Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

IR EZRI S F A& R G G R NR K 8 T ERIEERIL 24

RECE WER IR BitE

Analysis of the influence of diattenuation on optical imaging system by using the theory of vec-
tor plane wave spectrum

Zhang Min-Rui He Zheng-Quan Wang Tao Tian Jin-Shou

5| {5 & Citation: Acta Physica Sinica, 66, 084202 (2017) DOI: 10.7498/aps.66.084202
1E2815%)1% View online:  http://dx.doi.org/10.7498/aps.66.084202
AP 4R View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/18

AT RERCL B B A L&
Articles you may be interested in

ARy ST RIBRBEAL LG R A A2
Generation of non-uniformly correlated stochastic electromagnetic beams
YE = 4.2017, 66(5): 054212  http://dx.doi.org/10.7498/aps.66.054212

$£F Pancharatnam-Berry A7 i 42 7= 45 D1 2E /R Y6 R
Generation of Bessel beam by manipulating Pancharatnam-Berry phase
Y% 4:.2017, 66(4): 044203  http://dx.doi.org/10.7498/aps.66.044203

S I DLZE ARG R A AR 1 A A
Theoretical investigation on a kind of time-dependent Bessel beam
PP 22 4%.2016, 65(14): 144201  http://dx.doi.org/10.7498/aps.65.144201

HA1E Metasurface H 11 E fie -4/L3E A7 BLAF H

Spin-orbit interaction of light in metasuface
PP 2EH%.2015, 64(24): 244202  http://dx.doi.org/10.7498/aps.64.244202

M plasmon %I nanoplasmonics------1 AR 57 BTV SR b 75 e sh 25 i) o ) N2 A

From plasmon to nanoplasmonics-the frontiers of modern photonics and the role of liquid crystals in tune-
able nanoplasmonics

Y224 2015, 64(12): 124214 http://dx.doi.org/10.7498/aps.64.124214


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.084202
http://dx.doi.org/10.7498/aps.66.084202
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I8
http://wulixb.iphy.ac.cn/CN/abstract/abstract69621.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69621.shtml
http://dx.doi.org/10.7498/aps.66.054212
http://wulixb.iphy.ac.cn/CN/abstract/abstract69445.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69445.shtml
http://dx.doi.org/10.7498/aps.66.044203
http://wulixb.iphy.ac.cn/CN/abstract/abstract67759.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67759.shtml
http://dx.doi.org/10.7498/aps.65.144201
http://wulixb.iphy.ac.cn/CN/abstract/abstract66170.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66170.shtml
http://dx.doi.org/10.7498/aps.64.244202
http://wulixb.iphy.ac.cn/CN/abstract/abstract64923.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64923.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64923.shtml
http://dx.doi.org/10.7498/aps.64.124214

32 % R  Acta Phys. Sin. Vol. 66, No. 8 (2017) 084202

R R F R R ARG B Y
REFHEFEEERTH
K41 A D)1 B3t A

1) (hER AR P 2O REENUET SO, 1942 710119)

2) (PEEEBE RS, b5 100049)

wmEMYD AR

(2016 4F 10 A 12 HYE); 2017 45 1 A 18 HUEMEHA )

