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H3yueH npouecc XHMHUECKOTO PACTBOPEHHA HEJICTHPOBAHHOTO H JIETHPOBAHHOTO 010BOM InAs B pacTBo-
pax cuctembl HNO3—-HBr-monounas kuciora. [Tokazano, 4TO JernpoOBaHHE OJT0BOM CYLECTBEHHO BIIMACT
Ha XapakTep XUMHYECKOrO TPABJICHHA aPCCHUA HHIHS, 3aMEIVIAA CKOPOCTh €r0 PacTBOPEHUA. BPOMBRI-
HEeJISAIONINE PACTBOPHI YKAa3aHHON CHCTEMBI MOTYT OBIThH UCIOJIb30BAHBI IS PA3HUHLIX 00paboTOK InAs

n InAs(Sn).

BBEJIEHUE

ITpu n3roToOBIEHNH NOTYNIPOBOAHMKOBBIX IPUOO-
POB MOHOKPHCTAJINYECKHE 00pa3libl PEAKO UCTIONb-
3yIOTCS B TOM BHJI€, B KAKOM OHH CYIIECTBYIOT Cpa3y
nocne BelpammBanus. Kak npaBuio, ux paspesaror,
HUTADYIOT ¥ NOJIUPYIOT 1Sl NPUAAHUS UM 3aJaHHbIX
pasMEpOB U OpPUEHTALMH U 00padaThIBalOT MOBEPX-
HOCTh. B 001elt Henoyke TeXHOMOru4eCcKUx ornepa-
MA xuMu4ecKas o6paboTKa MOJYIPOBOAHUKOBBIX
KPHCTAJJIOB SIBJISIETCS] OMHOM M3 CaMbIX aKTyaJbHBIX
npo0JIEM COBPEMEHHOTrO MOJYNPOBOJHUKOBOIO Ma-
TEPUAOBENCHUS U XUMUH TTOTYNIPOBOAHUKOB. Heo6-
XOIMMOCTb TOJIYYEH!si KAYECTBEHHON NMOBEPXHOCTH
CTUMYJIMPYET JETATLHOE U3yYEHHE U ONTHMHU3ALHUIO
KaK COCTaBa TPaBHJIBHBIX KOMIIO3HIUIA, TAK U PEKU-
MOB OOpaGOTKH pa3UYHbIX MOJYNPOBOTHUKOBBIX
MaTepHaoB.

BpoMcopiepkalye TpaBUTENM IHAPOKO IPUMEHS-
FOTCS A1 XUMUYECKOTO TPABJICHHS HE TOJNIBKO TOJY-
NPOBOIHMKOBBIX COCAMHEHUH THNIA AUBY go u xanb-
KOTE€HHIHBIX IONYIPOBOXHUKOB [1]. DT0 06ycnoBine-
HO B IIEPBYI0 OY€epeNb TEM, YTO 6POM NpH OKUCICHUU
MONYNPOBOTHUKOBLIX MaTepHAlIOB 00Opa3yeT Xopo-
LII0 PacCTBOPHMBIE B BOJ€ M HEKOTOPBIX OpraHUYecC-
KHX PaCTBOPUTEJISIX GPOMHABI, UTO CIIOCOGCTBYET Ie-
peBoay mpolecca pacTBOpeHus B nuddy3nOHHYIO
obmnacte. [Jns 06pabOTKH NMOTYNPOBONHUKOBBIX Ma-
tepuanos tuna AMBY vanre Bcero ucnonb3yror pac-
TBOpbI OpOMa B METaHOJIE. Y CTAHOBJIEHO, YTO CKO-
poctu TpaBneHusi GaAs, InP u InAs B Takux pacTso-
pax JHHEHHO YBEIMYMBAIOTCS C MOBBILIEHHEM
KOHLEHTpauu# 6poMa, IpHYeM NP NepeMEIIIMBAHUI
BO3PAacTaeT CKOPOCTh pacTBOpeHus. Bricokoe kave-
CTBO MOBEPXHOCTH 0OpabGaThLIBAEMBIX MaTEPHAJIOB
[AET BO3MOXKHOCTh HPHYUCIUTL 3TOT TPABHUTENb K
HamboJiee yHHMBEpCaNbHBIM, OJHAKO GOJbIIAs TOK-
CHYHOCTb Kak O6pOMa, TaK H METAHOJIAa BBIHYKAAIOT

