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Study on the synthesis and properties of
Carbon Microspheres using by HVPE methods

Park, Min Ah

Department of Semiconductors Physics

Graduate School of Korea Maritime and Ocean University

Abstract

Carbon spheres are carbon materials that have a near spherical and a
spherical shape. Many carbon spheres have been extensively used such
as batteries, fuel cells, capacitors. Because these materials have a lot of
advantages : high surface area, high thermal stability, low density.
During last few decades, carbon microspheres have been synthesized in
a various of methods and studies on their applications have been

reviewed.

In this study, we suggested the mixed-source HVPE(Hybride Vapor
Phase Epitaxy) method that can synthesize carbon spheres. HVPE
reactor consists of two furnaces. The temperature of the first furnace

was 850 C for 1.5h where Ga, Al source on graphite crucible. Source



vapors were carried to the second furnace by nitrogen carrier gas. The
temperature of the second furnace was kept at about 1095C for 3h
and sapphire substrate was placed on this reactor. In this reaction,

NH;, HCl had been used to make carbon spheres.

Carbon sphere was synthesized during the process of LED structure.
The carbon materials from graphite boat vaporized outside the source
zone, carbon cholrides were carried with N, gas to the growth zone.
There are many obstacles to grow epi-layer on sapphire in growth
zone. This suggests that there seems like holes on epi-layer. This space
could act as template providing the nucleation site for carbon sphere

formation.

The SEM image of carbon microspheres indicated that they have a
smooth surface with a diameter of 100~350um. XPS(X-ray photoelectron
spectroscopy) showed many ingredients involved in carbon sphere.
And CL measurement was found near at 550nm in the visible range.

We found that mixed-source HVPE method was one of promising

growth methods for carbon spheres.

KEY WORDS : Carbon sphere, 474353, gAY
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21. HVPE A &Y
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_21_



o]A Y InGaN<& A% A7|1A & wf F 7] £2FHo] Basty =3
stz @ wf A JHo] ThA] Fasty] wiEel] AR F4 AA I g
582

o]2 MAstA} dte] EFF A2 HVPEZF AHEATE o] e A4
47 H,;(LPE ; Liquid Phase Epitaxy)ol] 2QFste] 013l #H o

ﬁ}*&ﬂ]%: WET 3 oS HC 7F29 NHy7FAE WS AIAA InGaN 2

< 7tk o] WHLe i Fo] WE EZAT JQort ¢ wEo
=3& g sihEts ZAA e FxR7F G AH A Auje] T} yrol
A

¢}
It w=e =] 1uEy] Mol =4 Wi, $E 2ol v $4
pZs

y |
/ I .

N, Soure Zone ;‘l %ruwth Zane ‘

=7 s X (] f

Fig7 HVPE %X M=

_22_
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23. Carbon sphere?] ¥4 =i At
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+ 7l€E MOCVD(Metal Organic Chemical Vapor Deposition)2}
HVPE(Hybride Vapor Deposition) 522 /2 < vt & A=
B4 o] A Wi o g HVPEE A ¢kgith
| Wiells #4 2] 327 Hed fAe B Hol 7tk
TE SEs =EAL B SAF TbesE S5 WED o] {4
B

< 53l WS #9 WHol= A S (Boundary layer)o] EA|3}A

ke
X
re
s

(=
olo
N

At Fig9e ZASE 71He® 3 wks FAHS =453 Ao,

a2 HEEHE AESiA 7] wES7EA o] 'ha - e S’ Rk 3
Aol thall &M EA HA A Al FELZ Uy & F At A WA,
e AR Jt27F AT A BEoA EE rhaet 22 S5 AT
o7 A ATske Fgolth F WA, AAS & HEolA e o=
ol Fsl FE= HAoltt o AAL Ak Aol o3 o] FEA HaL
1o Z1AI frgA S He dAdes A Eu Al WA, BAS
ol A £ ¥hgo] g vbgEEe ©2 HAgola o] =42 wr] #A
= 7AA Ao B 21 FolA FAE o YFH= HAAHo] ARt &
B A7) Mol SEE 2A st DA E TT[84]

