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l;. J. (irmitlmmr, ‘l’. (kmgc, 1). 1’. 7:iIIgI,0, J, 1.C.WiSe, 1. Griffcm”, X, ‘J’al)g”, 1, K. 1 it),
W. ‘l’. ]’ikc ~lId N4. {i. S~KH)CC~O,  Jet l)lo]]ulsiotl 1,HkJJato~y,  (h]ifonlia  lnstitutc of “l’echm)-
lo~,y,  ]):tsadctla,  Cttlifomia, llSA; Mtilct-itils  Scicmcc Rcsmch (kntct.  of llxcdlctw,  1 IOwtirci
ll]~ivclsily,  Washin~,ton,  IX:, lJSA

‘1’k s[raind layer ltKitiAs/(iaAs systctn  htis hc.et} tllc subjcx[ of substfintial  wmk cm])llasizitlp,

both f,mwlh s!udicx and device tij)plica[ions. Rcltilivcly  fcw s{udics  hfive successfully c.xjllofc.{i

the t)in:ily lt]As cm GHAS systcm  txxxiuse d t}lc difficulties of maitlttiinin~, a spcculal  gmw[h

f~ont :if}(i tile.  aiqmmntiy  sm:ili  valm  of tile cliticai  lllicklms. ‘1’l]c su]fww i)ilasc. diap,lam wilicil

cicsailws tiw h4i{ll  p,mwtit  of lnAs on (ia As, ai](i (ia As cm ltlAs ON tile. (loo)” sutfnm lms a coln-

})lcx (ic.imt)(ietlcc  0]) Imni)ct  alutc, coInimncIIt  flllx ) at im, sLllFdcc. It”const  r Ltclioll nn[i sul)stratc tc}-

imf,lai)))y.  II) out ])tcviol]s  wolk, WC, IIavc (iclm)llsttatcd  tilat tile. qutiiity  of tile ~,mwli] fiotlt,  lilt

(iisloci{tiwl  (ic.tlsit  y [~n(i the dcumnic  pm~wlics  of pscmiomw  ~Jlic. lnAs m (ia As is stmnp.ly tic.-

]wtl(icllt  OII ll]c. tc.mpctatulc  al]ci g,row[tl  flolll stc)icilic)lllc.[(-y. llnfm Iullatcly, lllc.sc  c.x]m ilncrltal

cm(iiiions  alc often (ii fficuit to :tci~icvc  owl a l:irg,c  awn, at](i ‘I’l IM an(i RI li{i~l)  stu(iics  :iw not

silni)]y Jc]alcd to tile. c]cdtmica]iy  active defect  (icnsity of stIc]I  Illatcxials. ]<c.cctltiy,  lllandt,

l’lwIfI,  ami cowwkel  s ,] hnvc ]nlbiisimi a scl ics of cfitcfu] sl[)dic.s o f  t h i s  syslcm, ami have

inn mitnxi  a novel f,lowlil  mc.li]o(i  10 w.tilim )Iif,ll (iuality ilclclt}illtcjfiiccs. ‘J’tlisme.tilwi  m]ltit(:s

s[ll)s[ri{t~ ic]]}])~.l~tu~~  ]nodulatioti,  gtow’iti:j  lI)As at 4?00(~,  ~I]ci [i~As tit 5400(1 witi] ~ 3 ]]]1

c:tiq)itlf,  l:iyci ofCi:iAs~[]  lt]As aI 4200(~. Af[~l (iaAscti])  laya f,mwtil, IIIC s[ll)stlatc is l]~ii[e(i  10

54()0 (;t()c]cs{)ll  )iif]c):i[jt]g,s  tll~ii]()t)()ltiyct  fill~]ofltl l)cfoIc] cs[tl~]i]]f,( ;:iAs:,io\\’[l], ” III this wok,

V’c tlitvr llsc.(i  H <)ll:illtlllll  WCII llli M’1’  SIIUCIUIC.  10 CxJ)cIill”iClltally  Colll])alc  Illc Ctl:illl}c.1  c.lc.ctloll

