
Wire Crystals of GaAs and InAs Grown by Molecular 
Beam Epitaxy on Porous Silicon 

I. Iiitroductioii aii. AI1 síiiiiplcs c.sliil>it,ctl visible pliotolurninescence a.t 

30OTí. 

After cl~ictrocliei~1ica.1 preparat,ion the porous silicon 

nm I~oiidccl Ily Iii oii a inolybdeiiuni block a.nd loaded 

i11 t~lie lock-iri locli syst,<:ni of MECA 2000 MBE inst,al- 

latioii. The iiit~erva.1 11et.ween tlie end of t,he cheniical 

preparat.ioii ;-i.iicl t.lic sul~st,ra.te transfer to ultra liigh vac- 

uiin-i was 30-40 ririri for Ilie iniiiiiniza.f.ion of porous Si 

oxitlaLioii. Thc cpit,axial laycrs were prepared in two 

stcps. TIiese start  Oy Iit:at,ing t.he porous siiicon (PS) 

riiicler Ga  fiux for 'L iiiin a t  750°C in ordcr to  desorb tlie 

iiat,ivt? oxide. hft .ernwds t,hc G;t. sliutter was closed, a.nd 

tl-ie l-ieatiiig process coiitinued for 20 iuin to evaporate 

tlie G a  met,al. The  substra.te t,emperature T s  is then 

loivcred aiid the first st,ep was initiated by depositing 

a 0.2 piii bufrer hyer  of GaXs a t  200°C witli growtli 

rat.e 0.1 pn1/11, followetl by a 5 min annea.liiig a t  550°C 

uiicler As f u x .  Tlicii tslie deposition proceclure was ex- 

ecut,ecl uiiclcr As-st,abilizecl coiiclitions a t  a growth rate 

of l / p / I i  cluring 112 h.  A siiiiilar process was done for 

tl1c InAs growt,li. 

Tlie curreiit-volta,gt: (I - V) characteristics of 

GaAs/PS helerojuiiction cliodes were measured a t  300 

a.nd 77M. Elwtrica.1 cont.a.ct-s were produced by con- 

vent,ional thermal incliuin eva.poration, using a sha.dow 

iiig. nafcrs werc, r i n s d  i i i  ( ~ ~ h i i ~ i o l  i1nd tli.ic:tl i i i  anil)ie~it iiiaslí. Aft.er evapora.t,ioii t,he coiitacts were alloyed in 
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Figiire 3: 5ur f i cc  inorpliology of GaAs/I'S groí~tli at. 40U°C:. 

X1, 400' t.lic su~face  struci,ure trailsf'orms into sinal1 

crysí.i~I+ md \v(: cal1 sce growth of t.lie single crystal 

\vires oE GaAs ~v i th .  fiirt,lic~t fiam tlie surface, a. diaiil- 

'Tllc surfa.ie sl.ruct,ure ol' t.hc porous Si a.t low iiiag- 

nification iii tlie sca.niiirig (4cctroii imicroscope is sliowii 

i11 Fig. 'L. 

gro\vth process using ILHEED oscillations, aiid as we 

cai1 scv: tlie leiigth of a wire crystal iii Fig. 1 is about 

10 t,iines bigger thn.n Lhe one obt.ainec1 iii  Lhe parallcl 

gio\vt,11. 

Fig. 4 slio~vs surface í'ragmeiit,s witli 120 p m  Iengtli 

cryet,n.ls. The \vire Jiaimker is -8Onm. The growth 

i-11eclia.iijsii1 was iiot, changed qualitatively with increase 

of T5 tto 300OC. Tlie layer growii a t  this temperature lias 

siinilar st,rrict,ure to lhe sample growil a t  T, = 40U°C, 

honwcr  tlie size of t . 1 ~  small crgatallites was slight.1~ 

enlnrgetl. Tl-ic GaAs crystal wire diameter augme 

aiid tlie lerigtli-wise sliorteiicd into whisliers. 

n t ed  

iiicrcasii-ig 72 1 o 380°(,' ga\-c: risc to t.lie roughiiess iil- Figure 4: Fiagment of C+aAs/PS surface with  wire cryshls  

crease of thc s~irfacc. of leiigt,li lX)/pm. 
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Figure 5: Fragrnent of InAs/PS siriface witli crystals of 

leiigtli 100;trn. 

Fig. 5 sliows surface fia.gmciits o i  IiiAs/PS wit.11 

77nin cliaiiietcr crysta.1~. Tlie liigliest crystal cleiisity is 

locat,ed on t,lie cra,cl< l~orders,  wliicli. cross t,lie suria.ce 

of InAs porous Si islands, i.c. thc epitaxial grow111 of 

InAs begins in a.ii a.rea of plastic defo~matioii .  For more 

precisc cIet,eriniiiat,ion of tlie temperat,urc for wliicli tlie 

growtli meclianis~il is clia.iiged ~ v c  iiivestigat,ed series 

of sainples grown bet~veeii 'r, = 380, 420 aiid 440". 

