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lfay11eH rrpou;ecc XHMH'leCKOrO paCTBOpeHHH HeJiernpoBaHHOro H nernpoBaHHOro OJIOBOM InAs B paCTBO­

pax cHcTeMhI HNOrHBr-MOJIO'lHaH KHCJIOTa. IloKa3atto, 'lTO nerHpoBattne OJIOBOM cyiu;eCTBeHHO BJIHHeT 

Ha xapaKTep XHMH'leCKOrO TpaBJieHHH apceHHAa H~HH, 3aMeAJIHH CKOpOCTh ero paCTBOpeHHH. EpoMBhl­

AeJIHIOru;He pacTBOphI yKa3aHHOH CHCTeMhI MoryT 6hITh ncrronh3oBaHhI AJIH pa3JIH'lHhIX o6pa6oTOK InAs 
H InAs(Sn). 

BBEAEHI1E 

IlpH H3rOTOBJieHHll nonynpOBOAHHKOBhIX np1160-

poB MOHOKpHCTaJIJIHqecKHe o6pa3Qhl peAKO llCilOJih-

3YIOTCH B TOM BHAe, B KaKOM OHM cy~eCTBYIOT cpa3y 

nocne Bh1pa~11BaHHH. KaK npaBHJIO, HX pa3pe3aJOT, 

IIIJIHcpyIOT H IlOJIHPYIOT AJIH npHAaHHH HM 3aAaHHhIX 
pa3MepoB 11 op11eHTaQHH H o6pa6aThIBaJOT noBepx­

HOCTh. B o6~eif u;enoqKe TexHonor11qeCKHX onepa­

QHH XHMHqecKaH o6pa60TKa nonynpOBOAHHKOBhlX 

KpHcTaJIJIOB HBJIHeTCH OAHOH H3 caMhIX aKTyanhHhIX 

npo6neM cospeMeHHOro nonynpoBOAHHKOBoro Ma­

Tep11anoBeAeHHH H XHMHH nonynpoBOAHHKOB. Heo6-

XOAHMOCTh IIOJiyqeHHH KaqecTBeHHOH nosepxHOCTll 

CTHMYJIHpyeT AeTaJihHOe 113yqeH11e 11 onTHMH3an;1110 

KaK COCTaBa TpaBHJihHhIX KOMil03HQHH, TaK ll pe)KH­

MOB o6pa60TKH pa3JillqHhIX nonynpoBOAHHKOBhIX 

MaTepHaJIOB. 

EpoMCOAepx<:a~He TpaBHTeJIH urnpoKo np11Mem1-

IOTCH AJIH XllMHqecKoro TpaBJieHHH He TOJihKO rroJiy­

npOBOAHHKOBhIX coeAHHeHHH THrra A IIIB v, HO H xaJih­

KoreHHAHhIX nonynpoBOAHHKOB [1]. 3TO o6ycJIOBJie­

HO B nepsyIO oqepeAh TeM, qTO 6poM npH OKHCJieHHll 

nonynpOBOAHHKOBhIX MaTepHaJIOB 06pa3yeT xopo­

llIO paCTBOpHMhie B BOAe ll HeKOTOphIX opram1qec­

KHX paCTBOpHTeJIHX 6pOMHAhI, qTo crroco6cTBYeT rre­

peBOAY npou;ecca pacTBopeHHH B AHcpcpy3HOHHYJO 

o6nacTh. AnH o6pa60TKH rronynpoBOAHHKOBhIX Ma­
Tepttanos THna ArnBv qa~e Bcero 11cnoJih3YIOT pac­

