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Electronic material research focused on an environmental safety issue

Shigekazu Izumi*, Sadaaki Murakami**,

Yoshiharu Kouji***, Norio Hayafuji***, Takahiro Yamada****

Abstract : Choice of a technology clearly has to depend on its ability not only to fulfill material
requirements but also environmental safety criteria. Therefore, the possibility of environmental impact
raise questions related to safety and in near future, tolerable amount of hazardous materials, especially
for crystal growth of compound semiconductor. Although molecular beam epitaxy (MBE) and
metalorganic chemical vapor deposition (MOCVD) have become the most important and well
established production tools and are expected to play an even larger role in device fabrication, much
care has to be taken on handling and disposal of the hazardous materials. In contract, gas source
MBE (GSMBE) is a much more environmentally beneficial technology and safety requirements can
be met more easily than MBE and MOCVD. High throughput epitaxial wafer production is
demonstrated by using a newly designed multi-wafer GSMBE apparatus. We have obtained excellent
results in uniformity, throughput, cost performance, electrical performance and few hazards for
operation. These results confer the promising way to overcome of MBE and MOCVD based growth
technology.

Keywords : Environmental safety issue, Electronic material, AsH3, MBE, GSMBE
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PH3, AsH3, NF3 % CVD (Chemical Vapor
Deposition) TRIZAWShZEHH R (2).
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LEPFEXRIIRRIND TN 2T INA R
CEFTNAR (FIIRA 70EAEAR) ICK
TE5. INSTFNA AFARIIRL ZeMNTERN
DBLEY X v )VERERFEMTH 5. 1980 F
RICHARE (Liquid Phase Epitaxy : LPE) 2%
D> TMBE*¥, MOCVD?, /= 1980 %I
ItFE—LTES F> — (Chemical Beam Epitaxy
:CBE) *W (X2 EBERERMMEL<ELL, &
HRELRTNA ZBARICHBEL SN EREREERK
ROAMREE o=, % < OIFEHEI DML Sk Bk
TINA ZOBIRICFET B X 32> = DiZ 1980
FHR %Y T, MBE, MOCVD, CBE DREILZ DRt
PERMEOYEIC L > TR FE AL &Y HEERDF
INA ZABERICH LT RERESZ S =5 L.

R LA ERERREIRICBIZBED
BRZ2F L0, (LEMELEREROBERK &1
FENZ RS L RRINZRR < HkH MBE & MOCVD %
mMALTED, MINTIEMBEDAIZEL LTS
HEPEZ 5. GHHA 2L EBIZHEAT 5 MOCVD
TOREIRERESOBED S BNICIZHZ A0
N=KIBHBESICBbNS. BEME~DORE
DREB IO S RBEFEOBNZEKELTVWS
LOCHBbhd (REEHOBRMICH LT, £
EHOBX). L LREREOEHRIINT LY
"MOCVD =fafRzEHE", "MBE =&Z2RKE
HE" Lo BEMREICENI RN, WTFho
REFEEZAVWTOESHADGERD SEN SR
W EIZEDHIERL, BEZL%Y FOMEIIRS
THHLBbNhD. BRAICOWTUTHBT 3.

42 MBE & MOCVD
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MBE X 1968 ££1Z J.E.Davey, T.Pankey 1S5 B Z2h
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MOCVD MBE
Epi-wafer [KOPIN, Epitronics, Picogiga (1h), Procomp, VPEC (&)
Vendor |!QE/EPI, Emcore (%) IQE/QED, Ovation,
BU®R, Erite, [TLC Precision (3#)

SHAR/T, NTT-AT(B) [MBE Technology ()