Tl XL A) 9k (diattenuation) f& 38 4R 7oL 51 N BG4 7R AR i SR AE B 2R 8 (0 I A 128 I PR AS (1R
ME AR ARV, 76K K Am AR 18 2 T iR b, SR A% M R 25 1418 M8 A8 Ak S 5L 43 A 190 5% i A5 /N 17 AN e
M. ABTE — S IR FLAR 2 R Gk, St F 20 AAs 6T 4% 551 5 441 10 A o 45 440 AR I 30k 2 a4
M5, SINEIRIRAH G R IR IR P A X K15 2. A SOIRKHE < 5P T B R H e, 357 78RR AR AR & T A #E
I RAG RE R R I0IE T SEFR BTG 0—8E. ER MRS %, WTE
T TR % H 8 P (1006 25 0 A 1) D41 X0 1) 22 DBl AR P %o RGBS e AT BB I 7. &5 SRR W, 78 PR i 4 i
BRI A (v < 0.2NA/N), IX 00 & T] DL 20N 1 il 5 25 TRD AT PR 38 0, o 2% 0 A (4 AR 4 0 17 3 9k
PR XS BRAG Z 0 8 ) A 3 R 00D 55 M SR A K. e SRR A A s R P BB AN T AT SR AR PR 1Y) 90%, AR
b (0.2NA/X < v < 0.8NA/N), s 6H p JaIIZE T/ St R b 2 /0 75 B i 4E [0.63, 1.6] FI3E Bl A 1124
v > 0.8NA/NBF, NI T EFEHIE 0.9, L11] GH . BEE G RG0O6HS a0 Sk s f 3, 25 %

11 AT TR %

KR KREJEF, MIR1R 22, A% b6 2L

PACS: 42.25.-p, 42.15.Fr, 42.30.Lr, 42.79.Hp

1 5 =

BAEDE A UR R SN R T T e 37 0 Af AR &
ATS BB PRE , X T3 AT 45 22 A0 D) ik R 30 i A
AL Z BRI B RSt EE T EZ —, &
JRVFAY 75 33 B e A W SRR v I
il Aot bR B4 1. (EUR, BB RBUE ALAROLZI, 2
TUEAR S AR R, St R G EUE FLAR 1
RN IR G AN IS B W AL 1) HL 37 20 A AN
A T3 1, i 2 e B R B A REHE A
ik B0l Jok, HRBREL MR ERE,
Kb 8 22 B B T A BE ™A% il ik R AR i AR
> BARMRT REESEIZ RO RE . IR B oS n

DOI: 10.7498/aps.66.084202

i HR AR 1 B SR AR AR MR AR AL — RO 2 N R AR AR
22 (671 B TSR THT B 7E ' 25 43 S T Ak 9 T 482 2% A B
A E A EAA B, EE N REEA R R G
GG NS AR RUR, MR 2 AR AE
Xf FCER AR R MEAT AR RS2

H AT, WIRg 2= B0 7t 3 28U T REBUE LA
62 R GUE B A R LA, T HETR
TR B O A BRI AAR AL B R R, Tl
0 1E 52 5 bR B R B — U TR B IR Z 1R
B AR, R MRE SR B &
PR R AR K22 A5 T 2 kAL ) B )
i X, HAEIGZ) AR o BT AL B A% A e £ AR THI
A% S5 1R 72 32 EZ AWM IR I AH AL ZE IR (retardance)

* FERHRRIERES (MHES: 11274377) I BGE E XRFR&CARTH (it ZDY2011-2) %R,

T BfE/E#E. E-mail: m_ rzhang@163.com
© 2017 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

084202-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.084202
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 8 (2017) 084202

