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Abstract: The uniform growth of large-size optical grade diamond films has been one of the hot spots and difficulties
in the field of microwave plasma chemical vapor deposition (MPCVD) diamond research, in which the structure and
position of the deposition platform are crucial to the uniformity of diamond films and the long-term stability of thick
film growth. Here, the effect of deposition platform height on the electric field uniformity, plasma state and
temperature uniformity on the substrate surface was investigated by COMSOL simulation combined with experiments

to optimize the process parameters for the uniform growth of optical grade diamond films. The 2-inch diamond film

Wi HER: 2023-04-24; WEIEF A HER: 2023-05-25; MLEHRRHER: 2023-09-12
BEE£WH: ERMARZELREV AT IIE4(2019YFE03100200)
National MCF Energy R&D Program of China (2019YFE03100200)
EF RN P2 (1998-), B, WL 54 . E-mail: 20209343 @xs.ustb.edu.cn
CHAN Siyi (1998-), male, Master candidate. E-mail: g20209343@xs.ustb.edu.cn
BIS1ESE: X4, WFA 5. E-mail: livjinlong@ustb.edu.cn; ZEEHH, #4%. E-mail: chengmli@mater.ustb.edu.cn
LIU Jinlong, professor. E-mail: liujinlong@ustb.edu.cn; LI Chengming, professor. E-mail: chengmli@
mater.ustb.edu.cn



1414 T AL A R R

38 %

with thickness of 337 um and inhomogeneity <11% was obtained at the optimal deposition platform height of 2 mm. The

full width of the Raman half-peak from the center to the edge of the film is in the range of 3-4 cm™, and the maximum

transmittance is 69%—70% in the visible light band and 70% in the infrared light at 10.6 pm. This indicates that thickness

and quality of the diamond film are relatively uniform, thus the uniform deposition of 2-inch optical grade diamond film

is achieved. Above results show that the deposition platform height has a great influence on the electric field distribution

and plasma state on the substrate surface, and the electric field uniformity on the substrate surface is significantly

improved with the increase of the deposition height, but the influence on the temperature uniformity is smaller.
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COMSOL simulation
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Fig. 1 Schematic diagram of substrate placement for different

deposition platform heights
(a) 2 mm; (b) 0 mm; (c) -2 mm
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Fig. 2 Electric field simulations above the substrate for different deposition platform heights
(a) 2 mm; (b) 1 mm; (¢) 0 mm; (d) —1 mm; (e) —2 mm



1416 T AL M KB iR %38 %
x10°
70 | (a) | ~ |
| g3F
oof 1 S
259 ! 52
S | 24 —2
240 | ; mm
g ‘ 2
=301 ‘ “; il —O0mm
20+ ! § —=1 mm
| = ———=2mm
10} : -
i or 1 1
0 -2 -1 0 1 2 =30 20 -10 0 10 20 30
h/mm Position / mm

B3 ARG RN AR L7 FI% A2 21 (a) AT FLI% 58 5 23 A7 (b)
Fig. 3  Electric field inhomogeneity (a) and electric field intensity distributions (b)
above the substrate at different deposition platform heights
1 inch=25.4 mm

BRI AE Ao I 2% 1) L 3% i P AR, T AR
FIM AL TR 50%. 52k, TR
G EAE 0 mm LA B, R EJ7 R 5 S 1
FIR BB 10, I A SN E] 30% LR .
BEEVIRR G ETFE R 1 mm, A0 2T g
W¥an, WA SEREE] 20.4%, IR G EEN
2 mm, HIGAEINER 14.1%. B 3(b) TR =Fh &
NIRRT B A0, KPR G & N-2 mm
IF, o I 2 (1) W 37 9 FERAIG, AT AR G M R 37 4
JRiA %%, (HETERE LR iR AY S, K
I AL SRR 57.4%. JURR G =N 0 Al 2 mm
W, I L By i B N, 5O R
SR ZE IR, IS, @R T2 S
HanThz . BERSE, W] DGR %1 s i
(1) AR fi A BT 2 A6, AT 980N HL 3% 23 A AN 38 2]
PEo B R E, RMESIARG SR 0 mm, 7]
DA BB I B 38 511 . H4E & IR, &

FAERFELT, FHEE T HREEEELT 2
PR IR R, T RUR BERBOH T TR & & B IR ik
RE IR STk
22 MRETEXNES FERHENZmRE
B 4 BoRTEIRINF BT, ARV G &
FE A 7 S B TR A, AR BT iR gk
R RN NS TR X8 ATRALER B, 53
TR 7 U ARABLE) 2 OO R st £ Hh AR A R BT
TR L 1A el TR F YR N S IR TR E
WO s Eh IR ST R . WETR AT LR
i, BEETUR G &R LT, AR R85 & TR R
IRREIZ BN, AT SRR AT, B R
WZ AL E S b5 558 5 R I B R R BGE, X AR
FLGA FT AE 5 B TARAEZ RR D, EL
VORI WA B8 S v b iR IR B
N 2 mm, SEIASIR S SR T ARER A I LT AT,
RFARZS T A2 KR BB N R TR 21

