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Quality Determination of Laser Scanning in Optical Mask Construction by
Modulation Transfer Function
Amir Hossein Shahbazi\, KhosrowMadani Pour”, Ataollah Koohian'

\- Faculty of Physics - University of Tehran
Y-Optical Measurement Laboratory -Amirkabir University of Technology

Y- Optics, Laser & Photonic Research Group - Amirkabir University of Technology

Abstract- Laser scanning is one of the methods used in Lithography. It’s also usefull in optical masks construction. In this
paper a method for quality determination of optical masks is presented. The method is based on Modulation Transfer
Function (MTF). In order to construct an optical mask, a copper thin film (with high absorption in visible and UV spectra)

and a high power 4 rrhm scanning laser is utilized. Finialy MTF is formed using Fourier transform of the mask image which
could be interpreted as a qulity factor.

Keywords: Modulation transfer function, laser scanning, copper thin film, and optical mask.
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I(v, ) = OTF(v, ) * O(v, ) )
OTF (1, v) = MTF (p, v)eFTF®Y) 5

5 > Ao [0 Db b canlai B9 00 bl o

Sl Vgl g g0 ol aye8 has 150 poas
Ll Y g X slial)y jo olad

Contincous-sampled

-sampled
Continuous-samp! Trage reccive

Image receiver Lis

Edge
Source

Continuous-sampled
Tmage receiver

3ol 72 o 61, ESF 5 LSF PSF LS5 SigSr — | JS
slad g b slalais mba

Wl jled & OTF &b dd> isu a5 MTF &b
2 olel opse pledl by plie eanled
b o1 o i 5 ol s sl s L gla puilS 3
Cawds |, (Sl el oS 5l golae o] awle
il i (Sl bl (el Glee azye 0l
saals YL sla wils 3y egas 4 ol MTF 5w
@ dle 4 Gl oo o] des 5l aS 0418 3459 MTF
s ofm (PSF) alags u;"\““"” (:3[3 S
et L;‘).g K ralj (ESF) J ofm 5 (LSF)
Sl 1 (S LT alas 4wl (Sl Sule coaS
S a4 Sule S5 0550 50 Jlie gl 0ge azgi YL
&)5(5@ )‘)3 ool.q...,.d \))9.41 d.la.a.; ;M évl; ‘43)’9)
5 ol g b ks D Jlewl el 5l 4, a4z e
MTF b ¥ )90 (load JSM 9 09 Sladags JRIST N
39S o oo o 4y fizsS olad sla s B 50
JL,o 6‘)% 3 Swle & MTF O ‘Saa).‘a gl !
a3 0550 50 a5 Cunl opl ol g 0l sy 3 S
Ryai g g (28 Jlowsl (ad b5 (s L) (glabais
MTF L (%> L CCD) wls o L ol 5l Jol>
(Cool Jlossl Gl wlie a5 0y MTF L) _aseiv
OF MTF 5 OTF w58 i S8 @ 5 odd s

a9.

St S e oKssls N YAY oLo..{O YO LYY

doddo —)

e (S g o esiie lao )58 (Sl Sule
Sl Swle 2ol sl oot sl g, w0l S
D ecil baig, ool 5l o 65 wol> a5 5,18 3524
oobe 5 590 Sek y alwd 95 (wlol » (65 )l
5 Cem))ysisd SS 4 Jl Ghyy 009d o0 gk Al
AJY S L |°5'> U“’5) 9 é}u‘s‘o LS)L"" o.)l...; U—l w‘o).a
035 3mST Ly (g 5 W) S 5 38 S50
IS pes S ay Iv]IvIss S e e 55
G cylr S 4 Sule cle 0 0,55 o)lse
5 e 5 00l aenSTUV 3 2l o &Y ol [f]ecl
FSis 1) s o550 Sl (LSS Oldae alidss SO
o dez 51aS o)1y 50 olacusgaze (g, (pl s e
e S ;5598 b (g5l ool 5o Cqpline 4y lgS o
el gla sy, 5l aiws ol L5 obkl )5 oLl
Cauls el gl a5 ol oo 3L aY (Subs
Jds s sg, ol Lol JTow! ()95 5 BISLE) a5
‘.109.'4) de)‘ )o ‘S»L(bwdjd.?ua ‘Jm » d)b.....u‘
Gl s Byme Coanl 4 515 0pé 5 Sl cualies
e dllie ool o RCLYPN ol ) Sl coa s
olyer 4 Sl Sibe 2l (o ool 5 o g,
w2l nse O] kS Gend (SiSz

