2143745 1. METHOD OF GROW NG GALLI UM ARSENI DE CRYSTALS USI NG BORON GiXI DE.
ENCAPSULANT This invention relates to a nethod for growing single crystals
of galliumarsenide and, nore particularly, to a nethod for.grow ng
sensul ating single crystal gal l ium arsenide with i nproved physi cal
chaxaeteri stics using boron 5 oxide encapsulant. Galli rseni de (GAs)
single crystals can be grown by any of a nunber of netﬁgdgi of t hese
nmet hods use a liquid encapsul ant, usually boron oxide ([err] to i nprove
the quality of the single crystal GaAs. Wen grown under a 10 | ayer of
nolten [err] the evaporation of the nore volatile conponent of GaAs is
better controlled, stoichionetry of the single crystal is inproved and the
inmpurity content of the GaAs is lowered. It is generally acknow edged in
the industry, as 15 witnessed by the published literature, that it is
essential that the [err] nust be substantially anhydrous in order to
provi de the above recited i nprovenents. For instance, it has been stated

that it is essential to renove traces of water 2. fromthe boron oxi de"

(J. Phys. and Chem Solidsm 26, 4, 782 (1965). Simlar statements have
been nmade during the 1966 Synposium on GaAs (Chem cal Abstracts 69, 46579
y), inthe J. Cystal Gowh, 3, 4, 281 (1968), in the Mat. Resources
Bull., 5 6, 1297 (1971) and in the J° Electr. Mtl., 4, 2, 389 (1975).
.The wat er cont enMEGHODeOF| GROWENGcGALLYUMOABSENIDE CBWFTALBNg the [err] to

vacuum baki ng for a perygenef gbR6R SkTbR"BREAPYUEANRS high as [err]. In
spite of the spetTHT’TT1%HTnHn“1ﬁ‘T1571‘11T71Hnnﬂr111?“warer content, the

water 10 content of [err] wused in crystal gromh is not entirely
el i m nated and THis rgsh f oo relsieantticld ymettHodirfots gdowing single

crystals of gallium arsenide and, more particularly, to a
method for growing semi~ 1nsulat1ng single crystal gallium
arsenide with improved physical cha;acterlstzcs using boron
5 oxide encapsulant.
Gallium arsenide (GaAs) single crystals can be grown
by any of a number of methods. Many of these methods use a
liquid encapsulant, usually boron oxide (3203), to improve
the quality of the single crystal GaAs. When grown under a
10 layer of molten 3203, the evaporation of the more wvolatile
component of GaAs is better controlled, stoichiometry of the
single crystal is improved and the impurity content of the Gaas
is lowered. |
It is genezally acknowledged in the industry, as
15 witnessed by the published literature, that it is essential
that the 3203 must be substantially anhydrous in order to
provide the above recited improvements. For instance, it has
been stated that "it is essential to remove traces of water
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| ess: than 100 ppm to as hi gh as 1000 ppm . This residual water content of
B203 has a distinct effect on the physical properties of- GaAs. 15

It is desirvable that sem-insulating GaAs crystal material has phyS|'c. o
properties which do not cause instability. It is.particularly desir @
al

t hat such GaAs has a resistivity which does not decrease when the mat"
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ggkggggglsthe GaAs 5 Requmes NYmdeNichad s2mil3hsuiating! 8hh¥i &¥ybesal
material has physical properties which’ ‘do not .cause

| instability. 'it_iS'particularly desirable that such GaAs has a
resistivity which does not decrease when the-materiel..in'the
form ofjWafers,'is.subjected to a heat treatment to obtain

20 suitable charactefistics for electronic devices on the GaiAs.
Some GaAs material shows a decrease in resistivity upon heat
treatment, wh11e other GaAs material shows an increase in
resistivity or possesses a constant resistivity, the latter
mater1a1 being the preferred ‘material. '

25 _SUMMARY OF THE INVENTION .