EERI, BRIFITIR (B)
Device [ELil/ A587 N 1R, TRW, Raytheon, Motorola, Alfa,
Maker |32, NEC, =B{L%, Triquint, RF-Micro Device ( %)
PPRS, ®Z, BT, B (8) [Tl TN, SBEM,
IConexant/Rockwell (%) NEC, h@fbrk, R, Rohm,
Nortel (50), LEP (%) Sharp(H), GEC(F)
Machine [AXTRON/SFa®2 (#/B),  |[VG-Semicon/ WX (3 B),
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2%, Ths 0L LERFPLFOEYEBET
BiX, #FOREXICH L DD, 1~100m & K=
W, REFPVWDY A FREEBTITDN, 270
JRFPEH L ARICAITTE—LA2ERT 5.
MOCVD TIIBEI MR BEH TITDN DD T,
IR, VEMROHGIZIEEETH 5DIH L
T, MBE Tl IR B S et TcH B L
PRERFBED—D LWL D. MBE T, £ F&
DS HTEEL TEESFRRFEITHER
REICHGIND LS ICEBINTED, HELE
X FRENVOBRE, 2 V) BERYBEOEKEL
iR - VB OKMERSRM: (FEE, 5 FE8RES
WRE) L THREZINS. MOCVD & H#k LT E
NRmlE, S FRREZE=Y LRVSEMEE
HIET B LDAETH Y, 1| BEFBEMATOR
FEREEFEMICRERCEN TS, BRTFEE,
BFHA, MR, Fv M MEE, 2RTBEFHRE
BEEORBAEL LT, 2O LUY]IZMBE b5
YENRAEFRTH 7=,
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ZORAFEMOT O 7 7 £ )VOFEIENREEHEN L
WORTHB. mIEDMOCVD DR FHZEI L
D, "MBE T LD DO hRWEE " BFLALEL
RDDDHB. LrL, BRTERORFEEKE
EICEEMET 2 L0 5 SIEMOCVD IC R W E
THOH, REEREBEEDOKBRIE TG LWL
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Rk U BERITVDIESE S HRICHY T3 8,

E5 5 DR L E 3 HAMBE X E DR
WZDOWTiiR 3., LHEMERRETRERSE 3 A
MBERBOMEL2X 1 IR, AEET " A )W—
7y FHMEVWMBE" L WS EHEIRE,SE L
ROOBEMCHEBTH D, BEER ORI

Unloading Chamber
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T7xA R VEBEEEHALTNS. ZOAHE
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BICRETEARIFTRL, BEICLDIRARX
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() EBXFHEHREE, ANmLEE, RRE, &
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=y BF ¥ UN—IVBEREEEICGLT,
Wy L EZTERMSEBEIhTHE.

() ABHLERITIX 2 VTN, 30T TNE3
WEIRFICE B AT RE R ERE 79 O ROFRER IV
¥— (In7V—) % 10 WEKRICIMTES.
PE> THEREN TR GaAs ERBE NSV VR %
(MESFET) ®DiE (1.5hr/frun) TiZ 1 H47=DH
16majgeL b, 2" CHNT 1124, 3"$ TH
NZBHHEETE 3.

@) R BRICIIREEZARBE TSI LR
, REEBEMRET S LHFTRRSFREL
KEBEETS. COLI2KEEBIE, KEDKR
EoEErKIBEBCHLTE2ETTCRARL, 2F
BV Z IR U - #ICFREHETE 50
T, ZEERBRORRERER/RICIMZ 52
LHNTES. |

(5) REZENOREAZERE L 5 FiE )V O
WERB2EELTZ LT, 79 KOEER R
WY —HERNOBEESH, BEERSFEE 1%
UTF, YV 7REAHZ 152 A TICTES.

