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Research on Growth Conditions of Large Crystal Diamonds

Kai MIZUKOSHI*!, Kazuhito NISHIMURA *2

Abstract

Diamond has the highest level properties in semiconductors and is attracting attention as a next-generation

power device. One of the challenges in implementing labo-grown diamond is the synthesis of large single crystals.

However, in order to synthesize large single crystal diamonds to use HPHT method, very large press machine and

huge cost are required. Therefore, it is desired to establish large single crystal diamonds synthesis technique by

CVD method. The purpose of this research is to develop a technique of synthesizing large single crystal diamonds

by microwave plasma CVD method. As the first step, I examined the conditions at synthesizing. In order to carry

out a synthesis experiment of large single crystal diamond using a microwave plasma CVD equipment, as a

preparation, I compiled data on synthesis conditions from papers and patents and examined the synthesis

conditions. I created a three-dimensional graph using MATLAB from the collected data, and also created a

histogram. Based on those, I derived the following conditions as suitable for the experiment.

1) Pressure: between 120 and 130 Torr
2) Substrate temperature: between 1100 and 1200°C

3) Methane gas concentration: about 5%

Keywords: Synthetic Diamond, CVD, Synthesis conditions

1. &S

FA YT NI, WHEPCRITE - WK m/KIET
HY, EffifhE LTESOBESATERE. —F, T
S0, BRI ZRERE SN 2T, BURARE, (LSRR,
ERFE: BN TR Y, WEPREKEOEE %
BRSO Z ENBCTHD V. 2o, EERLAY
EURELTHERA RSB THN LN TWS. ZOEN
T BFIEN DRI DT —F 3 2 & LTHER 24
HTEY, FFREAYELR - RU—F S ANEHS
X, BAISHSTICEIT 2FFOREIMEHAHIFFTE
52 L, RAROKAYEL NIZIE, BIEIZETS
BREEOMEESC, MR SN TLE D A7 EDRER
b5, TOMBEEERRLIZZA YT RBERELA Y
T RTHD. ARLA YT NiE, HHEETSZ
RS TAEET D Z ENTE, ML bEMERT
TUHNBREAL ¥R RELTHEAZED TS, B2
FI2Hix 1950 FRETICHFRETHD TH A PEL R

RRNIC SN SN S 1 N SR R e
2 TR R TR TR R

R L7, KEREAEORBOREIL 1990 410
IR SN TLOR, BEICE > ThHN TS, ¥ A
YEY REAKRTDELE LT, RROXATEL KR
R TR S5 i s I D S 2 gl U 72 35 18 ARk
AT O LR (HPHT) 1%, IRFEEHH N A~ A
Ja CERNAX -2 52, BRI E A Y RERE
pfb SELEMAGH (CVD) ERdDH. G A YE
ROERIZE T DFE & L CREEE RO A 6
Hid. LavL, mIEmREICR O CRIERE & ARk
T D DIITIER IR E REEDRMLE L Y RE R a
FRDIPSTLED. 2D, [MHARIEIC XL 5 KA
BRSO BRI OMN I N EE N TV D. AHFFED BN
X~ A 7 77 X~ CVD EIC £ B KRAHEFE S & 1 ¥
FBY REGRTOBINERRET D ThD. ZOH—
He LT, AREEOSIEE BT LT

2. FEDKITHR

21 EAKRFEE
1, 2|2 Fraunhofer ® Muehle 52X > TRrEi



10 T EABER A TE

7o, JEEIMZ KB 514 v RERASOEEZRT.
B 1 1% 120~400Torr (2351 5 MBI OERFTH Y,
X 2 13ET & EEERL LOEENNE OBKRTH 5.
K126, EAOHEINCE b, 7T X~ DR A EK
ﬂﬁ&bfné ENGIND. EK 2 G, EREE
(FEBRA R B INEE /) OB & b RWFEAEL TV
D, 1% 380Torr 75 400Torr (2 & HIZ LT 2 & Ak
FEENTHIZ 2> TNAZ LNy n5 9.
FEAOIMZ & b7\, 7T A ORI DL F
H U, R OBGEBNC X 5 =R X —2 ERT 5 R,
A YTy RORERBEINCEND. £, JEO8EM
WBKERTORELEMESES. Zuc kv, fEaox
%m%%%ﬁfééo.&Eﬁﬁ@?ﬂkm,&ﬁ%m
E B2 DT T XM NS LT, BB & E R o
HEEL B SN TN ZETRZIZEEZ LN TN 9.