' It has now been found that the resistivity of
semi-insulating GaAs single crystal material is related to the
water content of the 3203-encapsu1ant; More particu;arlyf-
it has been surprisingly found that, contrary to prior art

30 teachings, the use of B,0, with a very low water content in
the growth of semi-insulating single crystal Gaas yields GaAs
unsuitable.for application in electronic devices. More
-specifically, such very low water content yields GaAs which has
a resistiéity which decreases when such GaAs is submitted to a
35 heat treatment. It has also been found that the use of
3203 with a slightly higher, predetetmined water content
yields GaAs which has a resistivity which does not decrease
when GaAs is subjected to a heat treatment. It has furthermore



the desired val ues even when subjected, in the formof wafers, to a second
heat treatnent. According to this invention:there is provided a nethod of
™g sem -insulating GaAs single crystals 10 by growh from.a helt

‘
ith a | ayer of boron oxide as encapsul ant, characterised by
’

the nelt with boron oxide which contains water in a predeterm nedas
amount~in the range of about 200 to 1000 ppm whereby the GaAs single
crystals so produced are stable amd have a 15 resistivity in the range of
about [err] to 2X10,.ohmc which resjstivity does not decrease upon heat
treat ma‘?ﬁe'Lf pads Ehater ofitElas %?%'t"a’?%“%%t%‘?%dugﬁﬁ,s s&f%Eat treat nent
bei ng carystel out gadwn’50unde?00 dé@)r Bdvimg 1281aghtiles ihigherydr ogen

at nosp | O e I St Vi f e (a fers before
and aft lfeeésea{'_ {erg%dtrvégtgrtﬁn%%gl%g ir?rt 'e%‘lgﬁgte:)égg a %uta 0.%@:1\%?0 to

1. 2: 1. enmRakitnbeperahionopsn the derrsta s ndswaravnn Bheaf@ddt in the
range deddidl Wotbdéh OAUHE PN that ifbereadstikyeiahasplobtaGadgaccording |

‘to. the fi and_second enbodi nent gag?é e cut j.nto_wafers and the

rgt 25 '
waf ers S éﬁ?éﬁe‘?ovélﬁsﬁt SV TReR §B ﬁgér FUres nfPRB Pinge of about
[err] fwafergperitmc dedamk Heat readmgmtaf about 30 to 120 minutes in a
hydr ogen atrm%@_fg- . repys L he j t thesresistiddd v 0f 30 the
GaAs wafers Dbe orj'?g \gglsd Pi“ﬁ’é%’g ei.r{v‘;étéiet‘:;} ﬁﬁt %ggg : gﬁeeééeﬁlsat%é/i & y after the
heat treethadtof spreduaing sAgRipingnbatinggGarg sdngle: crystagseferabl y,

the g atpy ¢rowttP Wrdilid ¥nelt ddiRreds ivalthy id M affert E GaABnCloxidal s produced
accordiﬁr)%to t he {i rtst and segond e&bgﬁi nents .i s ir}ht he gg r.ange of about -
[err] ghrapsulaynt, | eharagiarifed jBY SHVEHIS the PPLEedt Hhvention to
pr oduceboxamis oxdidegl whichyscahtaimserwater wiimh & npredetepmisiedal

char a'Ctﬁééﬁé C%h the range of about 200 to 1000 ppm, whereby the /
' GaAs single crystals so produced are stable and have a e
5 8

15 resistivity in the range of about 5x10~ to 2x10 ohm cm,
which resistivity does not decrease upon heat treatment

- of wafers cut from GaAs c;ystals so produced, said heat
treatment being carried out at 750 to 900°C for 30 to 120
minutes in a hydrogen atmosphere, the ratio between the

20 resistivity of the GaAs wafers before and after said heat
treatment being in the range of about 0.8:1.0 to 1.2:1.0.
Preferably, the boron oxide contains water in an
amount in the range of about 250 to 600 ppm, .

The GaAs crystals produced according to the first
25 and second embodiments may be cut into wafers and the (
wafers subjected to a heat treatment at a temperature in A

the range of about 750 to 900°c for a period of time in

the range of about 30 to 120 minutes in a hydrogen
- atmosphere, whéreby the ratio between the resistivity of .
30 the GaAs wafers before said heat treatment and the
resistivity after the heat treatment is in the range of
about 0.8:1.0 to 1.2:1;0. . Preferably, the ratio is about
unity and the resistivity of the GaAs crystals produced
according té the first and second embodiments is in the

35 range of about ']_.xlo6 to 7x_1_07 .ochm cm.