‘ ll-TiQh throughput l
« multi-wafer growth
48 x 3" 4 wafers/day
112x2" § wafers/day

- computer-controlled
automatic growth
- source recharging system -

» optimization of geometry
between effusion cells and
rotational substrate

SNt 1.5%, t: £1.0%

Low surface defect density ]

« top heating Ga cell
« As cracking cell
: D< 10/cm2
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422 MOCVD

MOCVD (or Metalorganic Vapor Phase Epitaxy :
MOVPE) (ZEHSE 2 ST EH 2 KARETKE
FOMBEAZRZL > TRIGEICHE, MEL = EIR
LTREBHTZOBSERIGIC X > THEXERRE
SELIEMTHD, FARYMIL -V 14— %
HFbhE T 3HTNA DY F S v IVEREED
ENEE VBRI TV =, #1ZiE, AlxGal-
xAs DR T, FRIE UTMYXF)VHY A
(Ga (CH3) 3 : TMGa), MU RXFNLFZIVI =D A
(Al (CH3) 3 : TMAI) BLUTIVY Y (AsH3) %A
WTC, ROERIGREZFATS.

X Ga (CH3) 3+ [1-X] Al (CH3) 3+ Y AsH3

-> AlGaAs + Z 3CH4 1

Z DAL 1959 £E D Monsanto #tH> & DR HEE
THIOHTZDOREMHIZEN, 1969 £4£17 Rockwell
%t @D HM.Manasevit 59 2 & > TEIOHIEHE HS
RENE. ZRLGE, H-VEEZREL T8
LEAB I ORSLEERORBRRERE L LTEERI
S LU TERE. B2, 1977 I Rockwell £ED
R.D.Dupuis 59 {2 K o> CHERL-FF AL - KD
HREFRIRVINO TCERI NS L EE o0t e
LT, MOCVD Ik DLPE, 7054 K VPE %
BEHEL, iUz MBE LBRZEXBERE o,
R AR M RHE AlGaAs R 7213 T2 <, InGaAsP,
InP RO KW L —H AP GalnP, AlGalnP %D ]
BAL —FRAMBOBEREICRHICERI N, £
MEETH 5. HEEFEHIN TS GaN ZEE
V=Y OREIZRWTIEIMBE 2 ) — K L, £
WCELTWSE D, F£/=, KBS MESFET, 58
FEREENS VXS (HEMT) BLUAFOES
NAR—=F 85T X% (HBT) D GaAs ICEE
TN, 2R OFERREADBERICE L TH R
WH BB, ILHITRETIE, BENICEERBED
BESEHITETH I VSIS BEREEPLT, BT
HARALERL - PBEF TS A~DEAIHE
IR, BARBIERLL TV B,

INETOMOCVDEE L LTIE 21 v FROE
RI~3MERREI®Z/NMNEDORIGFEEZ L DH DM
FHRTHo7=. LH L, GaASFET R HEMTZ D
BRI, IHITFV- TV A-REOHRF N4 2L
FLABFRIBEEFEE/ VS VICERT 2 HEF
EROEEENE T NNA DT EICEBEI NS ICON
T, FYTHBOREADLETHY, KAK - %

B (479 x 6 EIRERRE ) OHRERRES
BEOLEUIELTETEY, ZhizxicT 2%
BHRBLLIhTnEun,

MOCVD X E#EEM B 2 EUICBIRT S &
T GaAs, InP, GaN H(T & A E &£ TORBEMENT -
BET® 5. MESFET P HEMT DTt ¥ ¥ ¥ )V
RIS IRMBHT TMGa, TMAL, b ) A F)VA >
Y. (In (CH3) 3 : T™MIn), VIRMHBHIIZ AsH3,
FZXZ7 4> (PH3), nB K=V MTEPY S
(Si2Hs) P& K —/8y MTIXUELHKE (CBi)
FEHAVS. BRSELIEHAINEERENT
7MY, ~FEREICHEET I L TCHSES
L, H2 P N2, He ZD ¥ v 1) 7 H X CHMER
(10°~10° I HFR) 2EBICNBAZINWEY LTS
FERBLUEREARRE CE®TSE. 22 TD
Iy T HIARBIIHEHBOBICHY L, KE
I CEREICHIENEETH D . SHMEOBREZEAD
BATOEZ IR b VAR TN 2 E@EN
NWTRZF—)VRIZLhiThbh3.

