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plane  and resul ts  in many  (or one) reen t ran t  corners  at 
the  needle  tip (Fig. 9b). The easy nuc lea t ion  at the 
reent rant  sites leads to a sharp appearance on the top of 
crystal and will further result  in the needle  growth. 

In general, the dendri t ic  crystal will occur on the con- 
dit ion of low MTS concentrat ion,  whose supersaturat ion 
is too high for whisker  growth. The dendri tes  grow per- 
pend icu la r ly  f rom the subs t ra te  surface. It has a yel low 
t ranslucent  (for pure B-SiC) or dark gray (with impurity) 
appearance and a very pronounced r ibbed structure with 
wel l -developed stalk and branching arms (Fig. 10). From 
the observat ion of the growth features, the TPRE mecha- 
n i sm which  is respons ib le  for dendr i t ic  g rowth  (22) is 
evident.  

Conclusion 
The depos i t ion  of si l icon carbide  from methyl t r i -  

chlorosi lane by the low pressure chemical  vapor  deposi~ 
t ion was studied. The rate of deposi t ion depends on the 
depos i t ion  t empe ra tu r e  and MTS flux. At h igher  
tempera tues  the growth rate of films is affected by both 
the mass-transfer  diffusion l imit  and thermal  etching. At 
lower  tempera tures ,  the growth rate is pr imar i ly  
cont ro l led  by surface kinetics.  The growth t ex tu re  of 
B-SiC films is d e p e n d e n t  on the depos i t ion  t ime and 
growth rate. However,  the major preferred orientat ion is 
(220). The propaga t ion  of films is a t t r ibu ted  to the twin 
plane reentrant  edge mechanism, which is also responsi- 
ble for the growth of part iculate crystals. 

Manuscr ip t  submi t t ed  Feb. 12, 1987; revised  manu- 
script  received J u n e  24, 1987. 

National Cheng Kung University assisted in meeting 
the publication costs of this article. 

REFERENCES 
1. J. W. Faust, Jr., in "Si l icon Carbide--1973," R. C. 

Marshall, J. W. Faust, Jr., and C. E. Ryan, Editors, 

p. 668, Universi ty  of South Carolina Press, Colum- 
bia, SC (1974). 

2. D. P. St inton and W. J. Lackey, Ceram. BuI~., 57, 568 
(1978). 

3. H. G. Lipon, in "Silicon Carbide--A High Temperature 
Semiconductor ,"  J. R. O'Connor  and J. Smiltens,  
Editors, p. 371, Pergamon Press, Oxford (1960). 

4. J. Schlichting, Powder Metall. Int., 12, 141 (1980); con- 
t inued 12, 196 (1980). 

5. J. R. Weiss and R. J. Diefendorf,  in "Si l icon 
Carbide--1973," R. C. Marshall, J. W. Faust, Jr., and 
C.E.  Ryan, Editors, p. 80, Universi ty  of South 
Carolina Press, Columbia, SC (1974). 

6. W. F. Knippenberg,  G. Verspui, and A. W. C. von 
Kemenade,  in "Si l icon Carbide--1973," R. C. 
Marshall, J .  W. Faust, Jr., and C. E. Ryan, Editors, 
p. 92, University of South Carolina Press, Columbia, 
SC (1974). 

7. J. Chin, D. K. Gantzel, and R. G. Hudson,  Thin Solid 
Films, 40, 57 (1977). 

8. S.S.  Shinozaki and H. Sato, J. Am. Ceram. Soc., 61,425 
(1978). 

9. E. Sirtl, L. P. Hunt, and H. Sawyerl, This Journal, 121, 
919 (1974). 

10. J. M. Harris, ibid., 118, 335 (1971). 
11. A. W. C. von Kemenade and C. F. Stemfoort, J. Cryst. 

Growth, 12, 13 (1972). 
12. J. I. Federer, Thin Solid Films, 40, 89 (1977). 
13. C. H. J. von den Brekel, Philips Res. Rep., 32, 118 

(1977). 
14. T. D. Gulden, J. Am. Ceram. Soc., 51, 424 (1968). 
15. R. S. Wagner, A dta Metall., 8, 57 (19ti0). 
16. D. R. Hamilton and R. G. Seidensticker, J. Appl. Phys., 

31, 1165 (1960). 
17. J .W. Faust, Jr. and H. F. John,  J. Phys. Chem. Solids, 

25, 1407 (1964). 
18. W. Berriman and R. H. Herz, Nature, 180, 239 (1957). 
19. J.W. Matthews and D. L. Allinson, Philos. Mag., 8, 1283 

(1963). 
20. S. Mendelson, J. Appl. Phys., 36, 2525 (1965). 
21. J. F. Hamilton and L. E. Brady, ibid., 35, 414 (1964). 
22. D. J. Cheng, W. J. Shyy, and M. H. Hon, Scri. Metall., 

20, 1587 (1986). 