S Slw =Y

&b xSl (gl paal CuaS sladg, 5l (S
(OTF) Optical Transfer Function L Sl Jla!

o9z gl slp by cpl el (Sl Ll
3 OTF  ojls Jlgld o)l azs 4 bas,s oyl
JUSl (o 9o 5l g opdie iy WIS (sl
onds JSas (PTF) 56 Jlsl g (MTF) ygeYsi

I5lew

i(x,y) = o(x,y) M)

I(v,) = FT{i(x, )}, 1(v, 1) = FT{i(x, )} (V)

el ADIALION 4S5 5 03lg 55 ol
Negative Photoresist "


http://opsi.ir/article-1-865-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

el ol ¥ USE y5Ssg S

SIS 5HO X o 3) ©9Sug e pgead 5l oiSu Y IS
BTYAM 5 SaS & o ol

Gord (S5 SeS 4 oad ol B 4 4 L
@ cenlio CudS puni glp ESFT by, (AUM sg0>)
I ol ab laol ESF S a4 Judow (6l oy ool
Ko 4y ahay Sois b alin oS e Joisy o
S5 ol Gl el bows sl Judow BB it
msubs);w)‘u_ti:m)éwsoOWQMMm‘)
&5 xS e b T 5l am osdoe (B3l 90 ]
s Jlosl b 5 098 0o JS25 LSFT 53 0 (3l
Al ad o MTF o] Glhe jloie acwlxe g 4,48
A B S Wb e Jlews! &> o .A.J‘so Cawdo
sload s, gite Jloel b sl 55 5 slely S
Lo b 45,68 Jiaws clls punles Lo ali g0 Jlews!

I cls peolys Jdow ol b ol oy

0'(w,v) =) =  I'(wv) =0TF(w,v) )

MTF(u,v) = [I'(wv)| = [FT{i"(x, M} *)

ey il g T O 5 jshaie (F) 5 (O) SYolee 4o
ad Grie 4,58 haw (Jlowl 4 Giie 4,98 Joas

el (o) 2 0590 4 (Glie g (om0 090

VOVEXVPA  olal b s5ms S g o 5l o

" Edge Spread Function
" Line Spread Function

19\

St S e oKssls N YAY oLo..{O YO LYY

o Jloas! IS (Sl Sale 8,90 50 090 o0 Lasuie
Sl Sile 045 pgal g sl (astin cole 5l L3
g Sgbee ad,S Lk s ol ! &b Glge 4
b)) 650 e S5 a4 b gilepga
&b sl 0e5 a5 5gh sl (SEM L g 55y,

Ivlcat Jas!

N
oS s e LS Y ) Sl Sl el sl
sl Y s s, 2 Sl
oo 3l Yo enm glay g ol eolaiwl YOXYAX-.Ymm
et s 4 glasaY anld ple o 0l oSS
JIEC SRR O 1 RSV Z T DXL IR (L{FR S
5 09 ST SU Y Voo diged (0l 0,5 9 diged
bee GRlP 00 MM 5 slagge Jsb o ol Cd
4 dged (§ype b d9dge el alySl Jule ol
Cudgazme 5wl (6 s bl o opST S56 Y
9> B (S sl ool 9j50 5 (God g b

9 &y (grilie

T%

a0 —é
60 —é
40 —i
20 —;

0 B L LIS T prrrreT T prerrrT e [rrerrr I
200 300 400 500 600 700 800 900 1000 1100
WL(nm)

oo danST S50 Y jae 2l -Y S

NA:YAG pg0 Sogeyle 3] 51 Sous obxl sl
Slois CW slo 5] s3> aS) (60930 5Leey L OYYNM
S peized Al oolaiwl Ve emW g g (ojsa
Ol Ol ol 5 55d Sad 2als sl (s St lad
Culgd o b ools J13 i) e 0 OeMW dgus
Foo kil o FMM Sgls alold L 5de e G SaS 4y
ghw 4 g ool JeilS 5 (555, (NA = -,0) Ymm
ped 0 SaS axad ad esill SHL Y


http://opsi.ir/article-1-865-en.html

[ Downloaded from opsi.ir on 2026-07-02 ]

