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Construction of plasma chemical vapor deposition
system for silicon nanowires
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Abstract

The results of synthesizing 1-D nanostructure in the our laboratory
(LAMPS) : The vertically oriented nanorods are synthesized using Au as
catalyst by cold-wall PECVD system and the taper morphology with
single crystal nanorods are synthesized using Au-Ga-Au as catalyst by
hot-wall LPCVD system.

However, the previous PECVD system confronts the bottleneck of
synthesizing vertically oriented silicon nanowires. Therefore, this study is
to construct a new set of PECVD system, and to test the system for
synthesizing nanowires. At the same time, the parts of experimental
parameters still carry out in the previous PECVD system. In the future,
the taper morphology of vertically oriented nanowires with single crystal
will be successfully synthesized using Au-Ga-Au as catalysts by this
PECVD system. The current results of this study are as follows:

The results of previous PECVD system test: (1) It synthesized
successfully the vertically oriented Si nanowire with taper morphology
using Au-Ga-Au as catalyst; (2) It synthesized the Si nanowires with facet
using Au-Ga-Au by the design of the direct heating myself

The results of new PECVD system test : (1) Bending of nanowire is
becoming serious with increasing RF-power. (2) The growth rate of the
nanowires increase with raising the process pressure. But that can be

confined to be smaller than 10torr.
Keywords: nanowire, graded index (GRIN), catalyst, low-pressure

chemical vapor deposition (LPCVD), plasma-enhanced chemical vapor
deposition (PECVD)
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= 2 F /i (mainstream) ;

(O)Ffd 7 Zehi g ik A F kR Lo d it 2 5B E
A & (boundary later) I R4 % &

(C) F s ¥ 2 &+ 4w ¥ (adsorbed)>t 4= + ;

(d)=r*t &+ (adatoms) ez 4% % & B4 » ¥ ¥} *g Aok Bep
RERFEFHNAFLAGF LIRS Ron A4 hd A0
Bt e BT 2 g kil G F RUTAL hF LA S5
#x f2 (desorbed) ;
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Gas Flow Electrode gap Substrate Temperature
H2:200sccm 4em 600°C
SiH4:50sccm
Substrate type Background pressure
200nm silicon oxide 4. OE-Ttorr
on Silicon wafer (111) RF power density
60W

Process pressure

H2:200sccm + SiH4:50sccm= 3torr

AL ERTRCEF AR EF LT B 28 R KL
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100V X500 ™ 23mm SEl 100KV X500

B7-1 £33 25 5 f et ds T 5 AR R -

7-1-1 P TR EHE SR PP
Flot - BB T g ' L5 10seem ~ & F "5 X % 50scem

Eder g F50sceme A p Tl fE A d At g §F HE R F

WAL A RIEART T U R AR I R T AR
)3

BRGES PR EE ARSI REORBR S PR g F B
Bens N B RAEE L RN R B R AR
T H AR LY AR (T2 B72Vv P REZEIERR S LB
B TAR S R B 6 T (8 e SR S e e S E BT ST
o o
Gas Flow electrode gap Substrate Temperature
Ar:50sccm 4em 600C
H2:50scem Substrate type Background pressure
SiH4:10scem 200nm silicon oxide 4.0E-Ttorr
on Silicon wafer (111) RF power density
60W

Process pressure
(entirely switch on the manual valve)
Ar:50scem + H2:50scem =1.1E-1 torr
Ar:50scem +H2:50scem + SiH4:10scem=1.2E-1 torr

272 g R E 2 fdco
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10.0kV X100,000 100nm

WD 12.2mm

BI7-2 Mg AT ES 2 AN Fh &+ BEsR B -

7-1-2 4 g FREHELAZ A RZPE

e B P RER ARG PSSR R HERE Fl L
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MR F R ETE S 0k
R SF o gpBEsLa
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EFGEG FERAE FP ] LG Rl hE S0 A 2 BT i RS
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Catalyst kinds Substrate type
Gold :10nm 500 " ”
Gold-Gallium-Gold: 10nm-3.6nm-10nm hm siiicon oxide
Gallium: 3.6nm on Silicon wafer (111)
Gas Flow electrode gap Substrate Temperature
Ar:50scem 4cm 600°C (power supply )

H2:200scem | Background pressure || Plasma power density
SiH4:10scecm 2E-Ttorr 60W