Selective Area Growth of High Quality GaAs by OMCVD Using 
Native Oxide Masks 

Stephen H. Jones* and Kei May Lau** 
Department of Electrical and Computer Engineering, University of Massachusetts, Amherst, Massachusetts 01003 

ABSTRACT 

A study of selective area growth by atmospheric pressure organometallic chemical vapor deposition (OMCVD) using 
plasma-grown GaAs native oxide masks was conducted. Deposition experiments were carried out with different growth 
parameters to observe the variation of polycrystalline coverage on the oxide mask. With high growth temperatures or low 
V/III ratios, poly deposit ion on the mask was depleted, part icularly in regions near the unmasked  single-crystal areas. 
With the opt imum conditions for GaAs growth, the polycrystalline growth was homogeneous to the single-crystal bound- 
ary, and the single-crystal GaAs areas exhibited liquid nitrogen mobilities up to 105,000 cm2/Vs. Etch-and-fill experiments 
were also performed using a NH4OH based etch to obtain near vertically etched sidewalls. Growth from the walls caused 
little distortion at the edges of the filled pockets and flat single-crystal surfaces were obtained. 

As chlor ide  vapor  phase  epi taxy and l iquid  phase  
epi taxy became viable technologies for compound  semi- 
conductors,  selective epitaxial growth was proposed and 
explored (1, 2). Etch-and-fill exper iments  using SiO2 as a 
dielectric mask were performed, and, as expected,  single 
crystal GaAs grew in the exposed areas of the substrate 
and no growth was observed on the mask. However,  se- 
ve re  corner  facet  format ion  forced the se lect ive  growth  
wi th in  the  rec tangular  and ci rcular  mask  openings  into 
d is tor ted  polygonal  mesa  s t ructures  (3, 4). This distor- 
t ion of the surface geomet ry  p rec luded  many  pract ical  
appl ica t ions  of se lec t ive  epi taxy.  In recent  years the 
increas ing  demands  for GaAs-based in tegra ted  circuits  
us ing  organometa t l ic  chemica l  vapor  depos i t ion  
(OMCVD) and molecular  beam epi taxy (MBE) technolo- 
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gies have genera ted  r enewed  in teres t  in se lect ive  area 
epi taxy.  Fur thermore ,  the emergence  of  new devices  
such as the pe rmeab le  base t rans is tor  has t r iggered  in- 
tensive efforts to develop lateral overgrowth techniques  
on tungsten gratings (5, 6). In addit ion to the most  com- 
monly  used SiO2 mask, other  die lect r ics  such as SiNx, 
A1N, and shadow masks  have been  used for pa t te rn ing  
the growth  (7-9). A l though  GaAs nat ive  oxide  masks  
have been utilized with MBE (10, 11), applying native ox- 
ide masks  to the h igher  t empera tu re  se lec t ive  OMCVD 
process has not  been previously studied. 

For  some device  appl icat ions,  depos i t ion  of polycrys-  
tal l ine mater ia ls  is undes i rab le  and efforts  have been 
made to prevent  nucleat ion on the masks (12). However ,  
s ince polycrys ta l l ine  GaAs (poly-GaAs) is h ighly  resist- 
ive, it could  be used for isolat ion and br idg ing  in inte- 
grated circuits (13). In addition, because of its high resis- 
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t ivity, l ight  sensi t ivi ty,  and p resumab ly  very short  
carrier recombinat ion t imes (14, 15), poly-GaAs is a cand- 
idate for ultrafast photoconductor  material. 

In this paper,  we repor t  a thorough  s tudy concern ing  
select ive area deposit ion on native oxide pat terned GaAs 
subst ra tes  us ing OMCVD. The growth character is t ics  
and mater ia l  proper t ies  of both the s ingle-crystal  GaAs 
in isolated areas the the poly-GaAs on the oxide  were  
investigated. 

Exper iments  
Patterning process.--The photo mask used for the se- 

lect ive epi taxy exper iments  includes lines, patches, and 
square rings with various dimensions and spacings (Fig. 
1). In addi t ion  to s tudying  the effects  of crystal  orienta- 
t ion on the single-crystal and polycrystall ine growth, the 
charac ter i s t ics  of the poly/s ingle-crysta l  interface can 
also be observed for different surface geometries.  There 
are large 3 • 3 mm patches  for e lectr ical  measu rem en t s  
such as Hall mobi l i t ies  and C-V profil ing,  while  the 
smal ler  10-400 ~m geomet r ies  are for SEM and optical  
microscope characterization. 

The native oxides were generated on (100) misoriented 
2 ~ towards  (110) subst ra tes  using the p lasma oxida t ion  
t e c h n i q u e  (16, 17). For  our nat ive  oxide  growth,  a Tech- 
nic PE-IIA/PD-IIA parallel plate plasma etch/deposi t ion 
system was used, and the range of parameters  were: oxy- 
gen pressures  be tween  200 and 350 ~m, subs t ra te  tem- 
perature  from 200 ~ to 350~ RF powers between 200 and 
400W, and ox ida t ion  t imes  f rom 10 to 30 min. The re- 
sul t ing oxide  layers, thought  to be amorphous  GaAsO3 
(16), were  typica l ly  150-250A thick,  as de t e rmined  by 
el l ipsometry.  

After  oxidat ion,  the wafers were  immedia te ly  pat- 
t e rned  us ing a conven t iona l  posi t ive  photores i s t  proce- 
dure. Once patterned, the oxide was selectively removed 
using a 1:10 (HF:H20) etch followed by a 1:10 (H202:H20) 
dip and DI water rinse (10). The HF readily removes the 
oxide, while the H2SO4 based etch does not attack the ox- 
ide layer. In order  to improve  the surface qual i ty  of the 

opened  areas in the oxide,  a subsequen t  1:1:150 
(H2SO4:H~O~H20) 5s etch was per formed  fo l lowing the 
oxide  removal.  

