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The Development of High Aspect Ratio Structure Applied on the Precisely Mold
Manufacturing
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Abstract

We proposed a new method of mold manufacturing based on illuminating picosecond laser
source (1030nm) through a sub-wavelength annular aperture (SAA) on metallic film so as to
produce Bessel-like beam of sub-wavelength spot size while maintaining large depth of focus.
The characteristics of the picosecond laser source were discovered that include high peak power,
lower heat affected zone (HAZ), and multi- photon adsorption accompanied with the shorter pulse
width (10-12 sec). The silicon nitride-based sub-wavelength annular aperture was potentially able
to stimulate the Bessel-like beam with the wavelength scale spot size (~0.8um) in the far-field.
We demonstrated the final results of laser machining according to the damage threshold of material,
structure design, wavelength, thin film thickness, and etc. Our core design and development can
be directly applied on micro-drilling, sawing, texturing, microstructure machining so as to simplify
procedure and make process time shorter.

Keywords: High Aspect Ratio, Laser Machining, Bessel-like beam



2019 HoE FR* A EHIEH F 4§ CHRREIERESE
¢ EIRE 108 £ 08 1 22 p(n)

Lo
1. 3

MR 3CASH BEARS: e ] o B9 35 cilc iR 2 flive 25 3%
g S S B NERE PR (R PR %Wﬂﬁﬁﬁﬁﬁmi[WLMAﬁ@ﬁﬂﬁ’wﬁﬁ%ﬂ
Wmﬁé%*%iﬁ’”%ﬁﬁﬁ\5?~W$% Wirgs B2 - F P EHE 0 B Y
B TEED I BR Lf££$?”ik*z£ﬁ; EE ARG o s WAR (¢ RBIVF e

Bor) PIF R4 R * 4 g REATH Bl )& SR g FRTK > G vER
PIfe B 2T %%*”1***+%ﬁ4?(%??i%hﬂﬁioﬂ A AT B AT
25 AGHCP R R R BA ) (107 4) a0 T AR FHAIRESATHA L

ﬁmﬁmm%aﬁﬁ%?%;&k%ﬁ’?éﬁﬁéﬁiﬁiﬁ“‘°*ﬁmm@ AL
LR AL PRI RIL AR S R A SRk Sk S
RN A W R E TRy 10
RARHCE SRR R YR LGl S e § G Ra s PR - F
BRIV R P B R LR S BHABRREEREARYIEE o - R
S RAE AL Y EH LY N B RR L N SEBRIBRE AP B
T BT Av ] VR B R e

W

2@%?&

@ALF b1 £V kmm o) o B ded S 9T 3T Mok 0 BT AR A B IR
HEET R RE R L FEES(NARS > BmERE) B ﬂ‘? O feded BT A1 WA
EiF W2 RS EG BFET B HEHAR>10:1)) > 42 S G F S 1 PR kR
<a%og§@§m:ptkﬁg@>ﬁbgﬂ Bt4e 1 HE ﬁ*B%wmwmx@G#zxmﬁ
;g,ﬁém; Moo kBher B ,#,—}e‘;y}) ) ;Upp,,lcg}@?* SESRL 0 @ R EL < ] T i~ SRR
+ o~ R iRiRE '“h’i/sﬁozzﬁﬁi:l* FCEA BRI MK

FETELF AR TR RO R BRPDREFEE Lo B E TS e
WA T 0 3 IR Ak K ﬁn@ﬂ%%f*ﬁaﬁP%KH&J £ LiEak | R
%“ﬁﬁmé@&mwwméﬁwﬁﬁ?$i~%4DL%M%mﬁ% Ve o B R
LB SR 2 K RE IR % 0 T PR Z120nm  EUFE S P2um > ¥ 5 A RS AR
BT BHEAF B NAIRTE K E BRE BT o & EAD Pk X gk Hpee @ 53 #r(Gaussian)
HE TG K F R L] i R E k2 F(DOF) ¢ &~ sl 3t IS (NA)Z L& 5 B o
% F el RRA AN T AT L

E(r,4,2) = A exp(ik,z)J, (k r) - (1)

He InE _Enrsenl & Exvgx(Bessel function) Kz & 4 i i o £ > @ Kr &g i o ik o
d Lfﬁg,éﬁ;\ fr,,lcaglg"‘] mﬁE@g‘_i&g‘étm}a‘f‘ﬁkmﬁﬁ@’dﬁb?ﬂ,’Ej’?;‘éé’\

Yebtk L o RIR(T R - )H PapkdkphdR HEAHRMmE P o Riphn
- F#(B FF) B % Sk & 5 Tk 2h(Doughnut shape) 7 4p e o