Process pressure DC bias
(entirely switch on the manual valve)
Ar:50scem + H2:200scem =4.0E-1 torr

Ar:50scem +H2:200scem + SiH4:10scem=4.0E-1 torr

76~80V

273 B4 D F Rk 2 Sk -
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Au-Ga-Au

—
300nm

B7-3 &40 8 & cp 3 of 2 g T 5 BACEE R -

| kR | RHEE | WHIE
2R AR 5 3.3um 480nm 20nm
B85 B AR AR 4 4pm 340nm 30nm

274 £0UZ A AL S AN M E R AIE LEENE 2

46



Before present

Awv. length : 5.5pm Av. length : 4.”"“
Av. button dlametenz 1pm Av. button diameter:0.5pm

The surface of NW is still
rough.

7-1-3 B4 B4 HEF 2 KR

d S E7-3T L B QAumE LB R e S P A ] K 4 R 4
SR A X R PSRRI SRR AARE RN AT5
BEBTOETS AR A AFIETL X R A K RERP KR

(#7-6) 7 fadifedple # F B A R ET o WALR A 23

Afagp oy 8 F g L@ Fe M4 aHE LA 3 (W
7-6) 0 BINEGZACE @ SRl o TAL R FIA R BB 4 g 4 Dl

EHED S SR FE RN e SRS SRR

g A FRONEGETEAES o ad HFULN RIET A
Pk &2 w2 PR RElY FRAE TR AR AL 2 A

\

MAMILE B SO R 2 TS e R AN RAT R

A~ %8 (plasmabulk)= & = £ > i2m RF ZFRFEL w255 ¥
b A BT-SEERT 2 K My BRI 5 5 48 (facet)hAi R 0 di
RIE T Shagis b K ROEE J e hiled o g
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Catalyst kinds Substrate type

Gold :10nm 200 i d

Gold-Gallium-Gold: 10nm-3.6nm-10nm fn siicom oxide

Gallium: 3.6nm on Silicon wafer (111)

Gas Flow electrode gap Substrate Temperature
Ar:50scem 4em 600°C

H2:200scem || Background pressure = Plasma power density

SiH4:10scem 2E-Ttorr 60W
Process pressure DC bias
Ar:50scem + H2:200scem =7.5E-1 torr 77V

Ar:50scem +H2:200scem + SiH4:10scem=8.0E-1 torr

7. 7-5% B WAZRA o

Au

. Au-Ga-Au |




I Y S N v 2 i

& AR AR S 4 5pum 450nm 25nm
A5 SRR A L 5.3um 320nm 35nm

#7-6 872 S EFIH-E AN RE R S AFESTETRIVE [£2 £
2o

5.4 T 700 —=— Au-bottom dia.
5.2 7'*:“ G 600 —+— AuGaAu-bottom dia.
50] L=*—AuGaAu 7 —a— Au-top dia.
48 5001 —v— AuGaAu-top dia.
~ 46 T - =
i 44 £ 400
= - .
.
= 42 g 300 *
20 4.0]
z 40 £
= 38 S 200
3.6 ©
. 100
3.4+
3.2 : T 0 T T
0.4 0.8 0.4 0.8
pressure (torr) pressure (torr)

B7-6 't & 0.4torr’2 % 0.8torrz F % E B ~ RIRBTTERE £ X R o

It is about Smm for
exceeding the edge
of heater.

: i Outside the heater

E - 3 =
‘ filvl 1’/.ﬂk\} X500 10m WD 11.7mm (Olnln)

Bl7-7 504 B4 B% P2 F R L3 w2 BH T 5 Psgw
4 -
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SEI 14.0kv X100,000 100nm WD 10.6mm
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Catalyst Substrate type
Gold-Gallium-Gold: 10nm-3.6nm-2.5nm Silicon oxide (111)
Process pressure Electrode gap
Gas Flow 3()£H 4cm
Ar:200sccm
H2:200sccm Substrate Temperature Power density
SiH4:50sccm 600°C /550 °C NO

Test 1

Test 2

277 BESABE) QU BB B2 5203 K sk 8 ke

Without plasma

®7-9

Test 1

e

600 C

Test 2-1 |8
550C |
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F7-11 ﬁ%ﬁ i & s (Dlwater: HF=10:1)8 %] 2 3 415 | 2§

B7-12 # & £ pe & § (Dl water : HF=10:1) £ 4% % F 414 /) P2
Fh v BABR R -
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Catalyst Substrate type

Gold :10nm Silicon wafer (100)
Substrate Temperature

Electrode ga 630°C(500°C)
Gas Flow tem gap '

Ar-200sccm 4 inches shower head
H2:200sccm without quartz tube

SiH4:50sccm Process pressure -~

1.5 torr

Plasma power density
(13.56 MHz)
60W/324cm>70.19W/cm?
40W/324cm>70.12W/cm?

