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S U M M A R Y

A study utilizing the Czochralski Liquid—Seal Crystal Growing technique was

undertaken to grow doped and undoped sing le c rys ta l s  of gall ium arsenide ~GaAs) .

Tests for  high puri ty  using various crucible materials  i . e .  boron nitride , vi t reous

carbon , fused quartz , aluminum oxide , and a l u m i n u m  nitr ide were conducted with the

liquid—seal Czochralski apparatus.

After  evaluation , bcron nitr ide was selected as the crucible material that would

yield the best quality sing le crys ta ls .  N—type , p—type , and semi—insulat ing (Cr—doped )

gallium arsenide crystals of 50 to 150 grams were then grown using the boron nitr ide

crucibles.

The liquid—seal Czochralski puller was then modified to permit large diameter

crys ta ls  of 150 to 300 grams to be grown .  Large diamter  n—type , p—type and semi—

insulat ing sing le crystals  were grown in the modified puller.

Fur ther  experiments were conducted to ident ify the cause of impuri ty contamination

during the growth process. From these results , modif ications were made in the growing

techniques and equi pment . The results of these experiments indicated that :

1) The introduction of borcn oxide (B2 03) on the GaAs melt absorbed impuri t ies

from the melt .

2) Si was being introduced to the melt by the breakdown of the quartz (2SiO2—?2SiO + 02).

This was caused by the natural  gas—oxygen torch , which heat s the quar tz  chambe r to

prevent GaAs condensation .

3). A special viewport , heated by a resistance furnace  ra ther  than a na tu ra l  gas —

oxygen torch , was used to reduce silicon c o n t a m i n a n t s .  As a result  of th i s  exper iment

an undoped , semi—insu la t ing  crystal  was grown.  P re l imina ry  measurements  at Hughe s

• Research Center  indica tes  th i s  mater ia l  to be of extremel y hig h p u r i t y .
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3.0 0 U J  F C T I  V F

3.1 — The objective of this contract was  to dev e lop a method for the growth of

s i n g l e  G a A s  cr y st al s w i t h  p roper t ies  superior to those  found in c r y s t a l s  grown by

the me th ods in current use .

h igh  p u r i t y  G a A s  is  needed in the g row t h of m ic ro w a~’e epi t axi at l ay e r s .  One

of th e  s e v er e  p r ob lems  enc oun te red  I s  t h a t  of  c o n v e r s i o n .

Se m i — i n s u l a t i n g  G a A s  s u b s t r a t e  m a t e r i a l  wh ich  me asures  1 x 10 8 ohm—c m prior

to heat  t r e a t t n g ,  u s u a l l y  c o n v e r t s  on the  s u rf a c e  to a lower  r e s i s t i v i t y .  The e f fec t

is a c o n d u c t i n g  path beneath the  e p i t a x i a l  grown layer  w h i c h  de te r io ra tes  the  d e v i c e

p a r a m e t e r s .  The reason for the  convers ion  is not f u l l y understood , but it is t h o u g ht

to be associa ted w i t h  the  i m p u r i t i e s  c u r r e n t l y found in grown c r y s t a l s .

“Thermal  convers ion ” of the  s u b s t r a t e  is one of the  major  problems s t i l l  d e g r a d i n g

the device  pe r fo rmance .  Severa l m e c h a n i s m s  have been proposed to exp la in  the

co n v e r s i o n  m e c h a n i s m .  However , to da te , no model has boen proposed t h a t  would

hel p the  c r y s t a l  grower to e l i m i n a t e  t h i s  p rob lem.  I t  appears  however , t h a t  s i l i con

is  one of the  major  c o n t r i b u t o r s  to t h i s  p r oblem.

3.2  Czochra l ski  growth of g a l l i u m  a r sen ide  has presented  some problems

p r i m a r i l y because of the v o l a t i l i t y  of a r s e n i c .  The arsenic  vapor pressure  at the

mel t ing  point is about one a tmosp here . A vapor sp.ice over the melt  can permit

t ranspor t  of a r sen ic  and condensat ion of solid arsenic on any cool por t ions  of a sealed

s y s t e m .  Condensat ion may be avoided by m a i n t a i n i n g  the en t i r e  enclosure at a t e m p e r a t u r e

such tha t  the vapor pressure of pure a rsenic  is greater than the  a rsenic  par t ia l  p ressure

over the m e l t .  Since the t empera tu re  needed to provide a s to i ch iomet r i c  pressure  is

6 10°C , a problem ar i ses  in providing a sea l for the  p u l l i n g  mechan i sm which  will w i t h s t a n d

t h i s  t empera tu re . A second problem is the  hig her  r e a c t i v i t y  of the  a rsenic  vapor w i t h

many  mater ia l s  at 600°c’.



