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Abstract

The GaAs bulk single crystals are grown by the
ng the growth, one of the problems in Bridgman method is the boat wetting between

Horizontal Bridgman method. Duri-

GaAs

molten and silica boat. This boat wetting may result in another nucleation to form twin cryst-
als. In this study, We find that the optimal size for sand blasting is 320 mesh. Backfilling the

ampoule with argon gas during the vaccum bake-out decreaes the

boat wetting. The reaction

mechanism of Ga with quartz to produce suboxide, Ga, O, and sillion is discussed.

1. # @&

GaAse - Vi bty LEHS —-E2oF zine
blended #fi5h #Hiis 7tz ok Ga?} As7bol &
e ﬂﬁ*ﬂnf’_i JL? *"Eﬁﬁy_r/} D‘ T ﬁux

ek olg) e Z Hit e ol GaAs

# TiREe) THEVHER G 2o & W [ BE)
2 veplich =38 GaAs, InP, GaSh, InAs.In
gkr‘a:‘QI VEEE B2 band HNE AtA

el et BihE oldh BRAL AT el
;EE*I*JJ o] ffeelo]l Yok HHEE 7}11 u LE]
vb #lejArtol 2 mop Zhe JE K ol HEHIE 3 9l
o}?
olo} Ze- gtk o 2 olall GaAstaldh MWite Fitly

19703 el o)) Abedak S At GaAs
Wkerl 713 Kol (L2l stoickiometry 34
i boatshel hEM:o) Ml “H—roﬂ HBi, LELr,

g BRIt X :‘éa&\]““ﬂ bz - 1

B B REK TR ET LA B e

& B el TX ERTEE phE

@ B edek KBBT B R AR LA
FHE D198 9 2 H

% e

L

p
i

Qo
=

* ||
o |]
x|
*kxk g}

b

)

ol F& FAMLsl: vt HB® % ke KV K
Mt FUHSA boatWoll 4] #ighg MLEBA 7 f
ol e,

ol Jjiol 1= Hifb o) #SRiolvt KM%
wir Bdll A A=Y solid-liquidZt interface?t i
e WA et HeishAl slod hOE AR o) A
Bh— IR 7S] e 7 oldl Ao
inge] cdofut fhifell strainel Zh R mE dgfyg
1 ob AR Sl AEitxlcke Hilhe] 2l

Boat wetting® Biild7] #1814 PBN{ pyroltic

. . v B
boron nitride)

-ibell wett-

, AN (alumium nitride)”
blasted silica boat%o| {571 x g},

el A= GaAs melt®} sand blasted silica

sand

boatZFe] wetting®l EIN-S & st cbokst sandél
foi [ze7]o) uwhdl wettmg—‘* baking™ #'iihni St E
ofl 4 2] *X*Xﬂ( = o] wettingell vl x= B2el] o 4]

i fr kel
2. BE A&

2.1 BH oE A EmeRE



.._2__

MANUFACTURE OF QUARTZ PARTS

!

L SAND BLAST INSIDE OF BOAT J

]
|

CLEAN AND ETCH QUARTZ

!
PLACE Ga AND As
b
VACUUM BAKE-OUT
SEAL GROWTH AMPOULE
B !
I HEATING
'
REACT Ga AND As
i
SEEDING AND MELTBACK
¢
GROW SINGLE CRYSTAL
Kl

il

il
|
il

COOLING
38 1. GaAs 544 A 34
Fig 1. Flow chart of bulk GaAs growth process.
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Table 1. Oxides of gallium and arsenic.

[ Name Formula ‘( Ar]'hdra(torislirs

Gallium oxide, sub Ga, O o iwbrown — blac k.})od\\ er, subl, 500C ]

Gallium oxide, sesqui (a) Gaz 0, t white

rallium oxide, sesqui(8) Ga, 0, white

(xalhum oxide, sesqui (Ga,0,H,0 white

Arsenic oxide, tri As:050rAsaOs colorless, cubie or fibrous, subl. 193

Arsenic oxide, tri As2030rAsiOs ' monoclinic colorless subl, 193C

Arsenic oxide, tri As2Oy amorphous or vitreous mp 312, 3C

Arsenic oxide, penta As,Os morp]mus or white, decompose at 315T
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Fig. 3. Diagram of furnace used for GaAs single
crystal growth and temperature profile
of that furnace.
1:GaAs polyerystal, 2;As source, 33sup-
porting quartz tube, 4;Alumina tube, 53

thermocouple, tibarrier.