300 Torr 360 Torr 400 Torr
120 Torr 180 Torr 240 Torr

®1 EHERERESE

35
3 o] : / ] [ §
E 20 e . . g
2 g
g = F1.0 T
g 104 -=- growth rate %
o = weight gain -
5 * Luetal -0.5
— SCD area shrinked |
*150 200 250 300 350 400
Pressure [Torr]
2 BEACLOBREELESEMOLE Y
22 REKREFHE
AE I E 2 RN 5 7o OIZiE, AR S T A S A R
OfIERENEE ThH S, FEI UL F Uy LREOR

HIpNTGA—RL, a/NTA—F BT A—HTHD.

IHHIFROX T T 2 9.

= ()
p- ()

B Vio, Vin BE O Vo 1k, =hEnl110, 111,

1101 MO RIHE Td 5. {100H{111H1105HERE > 2 7
DB, TEMBIEIZN 3 OFRERICALND L HICZ
NHEDNTA—=ZIZL>THIETEHZ LN F. Silva b
WX o> TORENTZ Y.

B A YT ROREREAEOR S5 & L T{00}m
BDESHWBND. ZhUE, fhom 5L & g LW
DHE LTSN &R0, i b, {111} ORFEE A K #EC
BHHZENERELTETOND Y.

4, 512 Fraunhofer ® Widmann H{Z k- COURENHE
MR L a /"T7 A—H B LB T A—4 L ORRE RS9,

B 3 BT A= PN NE D 100} & R
R L 2o TWD Z N gD, 12K 4, 5 105
/T A — 2 I IHEBAREE D & < 7e DIz o LT
ZEMMD.

{110} + {111}

g
@
E
g
-4 {100} + (110}
[- =8
{100} + 111}
1 2 3
o parameter
K3 {100{1M1}B L {1MOEFH OHEROIER 2
3.0 -
350 mbar high holder
X 400 mbar high holder
254 83 % 350 mbar flat holder
o Jd 3 LT S6
g . x
o 1.54 ) L
o =% ¥
= B v )l< i X
1.0 S4 ;
054
0.0 T T T T T
750 800 850 900 950 1000

Temperature [°C]
4 a/NT AL DBEKREHES



P parameter

KRBHHE 54 X E v FORESM ORI

11

VAR - 23 CHeREEHAFIE
254 X_high holder B 5L D EROBEG LN F A FEL FBRO
CH4 JBFERFIEIC OV THRARTWL . FEERIZ 1000,
2 R 1500hPa OZFNENDRFERNA AENITEBNT, HEE
154 ] $% 100~130W, HEARIRE % 810~840°CICEE L, * ¥
X UTKBEHARD AL I AP R 1.4, 2.8, 5.6%IT%
] : ] 2 THA YL NURARA DI,
054 * % % 1 TR D &4 ¥EL KO SEM BEAM 6, 7 1077
ol o ERARBOREIR S A TE L PRS- OBMT < 5
700 750 800 850 900 950 1000 AT OFRERZ K 8 IZRT. S BIZTEREHED A & 7

Temperature [*C]

5 B/IRTA—ADREKREFHLEY

ABBEYAFREEIR 9 1TRT 0.