TBOphI 6poMa B MeTaHOJie. y CTaHOBJieHO, qTo CKO­

poCTH TpasJieHHH GaAs, InP H lnAs B TaKHX pacTBO­

pax JIHHeHHO yseJI11q11saIOTCH c IIOBhilllem1eM 

KOHD;eHTpan;HH 6poMa, np11qeM npH nepeMelllHBaHHll 

so3pacTaeT cKopocTh pacTsopeHHH. BhlcoKoe Kaqe­

CTBO nosepXHOCTII o6pa6aThIBaeMhIX MaTepilaJIOB 
AaeT B03MO)KHOCTh npI1qI1cJII1Th 3TOT TpaBI1TeJih K 

Ha116onee yHIIBepcaJihHhIM, OAHaKo 6oJihlllaH TOK­

cI1qHoCTh KaK 6poMa, TaK II MeTaHOJia BhIHy~aJOT 

BeCTll IlOHCK HOBhIX, MeHee TOKCHqffhlX 6pOMCOAep)Ka­

~ TPaBHJihHhIX KOMII03HQllif. K TaKIIM KOMII03HQH­

HM MO)KHO OTHeCTH paCTBop 6poMa B 3THJieHrJIIIKOJie B 

COOTHOllleHllll 1 : 10, KOTOphIH II03BOJIHeT nonyqaTh 

3epKaJihHyIO rroBepXHOCTh lnAs II GaSb II HBJIHeTCH 60-

nee ycTOlfqffshlM BO speMeHH [2). Ilo AaHHhIM [3], pac­

TBOpeHile GaAs B 3 %-HOM pacTBope Br2 B 3TIIJieHr­

JIHKOJie rrpIIBOAllT K o6pa30BaHllIO Ha ero nosepxHO­

CTll OBaJihHhIX H:MOK TpaBJieHHH, KOTOphie 

BhICTpa11BaIOTCH B HarrpaBJieHllll [110). 

JloKaJihHOe TpasneH11e GaAs 11 InP MO)KHO nposo­

AllTh pacTBOpOM 6poMa B AllMeTHJicpOpMaMHAe 

()1.M«l>A), rrp11qeM llCIIOJih30BaH11e 5 %-Hora paCTBO­

pa Br2 B AM<l>A rro3BOJIHeT rronyq11Th non11posaH­

HYIO noBepXHOCTh InP c KaHaJiaMH TpasneHHH II 6e3 

6oKOBOro IlOATpaBJillBaHHH [4]. IlOBhillleH11e KOH­

n;eHTpau;1111 6poMa B TaKOM paCTBope npIIBOAIIT K 

yBeJI11qeH11IO cKopocT11 pacTsopeHHH. BseAeHHe B 

paCTBop Br2 B AM<l>A rn11u;ep11Ha ysen11qHBaeT BH3-

KOCTh paCTBOpa, a CKOpOCTh paCTBOpeHHH lnSb p- II 

n-TllilOB B TaKHX pacTBOpax cna6o 113MeHHeTCH c no­

BhillleHHeM TeMnepaTyphI [5]. Heo6XOAIIMO OTMe­

TllTh, qTo np11 IlOBhillleHIIII KOHD;eHTpan;HH 6poMa B 

yKa3aHHhIX paCTBopax KOJI11qeCTBO MIIKpoHepOBHO­

CTeH Ha o6pa6oTaHHOH IlOBepXHOCTII yMeHhlllaeTCH. 

0AHaKO np11 OAHOBpeMeHHOM yBeJI11qeHI1ll II KOH­

n;eHTpau;1111 6poMa, II CKOpOCTll nepeMelllIIBaHHH KO­

JI11qecTBO MHKpOHepoBHOCTeif B03pacTaeT. 