MOCVD Z W= BELEBIIFEZ D OHERE
SINTHED, NUNVEREFD HoiEE D, Bl
AR RAF (EMCORE Type®), 7’5 %4 YR
f&tP (AIXTRON Type®), 7 = —X &7 > Rl
RSP (HARBRED) 555, 2heh—
R—ETHIDPEBEREICIXETDY A4 7RI
LTW5.

43 ALEMFEEERERED
BREREIINT 2358

FELSHICNET, A 7 OEFNAL XALES
Y B REREEA L U TS BN ED IR
MBE £iiiZBaF L, TN AEHICER LTS -
8, KX CIXEBERERNTTdH 5 MBE ORI
ZEOWEZ FEERELICBIT 2 —HELLTHE
Z5.

44 MBEZHW L&Y EE8XKEERED
REREICN T 2HE

MBE L&Y B EEREE TRIGER T 215
B, ROLSBBERLE LOBRENELS.
) EEVEORERE
BMYMEDOIREEZIT TN B EBAs ZEME
WCKEBFAT 5, RBITIZ 7% EhpERE
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WMZizs. FRAMEEZ LIT3-ODICHFFEIN:
AsEIVSUFUITTEFED bEMTHEH,
ZhTHIO%ULORERIZRD. FlRAR
ZRATHILENHSD. MOCVDICBWTHE
BRBEEA2EZRTILENDD. ZOMBERKR

F U ZOREIIBNTELARRS(LUERZET
CEeHPRETHIBEIBER RGN DL, £
BENLRERE ZE0NLRBERZBRICNNLT 3
DHBEBTIERNY. BEDA VT IO,
EEIBTAVICLVERINBAsH3 &

RREEI RITNERSBVWEERPELLT
Be BEIFo 5D, F—1U M ULTHERATS
OTHARIBSATEY, 0L I3 MM
TAREMBICEZE > TORL.

RET A LIIVRETH D, THEMACH
LTEDESICRERZBITHIPIRETCHS. %
< DBAKRFAERIZ X > T TLV 1 50ppb A TIZ
THEHEEANTNWSED, HBERKO AsH3 EE
| HEBEEOEPTRVES, ASARICHKRE
Q) EBASHBRKICBI 25BN RORE DEEEEZRVWETCLIIRETHS.
2% TMBEIXMOCVD ICHHEB LTHEBZH X %& |
FEORNDTRERBREA KL UTEREH,S
R INTERE. ULPLEFECBWTENESR
RIS pMEAR I hiz o, BEASRBEMEIC
BEEHhAsH DREDH 5 Z L HHRI W=
wv&a;%@ﬂ&uuwaauﬁmtgﬁ
. AsH3 REDBROBEZX2IZTRT.

45 LV BAEREREREICBTS
BIERLHBEEER LZH LWED A

#EXDH> 5 MBEDFRTE LT, PROLEDHER
REAEE LTHELTWRWT &, BIREREMNHE
HThDILEMERINTEE. BEIIBVT
i, VIRICKZEEY (AsH3, PH3) ZREWVWEHZ
Y —Z MBE® (Gas-Source MBE : GSMBE) 2%
Ih, PROLAYRRIIBEEMGICR>TWS.
AsRBECBVTHRERECIZORERE~D
HKADBHBREI TV B3, ZDfthdd MBE OF U
WESiRIE E LT, ERRNOER S H M
{LBBTFsh5s. VIEPIIESEEBZOHDZ,
PBN 2 ¥ D 3 DIFIC AN TIERR S ¥ 3 06RO
FRATI, —R2EE RSB TIER
EZEOETR2H> CTRA I -IERRT 2 LEDH
% ({EL, #idL7= MBE X E ClXimsE
(Melt Charge System) DEBINTNWBDT, B2

