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(57) Abstract: The present invention relates to a top-down manufacturing method for
nanowires using monocrystalline silicon and, more particularly, to a manufacturing method in
which horizontally arranged single-layered silicon-nanowire arrays are stacked vertically. The
present invention enables the widths and thicknesses of silicon nanowires to be adjustable and
the plurality of nanowires to be vertically arranged, thereby improving dynamic range, resolu-
tion, and sensitivity when the nanowires are used as a sensor (light, chemical, physical, etc.).
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$110 ... Substrate providing step

8120 ... Oxide mask layer providing step
$130 ... Photoresist layer formation step
5140 ... Pattern formation step

$150 ... Photoresist layer removal step
§1860 ... Etching step

8170 ... DRIE process step

8180 ... Wet oxidation process steps
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[+4] Coil Platen |Pressure |Gas Flow(scem) | Time(s)
Power(w) | Power () | (mTorr) Cefg | SFs | Ar

Polymer 82b 1 ze 100 0.5 |30 |5
deposition
Polymer etch | 825 13 23 0.5 5 (30 |3
Silicon etch | 825 13 23 0.5 100 {30 |5, 7, 10,
(isotropic- 15, 18
silicon
etching)
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5209 (Hef o, A e E Ymefolof o] Zat FAE A7 918 4
&2 4F8} & A (thermal wet-oxidation process)©| 5~ ¥ ™, &3} T/ 25 52
Absh Al Zkell whet A sHAl Alof = = glek o = 1000 °C9| 252, 7000 scem | H,
%, 6500 sccm®] O, 73 273 oA =t EA A o7 LA A3 AL
A2 A4St =& Al x5 Aete] AeEE& &nletH, ol & Fate] A vl &
U =9lolo]= & ¥ F-Z & (protrusion structure) 2 A| 2F% ™ 2] Z(vertical
layers)< A 1 Z:(insulation layer)ol] 2] &}o] -] © o}, & v o A, Bosch 5/3/15
&4 o] DRIEC] 485 1o, thef4 0 & 300 nm 2] F(width)& 7HA4] 3=
Lol o] o & A 2petr] 9 Aol T}, o] IpA o A AMEE = a2 H4
A3} B (wet oxidation rate)S ©F 50 A/min® V=2 A & A&, oF
70 (min)<F A3} A& el sto] A 4] F2ES B ASAA 7 T
el gkt Abst 57 ARG =g 7] djstol] FUF AbShE A A =
=\ T} 20~25% U At}

3} 4 Ah(hydrofluoric(HF)-acid) B #] (dipping)°ll 213 TEOS <} A48l & & &

O

Aol wp~) i X EY~E 081 F4 ¢lo] DRIE 34 52719 2
(@)

2 A 55 A v ebolof Al 2K(fabrication)ol| A, 5 30l A 2F &
&% (protrusion) @ A A FE-(support) & 7HA = T2 E AT Uk HEF Y
F(width)=H A A 2] F(width)2] AFoli= 54 e} 54 Al gk 2] 3ho
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AT = Aol o]z A o & B Al2E = A& vimelo]o] g
A5 A gttt gk, A X o] o] Y5 FA i XA 77 A EH A
%= 7, & AF8FE T (thermal oxide layer)i= 572 AH8} T4 &3t A5
A7 = glok b 2o o] Al 2l 2hi i o] 7Hd 5 2.8 ©H7li= DRIE
T, 53] 222 ™ (scallop) 1715 A3k e84 Al A7 At A4 9
A 205 37 A8l A2 ol A @Al o] A &A1& 5,7, 10, 15, 1859] 57FA]
£ 072 78t} DRIE 34 & W SEM o] v A & & 8 5to] =&

Z (protrusion width)(Wy), &% 5 Alo] 9] 521 z}o](vertical gap between

[49]

[50]
[51]

[52]

protrusions)(Hp), A A - - (support width)(Ws) S A 3l oA A 2] 2 o A
ANE A=t} 1 A3 W, He, W2l 2 24 (etch rates)= ZH2E 0.04, 0.12, 0.07
m/sZ2 SHETE 57 34 271 T HEE5Fof A A F ALol o] Fof] A gtk