BECTH [TOUCK HOBBIX, MEHEE TOKCHYHBIX OpoMcoIep:Ka-
[MX TPABWIbHBIX KOMIIO3MIMHA. K TakuM KoMIo3u1m-
sIM MOXKHO OTHECTH PacTBOp 6pOMa B 3TH/ICHIJIMKOJIE B
cooTHOLIeHUH 1 : 10, KOTOPBIA NMO3BONAET NONYYATh
3epKajbHYI0 IOBEPXHOCTH InAs u GaSb u sBstiercst 60-
nee ycrolyuBbIM BO BpeMen [2]. [To manneiM [3], pac-
TBOpeHne GaAs B 3 %-HoM pacTBOpe Br, B aTHNEHT-
JUKOJIE MPUBOIUT K 00PAa30BaHUIO HA €r0 IIOBEPXHO-
CTH OBAJBbHBIX SIMOK TpPAaBJICHHS, KOTOpBIE
BBICTpauUBalOTCA B HanpaBneHud [110].

JIoxansHOe TpaBneHue GaAs u InP MoxHO nipoBo-
OUTH pPAcTBOPOM Opoma B puMmeTHndOpMaMuie
(IM®A), npuieM HCNIOAB30BaHUE 5 Y%-HOro pacTBO-
pa Br, B IM®A no3BoisA€eT NOIYYUTH NOIUPOBAH-
HYIO NOBepxHOCTh InP ¢ kaHanamu TpasneHus u 63
6okoBoro noprpaBinuBaHus [4]. IloBbllieHue KOH-
LeHTpaluu 6poMa B TaKOM pacTBOpe NPUBOAHT K
YBEJIMUEHHIO CKOPOCTH pacTBOpeHusi. Baenenue B
pactBop Br, B IM®A rauuepnHa yBEJUUYHUBAET Bsi3-
KOCTb PacTBOpa, a CKOpOCTb pacTBopeHus InSb p- u
n-THUIIOB B TAKMX PacTBOpax ci1abo U3MEHSIETCA C 1O-
BbILIEHUEM TemiepaTypsl [5]. Heobxogumo ortme-
THTh, YTO NPU NOBBIILIEHHUA KOHIEHTpalun 6poma B
YKa3aHHbIX PAaCcTBOpPAX KOJMYECTBO MHUKPOHEPOBHO-
creil Ha 00pabOTaHHOH MOBEPXHOCTH YMEHBIIACTCH.
OnHako NpH OJHOBPEMEHHOM YBEJIHYEHHH M KOH-
LeHTpaluu 6poMa, H CKOPOCTH NEPEMEITHBAHUS KO-
JINYECTBO MUKPOHEPOBHOCTEN BO3PaCTaeT.

JIns XUMH9IECKOrO TPABIEHHUSA MONYIPOBOJHHKO-
BbIX coenunenui Tuna A'BY u3BecTHbI Takxke Tpa-
BHJILHBIE KOMIIO3HIINH, COAepxKallue OpPOMHCTO-BO-
mopoanywo kuciaoty. Hampumep, mansa onpepeneHus
KOHIICHTpall JUCIOKauui Ha nosepxHoctu InP
MPEAIOXEHO HCnonb30BaTh pacTBopsl HBr + HCl n
HBr + H,S0, [6] unmu HNO, + HBr [7], npuyem B no-
CIE[IHEM CIIY4a€E NPU B3aUMOICHCTBHU KOMIIOHEHTOB
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Puc. 1. KoHLEHTpalHOHHbIE 3aBHCHMOCTH CKOPOCTH
TpaBJleHus fMKM/MPlH) InAs (a) 1 InAs(Sn) (6) (T =296 K,
Y= 86 Mun ) B pactBopax cucteMbl HNO;-HBr—C;H(O;
npH o6beMHoM cooTHomernn HNO; : HBr : C;H¢O; B
BepuHHax TpeyroasHuka 10 : 90 : 0 (A), 20 : 20 : 60 (B),
90:10:0(C).

TPaBWJILHOH KOMIIO3NLMH BBIAEIAETCA CBOOOHBIN
GpoM.