31 3wl

Sl ctagh olfisle;] slasl 5l puls o p3Y 045 5
S35y °li‘5'~.'.l-"}] 9 Q‘,@S oKisls s eaSidlo

‘)J‘Lg‘)as(w)sTg’Lo.cm)iw)ﬁSﬂ‘WOliw‘é

o0l 09 59y B39 95, Olse
&=l

Rl B. J. Lin, Optical Lithography:Here Is Why. SPIE
Press, YoV o, pp. YAAY Y Qe e £VVIV_YY .,

M J. Miller and M. Béthencourt, “Laser scanning
lithography (LSL) for the soft lithographic patterning
of cell adhesive self assembled monolayers,” Wiley
Intersci. Biotechnol. Bioeng., Y+ + 1.

™ U. Okoroanyanwu, Chemistry and Lithography. USA:
SPIE Press, John Wiley & Sons Inc., Y+ )+, p. 104,

[£] a G. Poleshchuk, E. G. Churin, V. P. Koronkevich, V.
P. Korolkov, a a Kharissov, V. V Cherkashin, V. P.
Kiryanov, a V Kiryanov, S. a Kokarev, and a G.
Verhoglyad, “Polar coordinate laser pattern generator
for fabrication of diffractive optical elements with
arbitrary structure.,” Appl. Opt., vol. YA, no. A, pp.
YY40_¥4 ) Mar, 1944,

[°] 0. Choupanian, A. Shahbazi, K. Madanipour, and A.
Koohian, “Fabrication of Lithography Mask on
Copper Thin-Film by Laser Direct Writing Method,”
rd Iran. Conf. Laser Their Appl., Y+ £.

M G. Boreman, Modulation transfer function in optical

and electro-optical systems. SPIE Press, Y+ ), pp.
f_VeV_Yohava,

V1 A. H. Shahbazi, K. Pour, A. Koohian, M. Abadi, and
E. Pazouki, “Investigating the Defocusing
Phenomenon in CCD MTF Measurement Based On
PSF Technique,” in ¥+th Iranian Conference on
Optics and Photonics, Y+ Y, pp. ©Ac_cAA,

[M S. Najafi and K. Madanipour, “Measurement of the
modulation transfer function of a charge-coupled
device array by the combination of the self-imaging
effect and slanted edge method.,” Appl. Opt., vol. ©Y,
no. Y%, pp. £YYE-Y Jul. Y+ Y,

A4y

St S e oKssls N YAY oLo..{O YO LYY

(YAY Slaise b Sgw ;0 ) o Sle alaie pixel
S8 @ 285 18 CekS e 5 son 9
@ gladezaiz b Table Curve YD sl l58le 5
Sy G 5l am g b ooy Biln coie gl
5 dwle Matlab 13l Lo o o] 4,58 s
Gl olad clolS 5 sl a MTF el oo ol
oSe dbre &b 5l (olad Sl B s S )
(Gl JuSs ;2 gl Yeenm Joleo a5) Sy olsl
JSis 1) MTF jloges (88l jame a5 ael Cows &

.MQLSA
5 w7 ad 90 wsdee et S 0 a8 shiles
olis wlgioe Jole ol 5 508 cpolioe S Can
WY b ojesyn ple o 5 4ol o, pas oo

sl Sk
1 T T T T T T
i —-#-Right Edge MTF
[k K - -4 Left Edge MTF
napt R
b
07F 4
w .
= L
= 06 3 - J
= |
45 30 .
= !
E 04r ¥ ]
i \'
03r 4
k
0.2 N 4
‘.
* ey
01r kS L -
- AL SR T SR R
9 ; ettt S S SPPPE SIPNPN
o 1 2 3 4 5 53 7
Spatial Frequency [cyclefmm) T

5 B alago 3l ad 98 (gl 0ad aulne MTF - JSCs
YAY S Slaize

S5 Az -0

le )3 w5 oy, SO plye @ 655 @9)lx )
AenST SHE Y pimen al B Sl Sl
oseVede JUl sl SaS 4y 285 5 ooliz
S5 L ond slwl GKE glaad CuaSMTF)
& dgdos (Furdn LS IE cwyp 3550 )5
99 sad CudS Glie 5 009 AL (oS )5 4S54

s Sy IS 5 b


http://opsi.ir/article-1-865-en.html
http://www.tcpdf.org

