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Fabrication of micro/nano hole structures using
wet-chemical etching method

Lee, Ha Young

Department of Electronic Materials Engineering
Graduate School, Korea Maritime and Ocean University

Abstract
Micro/nano holes have unique physical properties through the combination
of light or other elements. In particular, it can be widely used for
increasing the efficiency of devices such as LED, OLED and solar cell. Also
it can be applied to various aspects using plasmon formation on the metal
surface. In the present experiments, we formed a large amount of
micro/nano holes through the wet-chemical etching method inexpensively.

We used Si(100) and GaAs(100) materials as substrates and KOH solution
and mixed solution of H,SO4, H,O, and H,O as etchant. Etchant solution and
materials were affected by temperature and concentration. Si reacted with
KOH solution(20%) at 90C. And GaAs reacted most property under mixed
solution of H,SO4, H,O, and H,O having a ratio of 1:5:5 at room
temperature.

We analysed the principle of the etching of solution and materials, and
investigated the etching rate according to temperature and concentration of
solution by field-emission SEM.

The completed micro/nano holes can be finely adjusted by depositing
metal such as Au, Pt, Ag and Cu on the holes, and it could be applied in
various devices.

KEY WORDS: Si; GaAs; wet-chemical etching; micro/nano hole.
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Fig. 2.1 Si¢] A=

Table 2.1 Si¢] =4

W EZH(eV) 1.1

H -4 & 11.8
A A3 A A (MV/em) 0.3
E3FA AL E(10"cm/s) 1.0
AA}o]l B (cm?/V-s) 1500
AFol T E(cm?/V-s) 600

d 1 =& (W/em'K) 1.5
=3 (K) 1687

4 -8 #(J/mol-K) 19.789
AZZFA (A) 5.43071
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2.4 A Ay

2.4.1 Sputter
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2.4.2 Lapping machine

8 (lapping)el & FH, T, 7l5, A so= wEolx
OEdd | Atolof] FAE Y A gHoR w23
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B Rl AL A7 ol mpe B AsiA FESEME o] g3ttt

2.5.1 FE-SEM

SEM(Scanning Electron Microscopy)< LA “JEjol| A 22 =7]9] wA =23
P BES o de 2ole AuBFoEN 23 ARV 23 344
o] o] golst F= HIFS xsHFRY AFTEAY, AW 5 &

H= Arlelth. SEM AHl= AA ZEF-oF 29 ofdEY IF FdEeHE U
T Aom, HMAFAA BAYE HdAHo] LU=} PEANZRE AAH Aol
)

AT Aoz Add =@ dAg e BA Bl TEEAT s A, A

AW b5 HolFe ALAZG} JEAZ BAWES Wy A47h Ao
g2 WA A4 W ARE 2P

SEM& %81 | 74 ol A] 9} ﬂa FE UA AAYS FASte] BAHE
7
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HQ AE7) AHe Bl $EEFE FFANL F Utk HEAHL AE7)

= &
= TUEAHAE 4T 4 2= BSE(Back Scattered Electron) FE7]9F 54
+ EDS(Energy Dispersive x-ray Spectroscope)}f
WDS(Wavelength Dispersive x-ray Spectroscope) =717} W33 o]th[22]. Fig.
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4.1.1 FE-SEM &3

Fig. 42% 21z} &99] &% 70, 80, 90ColA 2, 4, 6417+ &<+ KOHE&Y
(20%)°ll 217+-& & Si®] FE-SEMS] ©@¥ o|w|x & yERdATE FE-SEME] o] || A]

NAE e AEE o] Hof i Bge Bgd A2gde 25t
248 AZHE SEr} W1 42 ARl LolAEE Azto] Bo| BE
FAF F Utk T F T0TAA 6AZE 80T 4, 6417, 0T A 4, 6AZH
o A7he Zol} 1we] FAYU 300ume 2T A holeo] HE wHL
Qe