B Hammix npenpinyumx paborax Oblia HCCIENOBa-
Ha KMHETHKA M MEXAHU3M PACTBOPEHUS H XUMITYECKOH
pe3ku InAs B pactBopax cucremsl Br,—HBr [8], a Takske
B3aUMOJEHCTBAE apCEHUAA MHOMA C pacTBOPAaMH CHC-
teM HNO;-HBr-H,0, [9] 1 K,Cr,0,—HBr—1uaBeneBas
kuciaoTa [10].

Hacrosmras paboTa nocesiilieHa H3y4YEHHIO KHHE-
TUKH XMMHYECKOTO PAaCTBOPEHHS HEJIETHPOBAHHOIO
H TETHPOBAHHOIO OJI0BOM InAs B pacTBOpax CHCTe-
Mbl HNO;-HBr-Momo4Hass KHCIOTa B BOCIPOH3BO-
AUMBIX THIPOJAUHAMHUYECKHX YCIOBUSIX C MOMOILBIO
METOIMKH BpAalllatOILErocs AUCKA.

HEOPTAHUYECKHWE MATEPHUAIIbI

METOJUKA 3KCIIEPUMEHTA

B pacteopax cucremel HNO;-HBr-momnounas
KHCJIOTa a30THasi KUCIOTa OOBIYHO SBJIAETCS OKHUC-
auTeNneM, 6pOMHCTO-BOAOPOAHAs KHCIOTA JOJIKHA
pacTBOpATh 00pa3yloIIMECA B PE3YNbTATE OKHUCTIE-
HHsI IPOAYKTHBI, 2 MOJIOYHAs! KUCJIOTa CIIOCOOCTBYET
00pa30BaHHIO KOMIUIEKCHBIX COECIMHEHUH, TOBBIILIA-
€T BA3KOCTb OOPa3ylomMXCsl TPABMIbHBIX KOMIIO3H-
WA U B HEKOTOPOH CTENEHH PETYIUPYET NPOLIECC
BblgeneHus ceobogHoro 6poma. Kak 6p110 nokasaHo
panee, B3aumopeictsue HNO; u HBr B cocrage Tpa-
BHJILHOY KOMITO3MI[MH TPUBOAUT K 0Opa3oBanmio Br,
u 6pomucroro Hutposuna (NOBr), npuueM Konuye-
CTBO oOpa3sytolierocsi 6poma OGyeT 3aBUCETh OT CO-
orsowenusi [HNO;]/[HBr] B pactsope [11]. Boiens-
IOLIMIACA B pPE3yNbTaTe B3aUMOJCHCTBUSI KOMIIOHEH-
TOB TPAaBUTENISI OpPOM MOXKET pacTBOPHUTECA B
u36eITKe HBr, 06pa3ys pacTBOpBI, NOXOXKE MO CO-
CTaBy U CBOMCTBaM Ha pacTBOPHI cucTeMsl Br,—HBr,
B KOTOPBIX OKHCJIHATENIEM BbICTyNaeT 6pom. Ecnu co-
otHoweHue [HNO;]/[HBr] < 0.9, To o6pa3syromuiics
OGpoM MOKET BBIAEIATHCA U3 pacTBopa. HeoGxomumo
OTMETHTD, YTO npn cootHoweHu [HNO;]/[HBr] > 0.8
PaBHOBECHE YCTAHABIUBAETCS IPY KOMHATHOU TEMIIE-
paType yxe uepe3 5—10 MiH nocie NOosBIICHNs HEPBbIX
nopuii Br,, a npu cootromennn [HNO;)/[HBr] < 0.1
PaBHOBECHOE COCTOSIHUE JOCTUTAETCS HE PaHeEE, UeM
yepe3 60 MHH, YTO 3aBUCUT OT TEMIIEPATYPhI PaCTBO-
pa, €ro OCBELICHHOCTH U HEKOTOPBIX APYTuX (paKkTo-
poB. Mcnosnre3oBanue B cocTaBe TPaBWILHOH KOMIIO3H-
(MM MOJIOYHOM KHCJIOTbI IAET BO3MOXHOCTD BBIAEJIAIO-
LIEMYCsl GpOMY YAaCTHUHO B HEH PaCTBOPUTBCA.

J71s1 mccneoBaHMi HCNOJIB30BAId MOHOKPUCTAN-
nuyeckue 1actheel InAs u InAs(Sn), Bbipe3aHHbIe
NMEPNEHAUKYJISIPHO HampasiaeHu:o [111], nnomagsio
~0.5 cm? 1 TomuHOiA 1.4-1.8 MM. MeTopuka paGoThI
AETAJIBLHO onucaHa Hamu paHee B [10]. dns npuro-
TOBJIEHHS] PACTBOPOB MCNOJb30BaH 70%-Hyto HNO;
(13 9y (13 29
(“oc.u.”), 40 %-ubie HBr 1 MOIOYHY10 KMUCITOTY (*'X.4.”).

