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n e eu - - of diB eret1t m olecul ar beam epi ta y (M B E) grow th condi tions on m ated - qual in es of

I no.HA lo-48A s on h P w ere investigated . Invest igated par am eters w ere grow th tem pera - e M d A s
ov- p- ss- e. A range of these tw o param eters w i thin w hich I n- A s v o w s under the A s-r ich
condiUon w as an t determ ined by rd em on high-energy elec- -on di Ü action - Fi ve di u - - ± h d lm

samples w e. g ow n w i thin thi s ra ge and character*zed by doubl e cry stal x -ray di m action, H £

measurement , a d photolum inescence. B ased on the resul ts of these characteri zations, the opti m al

M B E g ow th com m on f or In- A s w as determi ned.

as measured by the n ux ion gauge. Figure 1 show s the re-

sul ts. T he target grow th rate w as O.65 ,LInn 1 as w as for d l

omer In- A s sam ples g ow n for the present study. n e py -

rometer cal i brat ion w as done accordi ng to the characterB Uc

N E ED patten 1 change at the congruent subl i mation tem-

perature of G a s, 640 É , M d i t w as COM ITY1ed f or each

grow th by t he obser vation of the character i sti c RH EED pat-
tem change f rom the Fe-do- d h P subsu me at a chosen A s

overw e a -- value bef ore des- d InA lA s g ow £ : n c V- 1-

si tion is obsen d at 505 É under A s overpressure of
8 ¿ 1O± B EP Tor r. Si nce A s-ri ch grow th sur f ace is usual ly

requi red f or successM I n- A s grow th, the region upper

bounded by £ e u ace of tra sh ion tem- m u re in Fig. 1 i s

w here OW interest l ies. W ith in thi s region, 6 ve poi n- w ere

selected a show n in the Hgure mat come- ond to Hve com-

binati ons of tw o diu - - u values of A s overpressure a
8 ¿ 1o - 6 a d 15 ¿ 1o - 5 Ton B ER a d three d iHerent tem -

peratures at 475, 525 , a d 555 É . Fi ve O.65 Pm thick

I n- A s sam pl es w ere g ow n Uru ¤ these condi t ions on the

sa ne day usi ng p ieces from the sa ne (OO1) InP:Fe w afer.
Th e I nA lA s layer s w ere intentional- doped w i th the identi -
cal amounts of Si at about 5 ¿ 10 l6 cm - 3, the activati on of

w hich depends on grow th condi t i ons em ployed -4 A l l £ e

samp les w ere capped w i th about 100 A thick urMoped
I q .53G ao-47A s so that m y InA l A s surface ox idation i s pre-

vented and thc contact resi stance for H d l measurement i s
rcduced. h an tic ipation of enhanced I n-- sorpti on at hi gher

grow th temperature that m ay aHect our i nvest igation, w e
grew samp le L 2, H 2 , a d H 3 w i th 4 degree hi gher (737 É )

In ef f usion cel l temperature than sample L 1 a d H 1 (733 É )
w hi le keeping the sa ne A l cel l temperature of 1042 £C . T he

surfaces of a l resul t i ng samples w ere min or l ike w i th few

defects ob ser vable under N omar sh m icroscopy.

L INT R O D U CH 0 N

The Ino-- A 1048A s ternary latt i ce matched to I nP i s of

g eat impor tance for m a y elec- - al a d opUcal dev ices m at

ut il ize semiconductor M u m s- t1CU res- The mater i al quali ty

of In- A s, how ev- , sti l l leaves m uch to be des- ed . I t suff ers
* om the U gh reactiv i ty of A l Wi th oxygen-containi ng Ä -
sidual species, l a d d l oy cluster i g± presum ably due to the

large dM efence m h - A s a d A 1- A s bond energies. C onse-

quently, one mo t take g a t cm to esu M sh a grow th con-

dit ion £ a mi nim - s these degrading eHems-

h v ow ing In- A s w i th a molecul ar bea n epi taxy (M B E)

ë machi ne mat has tu- a cla n vacuum a d h igh source pur i ty,
R/ é ¢e has tw o control l abl e grow th par am eters m at sig m a In ly

ä ct £ e rB UMf- m ateri al qual i ty : subsu me temperature
¢ m d A s overpressure- T he a sk i s, then , obtai ni ng the opt im al

comb ination of these tw o mat gi ves the best m aterH l quali ty.

For thi s goal , In- A s samples w ere g ow n by M B E w i th
diHera tt corr¤ inanons of grow th temperature a d A s over-

pressure, a d character ized by double a n ta1 x -ray dim ¤ -

tion (D CX RD ) measurements for the evaluati on of cry stal -

l i ne quali ty, H d l mea - emen- f or elec- - al qual i ty, a d

photolumi nescence (PL ) for opti cal qual i ty.

