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Design of 2 pm Resolution Projection Lens for DMD Lithography

GUO Hua, ZHOU Jinyun, LIU Zhitao, LEI Liang
( School of Physics & Optoelectronic Engineering, Guangdong University of Technology, Guangzhou 510006, China )

Abstract: For the 2 um resolution lithography, in the lithography system with the digital micro-mirror device as space
light modulator, we design a high resolution and large-area projection lens with new asymmetric structure assembly and
fewer lens. By using ZEMAX optical design software to simulation-design and optimize, the results show that its optical
path difference for entire field of view is less then A/10, its distortion is less than 0.02%6, its image space numerical
aperture N4=0.158, its resolution is 2um, its paraxial reduced ratio is #=-0.217. This can effectively reduce the DMD grid
effect for the digital space mask and meet all kinds of requirement for projection lens optical system. Finally, we analyze
the tolerance of the design results. By amending a few default tolerances and using the Monte Carlo method, it is verified
the assembling and fabricating feasibility of this kind of new structure projection lens.
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H, H R Kk 2 BOEZ 2 TSR R R K H T3 (ASML), JE HE(Nikon), {£E(Canon), FH3%
BHHRE DAY B R EIERIR TR 2 R AR, WA SR —REEX R, B3 T HH
sy Fr, BAULRRISERCIERE, AEOSF HEMRYLE 231 h S K RSE TFT-LCD m TFT Bk HiE v il
9 A FR [,

B AN AR o 3 (FPD)RI Zk ik, TFT-LCD Feserhxt TFT M iR T Bk L83k 3 T
BORERD, R BATE BIR T4 R R LL AR ZeiiE o PO, BRSNS
B SCIE , A TR SRR EE, HFIF 0.7XGA % DMD 422 RIS TEGI2S, ®ABEH TR HES
gk, HEIE/ MR TR 3 um, RGERB AP HIBE 2 um, BIZSAE K 250 cycles/mm bR %
EHMTE)RTF 0.6, ROUEHIEER T DMD #i#& S i iz, i D RFRIHE T AR E R,
b T 5 IR R TG B B I S RS IR SR 2, BARA TIGEOEM, BAOTEREER
FIRTAR LS /MR 2 . /MRS AE A MTF WARZ B2 BAR, LB TR bk &ukrel
Bk, RESHEER, BT HEfAsa s,

1 SRLRUEIT
1.1 REBTIS B LT IBIR

B TR ZI A SR 0.7XGA 1 DMD, 2/ 1 024x768 /1424 13.68 um 4R HIE Y
T R4 B, DMD BRI i BE 5B 2 400 ~ 700 nm, SBr TAEX R <F 24 14.008 mmx10.506 mm, %} fzk
K 17.205 mm, Z%EF] DMD schrdtd i B0 G4 BAARIRM, A EE AR 18 mm WREX B4
H. BT DMD shf/Mg#Eh 13.68 pmx13.68 pm, Tk 3 pm MIE/NETE, MARGHIRKAREEE DER
B B=-3/13.68=-0.219 , FZjEschrntifs, LR FERE, TTLUEE LI KRS L £ 300 mm
A, B TAERE SOmm £4, ETIEMESE 10mm £4.,

FRGHRH 405 nm RSB A, BLATRM B L IR A EINE B A RSB, — Rk
R o BRER A R KRR, & A RERE R, E FIRAA SORAEILES, Kb RA s Rk
025~4 pm, EBWKREUN, ISR, BFMLY, SERigiHIRRA S e sbe, Bkt
R ARG R Sh F_SILICA, MR SR HEN K20 405 nm M5 3% 1.47, BFidf %4 98%LA L,

£ DMD IR0 2S M E B e s PR A B 8 LS, RO BE R 3 /N, TR R T Bl B /1
BRPIMEL, (EEMSE IS T E SRS, FILATUATE RS R ARG EE R RSO T, 42
BBk Y . BT RTET IR AR 2 SRR AR e A R AT 5, TSI A 2 0 AR B R
Wi, P RRLIUE BRI RSITERGE PN 2T, #75 DMD REMRKGR TR T RGN,
B T2y ¥ R s A R R e, 7RI THRRHIAR BRI TR T, AT ARG B/ VB 14 2 um,