For  etch-and-fil l  exper iments ,  3-4 ~m of the substra te  
was e tched  after the oxide  pa t te rn  had been  generated.  
Two etching systems with different etching profiles were 
used  to inves t iga te  the se lect ive  growth  wi th in  the 3-4 
~m recessed  pat terns:  the H2SO4 acid sys tem and the 
NH4OH base system. Initially,  a 1:1:8 (H2SO4:H202:H20) 
system was chosen since it etches smooth, flat-bottomed 
holes  at approx imate ly  0.2 ~m/min (18). However ,  the 
c leaved cross sect ion of e tched samples  revea led  
nonvert ical  sidewalls. Since the intent ion of the selective 
growth was to fill in the holes and grooves with minimal  
distort ion at the walls, the nonvert ical  sidewalls from the 
H2SO4 sys tem were  undesirable .  Therefore  a 1:1:10 
(NH4OH:H2Oz:H20) etch sys tem which  genera tes  near ly  
ver t ica l  s idewalls  t rave l ing  in the [011] d i rec t ion  was 
used for mos t  of the exper iments .  Al though  this base 
e tch does create more  ideal  s idewalls  in the [011] direc- 
tion, it does not  create as flat a hole bot tom as the H2SO4 
etch. 

Selective growth.--The expe r imen t s  were  pe r fo rmed  
with  an i n - h o u s e  built,  compute r -con t ro l l ed  OMCVD 
system. The hor izonta l  react ion chamber  conf igurat ion 
consisted of a 13 in. long 50 mm ID tube, with a centered 
4 • 6 c m  SiC coated graphite susceptor.  The growth pa- 
rameters  studied were: temperatures  from 600 ~ to 750~ 
V/III ratios between 4 and 60, total flows of 5 1/min, and 
t r imethylgal l ium (TMG) mole fractions of 2-4 • 10 -4. All 
expe r imen t s  were carr ied out  at a tmospher ic  pressure.  
To be t te r  reveal  the nature  of  the se lec t ive  area growth,  
500A heavily doped marker  layers were placed between 
each of six 5000A undoped  layers. By c leaving and 
s ta ining the layers, the lateral  and other  nonver t ica l  
growth could be examined.  For electrical measurements  
on the 3 • 3 mm patches, several 5-9 ~m undoped single 
layers were grown. 

Discussion and Results 
Dependence of polycrystalline GaAs coverage on 

growth parameters and mask geometry.--For the  
G a A s Q  surface, there are characterist ic temperatures  at 
which  the reactants  [Ga, Ga(CH3)3, GaCH3, ASH3, AsH, 
etc.] begin to surface migrate. If  the growth is carried out 
be low the requ i red  t empera tu re  for this to occur  
significantly,  the poly-GaAs will  grow un i fo rmly  to the  
s ingle-crysta l  boundary.  However ,  at h igher  tempera-  
tures when surface diffusion becomes important,  the op- 
erating pressure, temperature,  and reactant partial pres- 
sures will greatly influence the diffusion coefficient (19, 
20). By increasing the diffusion coefficient and therefore 
the diffusion length at reduced pressures and/or elevated 
t empera tu re s  the reactant  species  can migra te  exten-  
sively over the GaAsO3 surface, the result  being a net  mi- 
grat ion to the unmasked  s ingle-crystal  surfaces where  
the reaction efficiency is higher due to increased st icking 
coefficient, reduced activation energies, or lower surface 

Fig. 1. (a, top) Large single-crystal GaAs square rings surrounded by 
homogeneous poly-GaAs. (b, bottom) [011] and [011] directed line 
sets of single-crystal GaAs among pofy-GaAs. Smallest line width of 10 
I~m. Also shown are small square GaAs rings. Growth temperature = 
700~ AsHJTMG = 45. 

Fig. 2. Large single-crystal GaAs square rings surrounded by sparse 
poly-GaAs deposition. Growth temperature = 750~ AsHJTMG = 
45. 
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Fig. 3. Reduced poly-GaAs nucleation on the native oxide mask and enhanced single-crystal growth at_the mask/single crystal interface. (a, left) 
Cross-sectional view, cleaved along the (011 ) plane; (b, right) cross-sectional view, cleaved along the (011 ) plane. Growth temperature = 750~ 
AsH3/TMG = 45. 

p o t en t i a l s  (21, 22). C o n s e q u e n t l y ,  w i t h i n  s o m e  d i f fus ion  
l e n g t h  f r o m  the  mask / s ing l e - c ry s t a l  in te r face ,  t he re  can  
be  m i n i m a l  nuc l ea t i on  on the  m a s k  and g r o w t h  enhance -  
m e n t  in the  s ing le-crys ta l  region.  