= A3 s 3 A AARE AYE oA Algko] 1525 FH R
A5 AP i efolo] o] A 2ol A §gt ~ 7 g (scallop) 217 E &4 ghoh.
A P2 A7) AIREe] o) uhE DRIE 34 9 A3 Ao & 4((b):

=

of| A A7k 52, (c): ol A A ZF 73, (d): oA AIZE 10ZF, (e): ol & A ZF 152, (f):
of| A Al 7 1852)9) 3k 20) .oy of glt) A e o A A HA| & 24 5
27 (scallop)] 719} 7ol & AT 4= qlt). 2 a1 G2 2278 §(scallop)
A7]= 0 A E o A A ro 2 A8 4= Q) (= 49 (a)= X5 g EHE
A 29

[3% 2]

Etching Time (s) 5 7 10 15 18

Protrusion width(f? (um) 1.74 1.59 1.50 1.37 1.19

Vertical gap between 0.7 1.02 1.33 1.7 2.46

protrusions (A9 (pm)

Support width (F9 (um) 1.19 0.95 0.72 0.43 -
= solA T pA e A5 E A isholo] mde] A A3 E
CAS AT, ALEE o] T} e el el A9 s Ee A% AL

%
Deal-Grove modelel| A o] =3 A Wt} Ax w2t} 13y E4 F74 9] 4t
735 7191 A A (linear)Q! 548 7F @ ol ATt & g el A, tiEf 300
nme] F(width)yS 7HA = 4 2] 2 v 9fo]of o] A =Fell A 500 nme] 4ts}& =
AN 7 = 272 4 AlZEo] 60 WA] 90 2 Aol o] 54 Al gl
T8 ¥ = A o]}, A&} F7| (oxidation thickness) 7} §¥o}A] = 7 5, 4tg) 54 &
S AZbo] AW, AR Y= A Fo] T whet H] A1 ¥ (non-linear) A ¢!
S0l vebdT whebA, 7hs st 27 Uy HAa gy 34 st sy o] 2
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[53]

[54]
[55]

Fawojof shar, shE T A& Ymeolol & AT F I A AG
2278 H(scallop) 17| & Al 2afjoF ghr}, 2 g of ol M, UV 2] &1 9 ¢F PR
HE& npa 2] A E(line width) B .0} U] 52 3|8 Z(pattern width)E & A ghc},
w3 mael dgow 1 Adde FRHA ¥ 52 (), byl A HH
2] 2SR 59 (@) B TR 24 AHEHCE 59 () Ol Al AT E 22

S ABIE 5 59 ), (b)E Ao, B} A A3 Ao] o] 4 AT Fol

= @A A 5ol AP wstolo B Yo S5 Balstd

%

dAH ot} gk H2 21e) 37 Al HS S H-E (layer-to-layer isolation)©]]
0.8 2% A EF WA E ojof Bk HET 54 bshe] 44 FL el T

2]
gt

L refolol 7t @A E 4 QAR 1ol whet X429 s XH(deviations) 7} F7FEHTF.
Lo 52 4k 3 o Fof] APl E Ymefolo] F2E EAIE Aot &

69 ()5 FxhH, F24 A3} 5 A A= Eprait ‘:Uq o o] slo] 2k 3

Ab3bE S A A H Y, o] = 2 A v ofolol 2 YA H & o dhr) & 69

(b)x= Aol 7} F 20umQl A &) & v foloj o v d o] A w o glow, v

SEM o n|x]el| A 37 9] =2 o & A TH Fo& A4 H AP L efo]o]
S & 4 ok 2 A g v efolo] A &f Fof = v

2 (cross-sectional width)®] ¥ A& A Fs7] o il vl F-2 52 Ahs) &

SEM o] 1| A| & & Fa T gl 4= gt}

l-:o 1=4iy= =4

B g = Ao g ASH A2 viefolof W d g A 23 Al gl
3134 (top- down) g o] WA E ATt o] WS A ek o 7
A Z e efolo] A& A &E = & Wk ol e}, {-¢hgl
] 9*(dimesion) ol A A 2] Yool o] o] =7} Frtete] Tt F7tstar
FA 0l HY7F H). B dh o) A = X 9=(dimesion)©| T}FE Y imglo]loj & A 2T
o 7} F Aol A arelslof 3 ALt TR Qo) o A o] A ] - gfo]of
o] Az 54 v Uy 2l 2239, DRIE 2 54] A3} 348 A&-3t)