Anot-her’ obj‘ect of the invention is to pravide a 5 nethod of grow ng GaAs

. single crystal -material which retains it's resistivity value upon at_
treatnent. It is a further object of the invention to grow GaAs si % L

rystal’s under a boron oxi de  encapsul ant containing a -
;ﬁézeternined amount of water. 10 It is yet a further object of the
invention to subject GaAs single crystals as grown to a bul k-annealing. |
operation to nmake stable, nore honpbgeneous,GaAs nuterial. These objects of
the invention and the manner in which they. can be attained will becone
apparent fromthe 15XfolFodi REiAcinal cebirct roht ton. piewentet ioremfidheto

present inventi peodacaui Gahke s@hglbe @rQakl1of r1a’13“|v?itﬂhng ﬁﬁﬂlzggr\ge\& h

crystal GaAs us en ant and particul ar t he
ofy3| ngle cr ys%’ﬂ?sggﬁ%@‘:ﬁ 3?*1 Li qui d- Encapsul at ed 20

Czochr al ski (LEC) Anabthénd objerqtl ogfnghe B2A9ent#6n 1§1e tenca p@{l,lt%@;nd

t he LEC net hed, K8d's e al di I nto. a

ar genl cin tﬁe gggl [ed o;ﬁmgrﬁsgxg dp Géﬁ sq%l% coﬁfgﬁﬁa g g’tﬂion which ge

crucible, and 25%%2HRS ste¥ Eﬁ/’sﬁ%ﬂ"#@! s‘(ad.M%/ ypesdieato tfmahmer&As si ngl e

crystal which is rai B’edlslla)ng;mﬁékt&tﬁ;&&.ed:f?rﬁﬁé %nveﬂ\ﬁdl?i#bo%a&%‘ %d b

. carried out 51 e, X;sqzaziﬁl\/lel bo‘gén Crayst% Pul ler (Tra . y
Canbri dge Instruné%ggthJ Fel®is 869@Ted°%}@% a aneARSudan

nol ten 30 B203¢ontaiming %lmdﬁtmrymeﬂ am‘unm wa&‘ér.grg\gn I; Croat ed

at re
Co provide tne destre decl Safsf“%*"ég Fifect ", B8y freniinn o 30 on

to provide the d slred elec r|c haracteris |cs requ
in gl ectroni ¢ dERIREE GARs Higle cnystisdisa@segromnc $oofa thiwd kran@eadlingr e

critical to dewmmmmtuo)nnawrsﬂasmleqr lms e Holofen@duls® Gaas material.
_ v These objects of the invention and the manner in
' K’ which they can be attained will become apparent from the
15 following detailed descnptlon. '
' - The method of the present invention is suitable for
‘the growth of semi-insulating single crystal GaaAs using
an encapsulant and, particularly, for the growth = of -
- single crystal Gaas - using the Liquid-Encapsulated
20 Czochralski (LEC) method employing B,0; as the
- encapsulant. : '

"~ In the LEC method, a GaAs seed ecrystal is dipped
into a melt of gallium and arsenic in the desired amounts
and preferably contained in a boron nitride crucible, and

25 the seed crystal ‘is slowiy raised to form a GaAs single

k/ crystal which is raised along with the seed crystal - The
method can be carried out, for example, in a Melbourn

< . ‘Crystal Puller (Trade Mark) sold by Cambridge Instruments

Ltd., U.K. The melt is covered with a layer of molten

e 30 -'3-203.- ~ The single crystal of GaAs as grown is
- Ssubsequently sliced into wafers which are then heat

'35



5 stability, reproducibility and uniformity. A neasure of the electrical
chargtteristics of the sem-insulating GaAs is the resistivity. It is noted
.-"'tha arge change in resistivity ob®erved in the heat treatnent.of  GaAs
~wafexs/is a surface effect rather than a-bulk effect. The resistivity

“-shoul d 10q£referably have the sane val ue before and after or an ‘-
i ncr eckraaterhitiee RAAVdde fhendgsiredaplentricad. chatpasprdstians singl e

cryst éﬂer#ﬂﬁd aowéﬂplewa%abat ijw el eeieWwiabadibesl] ohmcm 7 and.
especi al

bel 7x| O
Tebrstivity af dhe lanrrical BRatAcsRr 15t ick; BF. Ehe paRpEralake | n the |
range an‘mihmlt to [@awilcefl @pexattiion ,pparcdcudarlhy iangelatiabotio 30 to 120