5evera l  method s have been emp loyed prev ious l y to avoid loss of a rsenic  f rom

the m e l t .  The ea r l i e s t  t e c h n i que is the  m a g n e t i c — t y p e  pul ler  developed by G r e m m e lm a i e r . 1

1 h i s  method uses m a g n e t s  to support  and ro ta te  the  seed rod w h i c h  is  sealed v i t h i n  the

q u a r t z  c h a m b e r .  Since there  is no m e c h a n i c a l  feed through , the  t empera tu re  of the

e n t i r e  q u a r t z  envelope can be heated to a t e m p e r a t u r e  in  excess of 6100C . One of the

major disadvantages of the magnets , is that it is subject to considerable vibratio n .

1h i s  problem is caused  b y the  loose coup l ing  of the  magnet  and by the  f r i c t ion  of the

quar t z  bear ing  sur faces .  I n  addi t ion , the  sys tem is very comp lex , costl y ,  and d i f f i c u l t

to use.

i~ second method uses a l iquid ga l l ium seal to conta in  the arsenic  vapor . 2

However , it proved to have little practical use because of its comp lexity and the fact

tha t  the  arsenic  in the  growth chamber  reacts with the g a l l i u m  seal to form solid ga l l ium

arsenide . Arsenic is also lost through the gallium seal.

The third method is the liquid encapsulation technique~
’4 This sys tems  uses a

layer  of molten B203 on the sur face  of the  GaAs  mel t  to prevent  the escape of arsenic .

The B203 enables the use of conven t io na l  Ge or Si growers for the growth of GaAs .

The growing c r y s t a l  is pulled throug h the  B2O3 layer .  A layer  of B2O3 adheres to

the c r y s t a l  and generates  s t resses  as it cool s due to the  d i f fe rences  in t he rma l  expansion .

f t  is also d i f f i c u l t  to react e lementa l  g a l l i u m  and arsenic under the B203 layer , m a k i n g

it necessary to use pre—reacted GaAs for the s t a r t i n g  ma te r i a l .  One of the major

prob lem s  inherent  wi th  the li quid encapsulat ion technique is tha t  of 02 contaminat ion

a r i s i n g  f rom the B203 direct l y in con tac t  wi th  the m e l t .

The method of growth  p redominan t l y used at C r y s t a l  Spec ia l t ies , Inc . to grow

sing le GaAs c rys ta l s  is the hor izonta l  Brid gman technique .  This  method is s imilar

to the  g rad ien t—freeze  t echn i que in tha t  they  bot h produce sing le c rys ta l s  in hot qua r t z

ampou les .  This  leads to Si con tamina t ion  of the  GaAs me l t .  The two methods d i f fe r

onl y in that  so l id i f ica t ion  by the g rad ien t—freeze  techni que takes place by the  movement

3
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of a temperature gradient alou~g the ingot . ma k i n g  the  e n t i r e  system stati ona rv .

the hon ion tal Bridgman method require s the movement  of  e i t h e r  the  furnace (a s

i ~ clo ne ~t t  C r y  s t a l  ~ pec i a l t  los  • Inc .) or the ampoule , housing the ing ot.

1 he m a i n  a d van t age  of h o r i z o n t a l  growth i s  t h a t  c rys t a l can be gr own a u t o —

mat c~~I I  l v  w i t h  little supervision . the critical factor in either prcccedut ’e is  t he

i n t e r a c t i o n  between the boat and the melt , since thk can  seriousl y ~i t I e c t  t h e  t iti a l

cr v ~ t a l l i n i t y .  l h e  most  de s i r ab l e  mat ~ r i a l  used for boats i~~ fused quartz. The

d i s a d v a n t a g e  in using quartz i s  of Si c o n t a m i n a t i o n .  The q u a r t z  wal l  in  t hese  sy s t e m s

reac h l 2 ~ O°e . l h is c a u s e s  •c b r e a k d o w n  of S tO1 ( 2 SiO2 ~~~~ 2 S i O O2~ . As a result .

Si oni tmin at ion of about 1 x 10 16 i m p u r i t i e s  cm 3 i s  introduced i n to  the  G a A s  m e l t .

3 .3  — As  an a n s w e r  to the  above m ent ioned  problems , t he l i q u i d — s e a l  g rowth

tech n ique  W d s  e lect ed . The s y s t e m  uses a mol ten  U20 seal • not in contact  w i t h

the  mel t , to p reven t  a r sen ic  escape . l h e  l i q u i d — s e a l  t e chn ique  was though t  to hav e

a n a d v a n t a g e  over  1)0th s y s t e m s  in t h a t  it would have a cooler quar t z wall coupled

w i t h  no B2 O~ in con t ac t  w i t h  the  mol ten  G a A s .