|

@ 8l7] wid-ol 1238 CH T} 1~2TE 7 &lo] seeding
S OBA a5, As zonell {)Eis 615~620TC  hwko
oo h MiE =E thermocouple® seed K5
M As vonecll ZHE el g elal i HifgAl A
elvh, Garl Asel Rdsle]l GaAsk 414z Com-
pounding?} seedingllf -2 & % 2R DL i
selet,

A Fnol ¥ GaAs melwoll A 2] {71873
af 2 ~3C/emE ol A3 growth speedt= 0,
~1lem/hrelel o) GaAshk)afr melt — crystal fr[fll
ol 4] meltZ o2 Asol hih=l w3 hiingel  fLil)
ol 0.6~ 1lem/hrd ol V5 w2 24 Qofld= Ayol
melttt o 2 Wilis]l Al 2-&b 1 &5 N0l trapso] 2!
vz} ul 48k bubble®. {f 467} crack initiation
site® fEHeket,

GaAs meltZ7F A &I0E 3 /5 ALME 4] 2] /]
RS S A A ] flEl oF 3T /minel R
MR ('()()linga‘y BT Ao o R sl
pHSE Mol dhl ARl mrelgat gt

3. B% BR Y A

HB( o €18 GaAs #idh Dol A5 |58 —
el Saiiah oMegs 7l Hais kAl slo = i
'1"}&»'1 sand - blasted silicaS {Ji}jglo},

GaAsiiidhii ¢l boat wettingS Al AKjpo|u}
OH ol 7jeldbebar obeda olck>’ . ol9} Zhe GaAs

il ] "Mf‘-'zf'f’?““?}‘%l Fago . alak [WNE S ol
o 71 el kurata® A= B il P ATl S

Histke] (L 7} 4-1-,; GaAst nklkea]7d oy

Championdt Davy® ol 2] sb wettinge! &) #) gkt

e T



-4 - EEB R LIE B3R B 1R 19867 1)

wisel m A FAv 2(r/eg) olth A7) vE K E: 2. "ol Aol upz gal

MAH, ov WY, gt T8tk GaAsol 24¢ Table 2. Phenomena according to the degree of
y=600dyne/cm? p= 6 | & fir A F7E Gmmkit)y boat wetting.

ol o,

HBIJeol 4] boatt Gafi= GaAs®he] wetting® 1) Wettingel = | GaAs 75_32‘630”& ”10”‘} E| u}
Biilsl7l Y sled Aed boat®] IS sand blastsh Alah e etda] cracke] F4E boat
< 2ol ez oA Ark GaAshidhd A o} Ao whe- ”.101“'1 u] 4l gk
°d boatliile wetting= #iihlle TFolE = skl hair eracke| glo.o Aol
o] A Z ¥ nucleation sited T B olal coo- boatel] 4] wilef 2] 4] ¢b-&,

lingiffdell A B el o7 olo]iulds GaAskidhal A

2) 'oltinge]| - N 0] ololvu By o
ARG PR el WS (el RPN M s
stress) o] 91 o GaAs it ’[f‘0.3_01 boat?! ‘crack of vk 7% crackE A el kAl
¥ ABAIAI O wetting®l fUko] whel vpejufas
Hlgee rable28t 7o), 3) Wettinge] & | 2 & o] 2148 &l boat o)
wheh 4 boat wetting2] [ 43 WAL L6 L2io BF ofubzr] oF e | 2] M5 poaro} A 7kl
o3k ol et 735 contact angleo] # o},

Weisberg * ol uwbZ a4l HFoll etchingdt boatel 4l
ER GaAsit wettingo] olojud it o] vwi =

Jd2l4. Ae veba' 39 guartz EC] F9 (3400
Fig 4. Surface of sand blasted quartz boat.
A:60 mesh, B:120 mesh, C:240 mesh, D:320 mesh

(4)