(a) T0°C 2h (d} 80 °C 2h (g} 50 °C 2h

| mAAE AR R
-
-

Fig. 42 £5%¥ A7 Si(100) 212+ FE-SEM ©]u]#]. 70C ol A (a) 2h,
(b) 4h, (c) 6h 2]z} B 80T oA (d) 2h, (e) 4h, (f) 6h, 2]Z} 18]
90C ol A (g) 2h, (h) 4h, (i) 6h 243+ o]r] ]
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Fig. 432 Si(100) 7] KOHE&N20%)0] 2= Z 278 3142 uf
ZHol e 2A=E Jebdt 70, 80, 90C oA A Z4EE Zt2s 54.74°2 22
BYgs Hola 257 H&5E U Wol AA4EHE 5
olo] H3] Yol= A Wy gAY IYE &%
A7 E = FHE Bk At ©E 73 Zlole] A& 1324umhE %
7b &5 O WS Holdl holed] AVIE T W] ARE HAEFES Fig
440 YERH A

(@) 70°C

Fig. 4.3 Si(100) 7]#2] &N &9} Afte] mME 2]7ZF B4 % (a) 70C, (b)
80C, (c) 90C
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X
o

Fig. 4501+ 98 =7]¢} mofko] whE FE-SEM o|w
=8 g 3r)E Zh2E 380, 400, 434umEA 7|7} S
o] 1 oFFRHFEE holed] A7I7F ARES & F Yok ®
oA APES AEYAT wprI ] B 7AYo
FH= Qagr =Y AT o= Agole HEe
of MmE AZ&o o] wjiEe Huu|=e =
}.

)

ol 1

o,

o

(a) 380um

C T W
B WA e l-ﬂh. -
L] e Thar

(c) 434um

etching

Fig. 4.5 ¥ =Z7]9} BoFo| m-& Si(100) 713 212 SEM
o]u]A] (a) 380mm, (b) 400um, (c¢) 434um, (d) 823 400um %
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412 9 7= £4

Fig. 4.60+< Sie] AAF 2 tololEe Fx2 olF {1111HY {100}Ho=
Zsks oW Yehde AAe] RS 2xddom yYehled {1111 He
dangling bond7} 1714S & 4 3 {100} H-S dangling bond”} 2713 AES &
= AT Fig 4.7 (a)°l& Sis 70ColA 4413t 212F 89S wl FE-SEMS] $1H
< Ut ole A AHSIAY A mxviAE qaeirj=e] Bks
Jetd S & 4 Aok 183 Fig. 4.7 (b)olE Sie AATFEE 3319302 U
BT 2 5 si9l {100} {111}He] AAE Wit oz g8y o]
EbdTh. Fig. 4.7 (o)°l& Sie <110> WFoE A& T Az BAEE UE
YAEd ols tololrt TS <110>EoA nigtRd §71y wmoko g
= ¢ F o O]Eﬁz} Sig 547 °9o] Wrgo 7 #HgkS uwf {111}™o]
Hed olAY AAE sturRk UERA ARl BA HY o {10039
dangling bond”} 2700 AS & 4 A3l {111} dangling bond”} 17010 AS

= =
& = Aok o= {111y™o] {100} WE| 2]ZFEo] B o] {FE I Hds

T3 J=d KOH &3 ‘?}%% ‘c'?HO]C Sk dangling bond”} 7] wjZol| 27+
£57F E4 =93] dEeds ¢ At ofl "S- (1)ell= olw dojuk=
38t W34S YERRRIT Sie KOH %"—'H OH 7|9} Ty Hb-g-& SHA Ha
ol mpA|gtoE AP SiOHuT = 55 E4E H,00 SofF glojd wg
I Hye= AFo] Ho| ZolrbA ddh

Si + 20H — Si(OH),”" + 2¢

Si(OH),*" + 20H" — Si(OH), + 2¢ (1)

Si(OH), + 4¢ + 4H,0 — Si(OH), + 2¢
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{111} plane

A ., ..'" {100} plane

1 dangling bond

Fig. 4.6 Si 274 7=2} {100}, {111} o] WE dangling bond
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Fig. 4.7 (a) 70C, 4A1ZF 21Z+3k Sie] FE-SEM $1®¥ o]u]]; (b) Siel 334
BAE: (¢) Si(100)8] @™ A} =2% 2 (100}, {111}H 2] dangling bond
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4.2 GaAs(100)¢ A4 vlo]32/Ux hole &