— A P P R O A C H

— In  add i t ion  to the  advan tage  over  the  hor izon ta l  growth  metho d s , beca use

the t e m p e r a t u r i  of the  q u a r t z  wal ls  r emains  below 700°C , t h e  l iqu id—sea l  sy s t e m  a lso

has an advan tag e  over the magne t ic  type grower in tha t  it does not use m a g n e t s  to e f fec t

the  ve r t i ca l  d i sp lacement  and rota t ion of the seed c ry s t a l .  Si nce a d i rec t  m e c h a n i c a l

d r ive  is used , the  smoothness  of the ro t a t ion  and pull is  l i m i t e d  onl y by the m e c h a n i c a l

sy s t e m .  Th i s  grower  is also thought  to ha ve  advan tages  over the  l iquid  encap su la ted

e zoc h r a l sk i  Technique  in t h a t  p re— reac te d  ma te r i a l  is  not necessary , because g a l l i u m

and a rsenic  can be reacted d i r e c t ly  in  the sy s t e m .  I n  add i t ion , the problem of B2 O~

adher ing  to the c r y s t a l  is e l i m i n a t e d .

W ith the liquid seal drive system, there is no difficulty in necking down the seed

to a d iameter  of 1— 2 m m  before enlarg ing the  d i a m e t e r  of the  c r y s t a l .  Us ing  t h i s  necking

down procedure s ingle  c r y s t a l s  w i t h  d is locat ion d e n s i t i e s  below 100 pi t s  ‘cm 2 can be grown.

14
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r o rn  t h e  q u a r t z  ~~i ll . l h e r e t o r e  . G a . -\ S c a n  t s  r e t  t ed  in vi r ro u s c ru, LIes to

L t e r r n t n e  ~ I i i c h  r - u c r b l e  w i l l  y i e l d  t h e  pu r c ’st c~~v~~t i l s .

.\ l o o L n i q u e  s i t i r t l a r  t o  t h e  l i q u i d  sea l  h a ”  been deve loped  but  u s i r c  t h e  p r i n c i p le

ot s ” i i t c  ~~~~~~~~ I i i  t L i s  ~- V ” t i f l I , t h e  4 l i s a s ~~o c r I t i o r i  lcres sure of t h e  c o mp o u n d

i”  c l v n a m i c i l l v  b a l a ,  ccl l v  ~ l u c -  su r e  ol n e r t  c a ”  . t h e l i q u i d  st -a l  t e c h n i q u e  i c —

se r i t ed  h e r e  l i t t e r s , in  t h a t  i t  (to es not a t t e m p t  ‘o d a n e t i e  c h i t t s ’r c n t i d l  pr’es~~ii re .

I t  u t i l i z e s  t h e  t a c t  t h a t  t h e  U O • ~ i s  e~~t r e n r e l v  v t s c c u ”  a t  t~ ~~~~~~ ]hc ’ l i q u i d  lt ~ O

~o i l  r e m a i  ‘ s  in  po~ i t i o n  d t r r i  r~ ’ t t i e  i t ) )  i r e  o r  v st a  I ~ r ow r h proc c S  s a n d  p r e v e n t s  t he

l e a k i c i  ot a r~ enic  f r o m  t h e  ~ ro~~t h  ch n-~~c r  . t h e  c om p lex  prc’s~~u r e  b a l a n c i n g

a ~~~~ n - i t u s  is  t t o r o t  o n c  r i n n e  es sa rv t o n  t h e  cr o w n  h ~t GaA s . Fire l i q u i d  sea

:cn — l i n i q u e  i s .  t h e r e f o r e , m u c h  s i m p l e r  t h a n  t h e  p r e s — l i r e  b a l a n c i n g  t e c h n i q u e .

I h e t r io s )  a t t r a c t i v e  f e a t u r e  of t h e  l i q u i d  seal  t e c h n i q u e  i s  i t s  s im p h i c O v .  I t  r~

e c o n o m i c a l  to c o n s t r u c t .  eas~ no load a n d  ke ep  c l e a n .

- F X I ’ F R I M F N T A I

I — I h e  c r o w t h  ~v stem ons i  t s

I . A ‘I S  t~~ . 2L0\ W a d i o  1- r c q I i c n ~ i l l  t :~ c . c n e r - a t o r

2 . t u r bo v a c u u m  p u m p  ~ “ t c ’m

3. ‘ o c n r i l s k n  c r y s t a l  c n o \ % e r

/ . . I )a I a i ra  k c o n t r o l  c on s o l e  for i t  em 3.