In  a set  of  e x p e r i m e n t s  we  p e r f o r m e d  at v a r i o u s  t em-  
p e r a t u r e s  (P = 1 atm),  we  o b s e r v e d  tha t  t h e  p o l y - G a A s  
g r o w t h  was h o m o g e n e o u s  to t he  s ingle  crys ta l  b o u n d a r y  
at 700~ or b e l o w  (Fig. 1). H o w e v e r ,  at 750~ we  f o u n d  
the  po ly -GaAs  depos i t i on  on the  ox ide  sparse  and 
e v e n  d e p l e t e d  in s o m e  areas  (Fig. 2). The  e x t e n t  of  poly-  
G a A s  cove rage  on the  ox ide  was  found  to be  d e p e n d e n t  
on the  m a s k  geomet ry .  The  po ly-GaAs  was  a lways  found  
to be  un i fo rm  and dense  far away  f rom any s ing le-crys ta l  
r eg ions  (> 100 ~tm) for all g rowth  t e m p e r a t u r e s  b e t w e e n  
600~176 Yet,  for smal l  m a s k  l i newid th s  (~< 25 ~m) be- 
t w e e n  l a rge r  s i n g l e - c r y s t a l  l i n e w i d t h s  (~> 25 ~m), t h e  
p o l y - G a A s  d e p o s i t i o n  was  d e p l e t e d  in t he  700~176 
t e m p e r a t u r e  range.  The  m a s k  l i newid ths  neces sa ry  to as- 
s u r e  no  p o l y - G a A s  g r o w t h  w i t h i n  a g i v e n  s u b s t r u c t u r e  
m a y  va ry  f rom one  to tens  of  m ic rons  d e p e n d i n g  on the  
g r o w t h  t e m p e r a t u r e .  As  the  t e m p e r a t u r e  is i n c r e a s e d  
a b o v e  700~ n u c l e a t i o n  on  15-20 ~tm l i n e w i d t h  o x i d e s  
s i g n i f i c a n t l y  dec r ea se s .  M e a n w h i l e ,  as t he  p o l y - G a A s  
was  d e p l e t e d  w i t h i n  t he  s u b s t r u c t u r e s ,  e n h a n c e m e n t  of  
s ing le -c rys ta l  g r o w t h  occu r r ed  at t he  mask / s ing le -c rys ta l  
i n t e r f ace .  T h e  d e g r e e  o f  e n h a n c e m e n t  was  aga in  d e p e n -  
d e n t  on t h e  o x i d e  l i n e w i d t h  and  t h e  g r o w t h  p a r a m e t e r s  
(Fig. 3). T h e  m i g r a t i o n  of  t he  g a l l i u m  c o n s t i t u e n t s  f r o m  
t h e  o x i d e  to t h e  G a A s  d u r i n g  g r o w t h  s e e m s  to e x p l a i n  
t he se  resul ts .  

H o w e v e r ,  t h e  a m o u n t  of  g r o w t h  ra te  e n h a n c e m e n t  in 
t he  s ing le-crys ta l  r eg ions  does  no t  a c c o u n t  for all of  the  
u n d e p o s i t e d  po ly  w h i c h  d id  no t  nuc l ea t e  on the  oxide .  I t  
is b e l i e v e d  tha t  in c o n j u n c t i o n  wi th  sur face  migra t ion ,  a 
c o n s i d e r a b l e  a m o u n t  o f  r e a c t a n t s  m a y  d i f fu se  b a c k  to 
t h e  gas  s t r eam.  F r o m  Fig.  3a, t h e  a p p r o x i m a t e  p e r c e n t  
c o n t r i b u t i o n  to the  to ta l  s ing le -c rys ta l  g r o w t h  rate  f rom 
the  v a c a n t  ox ide  r eg ions  can  be  es t ima ted .  Based  on cali- 
b r a t ed  g r o w t h  rates,  the  an t i c ipa ted  t h i c k n e s s  at the  cen-  
t e r  o f  t h e  m e s a  s h o u l d  be  3 ~m w i t h o u t  c o n t r i b u t i o n s  
f r o m  s u r f a c e  m i g r a t i o n .  A r o u g h  c a l c u l a t i o n  o f  t h e  
g r o w t h  e n h a n c e m e n t  s h o w e d  tha t  on ly  an  e s t i m a t e d  
30-40% of  t he  m a t e r i a l  f r o m  t h e  o x i d e  r e g i o n s  con t r ib -  
u t e d  to t he  to ta l  t h i c k n e s s  of  the  s ing le-crys ta l  mesa .  Al- 
t h o u g h  this  f igure  is a gross  es t imate ,  it qua l i t a t i ve ly  em-  
phas izes  tha t  no t  only  sur face  mig ra t i on  is p reva len t ,  bu t  
t h a t  d i f f u s i o n  b a c k  to t h e  gas  s t r e a m  r ead i l y  occurs .  At  
e i t h e r  h igh  t e m p e r a t u r e  or  low pressure ,  d i f fus ion  cou ld  
be  so f ree  tha t  g rowth  on all the  m a s k e d  reg ions  wil l  no t  
occu r .  R e s e a r c h e r s  u s i n g  SiO2, A1N, SiNj., and  t u n g s t e n  
as a m a s k i n g  ma te r i a l  have  r epo r t ed  s imi la r  va r i a t ions  in 
t he  h o m o g e n e i t y  of  t he  po ly / s ing le -c rys ta l  in te r face  wi th  
d i f f e r e n t  g r o w t h  p a r a m e t e r s .  C o m p l e t e  a b s e n c e  o f  p o l y  
g r o w t h  u s ing  low p re s su re  and SiNx masks  has  b e e n  ob-  