AnH: x11M11qecKoro TpaBJieHHH rronynpoBOAHIIKO­

BhIX coeAHHeHIIH T11na ArnBv II3BeCTHhI TaK)Ke Tpa­

BHJihHhie KOMII03HQllll, COAep)Ka~He 6pOMHCTO-BO­

AOPOAHYJO KHCJIOTy. Hanp11Mep, AJIH: onpeAeneHHH 

KOHD;eHTpan;HH AIICJIOKaQIIH Ha IIOBepXHOCTII InP 

rrpeAJIO)KeHo 11crronh30BaTh pacTBOphI HBr + HCI II 

HBr + H 2S04 [6] IIJill HN03 + HBr [7], npw-1eM B no­

CJieAHeM cnyqae npII B3aHMOAeHCTBllll KOMilOHeHTOB 
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Puc. 1. Kom~eHTpaQHOHHhie 3aBHCHMOCTH cKopocTH 
TpasJieHHH fMKM/MHH) InAs (a) H InAs(Sn) (6) (T= 296 K, 
y= 86 MHH- ) B pacTBopax cucTeMhI HNOrHBr-C3H 60 3 
npH ofrheMHOM cooTHOIIIeHHH HN03 : HBr : C3H 60 3 B 
BepIIIHHax TpeyrOJibHHKa 10 : 90 : 0 (A), 20 : 20 : 60 (B), 
90 : 10 : 0 (C). 

TpaBHJihHOH KOMII03HI.J;HH BhJAem1eTC.sI CB060AHhIH 
6poM. 

B Hanmx rrpeAhJAYII.J;HX pa6oTax 6hma HCCJieAOBa­
Ha KHHeTHKa H MexaHH3M pacTBopeHH.sI H XHMWieCKOH 
pe3KH InAs B pacTBopax c11CTeMh1 Br2-HBr [8], a TaIOKe 
B3aHMOAeHCTBHe apceHlfAa HHAH.sJ: c paCTBOpaMH CHC­
TeM HNOrHBr-H20 2 [9] H K 2Cr20 7-HBr-rn;asenesa.sr 
KHCJIOTa [10]. 

HacTo.srrn;a.sr pa6oTa rrocs.srrn;eHa H3y'IeHHJO KHHe­
THKH XHMH'IeCKOro paCTBOpeHH.sI HenerHpOBaHHOro 
H ner11poBaHHOro OJIOBOM InAs B paCTBopax CHCTe­
Mhl HN03-HBr-MonoqHa.sr KHCJIOTa B socrrpo113so­
AHMhIX rHAPOAHHaM11qecKHX ycJIOBH.sIX c IIOMOII.J;hlO 
MeTOAHKH Bparn;aiorn;eroc.sr AHCKa. 