4.2.1 FE-SEM &3

Fig. 4.8°1& H,SO4H,0.H,0 = 1:5:59] HI&E 412 & ol GaAs(100) 71FH-=
A2025C)ol A AzHslS wfe] FE-SEM ©¥ olm A S AzEE Jeudch
27} A|Zbo] soldE U o] AZAES L
F Atk 53] SAREE} A Z4E 3HE wole 100um®] GaAs(100) 7] %]
T 2)Zfo] = o] holeo] ¢ HoF3 ) ol 99 2 A
GaAs(100) 100um 72| 7% = o] holes & Wole SAIZF A=

o

E L
o 2zt Azke] Bastths AL 39 @ £ gk

—_

% % 93 HolE o Welde

rr (g

o ke |
LT

Eratecmdoys BAHHT

Fig. 4.8 A17Fo] wWE GaAs(100) 217+e] FE-SEM T (a) 1h, (b) 2h, (c) 3h, (d)
4h, (e) 5h 223k olm =], (f) B9 mfo] A=/ hole ©|H|A]
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Fig. 495 GaAs(100) 7]1%-& H,SOsH,0,:H,0 = 1:5:59] H| &2 4] & &
Hol] 27+ SFHS W] Azte] ME BAEe} BE o nlo]IZ/Ux hole
o] AZ+¥ FE-SEM ©olW]A & UEeRAT) Sizhs 2] GaAsw o7t ZoAd4=
Hol® vl HEE HoldE B 5 A o= GaAs(100) 7]l hole®] =
71E A7) AsiAAE 718y FAVE F83 4TS e HAFT Ao

I
A el AZ&2 of llumholal ol AZ&2 oF 19umh= Hole 4z}
o o

flo
ot

5h

180 —B—depth
[ —=—width
120 L /.

lengthium )

a1 -

etching time(h}

Fig. 4.10 GaAs(100) 7]3&2] A|7tol] & 27} Zlo]e} Yo
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422 9 7= £4

Fig. 4.11 (a)°l+= GaAs(100)= H,SO4H,0,:H,0 = 1:5:59] H| &2 48 &Y
3.5h B¢ 22738t S o] SEM ARzle] SIS el o, oju 278
3I7MAE AoA WhE olfre &8 A ANkgo] 3GAZ PHE o] FE A
F Aded A WA fHAo] vEEEC] AAo FHS A7) HY| A& FEH
sl Y] ERE o]23) sk Ao A7y &
I Wge oA AEFE FJoof st Al MARZE RHOERE &Y
o AAE Ae A2 IPFT24]. o) AP A&F &9 F H,0,
ASHA R ARRSIA I HSOsw AHSSS Ul &9, H,0+ 3AAE A

i
o) Fig. 4.11 (c)ol+= B-B/ WaFo g2 #gS uf FE-SEM ©°]H| A S YERA
. Fig. 4.11 (b)& V-groove®H| &] B &S Ho|i Q13 Fig. 4.11 (o) UA 3
Ho| 77k 2SSt Atk Fig 4.11 (e Fig. 4.11 (b)e] FE-SEM©]H]X]
S 94 BAHEE Yedsd olu AZto] H= WHE {111}HCE Fig. 4.11
(ol JGEbGAE w3t Ao mFom Azlo]l AEEE HA HoAe EES
Bt} Fig. 4.11 (e)oll= Fig. 4.11 (¢)&] FE-SEM ©|n|A & AxwA =2 e}
et olu AZte] He WE {111}9™Helth. 18 x Flg. 4.11 (@), (e)= BHA
AsO R 27to] o] Qled olEld BEHFS Hole olfE AsdAe] A3t

o

AqUA 7} 7] wlEolth. GaAs AANA DA AL Gadt As7} st T
A4S st e Ga2 oAl 9 Z2 ofel S 39 FRESE st