_25_



Bulk flow

Boundary layer

In-diffusion Qut-diffusion

Surface reaction /

Fig9 27 % 9 we 34 w43

AA g2 o g WAYUSs AHEA =Y,

Aol AHE3 HVPEE $£3E 722 22 EFZAME JyolE B
E ¢t9] Ga, Al 58 AHES 3 U R JFA2E N, HA, NH:E AHES
ot wbs Ed-o] EeiEA sk fls) aL2elAM wheo] fTETh %ﬂ
HARC] B4 7o AR vAYSE 24 VAR Yo HYa

r°l'

1) &2 B9 dstelE HES Fd R F, F& T BeE
53} HCl 7}2~7F 3o A] HE

1o
o

ot} ¥4 7129 Y4 JpA WML o
PN
T

=2 A% HE 58 Y
ole] £EE fFAHT. [85]



2) T2oA WgE A Thael dA Vb, dRYol vhx, T8 a d)
gl 7t=%l AV S2A HEA g4 77 A= FA o 7

é

O:

Beo] o A= H2
=9 SRV AYHAA g2 FUF AT g2 o] A7) AR
g o] 7hAkE] 9] dangling bond 7t ﬁg"ﬂﬁ e g4 dAE Tt
2 oA FHFo A o] FoyAA Ao o] WEE ¥h3T]o 2%, S
2, 7}2 flow rate, flow AlZEel oJsiA] F&FS Ho] WA Aot

3) ©4& 7o A REe EF vk gase= JlElo]l 7h2=Ql Nooll o)
7| R0 o]lFstA Atk o] ¥hE EHL wet 2T YRA 2~

H

Fig10 Qukdel 714l e g4 w7AUZ sgolch,

Bulk flow
e
=
.
| ,l Desnrptlun
Moves to sur.‘an& \ of volatile
—_— surface
reaction
| |
/ roducts
Desorption P
l turface F 1
diffusion w
] > | » i
: S
Adsorption Mucleation & growth

Fig10 7]/ 2] vteh g4 4

_27_



Fig112 ©&24 7o &4 w7y Fel e 1doln.

source

@ A 17MD Geoln 2xBAaRTIE RES} T 9o BeE)T
Pz shaoh WA Wi FEIE FUE TRH TP
A 2 e G NBos AAE HA

<
A
X
il
fru

substrate

b) S A YABo] HEAF oy Ze| I HEo FAYT I 2
ol SaralwA A zke] So] AAEE 7H

A

_28_



(c) she] & <ol M= gE 2719 islands°] FAHA =i &4
Aaboll o)3) 2He island7} 2 islandZ22] ©]F< A HE HH

(d) shtel 2esE Fust 2ol U7
1

A& A YA FHE

7| o
}o

=
T
3

_29_



Figll &4 79 ¥4 WAUS

_30_



A3 Addd

3.1. FE-SEM EDS

o

A AP o 2 HE HAAA

27 AR,

A ®dh (Fig.12) 22 A =}e}

3|

A, XA Sol By

&
e

=0

.ﬁv

=]

L2

—

NI
)

—_

A

=
T

A ==l

Aele] AT

o
=

o Arolx 4
Hol A FA F& Bol7lwA WA A

Sk

n

)

—_
o

ze)

o

J)

R

e

—
file)

el

o
X
o

o

By

&

ox

¢+
ol

o
Hlo

wAO
[0

AALEl =79}

A

ox

L=
oW
el

il

HA dun

[

SEMe] T4 ol o)

Aol A st

1
.

=o

E(l_

AR

J)

&

tok. 2ol 2 FAAA

J|

I

o

vl Ao A} 0%
A7 NZE A&

35 daeh Ao Hs&

e
=

sta, 7F

)

o

)AO
Jo

W
<

A

_31_



EDS(Energy Dispersive X-ray spectroscopy)e Al
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Figl4= HVPE W& ol&s] dA4A =4 72 SEM(Scanning
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A S YAE2atomic percent’t Y
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Fig. 15 &2 72| EDS &4

