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Optical transfer characteristics of high NA partially coherent imaging systems are analyzed by
introducing a new concept of “vector transfer functions.” Based on vector diffraction theory, transmis-
sion cross-coefficient (TCC) is defined for each vector component of the electric field in the focal region,
and is calculated considering the asymmetry caused by the polarization state of illumination beams.
Image formations of one-dimensional periodic patterns, for which TCCs are regarded as optical
transfer functions, are also examined. It is found that the TCC obtained for the component parallel to
the optical axis, which is neglected in the scalar theory, shows interesting behaviors, and in some cases

gives significant influence to image qualities.
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Fig.1 Coordinate system and optical configura-
tions.

ZEHTOMRMEEERL, KESFLTFRD 1/ALT 3,
iz a, BIEENTN ro, so BN E R TARTHD,
cos a/A=r, cos B/A=s0: (5)
DEARDE D LD, RIZ, to, ro, wo, So % YLl & TE 2
EZHH LI 2RI Vv &, ZRENE T, u,8T
EET B, T2 b5 t=l, by), r=(r0z, 70y), U=
(uoz, toy)y $=(Soz, S0v) & L, & BT m EHEHBRMBERL
L T Abbe DEFZEH®RET 5 &,
r=—ms (6)
BRI T S, ZLTCZOLE, BREGEETOESS
i

t=—mu,

E(x)=g %E(r— t)F (s, t)exp[—i2x{D(s)
+s'“’"}]c§ssﬁ (7)

TELLNBZEBMEATWSE?, 22T O(s) Wi
HENZE, F(s, t) 3GBREMTOESFezRIERTH

D, 2ECHD»LRBIEKLTHB, b(r—t) Y
o 5 OEHFHIE X > TASHE L T & 2IRES 2R
T8, BERR(L) CEEY - ERTGEMTE 3,
K(7)FOEFIEFR(5)BLUOR(6) DBERIZ L - TH
Eh, BOTREROFHAIOEK sic L Cls|=
NA/A OEFRTITS.

K (7)5 Jcos B/cos a i3, HIE» 6HEFHNICEH &
N5 LBUGE LI HRD, HFERDOAHED &5 BB ICE
EEINBBICHmE T REIANY —FEOEEZEI SR E
LFHEHET, BARFHAITTS 2o bBITk 3,
—7F ds iH# % 1/cos B i, B SEHIE GFHAE
ZBEKE) IR B IR AICH L TIT S & [ RS %,
ds (=dsoz, dsoy) EVI ZRIEEDICEESHZ 27D
HBEIXTETH 5.



WA £ —v v b PVRERSE ()

BEPETR(T)ZERT 3 3RSCHELI DI
HEWizFELAEWOT, I2t—L > MNEHETOGKRDOME
AR,

|E(x)]*=

3 {Ef (8)
TEzeNn%,

B, BREMTOREST F(s, t) ik, ROWNA%E
ZELTEEUTO (@~ ) DFETRKD 5152,

(a) BMEAREBREE LT, YR EXEOTHI
Z DR & FREDIRE 25 T 5 BENEF 2 RE
75,

(b) MfEh SRR FECEIFS LB HRORHS
¥, BESIBTEFAORNICE> THET S, £0D
BOEROIERE, EIt0AMCEsTI—E LT
3.

(c) (b) TRDIWHEZH TORESAACTL T,
(c-1) AR E ZNZROEITEICS L TERS
NaX) T4 A FVEEDRTAEIR, XFEREHE
L CTHREBICES 2 TRE RS,

(c-2) AR EEITROETARBER S 5,

LT, BEMTOREAMETET 5.
BEINA=0.6, RILIPEHEICEBEAST LS %
BT, B FVOER IERSE, RN(7)OBSTPE
TINZHE, T72b b5 (Soz, Soy) FEREETH 7z DB
Fig.2 TH 5. =P LBHIE vy FHOERREL &
fEE m=0.2 L LTW3,

RIZHR(8) 2HAMa et —v Y N RAEET 5, @%

BR(8) 2 BEEOM X B L TR LT,

1= g (o|E)}ae (9)

=Z,Y,Z.

