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Abstract

Abstract

Polarization is an important physical quantity to describe the properties of
electromagnetic waves. The detailed characteristics of material structure and
composition can be obtained by analyzing the polarization state of electromagnetic
waves. The polarization measurement system can obtain the polarization degree of
incident light and the Stokes vector by characterizing the intensity of each polarization
component. Conventional polarization detection systems usually combine polarization-
dependent devices with other photoelectric devices, which generally lead to the
problems of complex structure and difficult integration. Metasurface is a two-
dimensional artificial electromagnetic material composed of subwavelength structures.
On the one hand, it is expected to replace the traditional optical devices which can
realize the miniaturization and lightweight of the system because of the characteristics
of ultra-light, ultra-thin, and easy integration. On the other hand, the amplitude, phase,
and polarization of electromagnetic wave parameters can be flexibly manipulated by
varying the spatial rotation and size of the unit-cell. Hence metasurface devices are
widely investigated in optical field modulation and measurement technology.
Metasurface devices are considered as planar lenses for imaging and deflection, but
they are usually difficult to realize color imaging and display due to the narrow working
bandwidth and chromatic aberration. At the same time, they can also be used in the
polarization measurement system, but they usually detect the polarization information
of a specific wavelength or respond to a single polarization component. Thus, our paper
focuses on the above issues and the main research contents include:

1. Aiming at the chromatic aberration control problem of circular polarization-
dependent metalens, a broadband achromatic metasurface focusing lens is designed in
the visible region. The metalens is composed of titanium dioxide dielectric nanopillar
arranged periodically. And the nanopillar possesses low loss and high refractive index
which can be treated as a truncated waveguide to control the propagation phase in
visible wavelengths, and the phase response database was constructed by using the CST
simulation software for parameter scanning. The polarization conversion efficiency was
over 40%. At the same time, we analyze the dispersion modulation mechanism which
merges the geometric and propagation phases, and the particle swarm optimization

algorithm is used to optimize the phase response database, which can accomplish the
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phase matching between the ideal and actual wavefronts to realize the designed function.
The device can realize the broadband achromatic focusing within 400-660 nm, and the
diffraction efficiency at the focal plane in the bandwidth range is 20-45%. We employed
the design of simple rectangular nanopillar structures while ensuring the operating
bandwidth and diffraction efficiency. The strategy reduces the difficulty of full-mode
optimization design and the complexity of processing technology.

2. In the polarization measurement system, a multi-wavelength achromatic full
Stokes polarization measurement metasurface device is designed to solve the problem
in which the polarization-dependent metasurface lens operate at a specific wavelength.
The guide mode resonance effect and transmission phase which excited by the
anisotropic amorphous silicon (a-Si) structure are used to realize the three-wavelength
chromatic aberration control in the state of linear polarization. Similarly, the chromatic
aberration control of circular polarization can be realized by combining the mechanism
with the geometric phase control principle. Besides, six multi-wavelength achromatic
metalenses were obtained by optimizing the arrangement of the nanopillar structure,
which responded to 0°, 90°, 45°, 135° linear polarization, left and right-hand circular
polarization states independently. Finally, those metalenses can be combined into a
metasurface polarization measuring device. The simulation adopts three discrete
wavelengths and six kinds of polarized incident light. The metasurface device can
realize the achromatic focusing function, and the ability to characterize full Stokes
parameters is verified. Hence, the designed metasurface devices are expected to realize

multi-wavelength achromatic and multi-polarization components imaging.

Keywords: Metasurface, Polarization electromagnetic regulation, Achromatic,

Polarization measurement
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Microwave absorber

B L1 SRR S S R
(2) ERTEWMPPBOESL T BA AN HFEHRSRES]. (b) LRFRBHREA.
Figure 1.1 The material possess negative index and experimental principle

(a) Copper metal arrays with negative dielectric constants were first confirmed in the microwave

band. (b) Schematic diagram of the experimental apparatus.
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Figure 1.2 Generalized snell's theorem in 3D space.
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Figure 1.3 Holograpﬁc metasurface

(a) Structure and reconstruction process of transmission metasurface hologram;(b) Reflective
holographic metasurface based on geometric phase
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3 0

B 14 BREERRER

(a) /R NEHR AR, () BN KRN
Figure 1.4 Beam generator based on Metasurface

(a) Bessel beam generator, (b) Airy beam generator.
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Figure 1.5 Optical vortex metasurface generator.

(a) V-type metal antenna vortex beam metasurface;(b) Catenary structure vortex beam
metasurface;(c) Reflective vortex beam metasurface

2011 £, PABR K%M YuNanfang BIRASRH T —FEF vV HEBREMEBE
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ETIREFETH R
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Figure 1.6 Chromatic aberration control and focusing effect of metasurface.