MEnut &5 Ui% %?eanht uhiﬁb?ﬁ?ﬁy”“dﬁrﬁEQQQrEhé‘% P.#xl?er heat

_treatnen pro edur S, eratures and tor shorter
peri oflestrigal QPifan%ﬁﬂ$téﬁﬁe&¢|ﬁ§e &PElé&BEPF9tQBg GaReabfether ovi ded
that sEigyicdegur esrtpri@vmdeeadeﬂu&te maegecemﬂgef ihheesistaecrpf the GaAs |

f hi o | |
wi e h PERecRl A ek Yrestiend, o} SARRLRREREH, 400n: BUEERS hove &
decr exffeat radiheri \thanp ahbulkeaf fecsat eﬂhasrassstibedy -goould " exanpl e,
umaop%%b&w@da%ec%t g'am@abs&h@' bwfbbeaaﬁasamw ay 9& §e§é.9§agéﬂ“ cm had *

areS|st|V|ty of onl ohm cm af ea treat men his materi al was
unsui tvaHue pftes ﬁPﬁbQFPGntFﬁa§W§8FrSﬁPB'devaQQPeﬁt fads ééﬁgﬂ?scovered
that widenad Gaderiedsedthng 2@slisghivieyi Beluwt absuti 2R10dboNg emout [err]

oh b | | f It b
the Lend RS inldy BAIY88ou% 120 anbmchi: kPRa iRty teRiR SBout 200 pom
wat er shpiws agsiiocreiase dh sashs«;amtmeafbasee hpah hreeatsenttefat nent as

descr iaid ra @t ft‘ém@%%thieﬁoaaeeuenkhugeoasldséeé vsobeoumo%@lgor Wien the™;
GaAs crystal is .grown ugder 3 conta58| g fBS 200 to, 250 ppm wat er
t he rébF§NevPF§ iR the range of about minutes in a N

hydrogen atmosphere. It is to be understood that other heat
treatment procedures, such as those at higher temperatures and
for shorter periods of time, e.g. flash annealing, are equally
- 20 suitable, provided that such procedures provide adequate -
protection of the surface of the GaAs to prevent contamination,
or loss of stoichiometry,_ In contrast, material with a
resistivity above aboﬁt 2x108 ohm cm is unstable and shows a
_ decrease in resistivity when heat treated as described. For
25 example, undoped GaAs single cryséal material with a
- resistivity of 3x108 ohm cm had a resistivity of only 1x10
ohm cm after héét treatment. This material was unsuitable for =
application in electronic devices. ' : - i
It has been dzscovered that undoped GaAs possessing
30 high resistivities, i. e. above about 2x108 ohm cm, is
obtained when the GaAs single crystal is pulled from a melt by

the LEC method when the 3203 encapsulant contains less than )
.

5

about 200 ppm water. _ .
The resistivity of such GaAs decreases upon heat
35 treatment as described and the GaAs is consequently considered
to be unstable. When the GaAs crystal is grown under 3203
containing about 200 to 250 ppm water, the resistivity of the



6. GaAs upon heat treat nent as descri bed de;:rea-ses “onl y slightly and in
sorre cases renains constant. Wien the GaAs crystal is grown under [err]
contai ning water in-the range of about 250 t¢,1000 ppm preferably about
25Q to 600 ppm the GaAs is 5 stable and has a resistivity which renains
constant or increases upon heat treatment as described. The desirabl e
values for thGaRssuponvheat otreptment ms descrited daaneanes arlyn slightdige
of about Sx| Qunls04gXkbhe 00ABEH £ Bi#LE AWia @il IWhID die GaMa/ cty@eal 130
The. resistivity values of undoped as-grown GaAs_r}sTLﬁ%J eqé}rgsb? s.b tg%OLEC
met hod under FEPWR YpfeR Bad3 LoRkining wakenrd t4PES M&h ess
than about 10Q8 REOD Ppi il pesfed ably hebowt 250 ard G000 ppw, dhe IGads tilsan
[err] ohmcmand,usuakly_in_the 0 .cm 15
It has beggn fﬁgﬁgthﬁ?ém%%% h _eﬁﬁ%#p}ejd&gs@glr%{mééﬁsnéc%ﬁg aﬁqs? t:glra.orpwn under
[err] having dacceasestepen heathergatment b derps ired suffhecdasizablepul k
anneal, the (3ag,Bavesy ?Htkréfﬁééiﬁfiiya/@déﬁ Pirdle drydta M ial Gie

| dwer ena of the range o err] tolerrlsohm | 1. show I ncreas 20
val ues for th&npkhR Fasge: @i?'}/" ?’nobe’f a%eéfrgeq\?:(gﬁg G sl"f’:a?ofe&a re

honbgeneous. agHoR@SEREGESLHUTRLO Esolshiomiies in 6 -7 the desired

an f t h i ' - 0 i |
undoped adtr own Gas Thfct eI LSRVARY VSR g (Bidaptn ML JRouENANE djff1e