5. :‘ — I h I of !- ‘c~ -
~~~ c n o ~ ed ir r e  ha s  been the m o s t  su c c e s s f u l  for  pul ling s i n g l e

(~~ 1 A s  c r y  t a t  s , is  i t i c  t he  1 i q t i ) (  I s e a t  tee  t i n  ique

Ih o f i r s t  s t o p  r n \ 0 I \ ’ — t h e  onri 1d e t 1 ’ c l c ’a n l n c  of a l l  n i a t e t n a l s  t h a t  w o u l d  c ome
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in contact  w i t h  the ga l l ium (Ga) and a r sen ic  (As )  dur ing  g rowth .  Mate r ia l s  such

as the quartz chamber , rod and stand , and the crucible s, (boron n i t r ide , a l u m i n u m

n i t r i d e , v i t r eous  carbon , a l u m i n u m  oxide or qua r t z )  f ig .  I , are cleaned and etched

thorough ly us ing  a 1:1 m i x t u r e  of n i t r i c  and hy drochloric acid for 30 m i n u t e s .  ih e

crucibles used were flat bottom sty le crucibles. ihe approximate size was 25mm

deep x 50mm wide , with a 1 .0mm wall thickness. All the crucibles were supported

by a qua r t z  s tand . The boron ni t r ide  (E N )  crucible  used for the larger  d iameter

c r y s t a l s  of up to 300 gram s was 60mm wide and 40mm deep, wi th  a 1 .0mm wall

t h i cknes s .  A s to ich iometr ic  amount  of g a l l i u m  and arsenic is then loaded in to  the

chamber , which is then sealed to the top section , by welding wi th  q u a r t z .  An

a (Iditional amount of As is added to provide an As vapor pressure above the melt .

A 2.0 gram pellet of B203 is p
lac ed in the uppe r chamber and the en tire chamb er i s

then loaded int o the resis tance furnace . The resistance furnace  is used to m a i n t a i n

proper t emp era tu res  for d i f fe ren t  regions of the growth sys tem dur ing  growth.  l h i s

fu rnace  was modified from a sing le to a sp lit  fu rnace  to provide greater e f f i c iency

in chamber in s t a l l a t i on , wi th  less danger of damage to the chamber .

The vacuum system is then turned on , and the ni t rogen t rap  f i l led to r em ove

impurities from the pump. Helium pressure to the system is set at 6—8 P S I .  The H
en t i r e  chamber  is repeate dly f lushed  w i t h  hig h pur i ty  helium , then outgased to remove

residual  02 and other gases. Uur ing the ou t gas ing ,  the ma in chamber and As chamber

( l ’ i g .  I)  are heated with a hand he ld gas—oxygen torch , to hel p dr ive  off any mois tu re

or oxides .

W h i l e  the  en t i re  chamber  is being outgased , the to p fu rnace  is set at 900°C to melt

the 2.0 grams of B203 down into  the  neck of the chamber .  The molten B203 provides

a seal for the  bott crr  chamber .  The bottom fu rnace  is then heated to 300°C .

An R F  coil is then placed around the bottom chamber  to heat t reat the  g a l l i u m .

The e n t i r e  chambe r is backf i l l e d  wi th  h e l i u m  and outgased several  t imes  dur ing  h eat

6
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treatment . ftc heat treatment process lasts approximatel y 2 hours .

A f t e r  heat t r e a t m n t .  the entire chamber is pumped down to a vacuum of

2 x l0~~ Torr , via a side port , then backlilled wit 11 2 PS I of helium. ‘t he quart z

v a c u u m  port connected to the bottom chamber is then sealed off via the gas—oxygen

torch. (See F ig .  1) .

t h e  top f u r n a c e  control  is then dropped to (~50°C . W h i l e  the tempe ra tu r e  is

decreas ing ,  the  h e l i u m  p ressure  is increased to 1 .0 a tmosp here pos i t ive  pressure

in the upper chamber  to d r ive  the 1I 2 O~ bet we en t h e  pull rod and the neck of the

p u l l  chamber. l)ue to the high viscosity of th e  t~’C ~ at 650°C . t he differen ti al

pressure  b etwe en the helium f i l l ed  sec t ion  and the growth chamber  is not c r i t i c a l .

Wh (’n the I ) ~ has filled about 2 3 of th e  l e n g t h  of the space between the rod and

t he  tulie , the seal for the growth chamber  is comp le t e .  Th i s  enables the B2O~ to

t 

form a v iscou s t i g h t  seal  and allows the 5mm seed rod to he able to rotate and move

up and down ,r s needed . T h e  p t i t t  rod rotates through the l i qu i d  seal so tha t  a direct