Tlle fouiid tliat this inecha.nism nlas clianged aí 7S = 
4OU+1O0C'; tlie Iayer wliich was g r o m  a t  3S0°C clcinoii- 

stra.ted frisble clisordcrccl surfacc! Iio\vcver a.t 400°C the 

cryslal wircs were ol~servcd. At,' 7; = 400°C t,lie crys- 

t,als clia.iilet,er size iiicrca.ses a.ncl t.he nrires t.cncl to 1x2 

shorter. 

Tlie grolvt1-i process of mliislíers by NIBE on III- 

V niaterials was iiivestiga.tec~[~] using tlie va.por-liquicl- 

solicl (VLS) meclia.iiisin. 'Tliis regime of growth was 

realizecl l ~ y  MBL uiider conclitions of stabilizatioii of 

growt,li surfa.ces by IIJa groiip element. Tlie R.I-IEED 

pattern cluring growt,li iii t8l1is regiiiie sliows ~vell ktio~vn 

111et~al-st8abilizecl surface struct,urc tvilli tlie complete 

sa.turatioii of the to11 iiionola,yer 11y metal aclatoms. 

When GnAs fi11i.i is gromn 11y MRE,  t,lie Ga atonis liave 

a sticliin; coefficient -1. '1'11e atonis o i  Ga. rliicli are 

not incorpora.ted into blic lat,t.ice, m r e  collect,ecl int,o 

micro drop1et.s oii tlic surface groving lnyer. Froni tlie 

sa.tura.í,ioii of tliese droplet,s by the vapor pliase of As 

tlie wliisliers I)egin to giow l ~ y  tlie VLS mechaiiism, as 

described in Rcf.[lO]. 

111 our exgerimeiits, tis we inclicatecl above, t'lic ra- 

tio of tlie As/Ga. fiuxcs was in coiicorda.nce witli ricli 

arsei-iic conditions, tlierefore Ga. droplet. formations on 

the surface was not possible. From t,liis we conclude 

tliat the growtli inec1ia.nism of Ga.As u-ire cryst,als on 

pororis Si are completely diffcreilt from tlie mechanism 

described i11 Ref.[lO]. 

Tlie second possible nieclianism can be explained by 

Ga. aiid As a.t,oiii tra,nsport t o  t,l-ie wire tops through the 

exist,cnce of a. tl-iick semiadsorbtional layer of G a  and As 

adat,oins on Lhe surface of the GaAs a.t low temperature 

T,. At tthe lower temperature conditions (T, = 400°C), 

the surfa.ce of GaAs layer lias an  over monolayer ordered 

covera.ge of As ada.tonis with t,l-ie As-stable (2 x 2) struc- 

tu ie  a.nd a.n additional nuinber of adsorbed As atoms 

in a. disorclered phase. Tlierefore we suggest that  a t  low 

temperature tlie surface Iíiiietics of atom incorporation 

clccreases, resulting in tlie appearailce of semiadsorb- 

tional 1a.yers with G a  a.nd As clusters. Tliis layer on 

tlie solid surface is similar to  tlie saturated metal liquid 

pliase, and crystal growt1-i in this case is governed by 

the  vapor-seinia.dsorbtional solid layer growtl-i mecha- 

nism. Wire giowtli breakdown a.t temperature T, below 

380°C ca.n be expla.ined by tlle first model. 

In suininary, a. iiew possibility for tl-ie formation of 

GaAs wire crystals by MBE on porous Si has heen 

demoiist,ra.t,ed. It wa.s founci t11a.t the optimum tem- 

p e ~ a t u r e  is 400°C, witli a wire length of 120 p m  and 

diai~iet~er near to 75-100 nm.  These nanocrystals were 

oGservec1 in the niicrocraclting area of a GaAs layer 

on porous Si. \+'e believe tliat tlie germ formation of 

i-ia.nocrysta.ls begins on t.lie output of the dislocations 

on tlie GaAs gro~viiig la.yer. Two meclianisms of wire 

cryst,al growt,li in tlie ahsei-ice of metal liquid solution on 

t,Iie epitaxial la.yer surface liave been discussed. For the 

first mechanisni we suppose tlie long diffusion length of 

G a  adatoins along the lateral surface is responsible for 

thc wiic gro~vtli. As tlie second mechanisrn, we suggest 

a t,hick seiniadsorbtional layer of G a  and As results by 

transport. of G a  and As at,oiiis t o  tl-ie wire tops. 
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