‘the range of epyataksobyothe-LEG@method ynden B3¢ iWlGh hak & MafeLof

about 30 to 12QnEERtt 68 MSEe CORAR NE00 NSpNdd! Bk ritfdril abdut di0" gpm,t he
bul k- anneal ed” GaAs crystals ma% be cut.I1nto wafers afd tr}ﬁ_‘waf r%asqu{ﬂectmed
to a heat tre¥fRdRf WithethewRter qontedlas 3 HT Y-SRI ' A % Een ¢

~anneal ed and 3Adhestallgairdtiesrangatod dimduweckxllic tesdxlld vighm gm.t he

Cahs wal ery pef ore {he BeohakEALTCROLAICADE dIfdd St dnaced has- Gl

af t‘\(irf_the at treatnment in the range of about O.

‘crystals grown under 8203 having water contents in the |
preferred range are subjected to a bulk anneal, the GaAs having
- bulk resistiﬁity values prior to the anneal in the lower ena of
- the range of l‘xlo5 to leo8 ohm cm will show increased
20 values for the-bulk'resiStivity and the annealed GaAs is
stable, more homogeneous and possesses bulk resistivities in
the desired range of abhout lxlo6 to 7x107 ohm cm. o
The bulk anneal is carried out by heating the undoped
.as-grown GaAs single crystal in a furnace to a temperature in
25 the range of about 750 to 900°C for a period of time in the
range of about 30 to 120 minutes and cooling the annealed .
crystal. If desired, the bulk-annealed GaAs crystals may be
— cut into wafers and the wafers subjected to a heat treatment as
described. The GaAs material which has been bulk annealed and
30 heat treated has a ratio between Ehe.resistivity of the Gaas
wafer before the heat treatment and the resistivity of the GaAs
wafer after the heat treatment in the range of about 0.8:1 to
1.2:1. The resistivity ratio is preferably about unity. As
noted before, the changes in resistivity observed in heat
35 ‘treatment of "unstable" GaAs wafers are a surface rather than a
bulk effect. Therefore, the resistivity of the heat treated

wafers may show a small increase or decrease compared to the

¥
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1.2:1. The resistivity ratio is preferably -about unity. ‘As noted before,
the ¢ ges in resistivity observed in heat 35 treatnent of "unstable" GAs
ﬁg%}e a surface rather than a btk effect. ‘Therefore,. the resistivity
eat treated wafers may show a small increase or decrease conparéd
“to the . value of the bulk resistivity of the as-grown GaAs. The heat 4
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| f t di ff t t . Th d d

i ngl BEUPTRLEr bh: GPREEOLr Eh cBRYS1€Rl ShATIcher IR TIGRmIQE Sabfi a waf er from
t he tepngtet copstalthater sl aandnto onbeld can Gams bt i £ GIHigh Wy € heat

{1 oot gliAanel O30 Caboe 80 ThBU( 7 LA IUFIOG, fgpsphere. | The

resistivit ers wasS nea A\ Pauw t echni que before

and after the Teat inveatiemtiwilhenomike Thinstrated heHeertidllandnge
MSSURBA-LEMEEALYVE| 8RampEedl ven in Table I. o -
| >

Exé-mgle 1 _ :
| Using a Melbourn Crystal Pulle:f(Trade-Mark), a number
_ - of single crystals of GaAs were grown from a melt consisting of
_20 69 grade Ga and 69 grade As. In each growth test, the melt was
covered with a layer of molten B,0; containing a different
amount of water. The undoped single crystal obtained from each
test was cut into wafers and a wafer from the top section of
the crystal and one from the bottom section were heat treated
25 at 850°C for 30 minutes in a hydrogen atmosphere. The
resistivity of the wafers was measured by the van der Pauw
technique before and after the heat treatment. The water
contents of the 8203 and the measured resistivities are ' 3 {
- given in Table I. : - __— e
30 ' ' |



30 - Tabl e | Resistivities in ohmcm Test - Jerr] Top Sanpl e

Bott om Sanpl e No, lerr] ... ..Before . After Before °~ After 5
1 ,v . 164 . [err] Z 1648, [err] 3 192,
[err] 4 - ‘460 [err] 5 460 [err] XO 6 A
460 -~ [err] 7 460 -~ [err] 8 1000 [err]