mechanical drive similar to that used in conventional Ge or ~ i growers can be used .

t h e  As  is then driven from the As chamber into t he  g rowth  chamber’ , u s ing  t h e

hand  held n a t u r a l  gas—oxygen tor ch .  The As chamber  is  then seated off via the torch.

1’he P F coil used to provide energy for the reaction , coup le s d i rec t l y to the

Ga arid A s melt. Thus , only  the GaAs and the crucibles are heated to the m e l t i n g

p o in t  of G a A s .  By coup l i n g  d i rec t l y to t he  m e l t ,  the  w a l l  cf t h e  growth  chamb er  in

w h i c h  the  c r y s t a l  is grown cart be held at a r e l a t i v e l y low t e m p e r a t u r e , a p p r o x im a t e l y

700°C.

5.3 — Reac t ion  of the Ga and As t h e n  commenc es  by f r e a t i t i g  t he  g a l l i u m  to I 0~ 0°C .

A n a t u r a l  gas—oxygen f l a m e  is p laced in t h e  f ront  por t ion of the growth  chamb er ’ . I h e

heat f rom t h i s  torch p reven t s  c o n d e n sat i o n  of Ga A s  wh i c h  is evapor ated from the

[ 

su r f ace  of the  G a A s  m e l t  on a win dow used to v i s u a l l y  inspec t r e ac t ion  and g r o wt h .

I )u n i t ig react ion , t ire hot tom f u r n a c e  (em pe ra t  ure is g r a d u a l l y  r no rca sed to ci r i  vc ’

the As  i n t o  t u e  t i  . Alter approx imately 2—3 hour s  • r e a e  t b i t  is comp l eted a nd  s i n g l e

c r y s  hi I g r owth  i s  n ear l y to  beg in . Seed ing  is  accomp l i s h e d  by l o w e r i n g  the  seed , w h i c  Ii
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i s  ía ct cn ed to the bottom of the  quar t ?  pu l l  rod wi th  t a n t a l u m  w i r e , i n t o  con tac t  with

the m e l t .  Growt h  is  t hen  i n i t i a t e d  by r a i s i n g  the  seed . The pul l  rate is a p p r o x im a t e l y

‘2 ‘‘ per hour  a rid the seed rotation 1 2 R I’M.

l o  remove d is lo ca t ions  at the  st a r t  of growth , the crystal is necked (lown from

the seed diameter , to approximatel y 3mm in diameter , then grown out to the desired

w i d t h .  As  growt h progresses , the  t empe ra tu r e  is p rogress ive l y lowered to maintain

a const an t  d i am e t e r .  Al ter ’  the c r y s t a l  i s  grown , the fu rn aces  are al lowed to cool ,

a f t ’ r  s h i r t  down.  The d i f f erenc e s  in the rmal  expansion of the  B203 and the quar t z

causes the p u l l  rod and the surrounding quar t z  tubing  to f rac ture . This neces s i ta tes

rep lacement  of th e q u a r t ?  pu l l  rod and the sur roundin g  t u b i n g  for each c ry s t a l  gr o w n .

6 . 0 —  R E S U l t S

S ing l e  c ry s t a l s  of G a A s  have been grown by t h e  l i qu id  seal t e c h n i que.  The f i r s t

phase of the stud y tested the li quid seal techni que as a method for production of hi gh

pu r i t y  c r y s t a l s .  I n  add i t ion , va r ious  c r u c i b l e  m a t e r i a l s  lot’ growth of the h ighes t

pur i ty  GaAs was t e s t ed ,

6.1 — Table ~ I is a summary of crystals grown t o lest the p u r i t y  of va r ious

cruc ib le  m a t e r i a l s .

The cruc i ble s grown fro m fused quart? crucibles , no. 12 and 20 were found as

expected to be c on tamina ted  w i t h  si licon , r e s u l t i n g  in low r e s i s t i v i t y .  This  is the

result of the hot Ga reducin g the Si02 during reaction and growth. This was antici-

pated as this effect has been observed when crystals were grown in quartz by other

t e chn iques .

Crystals 21 and 22 , grown from aluminum ox ide cruc ib les , were sing le c r y s t a l s .

Howe ve r , a high incidence of failure was experienced in “ailing from AL203 crucibles

because of thermal fracture of the c r u c i b l e  d u r i n g  reaction.

Growth  was done by coupl ing  d i rec t l y to the GaAs  me l t  w i t h  R F  indu ct ion  heating.

Direc t R F coupling to the melt gi~~ id eal condition for crystalline purity. However ,

due to steep thermal gradients crystalline lx’rfection is sacrificed . ttsing a vitreou s

8



carbon suscepto r , to hold a boron n i t r ide  crucible , would improve thermal  g r ad i en t s .

However , t h i s  c ruc ib l e  gives very l i t t l e  t empera ture  gradient  across the melt  sur face ,