AoV Bridgmaniiol ©1§t CaAs
ggkihel A4 E 4= vbd HE ete hing o ob#l it

THNOS (12 1) ik

o] 2w

sand blasted % b boat®
off etchingdt 7% m(‘ltgl'f)1 wcttingol
boat XIS FEHkER aHol Jeriel Aidtks 7t
A GaAsE delebar geh
ubabad A fFgel M boat wottingBUA-S boat
2 sand blast@ uf ] alap 71 %2 A
boat treatmentoll €8 BHI baking T HLEG
IRl 4 o) Wi Lol AdzhebalTh
sl 4 = 60, 120, 240,
dol poat!Nifi £#8E ¥ % sand blastingg

sand®|

320mesh sic powder¥.

boat

o] ¥ alzRlolth sand blasting A BEERR R Sl
9l 71Eel Jifiiell ol 9l ks adel 2led boat
Kilio] Aty = ad 2 ool Jfirtelel o
Q= qand particles Bpl: OP/I & Hrae Al
o g} 5l Trichloroethylenc’t Alcohol % Al H gk

D1 water® Z=+-3 A-Ear v ovenoll 7
i) 1 ek

18155 60, 120,240,360mesh & sand blasting 3}k

Wik AR = Werdngol ket #lt

._5__

boat 5= (9iH] olod &Ndk ke & *] 7| 2] boat 4 2
Jemi b=l ojrt 1ol 4] a) | b) 4= AlGE wetting©l

ﬂﬂvﬂ%“l?wowc>ﬂnawa%qul

wetting ©| Solwtor) a) | b) ¢ wettingiEP:
Al EAdwr o 4 Aok ﬂ—”' d) 9 73 wetting
o] &l olojuiix] b 72 Hs obE HME

do|5 g}
28 GollAl 60, 120mesh® sand blastingdt 4
boatell &lidh-- WikAl 715 #idhAanS BlEs) 2 &4

Yo Algk cracke] #5852 20 240mesh?) boatoﬂ
A= gihell MO E cracke] #AE AL ok 4
aledel, szedvd 320mesh®l boatAb-4] ‘rfnauoﬂ #

A wetting®l clofvbz] e59ka #5AMMERS GaAsh
W boatlffz tofE ol2 4
B sk elfigskol el
{71 72 baking“‘f Ga'liguid)ﬂ' A o4 boatZH2] wening
91 BiM e 2= Gakfiol {rfeehe BELH) =

R buxld—upk As®) el 2l GaAsA’Q‘fﬂ
o solid skinel A4 sle] o solid- skinol K Ga

| olo} o
22

i k/«A-——«u% boat2} £
!
i3]

]

nEZ2
Wetting of boat.

8l s, o &
Fig.5.

A:60 mesh,

o u} (X4()() )

B:120 mesh-

(5)

C:240 mesh, D:320 mesh



ERSGHRLIE H35% F 15 1986F 1A

agle. A Fuel 9 (x400)
Fig 6. Wetting of crystal surface.
A:60mesh, B:120 mesh, C:240 mesh, :320 mesh

7 boathil®] wetting® BN F {1IgeE 2
Wik Gaifislol &5ty BE{k4eltt solid skin

=90 WHEES Hifkk e 25 ik =
= ke (i AshA 2R E GaAs melt2 boatlit

| wetting?] FH KMo g Mo|A %

fidh BEWRl A GaAskifhyel Sicontamina-
tion2 F2 Al boattl Ga ¥ GaAs melt2}2)]

gl el elofited L (1) 3bef

ir

o

o

4Ga(liquid or from (aAs) +Si0,
< Sitin Ga or GaAs) 1 2Ga,0 (n

o

| o g alsh AAE free silicon® Si0, (S)
oA K GRed B REA 9] Silicon monoxide Si0.,
areot,

"I

Sifin Ga or GaAs) | Si0,(S)
L2810 (2)

o| hifEo]l ABE Gatr Si0(S) 2 KESI Ga,
O 2F Si0 . S Si0 % A7

4 Galliquid or from GaAs) =+ SiO,

= Ga,0 w14 Si0, (3)
i Aol 4 M A5 Ga, 03 As®l vapore)  ufES)
o] GaAs% depositA] 7ok,
3Ga, 0. oo T 2As5, » lor Asy)
- Ga,0,+4 GaAs(S) (4)

o)9} 7o pilol A IR S (L% o8 Ga,0s%
GaAs% depositd] 7]+ Ho2 abed A ¢}, @ ulel
A A FEAA @Rt & silicon contamination$ b
H-akd Jihio g5 oxgen?l i, WO (0,00 W
M, PBN boat®t linere] {lii], ** diffusion b-
arriers AF231 7 free volumed Eolv JigE
o] #ihiEl i oleh " E#MYCE GaAs melt®?} Si-