ATLRR 20 AR E B A R BE R F R m ™,

m=NA(1-p)/i )]
Hip, NAHBRFBIEIR, i€(0.02~0.025) FmrENME N FHRANIS LR A, W AMEEIRE m=7~
10, ENAT(E PR SR TRELE 7 8 10 Bz i), Sbm e ihi aT LAYE 24 38R 2 & TS Sk,

ERFIHIEAE I MY ARG R BRZEAMEIT A/4 B, WA Ak R 50 00 SeFm % 1R T2 3 2 15Tk,
ZEF T, MERELIRE, REIRITHIIMEGIE/NT /4,

LAk R EE/NT AN, ATLUNA RS EA ATERIRA AR R R &, S TR 2R 58
RGBS RS, HiEHI S8 E s

Foyrs (f) =21(6 — cos @ -sin ) ' )
A cosb=f/fon=A/QNA, [AHGRBERBER, fo. SBRFERBESEER, .
f=1/2R,R = /(4cos 8- NA) 3)

N RAFRGESHS . MTRABEEDE - RER A (/) > 0.5, BEBRMRE, &8 Fyn()>06,
[FIRHE A Matlab 2277, ER(2)F: c0s8<03157, HAXG)H, FMELIEZISHE N R ZREHLLIERY

hitp://www.gdgo.ac.on



%4285 38 34, . 2 pm P DMD RN RGEK KT 85

B AR N4 = 0.158 , RIBERL:
B=kA/NA @
Ak HTEHEF, Bk=06", HAR@PALIRH AR RAREEL.6 um £F,
HZIB R R R E R H R A, ROART R R/NER R EDC R AR GEIR R B, — R Roxt
PHRZE/NFHHEARYS, FEZI BT NFTRe R A B R AR 2 A B/ N FER TR 1/5 . RS X
D=Ay/yx100% ®)
BiItESTYHEBE y=0219x18/2 mm=1.971mm , K K¥ 2 Ay<3pumx1/5=0.6pm , NI
D <0.0304% , HHENEESLKAE 1 Fr.

A1 B¥YIBEIESK

Table 1 Main parameters of the projection system

Wavelength/nm Exposure area @/mm  Magnification Resolution/pum Numerical number Depth of focus/pm Distortion/%
405 18 -0.219 2 0.158 +9.7 <0.0304

1.2 S5HAIREN

BISCHEH, 24T SElk AR T A B AR S RIS R E G ERZE, BEARABGE.OEN, HR
SOERA FRIAE SRR EEN, SCRMAHERERER TESIE, MAGKAREMLTESIE, H4RIEIERLL
FRABENETEER, tRMYEHERRETLER, MASGHELN TILEL, MHAERIUL.OE4,
RANBEYHE BRI TSR ER, RERYCERA T/REASHGER,

% BEHIWEBUAS R B R B E RIBRE, RIRh T RN E, REMERAERL=0BE0, B
R E RIS, REIEA REVE BRIl 22, RIRE, WREBE. DER
. Rl R RAEEE, FARGERARAT —MERME, E/=/0BEW R aeRFriEtgs, AT
EEA T AR AERRE, AR, JRERA T WA kA IE2E R (Petzval) 54, B
FVEIE A 405 ERHEOOLE, FERAEFDGEILE, FLUARAHGRIIRMES, makeldRigE
AR, MINE EERNGIERGE, RILARK. HEAT EFEHFHAKRKE, FRKAEZRRIA
FEAEAZER-FERE. BRIV ARGAEHEIEREER, BAE L 225 MN e fn_k—/- 2
Bl T, BESEAGIRE, B, MO TRFASIE T RGHTISRAE 5 dhFiws
A, XFERPRA TS AR A A 1 PR,

L

(a) The front (b) The rear
B 1 ks HfA

Fig.1 Initial structure

BEGR T BETILIZ NA=0.158, HEUEILRNE L.