Iml]iiity of i)sc.ti(ioll~otj)ilic”  lt]Ci:iAs];It~(iC)i~-I  :ilioys to[ilat  ofslmt ]mio(i lnAsjl/(ia As,,, s[raimxi

lit~~t  slll)c.llatticcs illw'llictl  tilca\~ci tig,cltl  c{)l}tcl~la  tl(itllc]  )sc~l(i()t~~[)lj  ]i}icl TlAslayct  tilickrmsscs

WCIC boti] v:{lic.{i, ‘1’hc ])sclltiol~~olj)llic”  ltIAs sami)ics wetc. ~,lowr] using,  ou] [iyllnmic

stoiciliomc.lly  contlol Inc.tho(i  :ili(i  tile. fkm(il)~ II) fltisi}-off tc.ci~niqw.  I’m diie.c.t  coln]ml-ism. A l l



S:iltl]kS W’C.l  G f!,[(nvl] 011 <;a As <]()()> SllbStldtCS,  Wit] I 11 = ] , 2 [)1 q, W(] Ill VNyiIl~  flOlll 2 tO 8.

‘Il)c s]wcific sIt UCILII c sludicd cmsistcd  of H CiaAs buffcv ltiyo gImvn at 580 “C, the shmt pc,] id

slmit)cd-laycl  supcllal[ice f, fowtl at 420 O(; (using, the stoichiomciiy  cotlltol  lnctlmi),  a 30 A

Lll](iopcd  Alo,75Gtio.75As”  Spaccl’ layct , d plmr ddtfi  dopcxi  laycI” (6 x 1012 cmq, H 300 A lmdopd

A10?sCiao,75As layu find a ?00 ~ Si-doped (2. x 1018 cn]-~) (itiAs ca]) laycl. All Alop~(iao,75As”

laym WC.IC  gtowll at a Sllt)st[atc.  Impcxalmcs  o f  5400(:. ‘1’hc 1 lall mobility and ctinicr

conccnlmlion  of these fillils wmc mcasutcd  tit both 77 find 298 K using  gc.omctl  ics wliich pcnni[-

tc.(i  tin ftlysis  of anisotlopic sctitlcling  impc.t lies. IXlting glmvth,  Illc ill/V ]atio was individually

H(i~Hs[c.[i for Ihc IT], (ia atl(i Al containing, laycm, titi(i  a systematic suits of pmccss intcmlJ)ts

wuc insc.rid  bc.t weal  de.]mitions of ln, As ad (iti monol:iyas  using  valms publisld  for both

mc.thods.  li]uxcs  of 1!1, (iti, Al and As wctc cfi]ibmte.d  using, 1{1 IIilil)  oscillation techniques.

IIlsl:lntai]mus  sut~dcc  stoichiome.tf y 81i(t  systematic varifitions  of the sul-fidcc lfitt ice consttint wac

also dclumincxl  by analysis of vidcm 1+1 11;1[1) d:tla, l’tlotollllljitlcscctlcc”  (1’1 ,), c:ittlo(iolltlllit~c.s-”

cc]~cc. ((~1,) find transmission CIC.CII on microscopy (’1’IIM) st udics were also pc.]fomd.

WC foul)(l 11]:11  slnall  dc.viat  ior)s flolll Ol)t ilnlll)l  gIowtll  cotlditions  ])mdumxl ~mol  lnatcrial, with

mom lcmpa fit utc mobililics of 500” to 2000 cm?/V-scc tit room tcmlpcratum  with little. chtin~,c  at

77 K. 1 ,ntf,m dcviat  ions pmd uccd IOLIglIeJICd  ~,1 owth interfaces as idicatcd  by 1<111 ;Ill ), ad

sul)stantia]  10ss of Cnlricrs  it) the. QLI:ttltuIn  WC]] channel. l;O1- o])timimd  gmwlh conditions for

tk sioichiometiy contto]  mclhd, wc obtaitwd moli] tcmpcratulc mobilitics  of 4500” to 6400,” :ttd

77K mobilit  ies of 150(X) to 37000 cm2/V-scc  as a function of cffe.c[ivc lnAs lm]c fl :ict ion. lbl