METO,Il;I1KA 3KCIIEPl1MEHT A 

B pacTBopax c11cTeMhI HN03-HBr-MonoqHa.sr 
KHCJIOTa a30THa.sI KHCJIOTa 06h1qHo .sIBJI.sieTC.sI OKHC­
JIHTeJieM, 6pOMHCTO-BOAOPOAHa.sr KHCJIOTa AOm1rna 
paCTBOp.sITh 06pa3yiorn;11ec.sr B pe3yJihTaTe OKHCJie­
HH.sI rrpOAYKThl, a MOJIOqHa.sr KHCJIOTa crroco6cTBYeT 
o6pa30BaHHIO KOMIIJieKCHhlX COeAHHeHHH, IIOBhIIIIa­
eT B.sI3KOCTh o6pa3yJOII.J;HXC.sI TpaBHJihHhIX KOMI103H­
u;Hli H B HeKoTopoli cTerreHH peryn11pyeT rrpou;ecc 
BhIAeJieHH.sr cso60AHoro 6poMa. KaK 6hlJIO noKa3aHo 
paHee, B3aHMOAeHCTBHe HN03 11 HBr B cocTase Tpa­
BHJihHOH KOMII03HI.J;HH npHBOAHT K o6pa3oBaHHJO Br2 
H 6pOMHCTOro HHTp03HJia (NOBr), np11qeM KOJIHqe­
CTBO o6pa3yiorn;eroc.sr 6poMa 6yAeT 3aBHCeTh OT co­
OTHOIIIeHH.sI [HN03]/[HBr] B pacTBope [11]. BhIAeJI.sr­
IOII.J;HHC.sI B pe3yJihTaTe B3aHMOAeHCTBH.sI KOMIIOHeH­
TOB TpaBHTeJI.sr 6poM MO)KeT paCTBOpHThC.sI B 
H36hITKe HBr, 06pa3y.sr pacTBOphI, noxo)Klfe no co­
CTasy H CBOHCTBaM Ha paCTBOphl CHCTeMhl Br2-HBr, 
B KOTOphIX OKHCJIHTeJieM BhICTynaeT 6poM. ECJIH co­
OTHOIIIeHHe [HN03]/[HBr] < 0.9, TO 06pa3yiorn;11H:c.sr 
6poM MO)KeT BhIAeJI.sIThC.sr 113 paCTBopa. Heo6xOAlfMO 
OTMeTHTh, 'ITO rrpH COOTHOIIIeHHH [HN03]/[HBr] > 0.8 
paBHOBeCHe yCTaHaBJIHBaeTC.sI rrpH KOMHaTHOH TeMIIe­
parype ~e qepe3 5-10 MHH rroCJie no.sIBJieHH.sI rrepBhIX 
rropu;HH Brz, a rrpH COOTHOIIIeHHH [HN03]/[HBr] < 0.1 
paBHOBeCHOe COCTO.sIHHe AOCTHraeTC.sI He paHee, qeM 
qepe3 60 MHH, qTo 3aBHCHT OT TeMrrepaTyphl paCTBO­
pa, ero ocsern;eHHOCTH H HeKOTOphIX p;pyrHX cpaKTO­
pos. l1crroJih30BaHHe B cocTase TPaBHJihHOH KOMII03H­
I.J;HH MOJIO'IHOH KHCJIOThl AaeT B03MO)KH0CTh BhIAeJI.sIJO­
rn;eMYC.sI 6pOMY qaCTH'IHO B HeH paCTBOpHThC.sI . 

.Il:n.sr HCCJieAOBaHHH HCIIOJih30BaJIH MOHOKpHCTaJI­
JIH'IeCKHe rrnacTHHhI InAs H InAs(Sn), Bh1pe3aHHh1e 
rreprreHAHKYJI.sipHO HarrpaBJieHHIO [111], IIJIOII.J;aAhlO 
-0.5 CM2 H TOJIII.J;HHOH 1.4-1.8 MM. MeTOAHKa pa60Thl 
AeTaJihHO OIIHCaHa HaMH paHee B [10] . .Il:n.sr rrpHrO­
TOBJieHH.sI paCTBopos 11cnOJih30BaJIH 70%-Hyio HN03 
("oc.q."), 40 %-Hhle HBr H MOJIOqeyJO KHCJIOTY ("x.q."). 

PE3YJibTATbl l1 l1X OBCYlK.Il:EHliE 

Ha p11c. 1 npeAcTasneHhI KOHu;eHTpau;110HHh1e 3a­
BHCHMOCTH CKOpOCTH paCTBopeHH.sI HeJierHpOBaHHoro 
H nernpoBaHHoro OJIOBOM InAs B paCTBopax CHCTeMhI 
HNOrHBr-MOJIO'IHa.sr KHCJIOTa, nocrpoeHHhie 3Kcrre­
pHMeHTaJihHO c HCIIOJih30BaHHeM MaTeMaTH'IeCKOro 
IIJiaHHpOBaHH.sI 3KCrrepHMeHTa Ha CHMrrJieKcax [12]. 
Bh16op HCCJieAyeMoro HHTepsana COCTaBOB o6yc­
JIOBJieH B rrepsyio oqepeAh He06XOAHMOCThlO H36e­
)KaHH.sI o6nacTeli rracc11Bau;HH, a TaK)Ke TeM, qTo rrp11 
A06asneHHH MaJihIX KOJI11qecTB OAHOH KHCJIOThI K 
Apyroli MO)KeT pe3KO H3MeHHThC.sr MexaHH3M rrpoTe­
Kaiorn;eli rrpH TpaBJieHHH reTeporeHHOH XHMHqecKOH 
peaKI.J;HH [13]. 

lfa p11c. 1 BHAHO, qTo rrosepxHOCTH paBHhIX CKO­
pocTeH pacTBopeHH.sI InAs H InAs(Sn) (AHarpaMMhI 
r1166ca) IIOXO)KH, OAHaKO JierHpOBaHHe rrpHBOAHT K 
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cy~eCTBeHHOMY CHIDKeHIUO CKOpOCTH paCTBOpeHIDI. 