- The tabul ated test results show that a vEakke cbntent of the [err] bel ow
200 ppm gives resistivities which 15 decrease at |east an order of
magni t ude upon heat treatnent of wafers cut fromthe single crystal and
that a water content of [err] between 2 0'%;;1" BUO e AR OB S st vities
whi ch renain §8§§t antia!ébp_zgé'nstant_ m L Eéaafe sonEW "hpé ﬁ\% t
treat ment of s. T = Viti he al 206

un rr]
with 200- 3000 ppm water arecjpn the desi 8 an Xl O D7. Eeaple
-2 Using a Mel bgur n Crystal fE’fljl ler (Tr a'die,?g%g k) ?f'aﬁslldngl e;c‘é?gft% of

@@AS 6
was grown fromla.melt const88ing of 64 e G BIFHhd 6 As 1P¥d0
mélt was covergd with noltega[err] copiekre®g -ap.cwmoht of. mewot i toao®
preferred range. The undop as-grown_singl@ crystal.mas | ed 7
bul k anneal by™placing thesgp,y-st al .1 nslaé‘Fgéga_ce:,Y'égaQ-} ng fﬁ&lfedﬁ.naczte%’%o%'so
0C, maintai ng Bhe tenperatd46@ at 850 ©D%L0 oned HBxk0 and BBxdb| i ng +3xd.0

crystal tog oog tenperaturgggThe top gpg,f_p@ﬁ-t o ppgie ons pigtiyd cryistakie?
were sanpled before and after bul k anneal | ng of _the cyrystal ang t

| he 7
resistivity deffernined usi#80the van ‘He?"*%.yw t’etﬁ'?h_}rqlgje. Sfxdfht er Mttt
of the B203 g - 1000 -~ 1.2x10 8.7x10 - -

) The tabulated test results show that a water content
U of the B,0, below 200 ppm gives resistivities which
15 decrease at least an order of magnitude upon heat treatment of
 wafers cut from the singlé crystal and that a water content of

B,0, between 200 and 1000 ppm gives resisgivities'which_

remain substantially constant or which increase somewhat upon

- heat treatment of wafers. The resistivities of the material

20 grown under Bg63.with 200-1000 bpm wate;'are in the desired'

range of 1x10~ to 7x107. |

Examgle 2 _ | - _
_ Using a Melbourn Crystal Puller (Trade Mark), afsingle.
crystal of GaAs was grown from a melt consisting of 69 grade Ga
- 25 and 69 grade As. The melt was covéred with molten 3203 '
N containing an amount of water in the preferred range. The
' undoped'as-grown sangle crystal was subjectéd to a bulk anneal
by placing the crystél in a furnace, heating the furnace to
850°C, maintaing the temperature at 850°C for one hour and
7 30 cooling the érystal to room temperature. The top and bottom
portions of the crystal were sampled before and after bulk
annealing of the crystal and the resistivity determined using
the van der Pauw technique. The water content of the 5203
-and the measured resistivities are given in Table II.
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and the rmeasured resistivities are given in Table I1. 35 9. Table II-

Bul k Istivities in ohmcm Test [err] . Top Sanple
" Bott anpl e No. [err]0 in ppﬁ]g' Before *= After - Befare-
Afte 9 340 | [err] The results show that bulk

C

“annealing of as-grown GaAs singleqGpyat glys increases the resistivity and
produces a nore honbgeneous crystgé-—ETHE'results al so show t hat bul k
annealing results in resistivities inthe desired range of IxIO to 7 10

[err] ohmcm Exanple 3 A wafer wesuIkitRés Détivibeie® frorédhimrenpf the

bul k- eageal ed crysbeh obtai ned T@ptsamprb 9 and tBeettark Samglse O subj ect ed
to a Neat treaHanlnoQ@SO C Befod® nm nifesrin a Béfdnelr ogAEtamosphere.
The resistivity~of the heat- treated waf er wa was measur ed at 7. 3xl O-phm cm
TBe ra®i o bet ween Bé8i st|V|t|§s9h-’e&sur e3l Pekdr e ahdd®XQ er thd ¥t
treatment was 1.2. The results show that the re5|st|V|ty of heat treated

wafers cut from a bul k- anneal d GaAs. sjngle_cryst al a 20, substantially.
const AN TRPHLLR Fﬁ?ﬂ ERat Ry lfe%‘“?%ﬁ‘lg’e“%f"% TQ‘[%‘T“?] SlI shoul d be‘
under gk 9edallBaintheasesctheores sstiphbty carmd produmes ra)dndne:at i ons and

var i ahb gSeibblBUL-JSRRT L' NEnd" AULIES SEERS Sl P WU Ao diphed
results in resistivities in the desired range of 1x10% to
10 7x10’ ohm cm.