c a u s i n g  c rys t a l s  to nucleate  at the  c ruc ib le  and grow in from the side . As the  d iameter

of the growing crystal is increased , the nuclea ted  c rys ta l  interferes with the growing

crystal. This was the case iii crystals #24 and 25. ‘I’he re also appeared a scum—like

deposit  on the melt  surface  which  is probabl y carbon coming from the carbon r t a t e r i a l .

Crucibles of a l u m i n u m  ni t r ide  have been the most d i f f i c u l t  to use. They tend to

fracture during growth , and only one crys ta l  has been successfull y grown from

a l u m i n u m  nitr ide . I t  is fe l t  for th is  reason that  a l u m i n u m  n i t r ide  is not suitable  for

GaAs c rys ta l  g rowth .

6.2 — The undoped crystals grown in pyrolytic boron nitride (PBN) crucibles

(#2 , 5 and 8) were more easily grown. I h i s fact , plus the  high purity of the crucible

and the compat ib i l i ty  of i ts  cons t i t uen t s , boron ari d ni t rogen , with GaAs , makes boron

n i t r ide  a very good mater ia l  for GaAs c rys ta l  growth.  Also , the crucible is capable

of being used a number of t imes , which enhances its va lue  in a production process.

Alter boron nitride was chosen the purest and best suited crucible material ,

the remaining two n—type , two p—type , and two semi—insu la t ing  (Cr—doped ) crysta ls

were grown in boron nitride crucibles .

6 . 3  — IJndoped single crystal grown in hi gh puri ty PBN crucibles proved

a donor (n—type ) concentrat ion of approximatel y 5.0 x 1016/cm 3. in  an a t tempt  to

determine  the source of th i s  level of contaminat ion , several modifications were made .

Th ey were:

1. Comp lete overhaul  and c l ean ing  of a l l  gas and vacuum l ines  in the crystal

grower and vacuum pump system.

2. Replacement of tantalum wire to hold the seed to the rod , w it h an al l  quar tz

seed holder.

3. Outgasirig the chamber using high purity Helium .

4. Heat treating the gallium before reacting with arsenic .

5. h igh pur ity, low temperature sealing glass.

6. Gas purge whi le  we ld ing  the bottom chamber  closed.
9
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7. Eval uating material produced by reacting in the bottom chamber , w h i l e  t h e

top chamber was seated off .

8. Evacuate chamber on the pump used for’ horizontal Rridgman ampoules.

&) (Re of an isolated arsenic chamber.

In spite of the ’  above mentioned va r i a t i ons  in techniques and system mod tfic.r t i o n s ,

no variation iii carrier concentration was noted . (Table’ /12, ~/47).

6.4 — It has been reported that B201 in contact with GaAs melt absorbs i m p u r i t i e s

such as Si from the melt. To test this idea , a small amount of H-,O~ was added to the

gallium prior to reacting with arsenic. Care was taken to add only enough 1t~ t~3 to

cover the edges of the melt so that reaction of the arsenic with the gallium would not

be blocked .

l’he amount of B203 per experiment varied from 1.0 to 7.0 grams. 
‘I’he B203

alway s formed a ring around the inside of the crucible on the surface , after the As

reacted with the Ga. if a thin film of l39(~
)
3 comp

letely covered the melt , It was driven

to the sides of the crucible during reaction . A pellet of 12.0 grams of 11
2
0

3 
was used

in one run and it covered the en t i re  top of the  g a l l iu m  surface , p reven t ing  a rsen ic  f ro m

reacting with the ga l l ium.

Before hig h purity crystals were pulled using ~2~~3 in the melt , tes ts  were don e

that involved reaction of Ga and As , but with no pul l ing (Fig. 2 , Table 2—51 , 52) . t h i s

was done to e l im inate  the poss ib l i ty  tha t  the  5.0 x 1O~~ n—type i m p u r i t y  was o r i g i n a t i n g

from the vacuum l ines or the upper pull  sect ion.

The  bottom chamber was sealed at the joint w i th  the sma l l  1. 1) . tube . The chamber

was evacuated on the pump used for horizonta l Br id gman ampoules. ‘I ’hus, the pull

section and vacuum l ines  were removed as possible c o n t a m i n a t i n g  sources. The

heat t reat ing and reaction was performed in the same manner as prev iou sly described.