MaKCHMaJihHhie cKopoCTH paCTBopeHIDI Ha6mogruoT­

CH B paCTBopax, o6or~eHHbIX 6poMHCTO-BOAOPOAHOH 

KHCJIOTOH (yroJI A), H goCTHraIOT 320 MKM/MHH AJIH He­

JierupoBaHHoro H 270 MKM/MHH AJIH JierupoBaHHoro 

OJIOBOM InAs. B pacTBOpax, o6ora~eHHhIX MOJioq­

HOH KHCJIOTO:H (yroJI B), cKopocTh pacTBopeHIDI, KaK 

H CJiegoBaJIO mrrngaTh, HMeeT MHHHMaJibHbie 3Haqe­

HIDI, npuqeM H B 3TOM CJiyqae JierupoBaHHe InAs 
OJIOBOM yMeHbIIIaeT CKOpOCTb paCTBopeHIDI. 

Heo6xogMMO OTMeTHTh, qTo BJIIDIHHe JierupoBa­

HIDI Ha CKOpOCTb XHMMqeCKoro TpaBJieHIDI B JIHTepa­

Type He OIIHCaHO If 3ac}mKCHpOBaHO HaMH BnepBbie. 

0Ho HMeeT 6oJibIIIOe npaKTMqecKoe 3HaqeHue, no­

CKOJihKy, KaK npaBHJIO, IfCIIOJib3YIOTCH JierupoBaH­

Hbie IIOJiynpOBOAHHKOBble MaTepuaJibl, qTO MO)KeT 

BHOCHTb onpegeJieHHbie KOppeKTHBbl B npou;ecc Xlf­

MifqeCKOH o6pa6oTKH OgttOro If Toro )Ke IIOJiynpoBOA­

HHKa IIplf JiernpOBaHIDI pa3JiuqttbIMH npHMeCHMH. 

ITpuqHHOH TaKoro BJIIDIHIDI HBJIHIOTC51, oqeBHAHO, 06-

pa3y10~ec51 np11 B3aHMoge:HCTBHH TPaBHJihHOH KOM­

no311u;1111 c Jierupyio~MH npuMeC51MH XHMMqecKHe 

coegHHeHIDI, KOTOpbie MOryT KaK 3aMegJI51Tb (Bbl­

CTynaTb HHrH6HTopaMH KaK B CJiyqae pacTBOpeHIDI 

Jier11poBaHHoro oJIOBOM InAs B yKa3aHHhIX BhIIIIe 

paCTBOpax), TaK H, B03MO)KHO, ycKOp51Tb (BbICTynaTb 

KaTaJIH3aTopaMH) npou;ecc x11M11qecKoro pacTBope­

HIDI OCHOBHOro Be~eCTBa. 

)l;JI51 IIOJIHpyro~ pacTBOpOB 113 pa3HbIX o6Jiac­

TeH KOHn;eHTpau;HOHHOrO TpeyrOJibHHKa 6bIJIH IIOCT­

poeHhl 3aBHCHMOCTH CKOpOCTH pacTBopeHIDI (u) OT 

CKOpOCTif Bpa~eHIDI (y) B KOOpAHHaTax v-1 - '{112• 

ITocKOJihKY KaK B CJiyqae HeJiernpoBaHHoro, TaK 11 Jie­

rnpoBaHHoro OJIOBOM InAs 3TH 3aBHCHMOCTH MO)KHO 

3KCTPaIIOJIHpOBaTb B HaqaJIO KOOpAHHaT (puc. 2), npo­

u;ecc paCTBOpeHIDI B o60HX CJiyqaj{X JllfMHTHpyeTCH 

gmpcpy3HOHHbIMif CTaAIDIMH [1]. 