1. Smm

(a) General view

45 1
(b) Extended view

(b) Extended view

(a) General view

(b) Extended view

CHs 1.4%

2.8%

6 FAVYELRBBOALZ VEEKREE

5.6%
(1000hPa) ©

(b) Extended view

(a) General view

0um
(b) Extended view

1. 6mm

(a) General view

(b) Extended view

CHs 1.4%

2.8%

5.6%

7 FANEY RO AR VIREKRERE (1500hPa) ©



12 T EABER A TE

Diamond 1333cm™

T

2

Intensity a.u

CH,

M e
2.8%

g0 Diamond 1333cm™

\
40
1ioo o 1400 B
Raman shift cm!
1500hPa

8 HBYINL/ONLEIIUVARY MLDAE VIRE~DERENE ©

CHq 1.4%
40.
1200 1400
Raman shift cm’
1000hPa
150
—@— 1000hPa

—A— 1500hPa
100} /
AN
/ .
0 i

2 4 6
Methane concentration %
K9 mABMEEREDAAR VEEKREFES®

19,
o

e

Growth rate of diamond g m/hr

6, 7, J0FyUTIKFHARDRAZ I APLE IR
14% 0 & E I 7 7 A~ RIS Z A £ RNTER S
TS, 2L, JFEEHT AN T T X< J8 05D 6 NS
I THHE SN BT, A X T ARBER DRV E
7T A= A TR S, RIREICEIE L e T
ENRRTEH D, AKX TAREN 2.8%LL LTIE, 77
A2 TOX A Y FERENREL D, ¥A4Y
E Y ROHHE IO R HIEWES TREL T 5.
FDTH AL U HARE 1.4%D & Z 1 TJEHEBTORE
W7o TWAED, +074AYE Ly ROFBRP ThI
LI _RECOREIZ/R > TS, X6, 7, 8 kb,
TR AETNC LY, TEREND XA TE L ROMER
PEIC I 72 A X VT ARENTFHET D E D005, JE
NBFELRDITE, BREND LA ¥ELY ROREMEIC

F R A B T ARETE L o TWND I ERNynd 0,

AU, ESOHEIZE LR, TT XA OKER T

DHINT 5 o ThbreEXLND. £2K9 LV,
FENREL, AZ U HARERENEEL A TEL RO
TERGREE IR ENZ L3530 % 0.

F72, CWild 5% a NT A—F LfEMOTENL 7 1
Tt OXGBRERARTE Y, ERIEENS —EDOT T
X, AZUAARENEL 225 L, {111} O R HEE A
U <100>texture FE~BITT D EHE L TWD 7.

3. FHOREAE

31 BEYTLIEHDETE

FERFT 2ICHT T, MFTREFMERES
5. BETDHICHIE - TR—DBBO DT b
FIZBT HEMEME i Ui, g L 72 £ B
Fraunhofer @ Asmussen HIZ &> TIThills, ERE
100mm FEPH~D BLAE S 7 1 ¥ v RIEIAERE SRR ® &,
Carnegie ® Liang H 2 X > TiTiL7-, EE 300mm #i
FH~D HfE G & A Y £ RIRHERI R 9Ch 5.

RIIHFROBRGHEE L DT,

£1 AREHOLE

Fraunhofer ¥ Carnegie 9
EF3(Torr] 110-135 120-180
ERRE[C] | 1100-1200 1000-1500
HAkw] 10-11.5 50-70
EE#[MHz] 915 915
CH4/H2[%] 6-8 6.5-13
N2[ppm] 150 120-600
Rate[ um/h] 14-21 10-25
SR [ mm] ¢ 100 ¢ 300

F1DBET), IR, W1, A X T APRFEN R
RoTWAZENGND. UL, HIoEWI&AkHE



KEVAE S 5 4 Y8 ¥ FOWELRM O 13

WOBENTERKR LTWA. L TARIFZEIC W TR
£, HBRIREB LA X HAPEE 2SN TRE LT
e

32 FhowmEAE

FIEOFHIGRSC, R b7 — & 24, MATLAB
(TS, BEBGRE, A& 2 AR ONTO 3 RIS
T 7 EAERT 2 2 LI Ko T o7, BWILY 7 7 AR
T DHIIZHT=>T, AIAHiF9EAT Engineenringlab 3
WITIR & ED ~E T (1),
(https://www.skyengin.jp/MATLABAnimation/chap05/
chap05.html) % %%&(ZL7-.

UFICBEBRLB L OSERTERT.
— i —

[Fraunhofer]|

- Improved microwave plasma cavity reactor for diamond
synthesis at high-pressure and high power density

+ Microwave plasma reactor design for high pressure and
high power density diamond synthesis

- Homoepitaxial growth of single crystalline CVD-diamond

- Multiple substrate microwave plasma-assisted chemical
vapor deposition single crystal diamond synthesis

- Extending microwave plasma assisted CVD SCD growth
to pressures of 400 Torr
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- Large Area Single-Crystal Diamond Synthesis by 915 MHz
Microwave Plasma-Assisted Chemical Vapor Deposition

- High rate homoepitaxial growth of diamond by microwave
plasma CVD with nitrogen addition

- Enhanced growth of high quality single crystal diamond
by microwave plasma assisted chemical vapor deposition
at high as pressures

- Synthesizing single-crystal diamond by repetition of high
rate homoepitaxial growth by microwave plasma CVD
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- High-quality and high-purity homoepitaxial diamond
(100) film growth under high oxygen concentration
condition
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