NA=nsinU__, (6)
o n AREEITHEF, U, ABRKISM, XE&EKRISARE L.

sinU,_ =D/2f )
K DAF—HRER O, fAHER, REHCKE:

B=-1.h (8)

. . fOAREAMEHEEEE. &SRR, BONEE RG0S A AR/ LI
ERGE/ NHREFR 2 8 2 Ee, WINTLAE EIRERGICRA/ND FE 8 mm 4, ZZER(O)~(B), LA
EBERTHEE £ =115 mm, JFHERE £, =25 mm, X5 FALER RERAEMALELKHER, |
G MR ZE AT UAE AL LR g . B/ ML 2SR R 2= B A R s .
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Tuﬁm@ﬁﬁﬁ% A NA=0.0343 , IRILI SR fGH, FRaamEE, fEaamizima
e, HRTOLL, SRAERERSEINE 2.

(2 WEMEHEIEAK

Table 2 Main parameters of the front and rear groups

Focal length/mm  Image lane numerical number The aperture stop position Image height/mm
Front lens 115 0.1580 In the object plane 9
Rear lens 25 0.0343 In the object plane 1.957

2 HRSHh

FENFE M ZEMAX BB, SRIRIHHAIERIBKER B8 9 fr, BK 250 mm, wj TIER
55.56 mm, fRL{EBEE 8.53 mm, JAKFE L=-0217, BRHKEILENA=0.158, @i EToH vl AL
B TATHRIR., X T RGUOBERAMRASE, TLADCRA y MG FA4Eh 0mm, 3 mm, 6 mm, 9 mm
POA- B B ELAR 4T . 7E3550n TARRM B RSB LR, TEm . G mARY s,
RPBEEERT LR AR 28, (RIPIEEEAIOL B BB RIS U0 ol LAREE SCBr ) THESREE ik e, ARkt EY
ZRRGERIA R EMA T REEORIFUEE., B RRRBEHEME 2,

I [ e
== (i
B2 AFRLE-BER

Fig2 2D layout of optical system

2.1 BIRE

A HEA RZEBRT SR AERIE BRI 22 5 e ST 3T S SRR B 2 bk e 2=, thileig 2=,
FRETUME ARG A R E RS IIEIR. FRENRH . —BIAh, FEREGZE/ TS 2K,
MHES MG RE SEE S RAGRAE RENZER, HE 3 ForiER L& N RER T4, BRA
FHRFERENBRGRIE, mEéu%&ﬁﬁﬁE%Eﬂqu BOfEsehrtkl. IR AnsERe s Int =g
T—EMRE, MAFHMAZHRE KINE

B

(a) OBI:0.00 mm (b) OBJ:0.00 mm

w T w
I
Y PY 1
PY
; 1 :PY

(c) OBJ:0.00 mm

aximum scale +0.1 wave (d) OBJ:0.00 mm
B3 g E
Fig.3  Optical path difference
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Fa2KF3H B 4R, 5. 2 pm 5P DMD LI RFT LR
2.2 BHIER R MTF

FEH R AN A AR R R G, BRIE AR IR R IRIE S5 2 B S (MTF), A 4
) MTF—ii 3 i Zon BRI T LAR B, EZS B0 250 lines/mm RYJE#IRHI R %2294 0.6, LB Ti%8Ek
BA 2 pm B4 ¥, EZSIESRERT 166 lines/mm BFRL22IRH] M £074 0.72, BIZE 3 pm B EA RS
Beho B 5 RAEZRBF 250 lines/mm By MTF—E & fhZon BB, A FEHEANE MTF 4 0.6, —
BRI LA A 22 R e B Y B AATIE S 0.4, R ARSI AEA+10 pm, FBLRTEAUAALRGIEELA 20
pm FI7EE N RTSEEL 2 pm RIS
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TS DIFF LIMIT TS DIFF LIMIT
TS 0.000 mm TS 6.000 mm TS 0.000 mm TS 6.000 mm
TS 3.000 mm TS 9.000 mm 0 TS 3.000 mm TS 9.000 mm
1.0 " ] . g [
£ ) L
=
o 1 %
2 2 i
g 05 | 4 g 05
5 3 o
e 3 ]
<1 <
s . p 1
0 . 0
0.0 125 250 -0.01 0 0.01 /mm
Spatial frequency in cycles pre millimeter Focus shift
B4 MTF—3i% w4 BS5 MIF—&RWL
Fig.4 Polychromatic diffraction MTF Fig.5 Polychromatic diffraction through focus MTF