PE3YJIbTATBI 1 UX OBCYXIEHHWE

Ha puc. 1 npegcTaBleHbl KOHLEHTPALMOHHBIE 3a-
BHCHMOCTH CKOPOCTH PacTBOPEHMS! HEJIETHPOBAHHOIO
H JIETUPOBAHHOTO OJIOBOM InAs B pacTBOpax CHCTEMBI
HNO;—HBr—monouHast KUCIOTa, TOCTPOEHHBIE IKCTIE-
PUMEHTAIBLHO ¢ HMCHIONB30BAHHEM MAaTEMaTHYeCKOro
IJIAHKPOBAHUSI 3KCHEPUMEHTa Ha cUMILIEKcax [12].
Br16op HccmenyeMoro HHTEpBala COCTaBOB OO0ycC-
JIOBJIEH B MEPBYI0 O4YEpEab HEOOXOMUMOCTLIO H30e-
JKaHUsA 00J1aCTEH MacCHBAllAH, a TAKXKE TEM, UTO IIPHA
HoGaBIEHAN MalbIX KOJIMYECTB OOHOH KHUCIOTHI K
ApYrod MOXKET PE3K0 H3MEHUTHCS MEXaHU3M NPOTe-
KaloLIeH IPH TPABJICHUH M€ TEPOT€HHON XMMUYECKOU
peakuuu [13].

N3 puc. 1 BHAHO, UTO NOBEPXHOCTH PABHBIX CKO-
pocreii pactBopeHus InAs u InAs(Sn) (mrarpamMMer
I'm66ca) NOX0XH, OGHAKO JIETHPOBAHUE NPHUBOJUT K
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CYLIECTBEHHOMY CHIDKEHHIO CKOPOCTH PaCTBOPEHHS.
MakcumanbHbBIE CKOPOCTH PACTBOPEHHST HaOMIONA0T-
Cs1 B pacTBOpax, 000rameHHbIX OpPOMHCTO-BOJOPOTHOM
KHCJIOTOH (yron A), 1 gocturatoT 320 MKM/MUH 715 He-
JIETHPOBAaHHOTO H 270 MKM/MUH [J151 JETHPOBAHHOTO
onoBoM InAs. B pacrBopax, o00rameHHbBIX MONOY-
HOH KMCHOTOi (yron B), CKOpOCTE paCTBOpEHUs, Kak
U CJIEJOBAJIO OXWJATh, IMEET MUHUMANbHbIE 3HaYe-
HUS, IPHYEM H B 3TOM Cllydyae JeruposaHue InAs
OJIOBOM YMEHBILAET CKOPOCTh PACTBOPEHHUS.

Heo6x0quMO OTMETHTD, YTO BIHSHHE JIETHPOBA-
HHs Ha CKOPOCTb XHMHYECKOI'O TPABJIEHHS B IUTEPA-
Type He ONHCaHO H 3a(PHMKCMPOBAaHO HaMH BIIEPBLIE.
Ono uMeeT GONbLIOE MPAKTHYECKOE 3HAYCHHE, 110-
CKOJBKY, KaK NMPAaBUIO, HCIOIb3YIOTCS JETHPOBaH-
HbI€ MONYNPOBOAHHKOBBIE MAaTEPUATbI, YTO MOXKET
BHOCHTB OIpENIeEHHbIE KOPPEKTHBBI B IPOLECC XH-
MHYECKOH 0OpabOTKH OHOTO M TOTO e MONYHPOBO/I-
HUKa TPH JETHPOBAHMM PAa3NUYHbIMM IIPUMECSIMIL
IMpruHON TaKOro BNUSIHUS SBIISIFOTCS, OYEBATHO, 00-
pasyiolyecs Ipy B3aUMOJCHCTBAN TPaBUILHOH KOM-
MO3ULMA C JETHPYIOIMMU IPUMECIMH XUMHYECKHE
COCAMHEHUS, KOTOPbIE MOTYT KaK 3aMeJAThH (BBI-
CTYNaTh HHrHOMTOpPaMH KaK B CIy4ae pacTBOPEHUA
JIETHPOBAHHOrO ONIOBOM InAs B yKa3aHHBIX BbIILE
pacTBOpax), Tak U, BO3MOXHO, YCKODPSTE (BBICTYNATh
KaTalW3aTOpaMH) NPOLECC XUMHUECKOTO pacTBoOpe-
HUS OCHOBHOTO BEILECTBA.