Cxampk al 5 0  mole ])CJCCJ)t  (11 : 11} = ? llK)llO]~yCJ’S),  t i l e  obsclwd  mobi]ity  fm’ a 6 0  A thick

(]llatltulll  wdl was 5300” at ?!)8 K and 27000  al 77 K with d mcasurd  cxII”I”icJ’  density of 1.2-  1.4

x lo12/cm2.  l~or cffcctivc in mole flat.tions of up to 35% the mobility of the. stiaind  lnycu

Slll)c.1 ]:1[  (iCCs  WCI”(?  no ]C. SS th:iti  tllc 1 all(ioIll  alloy  COJ)tl O] S~lll])]CX  fil)ci wCI’C:  ~Cl)CJ”2J]]y ? ( ) %  g,rcatcr

fw iiny give.n camic.f  conccnlmtion. Samples gtown by the flmting  in flash-off tccllniquc  gave

collsi(ictably higllm lnol)ili[ics  (?() 10 80%) tharl  those. g[owfl I)y tllc stoic}liolllctr}f COJIIIO1

mcthwl wlmn s:imp]cs of cquilivant in cml]msition  and call iu conccnt  tat im wmc. comjmmd,



.

h40bilily,  can ic.r conccntralion,  1’1, and (3. spc.ctrti  till  showed lncfisurablc  vfil-iations  outside, an

ama 20 mm. in ditimc.ter, tiligncct  with tk ccmk.r of tbc substrate.. ‘1’J{M nnalysis  of tbc Qufintulii

WC.]] stmctutc.s  show atomically abnlpt intdaccs  ftcc of dislocations, and ciiscrctc  lnAs/CiaAs

supcdatlims  bu[ sug,gcst  a tcrmcc structure bctwcm  150 find 300” A in lcng,th in Ibe chemically

mo(iuldle.d  images. ‘J’hc stoicbiomctr  y cxmtmlkxi  stimplcx gave.  con[inmws IIIAS layas,  with a

rougtmed  lIIAs/CiaAs  interfwe,  as comJmed  to tbc GaAs/lnAs  intcrfwc.  Micro x-] ay antilysis

of tbc ‘1’Jih4 sJmimetls  show an outward diffusion of ln(iium in the gmwtb dimctim  fmm tbc

lIIAs/GaAs intcrfwc. ‘1’hc ]n-1 ;Jast]-off  lllC(hOd  ~~VC  Cxt rcmc]  y S}M1”J)  Stl-uclul”cs  fol’ bo th  ttlc

(iaAs/lnAs  ad lnAs/CiaAs  intc]F~ccs.  No III out-diffusion was observe.d for this latta  case,

however, in al] in-l~ltish-off snmplm  wc obse.rvd  discmtitluous  lnAs layers with 80 to 175 ~

wide Ci:t As scgmcnis ir~scr[cd  in 800” to 2600” ~ long lt]As laym. {)n]y t})c d ml. lnAs ]II-];]:tSh-

off s:iln~)lm  sbowd any cvidcncc  of dislocations. II] this case, defects we.rc. only  obscwd in ttw

oule.rlm)st I]]As ]tiyC1. in this JJapcr wc will ctc.taiJ  the complex  growth  procxxiurcs  r)ccdcd  to

J)l’CJ):iI’C  [bCSC.  S[l”UCt(]l”fX,  JM’CSC1lt  l’], al)(i  Cfit}lo(]()]lllllillCSCCllCC  illl~$!,CS  to ~I)~lY7.C  l~tClfit

]c.l)r(}{l~lcit)ilit  y of tbc ~rowlb front, coln]):irc tbcsc.  d:ita with 1 .6A resolution ‘l”J {h4 cress- sectional

tind JJJ8ne view micmgrtiJ~hs  (ttikcn with tin All’]’  ()()2]1 200” kcV micmcoJw),  ana[y~c the

sys[cm:t[ics  of glc)w’tl]-i]l(lllcc.(1  vari:ttions  in mobility and carrier dcmsity  of these biy,tlJy sttaid

supcr]alliccs,  find dcsclibc  the g r o w t h  [Iynfimics in tmns of tbc surffice an(i intufidcc frw

cncrp,ics.
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