t a i n e d  (12); w h i l e  h o m o g e n e o u s  c o v e r a g e  up  to t h e  
s ing le -c rys ta l  b o u n d a r y  wi th  A1N masks  (8) has  also been  
obse rved .  Based  on the  p rev ious  and cu r r en t  resul ts ,  we  
be l i eve  tha t  i n d e p e n d e n t  o f  t he  m a s k  used ,  one  can  find a 
set  of  g r o w t h  pa r ame te r s  to con t ro l  t he  nuc l ea t i on  on the  
m a s k  wi th in  s o m e  subs t ruc tu re .  Our  resul t s  ind ica te  tha t  
i f  na t ive  ox ide  masks  at a t m o s p h e r i c  p r e s su re  and 750~ 
are  ut i l ized,  t h e n  ox ide  subs t ruc tu r e s  at 15-20 ~m or less 
l i n e w i d t h  wil l  be  free of  po lyc rys ta l l ine  depos i t ion .  

The  e x t e n t  of  po ly  cove rage  as a f unc t i on  of  AsH3/TMG 
rat io  was  also inves t iga ted .  I t  was  f o u n d  tha t  at  low A s H J  
T M G  ra t ios  (XAsH3 = 8 X 10 .4 , XTMG = 2 X 10 4) t h e  p o l y  
c o v e r a g e  b e c o m e s  sparse  in t he  v i c in i ty  of  s ing le -c rys ta l  
r eg ions  (Fig. 4 and 5). We are  no t  cer ta in  w h i c h  effect ,  the  
low rat io or low ars ine  m o l e  fract ion,  d o m i n a t e s  the  lack  
of  n u c l e a t i o n  on t h e  ox ide .  H o w e v e r ,  i t  is a p p a r e n t  t h a t  
t he  a r s ine  p lays  an  i m p o r t a n t  ro le  in t h e  d i f f u s i o n  and  
n u c l e a t i o n  p rocess  on the  mask.  I t  shou ld  be no t ed  tha t  
s u c h  low ra t ios  wil l  no t  p r o d u c e  h igh  qua l i ty  GaAs  wi th  
our  reac to r  conf igura t ion .  

Orientation dependence of selective single-crystal 
growth.--As w i t h  the  p o l y c r y s t a l l i n e  g rowth ,  we  f o u n d  
t h a t  t h e  c h a r a c t e r i s t i c s  of  t he  s e l e c t i v e  g r o w t h  in t h e  
s ing le -c rys ta l  r eg ions  are  s t rongly  in f luenced  by  the  dif- 
f u s i o n  o f  t he  G a - b e a r i n g  spec i e s  at t he  so l id  sur face .  
H o w e v e r ,  s ince  t h e  g r o w t h  in t h e  s i n g l e - c r y s t a l  r e g i o n s  
is e p i t a x i a l  and  n o t  d i s o r d e r e d  p o l y - G a A s  d e p o s i t i o n ,  
t h e  c rys t a l  o r i e n t a t i o n  d o m i n a t e s  t h e  p r o p e r t i e s  o f  t h e  
s i n g l e - c r y s t a l  G a A s  at  t he  o x i d e / G a A s  i n t e r f a c e .  Al-  
t h o u g h  the  e x t e n t  of  d i f fus ion  f rom the  m a s k  r eg ion  m a y  
d i f f e r  d e p e n d i n g  on t h e  m a s k  m a t e r i a l  (SiO2, SiNx, 
Ga~O3, G a A s Q ) ,  t he  charac te r i s t i c s  of  t he  GaAs  at t he  in- 
t e r face  are  p r e d e t e r m i n e d  by  the  crys ta l  o r i en t a t i on  and 

Fig. 4. Large single-crystal GaAs square rings surrounded by sparse 
poly-GaAs deposition. Growth temperature = 700~ AsHJTMG = 4; 
XAsH3 = 8 • 10 -4. 
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Fig. 5. Reduced poly-GaAs nucleation on the native oxide mask be_tween single crystal GaAs lines. (a, left) Cross-sectional view, cleaved along 
the (011 ) plane; (b, right) cross-sectional view, cleaved along the (01 I)  plane. Growth temperature = 700~ AsHjTMG = 4; XAsH3 = 8 • 10 -4. 

are independen t  of the mask. For instance, single-crystal 
l ines t ravel ing in a part icular  direct ion have the same 
growth characterist ics at the boundary  whether  the 
boundary  is native oxide or a single-crystal mesa (Fig. 6 
and 7). For  l ines t ravel ing in the [011] and [011] direc- 
t ions, the interface will always reveal the (111)A slow 
growth planes (Fig. 8) (22). This can be explained by sur- 
face migrat ion,  and inh ib i ted  growth on the ( l l l ) A  
planes.  A Ga-species surface a t t achment  scheme pro- 
posed by Reep and Ghandi  to explain extensive faceted 

growth on (111)A oriented substrates reflects the nature  
of the selectively grown interface (23). 