=

,E‘L

E\'— Jo |l
\‘“ “E\\



2019 #oh TR A R HMTH Y H A §

SARHLIERELE
P ER R 108 & 08 2 22 p(z)

(a) (b)

m1@gwsw%¢®yws.%¢
9 ,,b;mﬁ‘ FEAL TR
Tt Rk R AT SR > Y
hia A Mimw7%¢m<a
> [Fl4ik 5 L(Axicon lens)iz 2 4 FFEE 2B g JI% 105 27k § q—ﬁ@ﬁﬂ*ﬁﬁ%{
Eodkad wpnt §FERPFH A2 EHNL FRLARL TR L
ﬁ%%%R’WéW“P%ﬂh R B R R o bR Rt
BB F @ik d P 1%hF 5 Iﬁ%m%ﬁ?ﬂﬁéﬁgf*ﬁf«“ﬂ‘ﬁr‘% 0 2
d RS A Al v s g#%iépf@’%w&lﬁj« HHItA o g Fledkad 2
RENREEL REFAKRE LR AR A G - B RBELUY o

\ i)
In _
(//!r'”7.* "

--—-; - : ;

B2 msakEa g4 bk kR[5

AR E AL FREL RER: Y- AL ZRAEERGIFZ > T g L
S0 BT R e LT RS 10um 0 TR RALE hinh B AR L g
iR G SRR G SERE S LR R o R IIAREE
Ao EFEERT SRR R EEP AH A A R RRE TS
§W%@@’wﬂuf”@%ﬁi%#%ﬁﬁ&%ﬁ%%ﬁmmmwhmmwﬁ%/
FREHE B EEINTIRE S gL

2Rl Rk T EG R LiFSE L
i 7 Ei%:':éﬁ*ﬁit:': §ET T ] Tt St T R

P S 8
e
* »
> d
- B ¥ g & B
- . A‘
> N
.
- L

Bl 3 A REREAL R R[]
B % g #r(Gaussian)if %] 5k F YR LG4 8 B E kg2 F R (DOF) % & » St i
z4mwﬁgmymgo F] G R F MR L U] 0 ROE R BER B~ SPR LR 2 S BB T
PB4 45 FERE > PRI T L AHTT 0 bldeit * RIE R R



2019 8 FR? A ERIHY H L £ SRFHEIERESE
¢ ES R 108 £ 08 7 22 P (w)

#F‘@ﬂg frEF e THE 2N o Ra B el &£ RRE i L& RS EHE
BT BBt hm RPN G B E - !?’%JFHH* HEHE TR oK
1 # Bessel-likesk § s JRE 5 $Ebd4m*L > @ R LB /] » ¥ B B E - R R EE
e ALY AT TS reﬁéﬁ;&ﬂﬁ*ﬁubﬁ—i S B[4 e *:r]%,log
@ﬁ&ﬂﬁﬁﬁﬁﬁ ﬁﬁﬁﬁiiﬂFié%’*$%6~% RA)a s LS
WART LB RN M B REE G RS EIF B AIRTHE S 2242201098 T.W.
Ebbesen[6] 4% R & AL & % ?Eﬁ?«ii&&i Ry e X Y ,—g\ T %
kG 2 PAATERFFRY > R EPEFFMM) » EF S LFFAS) s 1RF-2

%*?@@M)’ﬁ€%§¥W®‘i%£@%%%ﬁ6AMim’1§€Rﬂ?%ﬁl
P REE e R LR R BIFR TR R T TR R L £ BRAIMT B
4 = Bessel-beamz_ #3‘5%7'0§:f3‘f'} P BRBFT T E S BTN ES R E 2 BIRE O MS
o B A8 g I R K ALE e IR BH(HAR > 20:1) » £ o el 5 5
""@il?.—g,#%l"‘,{d’"i‘;’]‘]&i&ﬁlnb °

3. REE
~F 3 B 2. Bessel-beam # 25 3 iF B vt Mo BT Siea ;}3‘:,’{%”}#,’(&? BHFLFET L L

R S N
'_—\;Kl): .

3.1 AlFTenk EEEk

Z 2 FIRAMG S A#HZ 7 }'T@}’%" BRI S P RE D T YR T
R FEE o ] A TR A T E RFRE R B —f S TR ER/F T A
W E R AMESE > HERE L‘ J’E'T#E*%F‘g x4l 7R FE A ‘Vf*ﬁgf ClRE
Lumerlcal FDTD r;a PR 7 P R PR B s A T R R wE B

Single hole Array of holes Single hole + dimples

soiil]

. | - ] n‘p
- .99 N
secee ceeee | EEEESEE
TN e0 0 0o | BOEEN
Metal

o e Free standing
1944 (Bethe theory) 1998 Nature magazine 1999~2002

Slitaperture with grooves Bull’s eye structure Subwavelength aperture

‘”HHhJ?
S s
g

Free standing Free standing
m m metal film “ n metal film
2002 Science magazine 2002 Science magazine 1999~2002