fro sz D01 Rk, BT X R IRA%R 22 FR IR IR AR DS
5O ) SRR P AR R G R T ) L AR
AN, 2R HE S 2] 351 7 Debye R B R
ﬁ%y“ﬁ% 8 37 BT 51 N R IR 15 2 06 KEUE FLE
S RGR AR RIS, IS R 5N s ok
ﬂlpjﬁﬁ*ﬁhiﬁiﬁ#Hﬁﬂ&mmlﬁﬁﬂﬂ%ﬁfﬁﬂqu L
RER MRS K, HUE Y62 KRG R AOLBE 5=
REAAA 1% Fo A
T g L o S, SR B
78 T 5 P 0 S ek P SR AN, T L 1) g A 1 R
B MG R GG T (RS M — Mt AT DL (H, TR
WA 3 6 245 6 IR R AR O FLAR 23 R UG 556 % R 4
H 4 AR SRR T e 5 o R 3 2 5 AR K
(IR AH S AR A ). G, Im sk N e ik F R
B RFA IR K B TGRS, — &
FIFHFHOEE B B DGIEAE  ms g m 4 s
SN A ] B gl B A (1910 R L R L A 2 A
JZ CA b SPATHT A J53 285460 R AR A A S g IR S e 4 116
HARE T RA N FLAR 6 5 R 2R th Hi 5 45 P 11 2 [A]
XF [E1E G5 5 AT B AW B AR 2
I [A] AR A ARFPE TR oK T, BESREEAS S 1 ) 9 ] AR
JRANREA 3501k, WAE B0 B A N A U 75 3T
%R 04,
Debye%%?ﬁ%ﬂﬁﬁhj‘ﬁ%%éﬁﬂﬁ RS R
T ABA AT 3R TR T 98 388 T P40~ T 9 P A B 2
EAR53 v FFAS P RS B () S T FRLRE 7 0 A TR
M UL B B2 51N S 1P T OGS IR 45 0, HoAE i
AR THAC A 2R AL R 100, 3 A SR A 1 5
JEw K. FROCRASE [T HE S T R IR AR AR R R HOAE
T T HE R 3 6 A i ok AR T DURS o R R R —
5 5E 7 TF) A0 AR TE AN TM %57 T 0t 1% HL % o
B AR ML, X Fh 7 V5% Debye #5711 5 A )
TAE R B @A 51 R PR A O¢ 1) ~F T A 53 FA

5 : dSs

! dSO I//ledSl
-—— - _I 4

FEME S R, HAT DASK PR fe B et B0 2 v 1 B
ME. AR R 8V 3 1% (vector plane wave
spectrum, VPWS) #ig U718 37 7 4 IR A A
%Tfiﬁ;‘ﬁ%%éﬁm%iﬁﬂ BAE T VPWS L
A5 Debye REATHA D B—FhE; #E5T 1Pt
IR s A p ot S S /i ik B H AR A X O A
R T I AR AL 3 PR 2L (modulation trans-
fer function, MTF) FI52M0, 45 H T A R EF £
Fl, AR A IROG oo A 52 R G LA B4
2%

2 HEAFEH
2.1 HEFRA

e RGN TG 2 AR R G B 1 TR,
i F T 55 32 Ak 1 W RAE  E R G N T THT X
Kb i N — ¥ 50 4y A IS T, W g R &
E; = [cosb;,sin6;, 0], WIDGE2E R S P T X,
(LI 5070 E(x,y, 0) T LLRR A

E(ZB,y,O) = EiT(xay)AEQ (xay) eAd)(z,y), (1)

Horr, (2,y, 2) MR SAEGS RS0 H BT 2,
OB R IR AR &, DGR 2 BT 1) Ad(z,y),

T (v, y) 53 B2 R G IARAL A e R 21 T 37
HENFERARLL BB FIEZX R, De-
bye % BT A S A H BRI 90 10 32 b 5] AR
A As, = VeosO. BER, 20 — 0°FF, Ap, — 1,
HO — 90°Kf, Xy : dSy > Xy ¢ dSy, WHEEFH
Yy FHIRIE > A0 R Ay, HIRIEAN

Ay, =cos™ 0, (2)

(Vz* + 92/ f).

Hr, 6 =tan™!