Aom mIARAR AskE 9 Fe ot F3 MY FHATS st 3
(11DHAL e FHEATE s Gadt Aso] Bed "oz I 8L Ga
= As9] $7IA 9] AAET FolA Hoh GaW-2 3772 7 A ([Ar]3d'4s%4p')
7b B ARES olFo ARHAE HASHA fARE AsHL 579 AR
([Ar]3d"%4s*4p* )5 2709 AFHAAE DAY 4= 9lo] B YA} 2]Zbo] F7]
A& st JEHE = O A3 Gad BEos AsHel O mE 27 £5F5 )
A Hoh25]. 283 of ¥HE2(2)ol= GaAs 214 uwjo] 3}st HkS-2] S

EF =8 GaAset H,0,7F Th AF8ukg-8 A 07 2A5,0,7F A= o)A

fd

tA
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H,SO.7F Wht o]F X8 RESS sl 8 FEQl Asx(SOs); E4 7 H.0E
WA= A7l A,

4GaAs + 3H,0, — 2As,0; + 2Ga, + 3H, 2)

Asy03(s) + 3H2SO4(aq) — Asz(SO4)s(aq) + 3H,O(¢)

[o11] L

L MAITIACAN  BEMMERRRY .HIH'I-.
N WA 1R L

RIS ;\AA,‘:,‘\,&
vvvvﬂvww’ v ,L,KA,&,&AA,&A
‘r‘vv‘v"o"v‘rvv‘-"g’ A b A A A A A A

vy iy Ty e Ty e e Ty }\A,&,&Ali,&i
WYY Y Y Y Ty YT T A A A A A A A A
Y IY Y Y Y YT Y A A A A A A A A&

A-A B-B’

Fig. 4.11 H,SO4;H,0.:H,0 = 1:5:59] H| &2 42 &qo) 35h &<k 21743
GaAs®] FE-SEM ©H (a) (100) $I%, (b) (011) T, (¢) (011) T, (d) (011),
(e) (011) YA} =2 =
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=2
Z+g 7130 2E Si(100)% GaAs(100)2
AREEIA A A2 890 F = KOH(20%)2} HoS04.H,0,:H,0 = 1:5:5 &3 &4 &
ARESEE T T8lal Si(100) 2= wEk 70, 80, 90C A A7 A
GaAs(100)2 F2(25C)olA A& At 2571 7185 2480 54
3l S7FskR . A hole® ZVIE F7FSEATE Si(100)> 90T ol A 2.5A1%F
Z3oll 300um 7] holeo] 7] AlZEFI I GaAs(100)S 5A7F FRE
100um 7]l hole¢] E&]7] Azt

Si(100)2 Hugtr|E RFo = AlZbo]l HY=d 1 o]+ (1000837 (111)H
o] 4008] o] Folu= A4S wjEoln FHe] =l we} holeo] A7]E=

79k hole®] =717} Aol At W9 IV E B4Y| RYOR sHtE

Fo =

—_ =

rlo

0}051 wj {100} H
IMolmz 27k gl KOHS OH7|ol o8] 2]7te] =7] wj&o] dangling
bond7} T B& {100}He] 9AFEe BmFoTT 4 3IHS w {100}l
AztEe 227 o WE Zlo] Bgsith Byt

dangling bond”} 271 ©]al {111} L dangling bond”}

GaAs(100)2 V-grooveB Ef ] R oFo 2 AsHo] 217} HQl=d 1 olf+= Gad
of Hls| As®o] A3 A7t Z7] wiEolth GaAse HEE =]l AA
Aglol 713e] FA o] wel holed] Z7|7F Z2Ao] HeE EES EHJA Sid
Hls) wlolo} zZole A7bgo] HIEFgS B F AT a3 AHEgdoem
HS048F H,0,9F H,OE 1:5:59] HIEE 4ojA ARSI =T ol GaAsE A7
7] YsiME 39A A A4S seH H0,= ASAE HS0.&5 e
< Folv =AE H0x FHAR AHEs7] miEolth GaAse] A4 EH= 9
Ae YATEE BASRE "ol Ga{100}°] Hl& AFHAIE 27 ®we
As{100}°] A== @S #F T F AT 459 BIA g & 5 A
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