B4 AFEPREG &N K55 E AR TR E
Fig. 4 Shape diagrams of the plasma spheres at different deposition platform heights
(a) 2 mm; (b) 1 mm; (c) 0 mm; (d) —1 mm; (e) —2 mm



512 W

PR, A2 TEN) MPCVD DA 2 e NI R 2 2] AR K

1417

AFETE RN Hy/CHy/O, SR 5B
RS A&l 5 R, 76 OES & [t fE e, 44
RARFR T B 5 5 4 S (AR X B AR, B Ay
B 5 2 TR B B T v R TR R B . BRI
b VAR B TR, H R C, IR R Rk, B
Y INIE RERR, Hy A CH 3R S HLH a3 , H
i, Toylug A1 Tow/ T, W2 95 B HOAR U 4395 R AR AR
ACHHBRE A1) Co 1 CHE PR A (A 6 R FE < B/ T,
TR 3% 25 B A FL TR (T B R IRBE MBIy /T,
R Tew/ly, I LTS, JRIRE T B TUR & &%
() B TE, o b 7 B4 B TR R Bk R T, FE
F B A R B AL I R T e, H R T ALY
B 35 [ AT LM v 3 R SR % e B, AT 3
H J&T(Hy Hp)MBRARSEIE B (CH. CIB0E, 5
BFURREN H R RIS R RS2, Rt
HETRIEDN(Con CH)IRIMDRIE LTb o T/ T, BEYT
MemEAmmHaRm, WHREemEdSE
F TR PR R B Lo 2 T v e TR 1 A
fir BT DASR 5 H 5T R 3 T 76 A S 2 T BT
FI R R T
23 MABEEEMEBEEHSERHZImE

L FBE YA S S M R AR A 1 1 B R R

x10*
(a) C — 2mm
4+ —— 1 mm
- T—Omm
33, ——1 mm
= u — 2 mm
z,
29l
§ HB Cz
A= C2¢
I CH A
) —
0 f —

600 700 800 900
Wavelength / nm

400 500 1000

Intensity / (a.u.)

T B2 351 50 7 PR IE 4 W A JEE B AA 38 S () G BE . f IR
oI FE R AP 20, i MRS Ui & =
NP TE T AT SR T IR, AT AR & R
2+ 0 M2 mm) FIIRFE S, WKl 6 . B
B G EER A, BEEAH TR, B 29 C
(-2 mm)PEAEE] 25 CEIR G EEAN 0 mm), 21 C
WU &= EN 2 mm). SL6 AP RE A IR T IR 3
LA S5 B - RS Ao S o AR A i T 5 A 65
WL FEVER, AR ORFR A IR T 742 Z0RE ) A AR
(IO, R0 B 32 2 R 5 B8 A 1 hn AR R g 1k
SE, H AT 2 b el 0, DURR & e FE S R B R R
o R T (1) 35 3 ST, S5 AR A 5 5T
BT S5 R P47, KR O R 2 n
AR T 0 22 BEEARR /N, AT A iR T 22 Rk /)N o
Wl =R & s R, 5] Ao I S 1 2 i RN
T 42 A IR, /NI 22, AR T4 s i
TR R )1

i LATIR, AWFFIEIE COMSOL A HLE A
[FCAR & i FE R Ao ISR 1 1 FL 3 o A 3 2 1k, e
BEVREEEN 2 mm, I HIBE %5 FRi2
FEAR BT 55 B 7 AP R Aok i 2 T P 35 2 3
TG R .

%104
4foe— e —7 = v
(b.L_,_/’_’.,/I. 12

-I—Cz
| -+ CyH,

w
T

- CH
-+ HyH.

