETUTHHU
AT 3pocrasu, aje H0Brorpupajia 00podKa 3MEHILyBaJIa
edexT nmokparmenasa BAX.

Jasa nmosichenns takux 3min Al HeoOXigHO BpaxyBa-
TH, 110 301/TbINIEHHsT TPUBAJIOCTI cyabdianol mommdikarrii
[IOBEPXHI IMPUBOJMUTH HE TLJIbKHU JIO0 TIOBHIIIOIO BUjIAJIE-
HHSI TIOBEPXHEBUX OKCHUJIB, a I 70 yTBOpeHHS i CyTTe-
BOro 3poctanis roumnu mapy GasSs [3-5, 8, 12], mo
CYNPOBORKYEThCs 3MiHaMu criekTpa it rycruau 11C p—n-
TTePEXO]IiB.

Y p—n-mepexomax 3pOCTaHHS TOBIIWHU JIieTeKTPUTHO-
ro mapy Ha MOBEPXHI MOXKe IIPUBECTH 0 301TbINEHHS 0~
CJILIOBHOIO OIOPY KBasiHelTpayibHux JinsgHok. Ha BAX
MPSIMOTO CTPYMY II€ TIOBUHHO TPOSIBUTHCS 38 BUCOKUX
PiBHIB iHXKeKIIii, KON 3HAYHA YaCTUHA MTPUKJIAIEHOI TPs-
MOI HANPyrd NOYUHAE CIIAJIATU HA MOCJIIOBHOMY OIOPi.
IIpoBeaeni qoctizKeHHS MOKA3AJIHT, 0 338 BUKOPUCTAHAX
TpuBAJIOCTEN CyabdiaHOT MoaudIKAIT TOBEPXHI BeJINIn-
HU TOCJIiOBHOTO OMOPY p—n-TiepexoiB Ha ocHoBI GaAs
He 3MiHIOBAJIHUCS.

3pOCTaHHST TOBIIWHU JI€JIEKTPUIHOTO MMIAPy 3a CYJIb-
digrol momudikariii BiZOyBaeThC K HA MOBEPXHSIX, sKi
€ KOMILTAHAPHUMHU JIO EIMTaKCiaJIbHOI TOBEPXHi, Tak i
Ha TOpIAX. He3aMiHHICTD BEMMYIUHU MOC/IiTOBHOTO OIIO-
py O3Havag, MO OCHOBHY POJIbL y 3MiHAX CTPYMIB T
9ac JIOBrOTPHUBAJIOI OOPOOKW MOXKYTh BifirpaBaru mpo-
eCH caMe Ha TOPIEBUX I[IOBEPXHAX MJIOIIB. 3a MaJsikX
TpUBaAJOCTEH OOPOOKH BHACIIIOK 3MEHIIEHHsS I'yCTHHU
I[IC wmexi po3misy p- Ta n-OiISTHOK 3arajJbHUNl CTPyM
3MEHIITYBATUMEThCSI, IO 1 CIOCTepIrajgocsd eKCIepuMeH-
TaNbHO. 31 30LIbIIEHHAM TPUBAIOCTI CyabdinHOl MOIHU-
dikamil roBiumua mapy GagSs cyTTeBO 3pocrae. YHa-
CJTIIJTOK HEY3TOIKEHOCTi MapaMeTpiB KPUCTATIIHUX TPa-
Tok GagS3 Ta 06’emuoro GaAs 3i 30LIBIIEHHAM TOBIIM-
uu mapy GaogSs 3'4BASIOTbCS JOAATKOBI MEXaHI4YHI Ha-
upyxkenns. Lle npusogurs 10 36inbmenns rycruaun 11C
P—N-TIepexoiB i Oyae CympoOBOIKYBATUMETHCA 3POCTAH-
HM CTpyMiB 3aKOopoToK. Tomy 3a 30ijbIeHHs] TPUBAJIO-
cTi cynbdimaHol 06pOOKK TTOBEPXHI MOJABINE TOKPAIIEH-
usi BAX He BigOyBarumerscsi, 1o i crocrepirajaocs Ha
€KCIIePUMEHTI. Y HACJIiJOK ITUX TPOIIECIB HA 3aJIEXKHOCTAX
BEeJIMYWH 3MEHIIEHHS TPSIMUX Ta OOEPHEHUX CTPYMIB Bif
TpUBAJIOCTI Cynb(imaol Momudikariil moBepxHi criocrepi-
TaBCsT MAKCHUMYyM, THCJIST STKOTO TOYUHAIOCS 3MEHIIIEHHS
3MiH CTpyMiB.