JIns momupyIomuUX pacTBOPOB U3 Pa3HbIX obmac-
TeH KOHIEHTPALMOHHOIO TPEYTrONbHHUKA OBLIH MOCT-
POEHbI 3aBHCHMOCTH CKOPOCTH PacTBOpPEHHA (V) OT
CKOpOCTH BpauleHusi (Y) B koopauHarax vl — y12,
ITockonMbKy KaK B ClIydae HeJIETHPOBaHHOTO, TaK H Jie-
THPOBAHHOTO ONOBOM INAS 3TH 3aBHCHMOCTH MOXKHO
3KCTPaNOJNPOBATh B HAYAI0 KOOPIHHAT (puc. 2), mpo-
LIECC PaCTBOPEHUSI B OOOHX CIy4asx JIUMHTHPYETCS
nudPy3uOHHbIMH cTagusaMu [1].

37O 3aKIIO4YEHHE ObIIO MMOITBEPKACHO NPH U3Y-
YEHHH TeMIIEPaTypHOH 3aBUCHMOCTH CKOpPOCTH pac-
TBOPEHUSI YKA3aHHbIX BBILIE MATEPHATOB B TEX XKe
pacTBOpax, B KOTOPLIX H3y4all 3aBUCHMOCTL CKOPO-
CTH PacTBOPEHHUs OT CKOPOCTH BpAIlCHHSA MHCKA
(Ta6muua). ITockonbKy H M HEJIETHPOBAHHOIO, H
1718 IETHPOBAHHOT'O OJIOBOM InAs KaxKyuasicsi aHeprus
aKTHUBALWM He TpeBbiaeT 15 K[Ixx/Moib, ux XuMirdec-
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Puc. 2. 3aBHCHMOCTH CKOPOCTH pacTBOpeHHd InAs (a) u
InAs(Sn) (6) ot ckopoctu nepememuBanns (T = 296 K) B
pactBopax cHcteMbl HNO3;-HBr-C3;HgO3 npu o6bem-
HoM cooTHowmeHuH HNO; : HBr: C;HgO5:=37.5:17.5:45;
(1),35:35:30(2).

KOE pacTBOpEHHE B YKA3aHHBIX pacTBOpax ACHCTBU-
TENbHO TUMATHPYETCH NUPPY3HOHHBIME CTATHSIMU.

IIpoBeneHHbIE IKCIIEPUMEHTANLHBIE HCCIENOBA-
HUs1 O3BOJIMJIH YCTaHOBUTE, YTO PACTBOPbI CUCTEMBI
HNO,-HBr-MomnouHast KHCJIOTa MOTryT OBITH HC-
NOJB30BaHbl AN XHMHUECKOr'O MOJHPOBAHUS H Ce-
nekTHBHOrO TpaBieHus InAs u InAs(Sn).

Kuneruueckue napameTtpsl npouecca pactsopenus InAs i InAs(Sn) B pacrsopax cucrembl HNO;—-HBr-Momnousas kuciora

Cocras pactBopa, Mt .

O6pasen E,, x[Ix/Monb InCpg
HNO;3 HBr Mosnoynas KHCa0Ta
InAs 10.5 10.5 9 6.8 6.71
InAs(Sn) 14.1 9.83
InAs 11.25 5.25 13.5 12.1 8.90
InAs{Sn) 6.7 6.91
*Cp = e ERT)
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3AKITIIOYEHUE

H3yueHn xapakTep XUMHUYECKOIO pacTBopeHus InAs
u InAs(Sn) B pactBopax cucrembl HNO;—HBr-momnou-
Hasl KHCJTOTA U BIIEPBbIE YCTAHOBJICHO 3HAYNTENLHOC
BIIMSIHHE JIETHPOBAaHMA HAa XapakTep XHMHYECKOro
TPaBJICHHS.