B 4 RIATER T FR1]

4

AR UL SRS ERER SE R AN

BT



2019 #-E FERT AFHMTH Y H L § cARHEIERE S
¢ ENHE 108 £ 08 7 22 p(x)

Lumerical FDTD Solutions(4c™ Bl 5)& 7 7 I sk p #His ~ R AH ~ RET R 2 S HSE
PRETRFEERFERA  FR7 k2 L5 E ~ ¢ SR ke R -2 kR
o HEF) SAA A ERPFF NG IR Jun T AR P B 1:20 3
FEEVEFE AT H G 2 SAABHE AR AL AT LE 0 Vi K E AT & R BIRY
ke g B BT RIALSAA B R R R A LS % o

File Ecit View Settings Simulate Help & anatyze
Structures | Simulation  Sources | Moniors
Bl AmeoeoaH e 1Rz ==

e E e @

inssfiolisliolip

z10

Bl S £IAT% & B g A 47

Silver SAA Structure

x(urm)
BT SAA B0 &£ AR H e 12a T B3]



2019 HE FRY ALHEITHYF L E SHRHELIER LS
®E R 108 & 08 7 22 ()

32 R ERBAERE

AETH TR LFIRRER S 2T ERE AT ERER > 22 A e F L2 B
CARPIFEEE S A EBE I ERETRAE £ %ﬂlﬁ(Subwavelength aperture annular,
SAM[3]A& 4 B %k & (Bessel beam)ed» B4 W FH L R £ 5 £ BiR~T k& B L 4 >
HEIh e p L A R B R R LERE A E oy 1": f. FRE RS
HES1EHED > #9757 E2 B EREE AR E NP B> BT F T e
KRR AL R 5 i R ]

33 £ Bk Aoyl

moh s g3 eren® B3 (Focused ion beam > FIB)K # (- B 8) @ H BB A; T &
*’%aﬁﬁmPﬂW Ko FhFEd L5 RAERAE L AR iviEad ~ 22 Qg @
S ARl AT o F o PIFRH R TR RS it RS T (LE9) -

@9@+¢ﬂw*¢ﬂﬁ ﬁ%ﬁé*ﬁ%M@

34 R ERBEAESERZEAME

wﬁlm*mﬁ CHEL R W e B e R R, R BRA 7R eh
fhizA5 L 5~ Olympus DP-70 CCD 2 #H pikd T 5> L mBirp FRFDAL > £
E"”’Eﬁ‘f%ﬁﬂtéxma Bl oFEIRE B ARk M AR G S 1 TR LR
R B IRE R R GR R IR SR RE - R R R B AR
R R L S N R S L T ERT S BT S AR



2019 #- % F AR PR F L § SARHLIEREL G
¢ E3 K 108 & 08 7 22 p(¢)

* o
35S ML EFARYT MWK A REL

TP AAT S A BB R R B ARG R 2 £ B A
i@f%@%tsucl s R AARR AL E R EIT S S A BE B RTE G U S 1 RE A
PiEE > R T MR E CEFE AR EAR O I ;g;.,lﬁ"%*#g; k8 5 BOE A
Lifgees > SHEERHDHENE T AL L0 RPAFLET BEHD § 23 00E
FER > EFFRNTE LG > - HAERELBHEE BB F P e SRS
B Rk RDRIFIE L BiEHEY 2 R FIRE D WE R TRAE A ANER 8
EREFRFSE Al BRI R AT EBRERRAS 17 8 o

Bessel-beam #f 24 % 7 B v fic s
G e 1 JORR

|

\ 4
13 % % 5 5 RF)E ﬁ% X R e

I
v v

FHA P TR <—L HoE#
LDT test

v
v 4—|_ ERHF Lk

B

l A 4 A 4
A =
2

gy
3
A
4y
R
=
R
ke
=3

<—

SEEE TR A _
L XRD %
g FEw
A 4
Gk R
A 4 A 4 A 4
geit i 27 R ik A4 % iR

B 10 B Az

B 23t

MG R & 221030nm G sl & sk kL (Bessel beam) 4e1 kB Eg o 4 B ¥ ¢
ZRHRIFRSFNL R RRELHTHE G L EFEMAREI PHs &7 5
PARFOERAL L TR I AB R HA 2 Hd e TR P ZFHRTF Y

BrdE o e f o ZTIRIGE TS KB 1S R RI11@) T



2019 #- % F AR PR F L § SHRHEIERELE
¢ 23 R 108 & 08 1 22 p(z)