" 2AlAs + 3H2O0 — 2AsH3 + AlO3

CORIGIXF ¥ o N—RIZEET 5 AlAs AR
HOAKSERIGT B ETEEDAsH: ZERT
5ZLERT. AIGFERENETIXAIAs BE
BEL VL RVOBWRIEHEREh, ZORE
BIX TLV & (Threshold Limit Value/ ZF 2T 1)

50ppb % L[l ZHE DD L R, MOCVD T
RS BOD 100%AsHs ZFVTBY, ZORE
2 Z TRIBEICR > TV BN, A%
2 NWEEX U =ERARRICS L ToReb

WIXBEBTHSD. ZHiZHN LU TMBE D AsH3 i
HEEEEERINTEEERTHO T,

1986 LD & BELBAI N TE TV S MBEE
BIC, TEAELIRRIEBERTEABRA VT

BWHAIIERLIFROBRBTESBY), ZOX

S RERIIREOBARLRBET TR, AFR
BMELZOAHOBEREICHREEEZ RIET.

7, BEBICIRET 3R LR T 5 TROK

EH%?ﬁtw#ﬁﬁféb,%éotw#t%
¥EHHOTNBDT, E—YBEPCZFOALIS
IFXFRAMPHLBEL, Y X v VER
FICEBDAEN B TREM D HB. SO LITRR
ORBEZETIEIERYE LTEATERV. &
Iz Al B NVIZMDENVIZHE L TERICMEAT
318, BATHYMOEENBIEAN, t—FP
LVOHEBICHOBEMNELCS. LLED XS RFE
LT, BREARBBTHIILBENTHS.

T ‘ DH 2 BRI L&Y, VIEDER
K2 MBEXY5F 2 A0 AsH3 BE 81 RO K 2R ﬁgﬁg{ n, Vi
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KB EREBLAYLE RO THS. BRE
LTELZZRVWERIIREEATEAL, ALE
A St cEs (BL, K, VREE F—F
VIUMREATBEDBFELW) OT, ERETO
AFHROMERIBRZTHS. =, MEERRZE
AEOIMAIBDBFRET, REZENICERET 25T
DLz %. BRI MOCVD LEUROTHEEE
BAFHRTES ¥ v)VEE (Metalorganic
Molecular Beam Epitaxy : MOMBE) &I/ D,
7= CBE & ML, &MiEH—IhTnin.

# Tl W.T.Tsang DXHR (6) ICED <A
ok, INEFELDH LR EIIRE D
WBE-STISERETIEH 5D, GSMBE TORHER
BERBIIIBAADI L, EESDRETEIT>T
2R EH R LECBEREICBVWTHED
HYTERE, SMEREREEL, BE, ¥+ VU7
BEOREREIEEL 2> T\ 533, CBEIZHE
TEREEAORESS bRINTVWEIEREE X
hiE, %O MBE DREAE TEERMAEZ 5D
BTHAD I LIEED RHtdzn.

%% 51X GSMBE 2 ZAMNRME~ZIF T <, &
BReRE2ZEE L L CORMEERE AL T
NREZLZRETS. GSMBEIL AsH3 5D As D
FEHAZIEDS MBEIZHE L T 2EREICRS. Th
X AsTBEZ ASH3 DV Z v L JICkoTHERT B
EIZED, A2 E— FORRENTIGEIZR S Z LITHE
K33 (MBEiXAsa T— FOREDE). FOHEE,
KEHHORORMIZERTH D, HDAsTEPOD
BEDPERINBEIDOTALUTF U ABBRICRS.
AsTEPIOREEHEFHIND 2 & TREARKBIK
AT U ARBORBASH DEREBZ2MZ 52 L
HajEeL 2 b, EBROEEICIZABRAZKRILH X E
> &iliddh, MOCVD L H# T % & AsH3
2100% V70X T UTHhOBERICEATS I
e A ZADOFERMEIEL, AsH3OFEHEIX 1/
100 LAF T #%de. GSMBE D EE# H H MBE R U
MOCVD DOFREIZ X3 2 B RN R IRIZ 72 5 alpeEls