*HB —'—Hu

- CH/H, 11

=
Intensity ratio

|

0
—2
Position / mm

E 5 KIEYFL*ES%F;‘F%EE%%i%(a), CZ‘ Hu\ HB\ CH m%?ﬁ}ﬁﬂl Icz/lHa‘ ICH/IHa‘ IHﬁ/IHa %’f’t%%‘(b)
Fig. 5 Optical emission spectra (a), relative C,, H,, Hg, CH emission intensities and variations in
Ic, /Ty, Iew/lu,, IHB/IHQ ratio (b) at different deposition platform heights

AT=217TC /T (b) AT=25 C y () AT=29 °C o
@4 0 ! 8660 4 330 0 o c870.0 4r 0 Y C873.0
LY o 8634 3¢ 866.9 3| —— 869.4
2f i 860.8 2 8638 2r ar 865.8
1} 858.1 1} : 860.6 1} e 2 862.1
0l270 90 8555 ol . ? 8575 Of J Moo | 8585
1} 8529 [ " - 8544 1} . / 854.9
2| 8503 ol : j 8513 2} 851.3
sp 240 8476 31 MO ’ sas1 3} 1208 8476
4l 8450 41 P 150 8450 4l 844.0

K6 ARV G BT R > A 25 51 1k
Fig. 6 Uniformity of temperature distributions at different deposition platform heights
(a) 2 mm; (b) 0 mm; (¢) -2 mm



1418 o ML A

i %38 %

24 EESET 2R TAERZRERNAENEK
5RAE

KRR 1 FRmIsER S48, 1R E R ETTR
S 2 mm FYURA 200 h 8 240 & 7(a) Fos 14K
Al B 7(c) R 2t A5 2 1) SN R E 300 pm,
BRERE 337 um, EEAYEIMHE<11.0%, Bl
JE R S R, A KRR 1.5 pm/he AEK TR
et R AR, H R SEFE & AT o] LR
e R BT () 7(0). B 8(a) N a NI T

US

b W
gAY

“. ; '7 . ‘é};?}:ﬂii k%é ﬁ

e

XRD i, Ed RAAESRIA220)MI(111)E, 3
A Z EL S20)/Sc111y=76.62, F& WL A & FEE 14(220)
FEALHC . B 8(b) i AR O B i 2 =AML E AL 1)
B2, HL 4RI g FWHM A 3.27 cm ™', 4
Z93.91 em', BB 0 45 R BT < P 9(a)
NGBS AT WP BOE IS g, Hosm
1L 255 N 69.8%+ 69.4%K1169.4%, 7E 480~800 nm
O Y 3B R EITE 60% LA b o ZLAMNR BB L R
i E(E 9(b)) o TR L BTN ZAE 10.6 pm &b H)iE

d/ um

TB

K7 <N EDTAR S (a) ' 285 (b) O IR T Sz i AR 2 1 5 B2 20 A1 18 ()
Fig. 7 Photographs of deposited state of the sample (a), polished state on both sides (b),

and thickness distributio

n of the deposited state (c)

Di d
@) (220) ® wemon
»<39] cm! Edge
E E)
<« o
g g 3.8l em™ )
ey = Middle
& Z
b 2
= | 3.27 cm™
Center
(111
20 40 60 80 100 120 140 1200 1600 2000
281 (%) Wavenumber / cm™
B8 &R R (a)XRD i B Hl(b)f 2 e i K
Fig. 8 XRD pattern (a) and Raman spectra (b) of the diamond films
80 [
70[ 20f®
e 60F s 60F — f;gzr
§ S0 % ol — Middle
1 9 —— Edge
g 40} g &
= £ 40+
£ 20f g
g 20} g T
= = L
10l 20
ol 10
_10 1 L 1 1 1 1 L I 1 I 1 1 1 1 L 1 1
200 300 400 500 600 700 800 5 10 15 20
Wavelength / nm Wavelength / pm

B9 NI R (a) 58 A= 1T 3% ik e i I A (b) 21 41 i i e 1 14
Fig. 9 UV-Vis transmission spectra (a) and IR transmission spectra (b) of the diamond film
Colorful figures are available on website



512 W

PR, %2 i MPCVD S 242504 WA R 34 2 A4 K

1419

RN 70.1% 69.9% 69.7%, TE 8~12 pm &
BBl 1)~ 15935 1 2R 23 591 69.9%69.7% - Al 69.5%, LA
5 R 2 WY I < T A R ) DR R g B R R R A
SEIR TP T S G WA T 35 ST

3 %Fi

AT TR S A SAR TR % 2 JE~fok
RSN, PTG X I 5 1 | e
FHREFEE SRR, i T 2S5, e
BV G SN 2 mm, SEEUTRRE RN 2 9T 4N
R AR S B2 2 45 3.2,
3.81 M1 3.91 cm™', A WG BN i iE it 5 BN
69.8%- 69.4%K11 69.4%, 10.6 pum ALHTE L 558
70.1%- 69.9%- 69.7%, i BH It 4 NIl T B A BT
BISIPERISh S5 SRR BTG & B e IR T 1Y
HLI7) 0 P A A o A5 B T IR 2SR B 40 A # F 5
e, BE A UORR & BT, A R T L 3 A 1
3 TARK I s, &5 B 1 T IR 8 R 8 i 1,
FPRRT N H B A BB AR B B, B B4y
A T AEE]

S Lk

[1] GICQUEL A, HASSOUNI K, SILVAF, et al. CVD diamond films:
from growth to applications. Current Applied Physics, 2001,
1(6): 479.