Depend ing  on the atomic a r rangement  at the crystal 
surface, the various crystal faces can be categorized into 
flat, stepped, or kinked surfaces (24). The (100) plane is a 
combina t ion  of s tepped and kinked,  while the I l l l /  
p lanes are flat. Due to the surface atomic s t ructure,  the 
desorp t ion  of the methyl(s) group from the growth sur- 
face of the ( l l l ) A  plane is thought  to inhibi t  the growth 
unde r  mass t ransfer  condi t ions  (23). For  the selective 

Fig. 6. Emergence of the I111}A low growth-rate planes for regrown GaAs. Etchant used was 1:1:8:H2SO4:H~O2H20. (a, left) Cross-sectiona/view, 
cleaved along the (011 ) plane of growth in and around a [011 ] directed trough; (b, right) same sample cleaved along the (011 ) plane of a [011 ] di- 
rected trough. Growth temperature = 700~ AsHJTMG = 45. 

Fig. 7. Emergence of the t 111/A low-growth-rate planes for selectively grown GaAs. Homogeneous poly-GaAs separating (a, left) [011 ] directed 
single-crystal GaAs lines; (b, right) [011 ] directed slngle-crystal GaAs lines. Growth temperatures = 700~ AsHJTMG = 45. 
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Fig. 8. Pictorial representation of typical [111]A and [111 ]A facets 
developing from. the edge Of [011] directed lines. The facets ore 55 ~ 
from the (100) S.I. GaAs surface. 

ep i taxy  at the  in ter ior  of t h e  s ingle-crysta l  region,  the 
g rowth  is cons ide red  to be o rde red  two-d imens iona l  
g rowth  on the (100) surface. However ,  at the very  edge, 
the growth  is forced to be th ree -d imens iona l  and the 
epi taxy can proceed in all directions. If  the growth is un- 
der mass transport,  most  of the Ga species which diffuse 
through the boundary layer will be incorporated into th~ 
crystal  growth.  Therefore  the Ga cons t i tuents  will  mi- 
grate f rom the (111)A slow growth  plane onto the (100) 
surface creating the ( l l l ) A  facet at the edge. Even for se- 
lect ive growth at 700~ (P = 1 atm), which wil l .produce a 
homogeneous  poly/single-crystal interface, some pile-up 
at the boundary  was observed.  The inheren t  migra t ion  
from the (111)A plane will generate growth rate increases 
at the interface.  However ,  it is poss ib le  that  at lower  
pressures,  increased diffusion lengths will allow uniform 
e n h a n c e m e n t  across the ent i re  si_ngle-crystal region 
e l imina t ing  edge  pile-up (12). For  [011] d i rec ted  l ines of 
select ive single crystal, the revealed {111} growth planes 
are 125 ~ from the (100) surface and they protrude into the 
poly-GaAs region (Fig. 7b). The compet i t ion be tween the 
single-crystal  material  and the poly-GaAs at the interface 
will distort  the {111} facets. Under  this proposed scheme, 
it should  be difficult  to grow ver t ica l  junc t ions  for (011) 
and (011) d i rec ted  l ines at the mask/s ingle-crys ta l  inter- 
face independen t  of the mask material  (between approx- 
imately 600 ~ to 800~ If  the growth tempera ture  is low- 
ered into the k ine t ica l ly  cont ro l led  reg ime  (around 
600~ the surface absorp t ion  should  domina te  the 
growth rate (25) and we have found that  the (111)A slow 
growth  plane  can be e l imina ted  (Fig, 9). Als O , if  the 
s ingle-crysta l  l ines are misor iented ,  then  other  facets  
will appear  due to crystal orientat ion growth dependen-  
cies. However ,  the g rowth  of o ther  facets may have dif- 
ferent  g rowth  mechan ics  and dependenc ie s  than the 

Fig. 10. Single-crystal GaAs growth in [011] directed troughs among 
homogeneous poly-GaAs. Flat surfaces and minimal sidewall growth 
are demonstrated within 1:1:10 (NH4OH:H202:H20) etched trough. 
Growth temperature = 700~ AsH3/TMG = 45. 

{111} facet since the atomic surface structure will be dif- 
ferent  (5). Al though  the mask mater ia l  and/or  g rowth  
pressure do not strongly affect the facet formation at the 
oxide/single-crystal  interface, it will decide the extent  of 
surface diffusion on all surfaces,  t he reby  varying the  
amount  of pile-up at the single-crystal edge. If  the geom- 
etries of the single-crystal region are smaller than the dif- 
fusion length of the Ga-bearing species on the GaAs sur- 
face then  the pi le-up can be e l imina ted  for masks  that  
al low significant  surface diffusion. Al though  the mask 
material  and growth parameters  are impor tant  e lements  
in se lec t ive  epitaxy,  t he  crystal  o r ien ta t ion  and geome- 
tr ies are also crucial  factors which  can be chosen for 
specific device applications. 

Filling isolated pockets.--To generate  substrate  isola- 
ted  p o c k e t s  of  epi taxia l  materials ,  the  openings  of the 
oxide  mask were  e tched  3-4 ~m deep into the subs t ra te  
prior to the growth. Now, the faceting and orientat ion of 
the e tched  sidewalls  becomes  impera t ive  as the growth  
f~om the  s idewall  planes will  in terfere  wi th  the growth  
f rom the pocket  bot tom. A 1:1:10 (NH4OH:H202:H20) 
e tch gave near ly  ver t ica l  walls t rave l ing  in the [011] di- 
rect ion.  For  a s l ightly less than or greater  than 90 ~ wall, 
growth from the walls caused a small  defective region at 
the e d g e o f  the pocket .  When a 90 ~ wall  was generated,  
growth on this face was minimal  and the expected  ( l l l ) A  
facet  a•Deared at the edge of the Docket (Fig. 10-12). 
Lines  e tched  in the [011] d i rec t ion  with  this e tch were  
mesa  shaped.  Growth  in these  regions  was paral le l  to 
both  the  fiat bo t tom and the s loped s idewalls  s imilar  to 
those shown in Fig. 6b. 

