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Effect of Boron Concentration on the Preferred Orientation of
Diamond Films Deposited Using Microwave Plasma Enhanced
Chemical Vapor Deposition
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Abstract Boron doped diamond thin films have been widely used in the electrochemical sensing applications
for its outstanding electrochemical properties. In this work, the preferred (100) growth orientation of boron doped
diamond films was successfully synthesized by applying different boron/carbon (B/C) concentration ratio in a
homemade microwave plasma enhanced chemical vapor deposition system and its formation mechanisms was
further studied. Moreover, the influences from substrate temperature and carbon source concentration were also
debated to achieve better (100)-oriented diamond. The experimental results showed that B/C concentration ratio

played a more important role on diamond morphology compared with substrate temperature and carbon source
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concentration. While the B/C concentration ratio was constant with 4 000 ppm, crystal edges and face of the

tetrahedral diamond particles became smoother and flatter, which indicated quality improvement of the obtained

diamond particles. Keeping the B/C concentration constant, the secondary diamond nucleation density was

enhanced when the temperature and carbon source concentration were increased. The results show that the highly

oriented diamond thin film electrodes could be obtained by applying appropriate B/C concentration ratios.

Keywords preferred orientation; morphology; boron doped diamond; secondary nucleation
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Table1 Growth parameters of microwave plasma enhanced chemical vapor deposition diamond thin films

R B/C(ppm) CH, (scem) H, (scem) R PE(C) FiAt

A 3000 10 160 800

B 4000 10 150 800

c 5000 10 140 800 IRl 24 hs Bk ThE: 1200 W; “<JE: 30 Torr

D 6 000 10 130 800

E 4000 10 150 850

F 6 000 4.5 268 800 TMB JitfiE: 27 scem; IF[H]: 12 hs GOETIE: 1200 Wi <E: 30 Torr
G 6 000 5 265 800 TMB #i&: 30 scem: HFE): 12 hs fTh: 1200 W: < J%: 30 Torr
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(a) B/C=3000 ppm

(b) B/C=4000 ppm

5 pm

(c) B/C=5 000 ppm

S pm
(d) B/C=6 000 ppm
1 A[E B/C eI T IMARE KSR A ERER 57 B (il o 7o 3 ik — A OR 1)
Fig. 1 SEM morphology of diamond thin films in different B/C concentration ratio conditions

(the left ones are the magnifying parts corresponding to the right pictures)
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Fig. 2 Raman spectrum of diamond thin film in different

B/C concentration ratios

24 B/C=4 000 ppm I}, JUFRA K755 1) H



66 £

Hi VN 2017 4E

A (100) & NI iR dE. iE— D

SCAFAERIWIAE, SRR 8 %50 i SRAL HEA T AT
SKIGEE R 3 iR, SRR,
B GNIA(1332em D). AEQ530em Y,
HAbI, gk e ™ (11500om " A11350am ).
B 4RIA (1250 cm™ ) o FE TR ETH K
FEv, TSt 2 (R AN DG IE K ST ik F47AE 5%
R, EHEESTAL A KRB SRR, Bib
A7 51, R LA ARG P 25 THD 8 T A Dl U A% 11 B
E M. SRR RS FE 5 2 5 AL 5 TR
KR, FibdAFERMLEE k. 75
(100) f I AL 7 2 e R, ot EBE R AT
— NN SR T RAE, TR ST (100) S TH
(] S AR R & WA ok RS AR A i /N R L,
Rtz /N F R 280 e B R SE, BRI gk 4K
AURHIER D WEAT G ISR B, [RIR tH L
Z R IRHEVE, = e R IE I 1) T B2
iKW . {H 2 500 cm ™t A1 1200 cm Ak
(RIBII95 Z4 RRAE U A AR T AR S L 5 )

30 000
25 000

20 000

SR (a.u.)

15 000

10 000
400 600 800 1000 1200 1400 160018002000 2200

BBRES (com ™)
3 BALKIRINIETTHIE (B/C=4 000 ppm)
Fig. 3 Raman spectrum of the grain boundary
corresponding to the B/C concentration ratio of 4 000 ppm
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(a) T=800C

(b) T=850C
4 AEEMBE TERIAEEREMIAIRE (B/IC=4000 ppm, A1 47 EIHECKE)
Fig. 4 SEM morphologies of diamond thin films grown at a constant B/C concentration ratio of 4 000 ppm with the different

substrate temperatures (the left ones are the magnifying parts corresponding to the right pictures)

(@) CH, K%M 1.5%

(b) CH, K%M 1.7%
5 AR CH, KET&NAEEMMIMILE (B/IC=6 000 ppm, KL H 800°C, AR A B E)
Fig. 5 SEM morphologies of diamond thin films grown in the conditions that the substrate temperature was 800°C and the

B/C concentration was kept at 6 000 ppm (the left ones are the magnifying parts corresponding to the right pictures)
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Fig. 6 SEM cross-sectional images of the film deposited at

the B/C concentration ratio of 4 000 ppm
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