ITokasaHo, YTO pacTBOPbI H3YYEHHON CUCTEMBI MO-
I'yT OBbITH UCHONMBL3OBaHbI I PA3INYHbLIX TEXHONOTH-
yeckx 06paboToK (XMMHYECKOIO IOJHPOBAHUS, CeE-
JIEKTHBHOI'O TPABJICHHSA) HEJIETHPOBAHHOIO M JIEerH-
POBaHHOIO 0JI0BOM InAs.
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Abstract—The dissolution of undoped and Sn-doped InAs in HNO;-HBr-lactic acid solutions is studied. The

results demonstrate that doping with Sn markedly reduces the dissolution rate of indium arsenide. Bromine-
releasing solutions of the system studied can be used for various treatments of InAs and InAs{Sn).

INTRODUCTION

In the fabrication of semiconductor devices, as-
grown crystals are rarely used. Usually, crystals are
sliced, lapped, and polished to obtain wafers of con-
trolled dimensions, orientation, and surface condition.
“hemical etching of semiconductor crystals is one of the
most important areas of semiconductor materials
research and chemistry. The ability to prepare high-qual-
ity semiconductor surfaces depends crucially on careful
optimization of etch compositions and conditions.

Bromine-containing compositions are widely used
to etch not only III-V compounds but also chalco-
genide semiconductors [1], primarily because the bro-
mides forming during oxidation of semiconductor
materials are readily soluble in water and some organic
solvents, which makes it easier to achieve diffusion
control. III-V semiconductors are commonly etched
with methanolic solutions of bromine. The dissolution
rates of GaAs, InP, and InAs increase linearly with
increasing bromine concentration in methanol and can
be notably accelerated by stirring. This etchant ensures
high quality of surface preparation for many semicon-
ductors. However, both bromine and methanol are
highly toxic, which stimulates the search for new, less
toxic bromine-containing etch compositions. One such
etchant is a 1 : 10 solution of bromine in ethylene gly-
col, which enables the preparation of mirror-smooth
InAs and GaSb surfaces and is more stable [2]. Accord-
ing to Ganeau [3], GaAs dissolution in a 3% Br, solu-
tion in ethylene glycol leads to the formation of oval
etch pits aligned in the [110] direction.

Local etching of GaAs and InP can be achieved with
a bromine solution in dimethylformamide (DMFA). A
5% Br, solution in DMFA allows one to prepare pol-
ished InP surfaces with etch grooves, without lateral
etching [4]. Increasing the bromine concentration in
such solutions increases the dissolution rate. The addi-

tion of glycerol to Br, solutions in DMFA raises the
solution viscosity. The dissolution rates of p- and
n-type InSb in such solutions vary little with tempera-
ture [5]. As the bromine concentration increases, the
etched surface becomes smoother. At the same time,
increasing both the bromine concentration and stirring
rate leads to rougher surfaces.

HBr-containing compositions can also used to etch
I1I-V semiconductors. For example, HBr + HCI, HBr +
H,S0, [6], and HNO; + HBr [7] mixtures were
reported to be adequate dislocation etchants for InP. In
the last system, the reaction between the acids leads to
bromine liberation.

Earlier, our group studied the kinetics and mecha-
nisms of InAs dissolution and chemical cutting in Br,~
HBr solutions [8] and the reactions of indium arsenide
with HNO;-HBr-H,0, [9] and K,Cr,0,—~HBr—oxalic
acid solutions [10].

The purpose of this work was to investigate the dis-
solution kinetics of undoped and Sn-doped InAs in
HNO;-HBr-lactic acid solutions under controlled
hydrodynamic conditions using the rotating-disk
method.

EXPERIMENTAL

In HNO,;-HBr-lactic acid solutions, nitric acid typ-
ically acts as an oxidizer, hydrobromic acid dissolves
the oxidation products, and lactic acid favors the forma-
tion of complexes, raises the viscosity of the etchant,
and, to some extent, controls bromine release. As
shown earlier, the reaction between HNO; and HBr in
etch compositions leads to the formation of Br, and
nitrosylbromide (NOBr). The amount of forming bro-
mine depends on the HNO, : HBr ratio in solution [11].
The bromine may dissolve in excess HBr to form solu-
tions close in composition and properties to Br,~HBr

0020-1685/04/4010-1015 © 2004 MAIK “Nauka/Interperiodica”



1016

solutions, in which bromine acts as an oxidizer. At
HNO, : HBr molar ratios below 0.9, the liberated bro-
mine may form a separate phase. Note that, for HNO, :
HBr > 0.8, room-temperature equilibration takes
5-10 min after the beginning of Br, liberation; for
HNO, : HBr < 0.1, equilibration takes at least 60 min,
depending on the solution temperature, illumination,
and some other factors. The liberated bromine may par-
tially dissolve in lactic acid.