± . M B E G R O W T H

T h e M B E m a c h i n e u s e d i n t h i s w o r k i s a R i b e r 2 3 M

e q u i p p e d w i t h m E P I v a l v e d A s c r a c k e r . W i £ a v a l v e d A s

c r a c k e r , A s o v e r p r e s s u r e c m b e c o n t r o l l e d w i t h e a s e a d

a c c u r a c y , w h i c h w a s e s s e n n a l f o r o w i n v e s t i g a t i o n . W i £ £ e

c r a c k i n g z o n e k e p t a t 5 5 0 £ C , o n l y A S4 w a s u s e d f o r t h e

p r e s e n t s m d y . F o r m e d e t e r m i n a t i o n o f t h e u p - r l i m i t o f

g r o w t h t e m p e r a t u r e f o r I n - A s , t h e V a m i n o n t e m p e r a t u r e o f

I n A l A s a t w h i c h t h e A s - r i c h s u r f a c e t u r n s i n t o G r o u p - I I I - r i c h

w a s m d i e d 6 r s L D u r i n g g r o w t h o f I n A l A s u n d e r g i v e n A s

ow võ eg rmpw rÄeÄ s$ smuw r. eð , t h e g r o w t h t e m p e r a t u r e w a s r a i s e d u p s l o w l y

(g2Õ0 £ÉCU / mm imnÇ ) a d t h e p y r o m e t e r tï¦ e¼mrnmtnm½. pÁ eaa trm.a nm ½rÄe w a s r e c o r d e d

w© hM¿ e× n td£®lhM1. e [Dm1Hm1m¹ 0Ì ] a z i m u t h m e c u m u g h - e n e r g y e l e c t r o n d i f -

f r a c t i o n ( M E E D ) p a t t e r n c h a g e d f r o m A s - O c h 2 ¿ t o

B O t ¤ - I H - r i c h 4 ¿ s - e a s - H u s c h a n g e i s u s u a l l y a b r u p t M d

; t r a n s i t i o n t e m p e r a t u r e c m b e o b t a i n e d r e p e a t - - w i t h i n

a f e w d e g r e e s o f a c c u r a c y . T h i s p r o c e s s w a s r e p e a t e d u n d e r a

n u m b e r o f d i H c r e n t A s o v e r w e a - - v a l u e s r a g i n g * O m
5 5 ¿ 1 o - 6 t o 1 9 ¿ 1 o - 5 T o m b e m e q u i v a l e n t p r e s s u r e ( B E P )

HI. M A T E R IA L C H A R A CT E R IZ AT IO N

T hree di Hero n D CX RD measurements were done on

three dM erent spots on each samp le, a d the average values

of substrate M d I nA 1A s peak separ ati ons a d I nA lA s peak
M l-w idth- - half -max im um (FW H M ) were determ i ned. T he

detai l s d X R D m easurem ent sen- ¦ k found
el sew here-× Fi g -re 2 show s t he m ounts of I nA lA s l an ice

mi sm atches determ i ned * Om the x -ray peak separations,

w here the m agnitudes of m i smatches are no more than
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spots n om each sample, a d the average values m show1

From these, the fo l low ing obser vati ons cm be made. Fbs

In JAM s quali t ies are bener M g ow n under Mgh A s overm es

sw e £ m low A s, a cm seen * Om the bener quan t- s d

FIG. 1. D e* ru m- e o f the A s-r ich to gro up I I I - r i ch u am n ion ta n t- m ure

on A s ov erp ressure- A l so sho w n are 6 v e d i Hera tt gro w th co nd i ti ons in ves-

t igated w i th their B g that ar e used l n thi s ar t i c le.

1.03 ¿ 1o - 3 (for H 3) for d l Hve sam ples. A l so show n i n the

Hgure Me the val ues of I n cel l temperature that would be

required f or * Mea ly latt ice matched ¼nA 1A s on I nP w i th A l
cel l tem- m u re at 1042 £C . Th esc values w ere esti mated

n om the show n mi smatch values M d the measured In Hux

acum uon energy. It cm be seen * Om the 6gu re m at A s over-

pressure ha l i tt le eHect on lan ce matchi ng f or the range

i nvestigated here, but hi gher grow th temperature causes en-

hanced In desorption m d requires higher h cel l temperature.

H Hs has a signi Hcant consequence in that one ha to contro l

g ow th tem- mu re 8 w el l as eµ »Sion cel l temperature in
order to v ow satisfactori l y latt i ce-matched InA lA s on I t- -

Figure 3 show s the results of m ateri al character izations

p rf ormed on di& rent samples: (a) x -ray FW H M , (b) 77 K

H £ mobi l i ty M d electron concentrat ion, and (c) 10 K PL

FW H M M d integrated intensi ty. H al l measurements w ere

dom on about O5 ¿ O5 cm vm der Pauw samples w i th I n dot

contacts. PL measurements w ere done for tõ Ä di Herent
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í G. 2. u mÄ mim atches of 6ve sa nd cs measured by De x e - A lso
shown aN ind wn cell terr¤IM ature mat would k reqturd for Á Mc tly
lattice-matched InA 1A s on I nP for diHero n growth conditions.