HIE.
5. EER GSMBE ZEBORE
HEDILEMHBERTI NG AL ESIiTA I

hET23dH0D, ZOROBIEDEA, HRIZEW
TiEa4 >oF CREIZRWTIE—%6 1 >F) HE

oo TW3A. MBE TOBELEMXAIE L=
IHICELZOBRERBITCEY, vNOFOK
BLICBOWTITBEHICEBEZRE{THLELE
FETR, TNETCILELEBECRERZSRN
FE2EENICHLTEIEPEEND. EELIT
1996 E7» 5 MBE OB EM & fIE DT 7=
GSMBE DOBEFICEF L, 1998 FIIIZEFT /34
ZOFEICHKITL Y, REEEERZT>TY
%. ZZTIXEME L= GSMBE i RDOBIEEH L
BOoN-ERER, RURBERLIINTI2HRF
B3,

51 EER GSMBE %E
EBELHPHELE GSMBEEBOBME L ZOH

BEEZRX3IITY. BEREL UTOREILLT
WKREN5BHTHS.

(S:grl‘age sox | | Dopant

Sils
Storage Box

Recharging
System 3

AsH3 PH3

(a) GSMBERE DB E

Preparation
Chambx

(b) GSMBEREDABEE (B (FITH)
1998 £ 2 B /| EH IR

3 EEODBERELE
MHEIOEER GSMBE &



26 FRIEBFHEMFERFARE B 465 1243 B

) VDY ZNKNT—2O—F 4 > TEICER
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1) ZHRHREZE "REREMEOTSBZEEE", HA
R EEE, 199958 5H.

# 2 GSMBE, MBE, MOCVD Df5#

Terms GSMBE l MBE MOCVD
Growth Vapor evaporation in molecular beam atmosphere Chemical reaction at viscous
Mechanism — simple atmosphere —> complex
Abrupt hetero-interface Excelent surface morphology
Crystal High purity (low background ievel) Cleaning effect with H*
Qual'ty Residual O in growth atmosphere
Uniformity Thickness < + 1%, N <+ 2% Thickness < + 1%,N < +1.5% |Thickness < * 2%, N < 2%

Independent of Growth Condition

Dependent on Growth Condition

Growth rate changes
Controllability | Fluctuation << 1% /run
with duatl heating cell

Growth rate changes
Fluctuation < 1% /run

Growth rate is fixed
Memory effect occurs
with top heating cell

Dopant : Low ( ~ free)

Doping [Solid:Si, Be, Gas:Slls, SiBrs, CBra | Solld:S|, Be |Gas:SkHs, DETe, DEZn, TMGa, etc.
As, P
Control Easy Possible Easy
Material | GroupV:Low (¥250) Group V : Low (%400 ) Group V : Moderate (¥600 )
Cost Group Il : Low (¥170) | Group Wil : Low @170 ) Group i : High (#4500 )

Dopant : Low ( ~ free)

Dopant : case by case
TMG — High, CBrs > Low

(1/4%)
(in MELCO) |~>Total material cost Is the lowest
Utility Machine : High
Cost Safety : Moderate

Machine : Moderate
Safety : Very high

Maintenance: Easier than MBE | Maintenance: Harder than GSMBE | Maintenance: Much harder

Safety AsHs is generated by AlAs in Al Cell AsHa consumption is enormous
(2AlAs + 3H20—> 2AsHa + ARO3)
Throughput Good:4"$ x4 or 3"y x7 Good:4"¢ x4 or 3“px7 Excellent: 4"¢ x5 or 3" x9
Technical . . -
Maturity No (now in developing) Yes (now in practical use)
Others l Selective area growth
Total |Now in developing for production Suitable for production
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