3TO 3aKJiroqeHHe 6bIJIO IIOgTBep~eHo np11 H3Y­

qeHHH TeMnepaTypHOH 3aBHCHMOCTH CKopocni: pac­

TBOpeHIDI yKa3aHHbIX BbIIIIe MaTepHaJIOB B Tex )Ke 

pacTBOpax, B KOTOpbIX H3yqaJIH 3aBHCHMOCTb CKOpo­

CTH paCTBOpeHIDI OT CKOpOCTH Bpa~eHIDI AHCKa 

(Ta6nm~a). ITocKOJihKY 11 AJI51 HeJierupoBaHHoro, 11 

AJI51 JiernpoBaHHOro OJIOBOM InAs K~IDICH 3Hepr:m1 

aKTHBau;HH He npeBhIUiaeT 15 ~MOJib, IfX XHMifqeC-
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Puc. 2. 3aBHCHMOCTH CKopocTH pacTBopeHHll InAs (a) H 

InAs(Sn) (6) OT CKOpOCTH rrepeMeIIIHBaHHll (T = 296 K) B 

pacTBopax cncTeMhI HNOrHBr-C3~o3 rrpn o6'beM­

HOM COOTHOIIIeHHH HN03 : HBr: C3~03: = 37.5 : 17.5: 45; 
(1), 35 : 35 : 30 (2). 

Koe pacTBopeHHe B YKa3aHHhIX paCTBopax ge:HCTBH­

TeJibHO JIHMHTI1pyeTC5!: g11cpcpy3HOHHbIMH CTagHHMII. 

IlpoBegeHHhie 3KCnepHMeHTaJibHbie HCCJiegoBa­

HIDI II03BOJIHJIH ycTaHOBHTb, qTO paCTBOpbI CHCTeMbl 

HNOrHBr-MOJIOqHaH KHCJIOTa MoryT 6bITh 11c­

IIOJib30BaHhI AJI51 XHMHqecKoro IIOJIHpOBaHIDI If ce­

JieKTHBHOro TpaBJieHHH InAs H InAs(Sn). 

KmieTlf<lecKHe napaMeT}JhI npou,ecca paCTBopeHIDI InAs H InAs(Sn) B pacrnopax CHCTeMbI HNOrHBr-MOJIO'IHIDI KHCJIOTa 

Cocrns pacTBopa, MJI 
* 06pa3eu, 

HN03 

£ 0 , K,[l;)J{jMOJih In CE 
HBr MoJioqttaH KHCJIOTa 

InAs 10.5 10.5 9 6.8 6.71 

InAs(Sn) 14.1 9.83 

lnAs 11.25 5.25 13.5 12.1 8.90 

InAs(Sn) 6.7 6.91 
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3AKnIOqEHl1E 

J13yqett xapaKTep XHMWieCKoro paCTBopeHliSI InAs 
H InAs(Sn) B pacTBopax CHCTeMhI HN03-HBf-MOJIQq­

HaH KHCJIOTa H BrrepBbie ycTaHOBJieHO 3HaqHTeJibHOe 

BJIHHHHe JierHpoBaHHH Ha xapaKTep XHMHqecKoro 

TpaBJieHHH. 