FIG. 3. Results of various material char- - rHand -s fm InA lA s g own un-
di& rent corn inons: (a) x-ray FW IB 4, (b) 77 K Hd 1 mobil ity a d el- - on

concert- anon, a d (c) 10 K PL FWHM a d in- F ated in- --sim-



~

1 01 5 w .-M Chd and C. G. Fond ad: Growth £pt imizanon of MBE grown lnA lAs on InP
1 01 5

a e respectable, but n -m er i m provem ents Me desi rable. Con-

seque- - . moÄ smdi ps a e needed to h Uther reduce alloy
cluster-1ng a d defect mcorporation i n the grow th of ho lm

by M B E .

IM C O N C L U S IO N

T he optim a InA lA s grow th cond i ti ons has been i nvesti -

gated by v ow ing h a lm sam pl es u nder diHerent combina-

tions of grow th tcmPerm - e a d A s overp ressure, m d cha -

acten - d by D C X RD , H al l , M d PL m easurements. W 1thin
£ e i nvesti gated range, gr ow th tem perature of 525 É a d A s,

overp ressure of 15 ¿ 1o - 5 Tom B E P gave the best InA lA s

qu Hi ty- Th is condi ti on i s bel ieved to prov ide a suf 6d ent

¢ 0unt o[ A s t0 £ e Y om sM aÄ , a d reduces im pur i ty

mcorporanon. I n addi t ion, thi s grow th tem perature does not

severely stu f a * Om h desorpti on, w h ich makes the task of

latt ice matchi ng more rel iab le.

A C K N O W L IED G M E N T S

T his work w as suppor ted by Joint Ser vices El- - oft- s

H og a n through the M IT Research L aboratory of E lectron-

1Cs, Con- act N o. D A A L 03-92-OOO1. T he authors w ould l i ke

t0 £ a * J. Ts0 and Prof essor R . Rei f both at M H for gen-

erots - al low i ng £ e use of their H d l measurement sem p-

served for H 1 £ m L 1, a d H 2 £ m L 2. Thi s i s bel ieved due

to reduced A s vaca d es and/or reduced all oy cl usteri ng at

Mgh A s overpressure- H igh A s overpress - e is expected to

/ reduce al1oy cluster ing since, w i th the resul t i ng low er sur face

adatom mob£ ties, i t ca Ä duce £ e therm odynam ically fa-

vord phase sepa an on. & tw eet1 InA s M d A u s. T he onl y

except ion to thi s obseN ation is PL FW H M w here H 1 has

la ger FW H M £ a L 1, the cause of w hich i s not presently
M ow n- Second, In- A s qual i t ies M e benef- H grow n at h igh

tem perature O ven su In d ent A s overpressure, Ä cm be seen

by compar ing qualm s of H 1 a d H 2 . Thi s is bel ieved due to

reduced imPur i U incorp ranon at h gh g ow th ternpeta l- -

H owever, H g ow th tern- m u re i s too M gh causing a sig no -

cm t a nount of A s desom uon, m en the advantage of M gh

g 0W£ temperature is off set by the degradi ng eHects of A s

vacanci es and/or enha ICed a11oy c luster ing . T hi s cm be seen

* Om the poor quali ties of H 3 M d L 2. Th ese tw o observa-

uons qual i tative- agree w i th the resul ts of Welch er af- w ho

mvesugated the optical qual i ty of InA l A s g ow n under diL
ferent condi t ions-6

I t shoul d be no- d m at me above x -ray FW H M data are

considerably bener tha t om er repor ts; For example, mat of

Tm m i 6 er af- w ho obtai ned x-m y FW H M values com parab le

t0 £ e present w ork only i f I nA lA s layers w ere grow n at very
high temperature of 6M £C , or on top of a £ i ck I m am or a

InGam m a - s sm ed au - e buff er-7 I t i s also notable that the

d ec. £n concentration depends greatly on the grow th cond i -

Uon employed. A 1though the detai l s of thi s dependence i s

meso n- not b m w n, the possi ble causes are the i rd uet- e of

g ow th condi ti on on Si acm anor1 and the incorporation of
- donor l ike im pur i ties-4

A s for H d l rnobi li ties m d PL FW f m 4, the best va t¤ s
obu nd in ì S sm dy- H aU mou l i nes of l 608 M d 10 16

cm W s at 77 K M d m m temperature. respecti vely, and PL

FW f B 4 of 17 meV at 1O¬K obtained w i th narrow er mono-

chrome- r sli t w idth m m USed f or data show n in Fig . 3(c)-
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