IV. BHCHOBKMHU

s nokpamenas BAX p-n-nepexosis Ha OCHOBI
GaAs cynbdinny momudikalriio moBepxHi HeoOXiTHO TPO-
BOJAUTH 3 ypPaxyBaHHAM il JABOX MPOIECIB. 3MEHIIEHHS
rycruau Buxigaux [1C p—n-niepexonis miciis BuIaIeHHS
[1apy I[MOBEPXHEBUX OKCHUJIIB I1iJ] 4aC KOPOTKOTPHUBAJIOL
OOpOOKHM TIPUBOANTEH O 3MEHINEHHS MPSIMUX # obepHe-
HUX CTPYMIB y miepeanpobiiniit minsanmi. 36iabIIeHHs Ty-
cruau HoBuX [1C p—n-nepexonis, sKi 3’BJISIOTHCS MC/ISA
TPUBAJIOI 0OPOOKM BHACIIIIOK MOSIBU MEXAHIYHUX HAIPY-
JKEHb TiJ] 9aC YTBOPEHHS TOBCTIIIIOTO MACHBYBAJILHOTO
mapy GagSs HA TOPIEBUX MOBEPXHSIX, 3MEHINYE e(deKT
nokpaienass BAX. UYepes raki 3MiHM I'yCTUHU Ta CKJla-
ay IIC p—n-nepexoaiB Ha 3aJEKHOCTIX BEJIMYUH 3MEH-
IMEHHS TPSAMUX Ta OOEPHEHUX CTPYMIB Bil TPUBAJIOCTI
cynbdinnol Momudikarii moBEPXHiI CIOCTEPIra€ThCsa Ma-
kcumyM. HagBHiCTH TaKOro MakcuMyMmy HEOOXiITHO Bpa-
XOBYBATH JIJIsT OMITUMIBAI] TPUBAJIOCTI 0OpOOKH, 1100 10~
carayTu Haiibiabmoro mokpamenas BAX p—n-nepexosis
ua ocHoBi GaAs.
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Sulphide modification of gallium arsenide involves both chemical and electronic passivation of the
surface. It results in a complete or partial removal of surface oxides, the surface reconstruction and the
formation of a passivating layer GasSs. Such treatment decreases the density of surface states, reduces
the speed of the surface recombination and slows down the speed of the surface oxides formation. It leads
to a significant improvement in the characteristics of the semiconductor devices based on GaAs. The
lack of studies on the duration and conditions of sulphide surface modification and its efficiency narrows
possibilities for using this treatment to improve characteristics of GaAs as well as semiconductor devices

based on it.

This work studied the influence of sulphide surface modification modes on the volt-ampere characteri-
stics of p—n junctions based on GaAs which were obtained by epitaxial extension of GaAs(Si) on the
substrate GaAs(Te). To increase the ability to control changes in the V-A characteristics, an aqueous
solution of sodium sulphide was used, in which a passivating coating forms slower than in alcohol solutions.
An additional slowdown of the sulphide passivation process was achieved by reducing the concentration
of sulphide ions in the solution. The given results were obtained after the modification of the surface by
sulphur atoms in a 30%-aqueous solution of sodium sulphide under illumination with focused light from

an incandescent lamp.

It was found that a short-term treatment reduces direct and reverse currents in the pre-breakdown
area, which is the result of a decrease in the density of surface states at the edge of the division of
p- and m-areas. With an increase in the duration of the treatment, the effect of improving the V-A
characteristics decreased. At some point of the treatment, the changes in the currents reached their peak
and then started to decline. This can be explained by the increase in the density of surface states of the
p—n junctions, which occurs with an increase in the thickness of the passivating layer of gallium sulphide
during a long-term treatment. This process occurs both on the surfaces that are coplanar to the epitaxial
one and at the edges. Since the values of the series resistance of the studied diodes during such treatments
did not change, the main role in the changes of the currents during a long-term treatment was played
by the processes at the edge surfaces of the diodes. Due to a mismatch between the parameters of the
lattice GagS3 formed on the surface and large GaAs, additional mechanical tensions appear leading to
an increase in the density of the surface states of the p—n junctions. This is accompanied by an increase
in short-circuit currents. Therefore, with an increase in the duration of sulphide surface treatment, no
further improvement of the V—A characteristics occurs. The fact that the changes in the currents reach
their peak at a certain point during the sulphide modification of the surface and then start to decline
must be taken into account to optimize the duration of the treatment in order to achieve the biggest
improvement in the V—A characteristics of p—n junctions based on GaAs.

Key words: p—n junction, gallium arsenide, sulphur atoms, surface modification, surface oxide,
aqueous solution of sodium sulphide, direct and reverse current, surface states, surface reconstruction,

passivating layer of gallium sulphide.
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