The 1:1:8 (H2SO4:H~O2:H20) solut ion was also used to 
etch patterns into the substrate. The sidewalls t raveling 

Fig. 9. Elimination of {111 } facets for (a, left) [011 ] directed single-crystal lines and (b, right) [011 ] directed single-crystal GaAs lines. The [011 ] 
directed lines also reveal lateral overgrowth onto the native oxide mask. Growth temperature = 600~ AsH3/TMG = 45. 

) unless CC License in place (see abstract).  ecsdl.org/site/terms_use address. Redistribution subject to ECS terms of use (see 130.203.136.75Downloaded on 2016-09-16 to IP 

http://ecsdl.org/site/terms_use


3154 J. Elec trochem.  Soc.: S O L I D - S T A T E  S C I E N C E  A N D  T E C H N O L O G Y  D e c e m b e r  1987 

Fig. 11. A less vertical 1:1:10 (NH4OH:HeO~:H~O) etched wall ex- 
hibits more sidewall growth of the single-crystal GaAs within the [011 ] 
directed trough. Growth temperature = 700~ AsH3/TMG = 45. 

in the (011) d i rec t ion  have two facets and the resul t ing  
growth emerged from both of these side facets. The lack 
of  near ly  ver t ica l  s idewalls  caused enhanced  dis tor t ion  
of  the growth at the pocke t  edges.  Hence,  less experi-  
ments  were  pe r fo rmed  with this etch sys tem since it 
does not  render  the more  desi rable  ver t ical  wall in the 
(011) direction. 

Electr ical  and opt ical  charac ter i za t ion . - -Hal l  effect  
and photo luminescence  (PL) measurements  made on the 
3 x 3 m m  single-crystal patches indicated that the qual- 
i ty of  the mater ia l  was unaffec ted  by the su r round ing  
poly-GaAs and nat ive  oxide. For  un in ten t iona l ly  doped 
single layers grown on unpa t t e rned  substrates ,  net  car- 
rier concent ra t ions  ranging from 3 to 6 x 10 ~4 cm :~ and 
liquid ni trogen mobili t ies (~77) between 100 and 130 x 10 ~ 
cm2/Vs have been  obtained.  In the se lec t ive  growth ex- 
periments ,  the 3 x 3 mm patches of undoped material  ex- 
hibi ted mobil  ities from 100 to 105 • 103 cm2/Vs, while the 
~77 measured on an unpat terned control piece was 95,000 
cm2/Vs. 

The polycrystal l ine GaAs deposited on the oxide mask 
was found to be highly resist ive.  The low field 
res is t iv i t ies  of  3 ~m thick undoped ,  heavi ly-doped,  or 
a l te rna t ive ly  doped (marker  layers), poly-GaAs layers 
were  genera l ly  equivalent .  The  poly-GaAs electr ical  
propert ies  are similar to previously reported results (10) 
and the high defect  densities at the grain boundaries  are 
thought  to be responsible for the high resistivity. These 
resul ts  indica te  that  large islands of high qual i ty  GaAs 
separated by semi-insulating poly GaAs can be obtained 
using native oxide masks. 

Shown in Fig. 13 is a compar i son  of the PL spectra  
taken  f rom a 3 x 3 mm select ively  grown single-crystal  
pa tch  and an unpa t t e rned  sample.  The s imilar i ty  of  the 
two spectra  re-emphasizes  the high qual i ty  of the selec- 
t ively grown GaAs. We, as well as other researchers,  have 

Fig. 12. Emergence of the [ 111]A and [111]A facets from the bottom 
of a near vertical wall trough. Minimal growth occurs on the sidewall of 
the [011] directed trough. Growth temperature = 700~ AsHJTMG 
= 45. 

found that undoped polycrystall ine GaAs has ex t remely  
low rela t ive  luminescence  eff iciency (8, 25). Also 
A1GaAs/GaAs mut ip le  quan tum  wells (QW's) grown on 
an oxide  pa t te rned  substra te  have been invest igated.  
Again,  d is t inct  and strong QW signals were  de tec ted  at 
the 3 x 3 m m  patches  (26). Unl ike  the undoped  single- 
layer poly-GaAs, the polycrystals of the QW (poly-QW's) 
exhibi ted much  stronger photoluminescence.  Compared 
with the single-crystal QW spectra, the full width at half  
m a x i m u m  (FWHM) of the poty-QW's was s ignif icant ly  
en larged  and the peak posi t ion shifted to the lower  en- 
ergy side of the spect rum.  Fur ther  inves t iga t ion  of the 
poly-QW's is underway. 