IloKa3aHO, ~o paC'TBOpbI HJyqeHHOH CHCTeMhI MO­

ryT 6bITb HCIIOJib30BaHbl p;.IDI paJJiffqffblX TeXHOJIOfH­

qecKHX o6pa60TOK (XHMWieCKOfO IIOJIHpOBaHliSI, ce­

JieKTHBHOfO TpaBJieHmI) HeJierHpOBaHHOfO H nerH­

poBaHHOfO OJIOBOM InAs. 
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Abstract-The dissolution of undoped and Sn-doped lnAs in HN03-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
t,t,olled dimensions, orientation, and surface condition. 
Chemical 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 surf aces 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 [l ], 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% Br2 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% Br2 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 Br2 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 surf aces. 

HBr-containing compositions can also used to etch 
III-V semiconductors. For example, HBr + HCI, HBr + 
H2S04 [6], and HN03 + 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 Br2-

HBr solutions [8] and the reactions of indium arsenide 
with HNOrHBr-H20 2 [9] and K2Cr20rHBr-oxalic 
acid solutions [ 1 O]. 

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

EXPERIMENTAL 

In HN03-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 HN03 and HBr in 
etch compositions leads to the formation of Br2 and 
nitrosylbromide (NOBr). The amount of forming bro­
mine depends on the HN03 : HBr ratio in solution [11 ]. 
The bromine may dissolve in excess HBr to form solu­
tions close in composition and properties to Br2-HBr 

0020-1685/04/4010-1015 © 2004 MAIK "Nauka/lnterperiodica" 



1016 KUSY AK et al. 

solutions, in which bromine acts as an oxidizer. At 
HN03 : HBr molar ratios below 0.9, the liberated bro­
mine may form a separate phase. Note that, for HN03 : 

HBr >. 0.8, room-temperature equilibration takes 
5- l 0 mm after the beginning of Br2 liberation; for 
HN03 : HBr < 0.1, equilibration takes at least 60 min, 
depending on the solution temperature, illumination, 
~nd so~e othe~ facto~s. The liberated bromine may par­
tially dissolve m lactic acid. 

We studied (111) InAs and InAs(Sn) wafers about 
0.5 cm2 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% HN03 and reagent-grade 40% HBr and 40% 
lactic acid. 

c 

20 40 60 80 B 
c 

40 60 80 B 
vol% 

Fig. I. Dissolution-concentration diagrams for (a) InAs and 
(b) InAs(Sn) in HN03-HBr-C3H60 3 solutions; HN03 : 

HBr: C3H603 volume ratio is 10: 90: O in comer A, 20: 
20 : 60 in comer B, and 90 : IO : 0 in comer C- T = 296 K 
rotation rate "( = 86 rpm; numbers on the cont~urs indicat~ 
the dissolution rate (µm/min). 

RESULTS AND DISCUSSION 

Figure I shows the dissolution-concentration dia­
grams for undoped and Sn-doped InAs in HNOrHBr­
l~ctic acid s_olutions. 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 
a~id to another may cause sharp changes in the mecha­
msm of the heterogeneous reaction involved [13]. 

As seen in Fig. 1, the contours of constant dissolu­
ti_on_ rat~ (Gibbs diagrams) for InAs and InAs(Sn) are 
si_milar ~n shape, but ~n doping markedly reduces the 
~issolut10~ rate. The dissolution rate is higher in HBr­
nch solut10ns (comer A), attaining 320 µm/min for 
InAs and 270 µm/min for InAs(Sn). In solutions rich in 
lactic acid (comer 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-1 against y-l/2 for (a) InAs and 
(b) InAs(Sn) at 296 Kin HNOrHBr-C3H60 3 solutions at 
an HN03: HBr: C3H60 3 volume ratio of (J) 37.5 : 17.5 : 
45 and (2) 35 : 35 : 30. 
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Parameters of lnAs and InAs(Sn) dissolution kinetics in HNOrHBr-lactic acid solutions 

Solution composition, ml 
Material 

HN03 HBr 

InAs 10.5 10.5 

InAs(Sn) 

InAs 11.25 5.25 

InAs(Sn) 

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-1 (vis 
the dissolution rate) against y-112 (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 HNOr 
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 lnAs(Sn) in HNOrHBr-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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