ELTHBESMEET S5, N(9) ZEBOR(2) 12
MET2HDOT, f() ZEFRRE»RE S, FHEI
TCC #HAT 211X, R(9)D x, y, z BEWCHWL T,
R(2)»oR(3) LAKOER 2TILESH L. K
(7)) DEZOEIE E ASERDT, A4 7—HTEHR
»H5ESNBIRE, ThabbR (1) OFRFENRO N &t
EDF B EMnTES, 2L T, L Jeos B/cos a X
F(s, t)exp{—i270(s)}/cos B DERST ZREEIS - E 2 %
ZEBTENE, EPROEBIRRER I L8b» b,
ZTcos a,cos B, D(s) BTN bHEEE s D AHDEH
THHH, F(s, ) 3BEBANXOAE tITHEEL TV
3., FITEBONERT t OEAKHZHANTA S,
BEINA=0.6, m=0.2, T E—V ¥ RAE 0=0.6 D
FHR AT v 8—NER T, WHEEINA=0.12, ZOD

563 (39)

(¢) z-component

Fig. 2 Polarization distribution in the image space
calculated for the illumination linearly polarized in
y-direction, where (a), (b), and(c)represent x-, ¥-,
and z-component, respectively.
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Fig. 7 Images of the pattern in Fig. 6 with the illumination linearly polarized in y-direction. In
(a), the pattern has the periodicity in x-direction while it is periodic in y-direction in (b).

TEHRRFEOEERIT) Z EHBTREIC R 5,

A(18), (19EBVT, H1EO 2 IFEME LB
2 & o TEPEL L 2 WETRES, 8B2Hid 9 —>0
mEORPEET 5 HROEREFEHKS, FIHEZ
D¥SFOEAEET 2 2 ERAKKS 2R, BERES
Wy B ERFEEES, b2 »IERARKS 0L EE
FEERE LTEETAIELHDIMY, TheTf v
E—Vvr MEGRIZB TS OTF O & 35 —&EW 2 FHHR
ErixnosrnwoT, 22T, R18), (19 FORE
75 TCCHSEEELET 2 LicT 5,

H(18) LR (19) 2~ &, K(19) 12X 2 EEFHBEEL
FELTES zBAOBENEEITN T 2DO0RHT
BB, =0.76 DEEHICT L T Te(—Fy, Fu) DAD
i, I(y) CRESD S LS 2 ERHANERS
AEDBEH L THESKE L LE (Fig. 7(0) 0¥
BIzxin) wENS, 2 LTEORRE, RO THIAL
BDBGREYSEIES, (x) TRIDEN YR Lt
372, To—Fy, Fy) OFED, 3NETHIC L 2ER
DIREERDOREZEREL > TWE I EBbr s,

BE yRSOEE I OVLTIR, TW0, £)<TW0, f2)
D1z I(y) DEEME NI B & & 5 RE & 7% 523,
BOEFRED LY -V OESICE > TEFT 57—
B IEEmTE R, 2L, BROMLRFEcEZ 35
HEIBHO 2 DL V/INECOREPTH S,

4.2 2HRFHICL HH#EE

Kz, R/ vy vBEeLTHIS B MY 7 b
FEORAWLBOBROFER{TS. £D/F -2 T,
Fig. 8 12" ¥ & 3 I2BIOED 1 06 X WHEBNLOMHE %
REESHBAMY 75 —BA> T 2DPFHETH S,
ANEERBORIZNLT, MHDEDAM A5 f=
1/(md)=0.76(NA/2) Z#il: TE&ETOREREFEZ 5.

A

}. I:

- i =

phase-shifter

Fig.8 Mask pattern used for 2-beam imaging
calculation.

29, RN > CHEL G % Fig. 9 12R¥. fi
Y 7 PETIE, Y — O m/2f%, $hbbi#E
HOHBEHEANTEFOEER b 0GB e h, A7
V=B BERERLEME L CEHEShTW 3,
ZOBE T HEROFREES L VBEZCHER, v
BB L /XY — 23t L THREBHES K E S L T
5.

ZZTANEERE, RN13) OB BT 5. /3
F—hoDERDEHHHESFEETELZDT,
FIZEED BTNy — D7 — ) 2 FHT

(&)=L 2 {55t )+ 3(se—fl0(s) @)

ERE B, —Fy HAAIDONY = iz20»Tik, R(©21)
Tse &sy BAREZT L, RQD E2RAT) & g
T 5L 0 ROEHFOLEESTPEEL THY, HizEl1 XD
2 ODEHTHES» SR END, Thbb 2XRTH
LR > TWBE I Edbhrs, 7—) IEHO
BRERNW)RATEZ kY, /A, v AED
R L8y — > 0k I(x), I(y) 1X, #hEh

I(x)=—% TAfz, fz)

4
T r=2.4.2

+% T(—fz, fz)cos(dnfx)

(22)



WA E—v Y by PVEERR (BE)

periodicity : x

: total
----- : z-int.

0.0 ===
-1/1.52 0.0

distance (x)

(a)

1/1.52
A/NA

567 (43)

periodiéity vy total
..... z-int.
1.0—‘1 ] !._
N
Oﬂ‘/y~~\k\"j~f“%\“
-1/1.52 0.0 1/1.52
distance (y) ~ A/NA
(b)

Fig.9 Images of the pattern in Fig. 8 with the illumination linearly polarized in y-direction. In
(a), the pattern has the periodicity in x-direction while it is periodic in y-direction in (b). Note
that the scale of distance is half of that of Fig.7.
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