£7-9 BB60T M2 40X T F

B7-14 pL22607% 2 %2 401§ &2 FF 4 7 F B s Bl o Bk -
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New system Previous system

Cross-section

Cross-section

PIREEER Y

722 #EBAHEIP L LR PP

Flot et MR F G613 S5 A 4L > AR FIEAT L
BAR S 2 TAREYAT AT R b | 8 (7-10)0 H B %t
BI7-16 > L #c? | H 32 KA ARG ek » ARRPE - d H3047 pF >

2k sme g ERA

o
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Catalyst
Gold :10nm

Electrode gap

4cm

Gas Flow
Ar:200sccm
H2:200sccm
SiH4:50sccm Process pressure

1.5torr

Plasma power density
(13.56 MHz)
6W/324cm?=0.018W/cm?
SW/324cm? =0.015W/cm?
4W/324cm?=0.012W/cm?

ﬁ%ﬂﬁ%éﬁﬁm?&ﬁiwéﬁﬁmmg’yﬂi
AA A R e F
LHPEE F A A
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Substrate type
Silicon wafer (100)

Substrate Temperature
650°C(5007C)

4 inches shower head
without quartz tube

IR (£ 7-11) 0 2 % o)

F g

SR RN



7178w 3 RA SR B S L) g 5 2 FEEE o FIcRT7-18 > 3
A3 N EABT MAFPEE F A AR Y R AP L L H LR
fréigen - o AR R RPRE T R & 7120 1F R F7-19
Prmod PEET U ESog § LG AR MR R F2n
% > m B XL E60R ¢ >t EpF+ &% (ion bombardment) B & E xRz ok
MW ARRFPREREE A D ORI B A AT E

Catalyst Substrate type
Gold :10nm Silicon wafer (100)
Substrate Temperature
Electrode ga NSRS,
Gas Flow tem sap 650°C (5007C)
Ar:0scem
gﬁfg%scc1n Process pressure 4 inches shower head
thShseem 1.5torr without quartz tube

Plasma power density

(13.56 MHz)
60W/324cm?=0.19W/cm?
5W/324cm?=0.015W/cm?
4W/324cm?=0.012W/cm?
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____ AAR | &R
& TAIELE RIASE TAIAE RIPAE

W 100nm 150nm 110nm 108nm

5W 100nm 450nm 95nm 280nm

27-12 3 &5 § % J‘j{‘ﬁ FAF BST FTEIRIL R RINE T At o

450 | —— o
—s—with  Ar-Top
400 | —=—with  Ar- Bottom
—4—without Ar- Top
E 3504 —v—without Ar- Bottom
£ 300- 1
S 2501 e
<
£ 200 1
© 150 o j
100 - 1
4 5
power (watt)
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2 F & e

Catalyst Substrate type
Gold :10nm Silicon wafer (100)
Substrate Temperature
Electrode gap 650°C(5007C)
4 .

Gas Flow e 4 inches shower head
Ar:200sccm with quartz tube
H2:200scem Process pressure ' "
SiH4:30sccm P

1.5torr

Plasma power density

(13.56 MHz)
4W/324cm?=0.012W/cm?

£T13 BT H G L Rk

%

BI7-20 BLBAT “Ti8 P2 4 T 5 BACELE oo
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4cm-4W

Without quartz tube With quartz tube
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Catalyst Substrate type
Gold :10nm Silicon wafer (100)
Substrate Temperature
Electrode gap 650°C (500°C)
6cm
Gas Flow 4 inches shower head
, Process pressure :
Ar:200scem 300 with quartz tube
H2:200sccm PO
. 10torr
SiH4:50sccm 3torr
Storr
1torr

Plasma power density

(13.56 MHz)
20W/324cm?=0.06W/cm?>

%7-15 A S WAARRA 2 Sl

30torr 10torr Storr 3torr 1torr
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