Afte r  a l l  the arsenic was rea cted wi th  the gal l ium , the temperature of the GaAs was

— slowly lowered below its freezing point . Ry th i s me thod , sing le crys tals were grown

on the surface of the melt for evaluation . After initial results indicated material produced

in t h i s  manner  resuI t c (I  in no h igher  p u r i t y  ( F t g  2 .  Fable  2 - 47 ) , ‘rys tals were
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pul l ed  w i t h  t h e  ~~~~~ in  t h e  GaAs  m e l t .  The variance ’ in amounts  of B2 03 u sed , did

no r seem to  a l t e c  t t h e  c r y s t a l  p u r i t y .  I t  appears that R ,() acts as  a “ge t t e r ” I or

I m p u r i t  es . -l hose un(t oped c i’vs tals grown with U-~
( on the melt , resulted in

m a t e r i a l  t h a t  wa s  ~em r — i n s u l a t i n g .  ( I  i~~~. 2 , labli ’ 2 — 58 ,60). I rom thi s experiment

it  appea rs t h a t  It ,~~ ~ I s  as i ~~t ’ t t C I  . .ifl ( l i s  a l s o  c o n t r i b u t i i g  0 ) as  a

com i)ensItIn~ impurity.

I h e  so l ir c e  of t h e  n—typ e impuri ty in the GaAs was still unknown. it was

su~~~ested by I) r .  J ohn Kenned y of A l . R L ,  that the quart z heated by the natural

~a - - - o x v g en  to rch  to p rov ide  a windo w m i g h t  heat the  qua r t 7  to a su f f i c i en t  t empera tu re

to c a us e  d i sa s so c i a t i o n  of the quartz and result in a contamination of Si.

Sil icon is  in c or I K ~rated in to  the melt via breakdown of the quartz chamber.
p

(I) 2Si( ,——— ~ 25i0 ~ ~2

C o n t a m i n a t i o n  e x i s t s  due to the  v o t i t i l e  na tu re  of SiO .

( 2 )  35i0 + 2G a— ~~~ Ga20~ + 35i ( in  m e l t )

(‘ .5 — M a t e r i a l  w a s  t h e r e f o r e  compounded by the  t echn ique  described where no

seed wa s  used to produce tes t  m a t e r i a l .  (} : t g .  2 ) .  t n t h i s  case however , no gas r

l o r ~ h was  used. As was expected the window area was clouded over shortly after

react ion was s t a r t ed .  A f t e r  reaction . s ing le c rys ta l s  were again  grown on the

s u r f a c e  of the mel t  by slow coo l ing .  t h i s  mel t  a l so  conta ined 13203 as a “get ter ” .

Van der I’ auw measurement s made on t h i s  m a t e r i a l  (#78 — i’able 2) showed a mark ed
9

i l t r e a s e  in c a r r i e r  concen t ra t ion , and an increase  in mob i l i t y  and r e s i s t i v i t y .

Material was then grown with a special viewport , using a variac controlled

resistance furnace (Fig . 3). l’he kantha l wire furnace enveloped the viewport and

was i n s u l a t e d  w i t h  a~~ln sto s  cloth. ihe furnace was turned on when the As was

being driven into the  m a i n  c h a m b e r and lef t  on thru  the en t i re  r u n .  l h e  variac was

ad ,n~ ted to m a i n t a i n  a tempe ra ture  h i g h  enough to keep the viewport  clear of As and

oxides and low enough to prevent  d i s a s soc i a t i on  of th e quartz . which would result

~i() contaminant in the melt. There was greater difficult y in viewing the seeded
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t e a  of the mel t  , due to  the 3’’ l eng th  of the  viewport  . A possible a l t e rna t ive  to

i m p r ov e  v i s i b i l i t y ,  would be a shorter  and wider viewport . Results of this tes t ,

ev a l u a t e d  t ’v Hughes Researc h Labs (‘Fable I #80),indicated extremel y good semi—

i t i s r i l a t  ing  m a t e r i a l .

— I .irge diameter  c ry s t a l s  delive red to Hansco m A i r  Force Base, were :

t w o  ti—type , t W ~~ p—type , two sem i—insulating, C r—doped.

Enclosed in Table 2 is Van der Pa uw data , at room temperature , obtained at

Crystal Specialties for the large diameter single crystals.

A l l  of the crysta ls grown were on a (Ill) orientation , with the arsenic face

co ntac t ing  the GaAs  charge . A l l  of these crysta ls  were grown in boron nitride

curc ib les  since boron n i t r ide  provided the best pur i ty  of the crucible  ma te r i a l s

eva lua ted .

l ) i f f i c u l t y  occured in growing large diameter c rys t a l s ,  due to the uneven

heat ing as the growth level Lowered inside the crucible .  As  the c rys ta l  width