N

A Rk S SRR 4o RILL(D) o %?Ei%’\,ﬁi e B11(c) 0 - e
FEXAHR AR EFFT L FRBY SRS L - s H11 & 500um-
1 (FRESE o 4o B]12(a) 5 K3 iR & o F%]lZ(b) ()R] 2 X-Z2| 5 B2 Zsha 4 & o
1B Ak A 4 B R ERE s PR E 2L 0.9um > EEE B L 650um - B3R & el 17k H g
EF R R RE -

v

= 7 & @ )Y
ﬁ I_ oo

B

7

a) @

Bl 11 (a)=£ 5 57 SEM RI(b) B4k & 4 % i @(C)%s—a%aﬂi% KR LR A G

o b E field Intens ity

=

‘(av) | ‘ | ” (C)
FIL2 (@B % - WI(D)X-Z215 W(O)Z it £ 4 5 W

500um

113 % 5 57 31 6 % 3£ 7| B

5. B
AP LR WL A2 R IR AT R B8 A ) F SH(1030nm) ke B Ag R

o~



2019 & TR A EHIHFE G SARELIERES G
¢ ES R 108 £ 08 7 22 P (w)

A Meerud de 1 g o B =0k & [F1 3R A3 F (Sub-wavelength Annular Aperture, SAA)# & =
RABYESR U R BEE E BRI  F Ael R AL BH FRAE TP FDTDHHS
NERFEE R OB S S-S L) R RBAF A5 T REWEHEE DY
o RFREFLEFERIREE DL F L ARG I 1 o EHA R HREE T
PR EPFEREL S #EF LR FET .,‘%*};i Brl el 3 2 o

6. %3 é%&

1. C.K.Chang, D. Z. Lin, C. S. Yeh, C. K. Lee, Y. C. Chang, M. W. Lin, J. T. Yeh, and J. M.
Liu, "Similarities and differences for light-induced surface plasmons in one- And
two-dimensional symmetrical metallic nanostructures,” Optics Letters 31, 2341-2343 (2006).

2. L.B.Yu,D.Z Lin, Y.C.Chen,Y.C.Chang, K. T. Huang, J. W. Liaw, J. T. Yeh, J. M. Liu, C.
S. Yeh, and C. K. Lee, "Physical origin of directional beaming emitted from a subwavelength
slit," Phys. Rev. B 71, 4 (2005).

3. C. K. Lee, C. L. Lin, D. Z. Lin, T. D. Cheng, C. K. Chang, L. B. Yu, and C. S. Yeh,
"Developing a nanowriter system: Simulation and experimental set-up of a plasmonic-based
lens design,” in Progress on Advanced Manufacture for Micro/Nano Technology 2005, Pt 1
and 2 (Trans Tech Publications Ltd, Zurich-Uetikon, 2006), pp. 1-6.

4. D.-Z. Lin, T.-D. Cheng, C.-K. Chang, J.-T. Yeh, J.-M. Liu, C.-S. Yeh, and C.-K. Lee,
"Directional light beaming control by a subwavelength asymmetric surface structure,” Optics
Express 15, 2585-2591 (2007).

H. A. Bethe, "Theory of diffraction by small holes,” Phys. Rev. 66, 163-182 (1944).

T. W. Ebbesen, H. J. Lezec, H. F. Ghaemi, T. Thio, and P. A. Wolff, "Extraordinary optical
transmission through sub-wavelength hole arrays,” Nature 391, 667-669 (1998).

7. S. Astilean, P. Lalanne, and M. Palamaru, "Light transmission through metallic channels much
smaller than the wavelength," Opt. Commun. 175, 265-273 (2000).

8. Q. Cao and P. Lalanne, "Negative role of surface plasmons in the transmission of metallic
gratings with very narrow slits,” Phys. Rev. Lett. 88, 4 (2002).

9. S. A Darmanyan and A. V. Zayats, "Light tunneling via resonant surface plasmon polariton
states and the enhanced transmission of periodically nanostructured metal films: An analytical
study," Phys. Rev. B 67, 7 (2003).

10. L. Martin-Moreno, F. J. Garcia-Vidal, H. J. Lezec, K. M. Pellerin, T. Thio, J. B. Pendry, and T.
W. Ebbesen, "Theory of extraordinary optical transmission through subwavelength hole
arrays," Phys. Rev. Lett. 86, 1114-1117 (2001).

11. E. Altewischer, M. P. van Exter, and J. P. Woerdman, "Plasmon-assisted transmission of
entangled photons,” Nature 418, 304-306 (2002).

12. H. F. Ghaemi, T. Thio, D. E. Grupp, T. W. Ebbesen, and H. J. Lezec, "Surface plasmons
enhance optical transmission through subwavelength holes,” Phys. Rev. B 58, 6779-6782
(1998).