Element At%
C 56.00
O 17.01
S 14.16
N 7.06
Si 5.02
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3.2. CL(Cathodoluminescence)
T332 =do] Aol AY By, dAE WolA 7] HolAM
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3.3. TEM(Transmission Electron Microscopy)
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TEMOIA oA & P4 uf WA oF(Bright Field Image)¥ %Al
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3.4. XPS(X-ray Photoelectron Spectroscopy)

ESCA(Electron Spectroscopy for Chemical Analysis)Ztal &2+
XPS(X-ray Photoelectron spectroscopy)+ X-raye ©]-&3 AlHAth7}
olFAl H™H A7)+ photoelectrons A3t WHOE 1A ®W Y
dhday sebAs Aol tisiA Ldobd & ATk ¥ FoE WEL
= AAE "o\ A3 IEFFE JHAE xray7b 8FHEH x-ray=
10"Hze W54E 7HKh old o3 WE= = A= photoelectron®] 2}
T 3} (Fig.24)

Photoelectrons A8t & ANHAE Lod 4 J=Hl x-rayolA
U= B9 #2 AallA i, g3 (work function)= FAE F U=
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B4 7o 7 AES oty fE XPs A4 & SRSk (Fig.25) =
B4 FE XPSE A3 APHA ~HER] RES HAFt BE F
A EAY] T8 949 FRE EotR7] HAsiAe R 79 A
£ SAste Aol otdgt A duA d9E FAHS 3k ol & survey T
+ wide scan H'Holgtal of7] & It} (Fig25) v ©4& T wide scan®
2 243 XPs 2HEHo|t X Fol EAsts A cUAZREH H@a
TE AL A Y945 HAES ¢ F Atk &9 EDS AHet=x H|
e BAa T B4, 3 A, AL 59 EEE 23Ea Jdoe 2
I7F Ukt AT A4 QA7 HEHA ke ole g4 Y &
4 HAoA dEYol 7A7E FE&8] & A X A= AL d&
3l & o] HATL st T4 7o Ao QoA BT LI 54
S JHA7] WZe oW A#rt e For AZHETh o] ~HEY A
g4 e & 20A4E B F Kol &4 (C) 659 atomic%, A4 (O) 24.01
atomic%, $H(S) 1.28 atomic%, TF4(Si) 8.82 atomic%e] ZAVIE 7MH &
& Ao

£ 2 ma 0 1s

=

p— | e

e g H T | —— | o

S el —

Binding Ermegy (£%)

Fig25 g4 79| Xps ~HE
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Table2 ©4& T XPS 74 A&

Area
Start | Peak | End | Height | FWWHM _
Mame P AL % SF
BE BE BE Counts ey
CPS.eV

Cls | 2009 | 2846 | 2813 | 2705 151 | 550784 | 659 1

O1s | 53366 | 53235 | 5282 | 230008 | 2.04 ([ 555558 | 2401 | 2.93
52p | 17102 | 16713 | 1647 | 76.43 158 | 18202 | 1.28 | 167
S5i2p | 106.2 | 10144 | 981 | 27299 | 168 | 62093 | 882 | 0.817

4 D0E+0d g

1 OOE+Qa Y O 1s N 1‘5/.1

0 B0E+ 00 P

Fig. 26 &4 7 W52 XPS 24 EH
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Table 3 &4 ++ W59 XPS +4 A&

Mame | Start BE | Peak BE ol HERL | PWEM | Areah) At % SF
BE Counts el CPSeV
Cls | 2908 2846 | 2815 | 361003 | 173 | 742749 | B5.99 1
CaZp| 3549 | 24782 | 3454 | 13445 | 214 | 59329 | 138 | 507
Fls | 69101 | 686.19 | 6827 | 2093 225 | 739.38 22 443
Nls | 4044 | 39921 | 3957 | 201.34 264 | 39181 39 18
Ols | 5374 | 53282 | 5284 | 31917 333 | 128204 | 536 | 293
SZ2p | 1659 | 16296 | 1603 32 58 091 6481 044 167
Si2p | 1058 | 103.61 | 99.09 1542 012 3297 073 | 0.B1Y
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Al 5% Further Work
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4% 9a shevt WeshE 99, BaTt BAHE 3
o]

T T Ue AHE AT (Fig.28)
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