Focal plane

Optical interface

T (]
v B |
Focal E*
plane }
2 >

»
>»

E1 (MFEe) T VPWS K& RGRFEL AR R E

Fig. 1. (color online) Scheme of vector optical model of imaging system based on VPWS.
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Fig. 2. (color online) MTF curves (Debye model
and VPWS model): (a) NA = 0.2; (b) NA = 0.7;
(c) NA =0.9.
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Fig. 3. (color online) (a) Reflectance of EAM with different bias (I ~ 0 V/um, IT ~ 8 V/um). The calculation of
refractive index and extinction coefficient of quantum well (100 A/80 A, GaAs/Alg 32GaAs) refers to literature [19,
20] and the reflectance curves are derived by TFCalc; (b) MTF curves (6; = 0°); (¢) MTF curves (6; = 90°).
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Fig. 4. (color online) Curves of MTF and terms in formula (10).
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*1 4 Syrr WA XS (DE ~ 1.3)
Table 1. Relevant parameters of Syrp in Figure 4

SmTF

STM SM STEfTM
T 0.634 0.356 0.02
Y 0.571 0.304 0.213
Diffraction limit
------- , Shasaenes |

z1-Formula(10)
y1-Formula(10)
zo-Formula(10)
yo-Formula(10)
(
(

z1-Formula(13)

y1-Formula(13)

0.8 1.0

K6 (MFIEM) Surr b Do B ML, z1:x T (NA = 0.174, 0, = 5°); y1: y i (NA = 0.174,
On = 5°); z2: z 718 (NA = 0.5, Oy, = 15°); yo: y JA (NA = 0.5, 0, = 15°)

Fig. 6. (color online) Curves of Syirr changed with Dg. x1: 2-section (NA = 0.174, 05, = 5°); y1: y-section
(NA =0.174, 0 = 5°); x2: x-section (NA = 0.5, 0, = 15°); y2: y-section (NA = 0.5, 0, = 15°).

3 ESIHE

WK 7R, 6% R % (NA = 0.174) %25 (845
SEX AP, FHOR2E 4 R SN s YR pokiB it /R
BB Y R R VDL, VDo (ST =
0.9), W (B; F1), y 71, BEH6E4 T i 5

10, ZAKIEZ. Mo < 02NA/NK (K7 (a)),
AE 2 J7 1 AU 0, K (On/sin ' NA > 1)
WL, VDs B0, X EERE s p ot
iz ) R 22 Dy, /N T 0.01 422 MTF £E1X
AN JE] AR B R ATE AR R 0 90% PAF, (HIXTE PR
L H AN G R, PRI RT BLIA A v<0.2N A/
I, Do FIASAHE TR A 2 2 5 ).
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Fig. 7. Curves of changed with 0y, .
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Fig. 7. Curves of changed with 0, (continued).

e, WK 4, FEIXEE X [A] A MTF B2 AT LA
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ANV R — AT LR AR
\/DM e
I—y/1- (Syre)? 1+ V31— (Stirr)?

QT
SMTF

SE/ITF
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Bl 7 (e)—K 7 (§) NS EMER [0.8NA/X, 2N A/N] 1]
VDa F\/DE W0, 2 46 0 it 25, 55 T (b)—
17 (d) 0 19 3 A — B, B A 0, K, D,
[ 22 5 BB W AR (ELE O, MRS, XA
VDo, /DI HIAFE AN, BAR, 253 B 554 1
MTF $U8 A T BE STpp, WIZE [0, 1] F[1, +oc]
WA T7 % Dy 3 75 BEAT T A 0 R 24k £y
FE NGB UL R (0, /sin ' NA > 2—3), /D& 1E
[1,+o00] J7 1 L B AE AL 3 18R % 47 B . AR
32 (11) T4, Brp ML EE KT By, Kk
FEMUAL I [/ Da , /D) 1 55/ Bl — AT LA o)

aT 9_gT
WENZ%TF \/ _TSMTF] -
MTF

SMTF

4 % W

ASCMHE VPWS S, # KRR AR T
)R G 2R B B0 E T VPWS B2 5 Debye 15
RAEAE 0 B — 80k, ARAE P gk 78 e % A
T SRR, K6 R RS MTF EUN TE
sy TM 70 &8 AR DRI &M &, ik 7 K
THEFIDT . X622 T I AR X ) SRR 5