We studied (111) InAs and InAs{Sn) wafers about
0.5 cm? in area and 1.4-1.8 mm in thickness. The
experimental procedure was described in detail else-
where [10]. Solutions were prepared from extrapure-
grade 70% HNO; and reagent-grade 40% HBr and 40%
lactic acid.

A 20 40 60 80 B
vol %

Fig. 1. Dissolution—concentration diagrams for (a) InAs and
(b) InAs(Sn) in HNO3;-HBr-C3;H¢O5 solutions; HNO; :
HBr : C3HgO3 volume ratio is 10 : 90 : 0 in comner A, 20 :
20: 60 in corner B, and 90 : 10 : 0 in corner C; T = 296 K,
rotation rate Y = 86 rpm; numbers on the contours indicate
the dissolution rate (Lm/min).

KUSYAK et al.

RESULTS AND DISCUSSION

Figure 1 shows the dissolution—concentration dia-
grams for undoped and Sn-doped InAs in HNO;-HBr—
lactic acid solutions. The data were obtained using a
simplex design of experiments [12]. The composition
range was chosen so as to avoid passivation and also with
allowance made for the fact that small additions of one
acid to another may cause sharp changes in the mecha-
nism of the heterogeneous reaction invoived [13].

As seen in Fig. 1, the contours of constant dissolu-
tion rate (Gibbs diagrams) for InAs and InAs(Sn) are
similar in shape, but Sn doping markedly reduces the
dissolution rate. The dissolution rate is higher in HBr-
rich solutions (corner A), attaining 320 pm/min for
InAs and 270 um/min for InAs(Sn). In solutions rich in
lactic acid (corner B), the dissolution rate is the slowest,
as would be expected, and Sn doping of InAs also
reduces the dissolution rate.

Note that the influence of doping on the rate of
chemical etching has not been analyzed in the litera-
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Fig. 2. Plots of v! against Y2 for (a) InAs and
(b) InAs(Sn) at 296 K in HNO3—-HBr—C3H4O; solutions at

an HNO; : HBr : C3HgO4 volume ratio of (1) 37.5:17.5:
45 and (2) 35: 35 : 30.
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Parameters of InAs and InAs(Sn) dissolution kinetics in HNO;-HBr-lactic acid solutions

Solution composition, ml
Material E,, kJ/mol InCg*
HNO; HBr Lactic acid
InAs 10.5 10.5 9 6.8 6.71
InAs(Sn) 14.1 9.83
InAs 11.25 5.25 13.5 12.1 8.90
InAs{Sn) 6.7 6.91

*Cp= e HRD,

ture. Our results are the first to demonstrate this effect,
which is of practical importance since it is doped semi-
conductors that are used in most device applications,
and one must, therefore, optimize the etch composition
for each particular dopant. Clearly, this effect arises
from the reaction between the etchant and dopant: the
resulting compounds may slow down (inhibit, as in the
case of InAs(Sn) dissolution in the system under con-
sideration) or, possibly, accelerate (catalyze) the disso-
lution of the host compound.

For different etch compositions, we plotted v~ (v is
the dissolution rate) against Y~ (y is the rotation rate)
(Fig. 2). All of the lines thus obtained extrapolate to the
origin, indicating that the dissolution process is diffu-
sion-limited for both InAs and InAs{Sn) [1].

To further validate this conclusion, we measured the
dissolution rate as a function of temperature using the
same solution compositions as above (table). For both
InAs and InAs(Sn), the apparent activation energy
extracted from those data does not exceed 15 kJ/mol,
providing clear evidence that the dissolution of these
materials is diffusion-limited.

Our experimental results demonstrate that HNO;—
HBr-lactic acid solutions are well-suited to chemical
polishing and selective etching of InAs and InAs(Sn).

CONCLUSIONS

The present results on the dissolution behavior of
InAs and InAs(Sn) in HNO;-HBr-lactic acid solutions
are the first to demonstrate that doping may have a sig-
nificant effect on the dissolution rate.

The solutions studied are well-suited to chemical
polishing and selective etching of both undoped and
Sn-doped InAs.
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