AK¥ Bridgmanifoll 93t GaAs WRERINEE = Wettingo] 2 #f7¢

2 =
T

lica boathl2l wetting®l NS sand blasting
A2l sand®} $1 (-271E3 2L boatWMifii  WiHo}
u] gk B olow fheh BFOFEFel GaAs m-
elteh Silica boatZbel {EAHES 2 K3l
sticking 2 & Mofxch

A fEgoA]= 4 7FA] FEXI9 sic powder® sand
blastZ aF #i % 320mesh®] boat”} wetting®l %3
#5es) 4] ool 320mesh?l 2719] sic powder: {l
B 1 baking il Al REJE 107° torr®
#H 3 The argon gasE backfill 3101 wetting & &
Biyo g BiEE 4 Aok difel A1) chemi-
cal sticking 2 Bl 37| $84] diffusion barrier £
Yoy {HRE Aol a2 HAT skl r
ovenoll @Azl of& {4 61wl wetting®l =
A WA s e

chemical

Y

4. & &

A&V Bridgmanikol 21all 47 0.8em2712 GaAs
WidhS MdeA] Foh,

el Rl IIZE © GaAs ot A od boat 7F
9 wetting® KA1 712 #sted Silica boat 320

B ;
)

mesh sic powder® FJ--8}74  sand blast®) 2 &
4§ wettinge| #FEH A 2v WHHE 4 o]

w) o] fE55 WS zone2l I ARlE 3C/cm° Qe
] gEShREE ST 0, 6em/hrel 3

Wkl GeAsigkghel FitEs nﬁﬂﬁﬁﬂ BN B
h el (111]e)w undoped GaAsHiffifhel @&/
R 5»<103 —46X10* /em?, #LHLEES 103X 10°
[Q-em)2 2 Hbko] BAUS

(7)

&

o

2

1) KITTEL, “Introduction to Solid State physi-
cs”, John Wiley & Sons, Inc. 1976, pp. 93-95.

2) L. Ekstrom and L. R. Weisberg, J. Electroch-
em, Soc., 109, 321(1962)

3) L. R. Weisberg, J. Blanc, and E. J. Stofko, J.
Electrochem, Soc., 109, 642(1962)

4) J. C. Brice and G. D. king, Nature, 209, 1346
(1966)

5) T. S. Plaskett, J. M. Woodall aud A. Segmu-
ller, J. Electrochem, Soc., 118,115(1971)

6) E. M. Swiggard, S. H. Lee and F. W. Von
Batchelder, Proceeding of the sixth Gallium
Arsenide and Related Compounds Conference
(St. Louis), England, (1977), p.23

7) G. Long and L. M. Foster, J. Electrochem,
Soc., 109, 1176(1962)

8) K. Kurata, Jap, J. Appl. phys., 2, 64(1963)

9) F. C. Champion and N. Dary, Properties of

Matter”, Blackie, 150,(1952)
19) C. O. Cochran and L.M. Foster, J. Electroc-

hem, Soc., 109, 149(1962)

11) N. G. Ainslie, U. S. Pat. No. 3353921

12) J. F. Woods and N. G. Ainslie, J.
Phys., 34, 1469(1963)

13) J. M. Woodall, U. S. pat. No. 3322501

14) J. M. Woodall and J. F. Woods, Solid State
Commun., 4, 33(1966)

15) J. M. Woodall, Trans, of the
Soc., of AIME, 239, 378(1967)

16) E. M. Swiggard et. al, Proc. 6th GaAs and
related Compound Conf., 23(1977)

Apple.

Metallurgical



X xt O LHA|IZH SH &

&
=

44

[ =]

a4 al (o] ]
=

2|

ol

al

X0

35~1~2
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Abstract

For digital process control, a low order discrete time modeling method is suggested
direct digital control algorithm has been developed. The modeling method maintains
order of 3, while the sampling rate is doubled for fast response
possible to compute the model parameters and

and a
process
With easy calculation it is

the controller gains. Controller tuningis possible

on the spot. Simulation results show that this method has better performance than the deadbeat

control agorithm.
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