AR R GG TR EAT T BRI, A
FRGEMRA RS %

W7 45 BB, 1E 0,/ sin™t NA UL L 175 0
T, LA A s S p s RS R /EiE R 2 D,
X EESF I MTF S0 (s A e A — 5 BB L
o FHENE ) m FOG b 2 160 0, 3490, 25 22 38 [ %
TR . X R WY T TR AR O 2 20 S T P A )3
AT S, DR E SR T ) ke AR T )
N TE B2 s 9 7 222 S I8 24 RS 3/ N3 s (HL 2,
XF 65 AR R G R A (P IS I &,
NS A0 L b TM(p) 43 & 1 TE(s) 43 & B AH ¢
P, [FIRS &5 S Re i 1 L9 58 R Dy bz
Ak, NTTTIE B 6 5 2 G0 R R VE S22 o
AR PR (14 PR T 7 5 T PR R0 A A T
NS AR LA R Am 3R T A A6 2 R G A
AT . B, 75 bSO e A R R 2
WA, KT s IR Do — T 0o, WK 7 AT
R, BB 0,/ sin™! NABUE N KT 1—3, F0xHE
R4 MTF HUEA A [FFERE 152,

FEARHAL (v < 0.2NA/N), IX Fl 5 Wi & 7] DA
RS IR. B G A3 A 4y R G N, MTF B /Dy
AT R LB W AR K. AR (15) 201 (16) =X,
W 7R, B R MTEF A& T A7 5 8% BR A0 1
90% (Syirp = 0.9), MFEHSAL (0.2NA/X < v <
0.8NA/N), VD, & EHHITE [0.63, 1.6] W N; 7E
FAAL (v > 0.8NA/N), W2 /b 7 B 45 i 78 X 7]
(0.9, 1.11] 38 FE PY.
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Analysis of the influence of diattenuation on optical
imaging system by using the theory of
vector plane wave spectrum”
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Abstract

In most of the researches of polarization aberration, the influence of diattenuation is not large enough to affect
imaging quality evidently. However, the modulation transfer function decreases when optical elements with complex
planar dielectric structures and low transmittance, such as beam-splitter and optical modulator, are introduced into an
imaging system. In this paper, a vector optical model in Descartes coordinate system is proposed based on the concept
of vector plane wave spectrum (VPWS). The results of calculation show that the VPWS model is consistent with Debye
model. Compared with Debye vector diffraction integral, the VPWS method is more suitable to the description of the
PA introduced by planar optical device with opaque mask, such as larger surface quantum-confined-stark-effect electro-
absorption modulator, which is used to modulate the light collected by optical antenna of time-of-flight (TOF) depth
system or modulating-retroreflector free-space-optical communication system. In order to simplify the calculation and
obtain the conclusion of the change in imaging quality directly, the formula of optical transfer function is decomposed
into three parts (TE component, TM component and the correlation of them) instead of polynomial expansion of pupil
function. The influences of diattenuation on MTF is studied globally and locally in a range of cut-off frequency of
optical imaging system (2NA/)\). Allowance of diattenuation is analysed by numerical calculation, and a mathematical
expression is derived. The result shows that the change of diattenuation can be neglected when the spatial frequency v is
less than 0.2N A/ A, and the range of allowance decreases with the increase of spatial frequency. According to numerical
calculation shown in Fig. 7 and the derived formulas (15) and (16), the ratios of reflection/transmission coefficient
of s-light and p-light /D, should range respectively from 0.63 to 1.6(0.2NA/XA < v < 0.8NA/A) and from 0.9 to
1.11(v > 0.8N A/\) when the MTF is required to be not less than 90% of the value in ideal diffraction-limited system.
The range of allowance becomes larger gradually with the increase of angle 0,, between the normal of optical interface n
and the optical axis of imaging system 2. If a polarization beam splitter is considered, /Do — 00, 0n/sin~* NA should

be greater than 1-3.

Keywords: vector optics, polarization aberration, modulation transfer function
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