increased greater  than 1.0” and the growth level lowered , the growth t empera tu re

became very cr i t i ca l  and er ra t ic .  At th i s  point is was d i f f i c u l t  to m a i n t a i n  a j
cons tan t  d iameter  and good single c r y s t a l  growth condi t ions .

C O N C L U S I O N  A N U  R E C O M M E N D A T I O N S

( I )  P yro ly t ic  boron nitride crucibles are the most desirable for growing

high purity GaAs crystals. This is due to the compatibility of the boron and

nitrogen from the c rucible with the GaAs , and i ts  mechanical  s t ab i l i t y  and h igh

purity. Boron nitride is also an economical material to use , because it can

be used repeatedl y .

(2 ) B20 3 in direct contact wi th  the GaAs  melt , seems to draw i mp u r i t i e s

from the mel t by ac t ing as a “getter” for the impurities.

(3) Si con tamina t ion  observed in the original cr ys ta ls  was found to he

produced by the high temperature window . This Si contamination wa s redu ced lw

rep lacing the gas—oxygen tor ch on the growth chamber , wi th  a res is tance  furnace ,

to provide a viewp ort to the growing c r y s t a l .

I 2



As a resul t  of Run  #80 where a carr ier  concentrat ion of 4.0 x 1010/cm 3, mobi l i ty

of 5400c m2/vo lt—sec and res i s t iv i t y  of l0~ ohm—cm was obtained , Hughes Research

Laboratories is very interested in obtaining material of th is  qual i ty  for Liquid—Phase

Epitaxial source material.

Results from this research on undoped GaAs indicates that hi gh purity material

needed for source mater ials  can be grown b y th is  method . Resul t s  also indicate

that fur ther  research in systems of th i s  type is warranted . Additional research

is also needed to determine the effects  of not us ing  B203 on the GaAs melt , in

conjunction with the addition of the resistance furnace viewport .
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l l ’ c Al ~‘ t A l I M E N L

Of th e total fund s of $82 ,261.00 author ized for both phases of the contract ,

i 1 j ’ ro ~ imatt’lv 98% has been expended . Fhis last f igure  (98% ) includes 85% of

the allowable tee. All ot the work has been comp leted except for the Final Report .

‘.051 l)A l A

C u m u l a t i v e  cost data as of 30 October 1 978.

labo r E l e m e n t s  P lanned Ac tua l

labors lirs . Amount Labor lirs. A mount

Sr. ~~ien tis t 750 $802~ .00 1568.5 $16,092.78
J r .  Scie n t i s t  2400 1506/4.00 2256 .25 11 ,075.07

Other E xpens es I
Purch a sed Part s 17888.00 10 , 387 . 75
Raw Material  12606 . 00 14, 680 .85

‘Fetal Other Expenses 30494 .00 25, 068 .59

Overhead 18963.00 23,025.00

Travel 1200 .00 — C

P reparation of Reports 2000 .00 —

C & A 1515.00 1 ,505.22

Grand Total $77261.00 $76 ,766.66

l b  
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T A B l E I

GaAs Growth Runs U s i n g  Var io us C r u c i b l e  M a t e r i a l s

Rur i N~~. C rucible  Dop ants R e s u l t s

2 Boron Nitride (BN) none Good

S Coron Ni t r ide  ( 1 3 N)  none Good

Boron Ni t r ide  (BN )  none Good

used Quar tz  (5i02 )  notie Si con t amin a t i on

1
6 

Aluminum Nitride (ALN) none Fractured Crucible

Fused Quar tz  (5i0 2 ) none ~- i  c o n t a m i n a t i on

21 Aluminum Oxide (A L 2 O~ none Frac tured  Cruc ib le

22 A l u m i n u m  Oxide (AL 2O~
) none Fractu red Cruc ib le

2/4 Vitreous Carbon none Scum—like l)eposit

2S Vitreous Carbon none Poor—thermal ~z’adients

‘I

-1$— 
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I A  l~I I  2

R u n  ‘ c’. I ) o p an t  Re ’~i - . t i v i t v  M c ’ t u I t i v  C a r r i e r  C o n c e n t r a t i o n  Corp r~~.:~~s
c m -  ~—~ c: n crn~

fl~~ f lC ~ .2  X 1 0~~~~~ 3~~100 S.0 X l O~ 
h 

~~
C-

51 nc ’nc  ~. .27  x ~1~1c ’  !..7 ~ Ii) not pul led ~~~~ usc i t

none o~ — — not pu l l ed  1 .03 u - - - .l

— 

.

—

n o n e  I o~ — —

h i  Cr  10 — —

Cr lO~ 
- -

Z n 3 .1 x 1 0 ~~ 1100 ‘ ) x  !0~~ B2O~

x l0~~ 1130 1.6 x io l / no i~- o .

7.’ Tc -~.l h r 3 1900 4.3 x 10~~ n~

77 ~.o ~ t o -3  :st ~ .~~. i x io t7

none 1 .3 x l0~ 5600 8.3 x 10 12 no gas torch —

7~~ C r l0~ — — viewpor t  B - O ~

$0 none :~400 4 .0  x 10 10 v iewport  E ’O ,

— 1’-)—-
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