[2] SHEN H J, WANG L J, HUANG I, et al. Research for (100)-
oriented diamond film radiation detector. Journal of Inorganic
Materials, 2010, 24(6): 1254.

[3] WANG Y, ZHU J Q, HU Z B, et al. Heteroepitaxial growth of

single crystal diamond films on iridium: procedure and mechanism.

Journal of Inorganic Materials, 2019, 34(9): 909.

[4] SU JJ, YANG Z, LI Y F, et al. Measurement of microwave
dielectric properties of diamond films using split-cylinder resonator
method. Journal of Inorganic Materials, 2015, 30(7): 751.

[5] LIU J L, AN K, CHEN L X, et al. Research progress of frees-
tanding CVD diamond films. Surface Technology, 2018, 47(4): 1.

[6] THUMM M. Progress on gyrotrons for ITER and future ther-
monuclear fusion reactors. Plasma Science, IEEE Transactions on
Plasma Science, 2011, 39(4): 971.

[71 MING Q. D, LI L, FENG J. A study of high-quality freestanding
diamond films grown by MPCVD. Applied Surface Science, 2012,
258(16): 5987.

[8] TUJ,LIUJ, YAOL, et al. Small-angle X-ray scattering performances

9]

[10]

[16]

[19]

[20]

[22]

(23]

of single crystal and polycrystalline diamond windows in a heated
environment. Journal of Materials Science, 2022, 57(27): 12824.
HAENEN K, LAZEA A, BARJON J, et al. Microwave engineering
of plasma-assisted CVD reactors for diamond deposition. Journal
of Physics Condensed Matter, 2009, 21(36): 364202.

LI C M, REN F T, SHAO S W, et al. Progress of chemical vapor
deposition (CVD) diamond. Journal of Synthetic Crystals, 2022,
51(5): 759.

LIY C, LIU X D, HAO X B, ef al. Rapid growth of single crystal
diamond at high energy density by plasma focusing. Journal of
Inorganic Materials, 2023, 38(3): 303.

ERAE. SN % SR Rt B R, 2014: 136.
AIELLO G, SCHRECK S, AVRAMIDIS K A, et al. Towards large
area CVD diamond disks for Brewster-angle windows. Fusion
Engineering and Design, 2020, 157: 111818.

LI Y F, TANG W Z, JIANG L, et al. Large area high quality
diamond films deposition by 915 MHz high power MPCVD
reactor. Journal of Synthetic Crystals, 2019, 48(7): 1262.

LIYF, AN X M, LIU X C, et al. A 915MHz/75kW cylindrical
cavity type microwave plasma chemical vapor deposition reactor
with a ladder-shaped circumferential antenna developed for
growing large area diamond films. Diamond and Related Materials,
2017, 78: 67.

FUENTES-FERNANDEZ EM A, ALCANTAR-PENA J J, LEE G,
et al. Synthesis and characterization of microcrystalline diamond
to ultrananocrystalline diamond films via hot filament chemical
vapor deposition for scaling to large area applications. Thin Solid
Films, 2016, 603: 62.

WENG J, LIU F, XIONG L W, et al. Deposition of large area
uniform diamond films by microwave plasma CVD. Vacuum, 2018,
147: 134.

SEDOV V, MARTYANOV A, ALTAKHOV A, et al. Effect of
substrate holder design on stress and uniformity of large-area
polycrystalline diamond films grown by microwave plasma-
assisted CVD. Multidisciplinary Digital Publishing Institute, 2020,
10(10): 939.

ZHANG S, AN K, YANG Z L, et al. 100 mm in diameter diamond
films with high uniformity prepared by novel deposition mode in
MPCVD system. Vacuum and Cryogenics, 2022, 28(5): 549.
WANG B, WENG J, WANG Z T, et al. Investigation on the
influence of the gas flow mode around substrate on the deposition
of diamond films in an overmoded MPCVD reactor chamber.
Vacuum, 2020, 182: 109659.

AN K, LIU X P, LI X J, et al. Numerical simulation and
experimental study of a novel high-power microwave plasma CVD
reactor for diamond films deposition. Journal of Synthetic Crystals,
2015, 44(6): 1544.

ZHENG K, ZHONG Q, GAO J, et al. Effect of gas flow rates on
the large area diamond films deposited by TYUT-type MPCVD
equipment. Journal of Synthetic Crystals, 2016, 45(10): 2359.
LIYF SUJIJ,LIUY Q, et al. A circumferential antenna ellipsoidal
cavity type MPCVD reactor developed for diamond film deposition.
Diamond and Related Materials, 2015, 51: 24.