2.3 7B FIRE LS

ROK BCZI Py BE Bkt iy i P S A0 TR Y 2R . W S (USRI IO/ MR R AR O, 5
REFZNRFHGE, EWEEIER. S S EANSR OIS S ARERGRE—FE L, FgE LS
B —BOEMWIIR, B BRIE O BER D A R, [ 6 Ry i fm S, fE L
FH IR BRI TR ih (B £ T)TE£1.6 pm LIN, JREIGih(fhek SIEL0.8 um LA, /N F RFEEL,
WL ERN I ER, LR ER T ER LR, EoAR SRR/ NE MBI Z R SR
SOAERE, mEALAE BB BRI KRS /T 0.018%, /T R EZIRI 0.030 4%, #2 %l
YK, '

T +Y S ' +Y
-2.00 0 2.00 /mm -0.02 0 0.02 /percent
(a) Field curvature (b) Distortion A
B6 pugfeuk R

Fig.6 Field curvature and distortion
2.4 REGH
REAESWEYT TIRABERIRZEN RMAMEN. BERAA LN ARG HIERARE G E,
R AT LA AR Sk PR A e B B U NE B Sivb . SRS B REUE S B T ik B R 8L R
AFE, K3 PR, AELIRZEMHFEIRIINZA 250 lines/mm LLHIFEER7T4F MTF (B, 154 T 5(# MTF 2{L
BRHLIN, BERoiram, EELMIN, 4 AN #EE/NNYE. 2 NMEER/NISE R &% MTF 22K
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-
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EELAERA 2 FENER ROIRESIT MTF 2k, FhEs BRI AE, 4 4 h3E2HiRE
% A4+0.01 mm 2452 NMEBIREIRAT0.01 mm A4 s ER ROIRZIRAE0.015° 24 2R 5% FH Monte
Carlo 43 #7 HEARIUA SN T 100 HEEL, B3] 90%HIBESL Fure > 049, 155 80%KIEK Fyp > 0.54, &
F| 50%AY5Ek Fypp > 0.59 , ATLAE HAETRIZ A ZTE B N AT LARIE 80% £ 4 1 B s 2,

£3 EENE
Table 3 Main tolerance
Type Surface Element
Parameter Radius/mm  Thickness/mm  Decenter/mm Tilt/(") S+A Irreg/fringes Decenter/mm Tilt/(") Index
Tolerance limit 0.02 0.02 0.01 30 0.5 0.01 60 0.000 2
hJ
4 & B

AT —Fhor BB g 2 um WEFHIEEEL . BRRMA TIE#HREH: fiAEERA=
Sy BN, SRR RGN SR RE S, ERRAT I FENERT, ‘it T —-FEEHT
405 nm - PEEOICIR, THEE/IMER f=-0217 , £WHHERE/NT /10, T-F5 i E+1.6 pm LA, 5K
KRGy MAEL0.8 pm LAY, BAE/NT 0.018%, BITEUIEILE NA=0.158 , 5 EEAE 20 pm, RO
SR RIERI Bk . FELE Monte Carlo J5iksr#/asn, REMTERIRZEEBEERHIAZEERN,
HBEKBLRERIER 80% LA RN TANAEAL A4 . 7£ DMD B el R b F i RMERERV L, ARMGTE
R TET #EER A HIfE BB I B A,

BE3H -
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