Example 3 .
A wafer was cut from.the top portion Qf the

bulk-annealed crystal obtained in test No. 9 and the wafer was
subjected to a heat treatment of 850°C for 30 mxnutes in a

15 hydrogen atmosphere. The resistivity of the heat-treated wafe:
was measured-at'7.3x107 ohm cm. The :atlo between .
resistivities measured. before and after the heat treatment was
1l.2. The results show that the resistivity of heat treated
wafers cut from a bulk-annealed ‘GaAs single c:ystal has a

20 substantially constant value within the desired range of about
lxlo6 to 7x107 ohm cm.

_ It should be understood that the invention is capable
of further modifications and variations without departing from
the scope and purview of the attached claims.

25 '
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CLAIMS 1. A method of produci ng sem -insulating GaAs single crystals by
gromh froma nglt covered with a Tayer of boron oxide as encapsul ant,

char acterd sed by covering the l"“lde whi ch cont ai ns wat & N
a 5 predeterm ned anount in tm“l“mnmlnm 200 to 1000 ppm where

the GaAs single crystals so produced aFe %tadbl& and have a resistivity in

t e range of about 5x105 to [err] ohmcm which reS|st|V|ty does not .
decrease upon heat treatnent of wafersjigeut from GaAs crystals so 10
produced, said reatment being carried out at 750 to [err] for 30 to
120 mnutes in ogen atnosphere, the ratio between the resistivity of
the GaAs waf er 4 .bef dv emathodf bér produding semitassulpding iGaAshesinale of

about 0.8:1.0 tGyleyik Ooy % owth fIaﬁ getfind aSovbpédedith @ 2149% of

characterised in“that sal si ng crystals so produced ar
anneal ed at a ﬁEH%%%éFGﬂ@ s ?HeapéﬁéénGﬁ SBGEFc?Sﬁlﬁﬁd[BYrF°Y8FlﬁngPFod
of time in thewnelge w)ifttﬁbcwr&e toxid@ niwhtiitRs, centading t katey foimi ty of

he bul k |
Char act or o0, cOTedatsimiBes ey SRDERE AL & TEhbLE 200, £ 3000
characteri sed |Bpﬂt-hawhe¥1%b13aAbecr%A%1l siogler erustalmyeoa R@mdn @9e| n

t he range Of a@&&%ﬂé‘%%@ h@vthozegﬁgkﬁqht 51n4the Iﬂﬁ e”BEhQQOuESSbeé'”Ed
in Cam , _char act ed in e contai ns

oron o
water in an anﬁﬁh@ﬁ¥ﬂ tﬁ@mréﬂgew ic bGGP1556V95Y6§GeﬁpﬁPtSéecr?ﬁée #ePRod
as clained . imeaanytrpaemnedingofclwafershawct driomedGaAst hakrysaallsr agbo is

about unit&oiy%fgéuced, said heat treatment being carried out at 750 to
900°C for 30 to 120 minutes in a hydrogen atmosphere, the
. ‘ratio between the resistivity of the GaAs wafers before
N . and after said heat treatment being in the range of about
0.8:1.0 to 1.2:1.0. | .
15 2. The method as claimed im Claim 1, characterised in
that said GaAs single crystals so produced are bulk
annealed at a temperature in the range of about 750 to
900?C_for a period of time in the range of about 30 to
120 minutes, whereby the uniformity of the bulk annealed
20 crystals with respect to the electrical chafacteristics_
is improved.
3, The method as clalmed in Clalm 1 or 2, characterised
in that the GaAs crystals so produced have a resistivity
in the range of about 1x106 to 7x107 ohm cm. |
1 25 4, fThe method as claimed in Claim 1, 2 or 3,
~ - characterised in that the boron oxide contains water in
' ‘an ‘amount in the range of about 250 to 600 ppm.
5. The method as claimed in any preceding claim,
characterised in that said ratio is about unity.
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