Summary  
A selective area growth study by atmospheric  pressure 

OMCVD using GaAs native oxide masks was conducted.  
GaAs semi- insula t ing  substra tes  were  oxid ized  in a 
plasm a system and pat terned by standard photoli thogra- 
phy. Unpat terned wafers were typically placed adjacent  
to pat terned ones during growth for comparison. Single 
crystal  g rown in mask windows  has comparab le  high 
quali ty to those grown on the unpat terned substrates, as 
de termined  by their  photo luminescent  spectra and Hall 
mobil i t ies .  At the edges of the se lec t ive ly  grown areas, 
the facet formation is primarily dependent  on the crystal 
or ienta t ion  when the growth is conduc ted  in the mass 
t ransport  regime. Polycrystal l ine coverage on the oxide- 
masked regions was found to be affected by the growth 
tempera ture ,  V/III  ratio, and mask geometry.  The poly- 
GaAs has ext remely  high resistivity even though heavily 
doped, indicating its strong potential  for isolation appli- 
cations. Finally, the undoped poly-GaAs exhibits  an ex- 
t r emely  weak PL signal, but  the polycrys ta l l ine  quan- 
tum well structures have strong luminescence  efficiency. 
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Fig. 13. Comparison of photoluminescence spectra of (a, left) unpatterned test wafer, (b, right) single-crystal region on an oxide patterned 
substrate. 
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In Situ Analyses of Photoexcitation Effects on GaCI3 

Jun-ichi Nishizawa,* Hidenori Shimawaki, and Yoshiki Sakuma 
Research Institute of Electrical Communication, Tohoku University, Katahira, Sendal 980, Japan 

ABSTRACT 

Photoexci ta t ion  effects on GaC13 were invest igated by means of infrared spectroscopy.  By evaluat ing an emission 
band at 464 cm -1 corresponding to GaC13, it has been ascertained that GaC13 is excited in the vapor phase by irradiation 
with a 249 or 193 nm laser and the reaction with H2 is promoted even at temperatures below 400~ where the partial reduc- 
tion of GaC13 by H2 barely proceeds in the absence of irradiation. With nitrogen as a carrier gas, no change was observed in 
its emission intensity over the temperature range of 270 ~ - 800~ in spite of irradiation with an excimer laser. Similar ef- 
fects based on the photoexcitation of GaC13 were observed also in a GaAs-AsC13-H~ system and proved to induce an en- 
hancement  of GaAs deposition in the presence of an arsenic source. 

The prepara t ion of defect-free crystals is qui te  impor- 
tant  for the d e v e l o p m e n t  of s emiconduc to r  devices.  Es- 
pecial ly  in III-V c o m p o u n d  semiconduc to r s  such as 
GaAs, nonstoichiometr ic  defects, which are easily gener- 
ated at high t empera tu re s  because  of the high vapor  
pressures  of the group V e lements ,  are one of the most  
serious problems for the fabrication of reliable devices of 
high pe r fo rmance  (1). Crystal  g rowth  under  cont ro l led  
arsenic  vapor  pressure  is an effect ive  me thod  for ob- 
taining s toichiometr ical ly controlled GaAs crystals (2-5). 
It is no exaggerat ion to say that  ex tended studies on the 
growth mechan ism of Si and GaAs vapor-phase epi taxy 
(VPE) have th rown a new l ight  on the inves t iga t ion  of 
chemical  react ion processes. For instance, gas phase re- 
actions in the chemical  vapor  deposi t ion (CVD) of Si and 
GaAs were examined  by means of infrared spectroscopy 
(6-8), Raman  spec t roscopy  (9), and mass spec t romet ry  
(10). Moreover,  molecular  layer epi taxy (MLE) has made 
it possible to analyze the process of adsorption and sur- 
face react ions  in the CVD of GaAs expe r imen ta l ly  by 
mass spectrometry  of desorption species (12). At the pre- 
sent  time, there have been few reports of the theoret ical  
es t imat ion of the adsorbed species (13). 

Recent  at tention has been directed to low tempera ture  
processes based on photoexci ta t ion effects. In these pro- 
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cesses, one can control e lemental  reaction steps individ- 
ual ly and precisely  by select ing the pho ton  energy and 
in tens i ty  of the exci t ing  l ight  source.  Not  only was the 
growth rate in GaAs VPE enhanced (11-14), but  the sur- 
face morpho logy  and the crysta l l ine  qual i ty  of grown 
layers in Si VPE and in GaAs MLE were improved by ir- 
radiation using an ultraviolet  (UV) light onto a substrate 
(15, 16). The latter is presumably  caused by the enhance- 
men t  of surface migra t ion  of a d s o r b e d  species.  Such  
photoexci ted  processes relating to semiconductor  fabri- 
cat ion were  proposed  by J. Nishizawa (17). In order  to 
keep  them under  op t im um  control ,  it is necessary  to 
ident i fy  the radicals  and ions which  con t r ibu te  to a de- 
sired reaction, and to have a full knowledge of the wave- 
lengths of the excit ing source suitable for forming those 
species. The direct (in situ) observat ion of the gas in a re- 
actor is indispensable to the unders tanding of the chemi- 
cal reac t ion  processes.  As an example ,  this paper  de- 
scr ibes  the resul ts  of a basic inves t iga t ion  into the 
pho toexc i t a t ion  effects on GaC13. It  plays an impor tan t  
role in the halide VPE of GaAs. Previously,  we reported 
on the  reac t ion  m e c h a n i s m  of GaAs hal ide  VPE,  where  
the  signif icant  pho to induced  react ions  were  a t t r ibu ted  
to the photoexci ta t ion of GaC13 (18). In the present  work, 
in situ analyses have been performed in detail by means 
of infrared spectroscopy using direct observation. 
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