>~

A, e Z e efolo njd el Hule e AE T o) 93 AgH].
1y uv a]/\:LaM# B A5 7} A 82 o) o] A e UjX_JID‘r;(ﬂxLo] 7}t
*‘Eliurbﬁl‘r o] == AlghA o]t} & o A o] A e 1 gfo]
H A& slo] = #ilel A ﬂ X*EM thE Wzt 7] 7] 9ho] F3hE B A o7 hte]
Y] E=(building block) & & ALg ¥}, whaha] B wbg ol 1= 714 5AS
A7) sl =2 o m A Fato] vhel WA G HelE v gololo =5
== 2 WA S UFAT o5 A2 Uetelo 7t FAH
DRIE®] o8] A ¥ =d], o 7| A =2 o2 A FH Hu|F vhmgfolof ud 9]
T 112] o A (dry-etching) WH& 142 243 5= Qi) vpx|upo 2 gl
L glolol = F4 Akt A S Bl Ao, o7 A Al gl of
A= H 4 ks T ARl o8 g sHAl Alojd ¢ Tk 2 Sl A
Ag) & ieololojo] A AuH o & DRIE ¥4 2 Zol9 g7

_Q

r{r
—H
N
rie ®
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(scallop)®] LAl 714 &
4 ] of whe} 78 ¥ (scallop)=
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Ol Z7100 e}

N

¥
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D o ol w2 g
oy mo o ok
T
Z
s
g
1
L -

2
d
e

BNoHT o2 A R ool |

2
o
0,

[56]

1

X W

e to T
9
2
=

nm, A2 20 um 9] T 1ol of

)2 Lhaslolo] 20747k A2 o 9}
Psai, olel 7] B N8 £ Al
AAH oo gt} B gl M= 3k A
A 2pa1e] o 1), B vk of| A o] F -G o]
DRIE “gH[:= & =4 um A g 217]9]
el ool sbssinl, &gl A
Zoli= of 5 umol vt whebA A oke

ol

S ANl =] ﬂzﬁ} Tz 7EE A

A
61T91

] e} EU&Oﬂ LR RS

AN

o

ot T A
i

o]
&

-

[57]
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-
2

2

|

T

©
T
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A

o o > riE
o
2 = 12

7]
3 B0l Al Fhateh
42 7hR Aol A A

oft 1L

ox [

k!

o

N

+

o
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g

r

&)

ot
ot 42
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N

o
g}olof 7]k AlA 9} CMOS 3] 2 &
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ANe
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£al AobE dhH o A=
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T4

ey AEEsh 71w AgstE g

= T
A7) 7] Aol] A3} vl 2 5 2 (Oxide mask layer) S & A Al 7]3= ©HA4;
A7) AL SR ul A E ) REHAAE 28 3 AsE 9,

I
I
7 EEHAAZES e JA sk G
I
I

A7) Ab 3R vt AT E L o A Sk WA,
A7 EEHAREZ S A AT @A

oz
~N
~N
il
2
=
oty
s
N
rlo
&3
olo
ox,
o,
rfo
1> e
N
o~
o
l¢]
[¢]
g}
a
o
o
2
¢
-
=
[¢]
o
=.
=
a0

=

[ 2] Al 13kl Lol A,
A8 Z 7| L& p-type(111) Wi E ¥ 2

=1
0@ 3= 7o s 421 e thxstolo] wlo]o} o] A zupY.

N

Ak
5%
[ 3] Al 13kl oA,
71 ASHE nh A5 A S E(SI0)Y] s SO E st
TA O R AT A v efolof #lojoj o] Ay,
[ 4] Al 1 &l §lofA,
7] S E np AT g A s WAl R EAT
= @} H(inductive-coupled plasma; ICP)oll 2] 3] =8 & = A1 -&
S0 o= A o7 A TH A& v gfolof dlolof o Al =My,
1

g1&s A

DRIE) 34 & 3l 6li= @Al = A 7] A g2 7|3 Aol 472 wheko 2
HZ2H} AARE P = AS EH O dl= o7 A5 H
A gl 2 Y 9folo] glo]of o] A=Y
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