(a) Achromatic plane metalens and phase shift dispersion;(b) Combined metalens and chromatic

aberration analysis;(c) Reflective achromatic metalens
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Figure 1.7 Experimental verification of broadband achromatic metalens
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Figure 1.8 Asymmetric transmission based on metasurfaces

(a)~(b). Asymmetric transmission for circularly polarized incident light based on a three-layered
metasurface (¢)-(d). Asymmetric transmission of both linearly and circularly polarized incident
light based on a metasurface
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Figure 1.9 Polarization detection based on metasurfaces

(a) An metagrating measure the diffraction contrasts for different polarization states. (b)
Metasurface-based beam-size-invariant spectropolarimeter. (c) The polarization regulation
metasurface based on DOFP-PCs
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F—E: EREBNATERAMKBRIERAELRITREERE, #—5
B SRIE R MERAE CEREFARIRIZES F B, X HEAR K GENRREZT
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0°. 90°. 45°, 135°&{mIRAAARRA MIRASMImE, HAE R BRI RR
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Figure 2.1 Transmission process diagram through metasurfaces
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Figure 2.2 Localized coordinate system of the unit cell
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Figure 2.3 Schematic diagram of Yee cells
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EER, IR R B KAE RT AN A RREH B RE N TS
ES, FIRGAERALALAHARRARE S, EEATHEGTHETR
FEBBL(400-660 nm) I, ICRF(E EFR—EA. BERIHBREBREN S
TCEE i (unit-cell), HJEE 8 ZEWEESIO) TR B B 37 53 F Z ELEK(TIO) BN
KATLMA R, 3 B —EWH A LI T RABERAES LIRS AT KB
Wha B AZMBUHBANRE, B EER T R particle swarm
optimization, PSO) R EBR MMM UREWER AR BF, BlHE
W TRITSHEREERATHRERBENARRN.
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Fig3.1 Broadband achromatic metalens

The focal length will always remain unchanged while the incident wavelength varies from 400 nm

to 660 nm, and the beam will converge into a white focus. (b) Phase profile for an achromatic

metalens at arbitrary wavelength of Ae (Amins  Amax).

RARKHERESEM 0, (R, 4,,,) T AME ap(R, A) EPIMEALRFE, 4
RESEBL B8 1M R Z TR . Jooh, AT T SEBL 5 B KR MAR AL ] . BN E Mnax
FASRTI RS T IENSFSACA,  FF B TTEE Mt AT J LT AR L 8 1l sk AT ASRAS A LAY
FAAL M7, FF B AR AL H LS RARB T B oS = A . MR, J&
FEAoRMR—NME LEBEKARNEE, 5 ANFE—MEHERR. BRKRT
ARENGHBKZ FEAEAZE, WE 3.1 (b) Fin. ZARALZ R LUEE it 5
TCE MR RIARAL RRAME , IR BT AR N LA 1/ B PSR
Fo BT ARARA SV S TV AR, E X PR KA ALE E A 24
HFHAT LR e A I — . ERRERE, &SI~
BLEF CQ), DMRA T SE B B AR RLAME , BURIZAERIAE B A SR
HERIMEFMRERME, WK 3.1 () Fn. EHERE, TURHAEERT
EHRAEALE S N

o(R,7) =—%[27r(,/R2 + 11 = N]+C) (3. 4)
X 3.2 HAHM ZFIEER ap'(R,A) =ap(R,A)+C(1) » FIAHK] C(AR—X
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32 BuEH CST fiR&R

(HEEERMEFR K LTERER . (0)F iR F H R (B 20 AR 20 L i 26 (SE
), HARSEHSHAE 71 nm, w:125 nm. 1:162 nm, w:105 nm+ 1:176 nm, w:125 nm)#
Az B R R oo ()EARANFHEK T, 45H4Z %08 1105 nm, w=80 nm /4
—eRERE R . BEELIR TIO2 SHFIAR, FTA R TiO2 FUKHE: R = B EE

600 nm, fIF SiO2 EfK L.

Figure 3.2 The simulation results of unit-cell with the CST software

The unit cell of an achromatic metalens in the visible light region. (b) circular polarization
conversion efficiency (dotted line) and phase response (solid line), and changing phase response
slope. (c) under different incident wavelengths, the normalized magnetic energy is obtained when
the structure parameter is /=105 nm and w=80 nm. The black dashed line indicates the boundary
of the TiO; structure. The height of all TiO; nanobricks is fixed at 600 nm, standing on the SiO,

substrate.
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3.3 Dispersion curve of TiO;
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BRI (uiRfeEs, BRAHE, DEMERS), HPRIGATE
HEM. THEE. 2REERENBORTRUMLEE (PSO) REEITHKR
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KIFETEE AR pi P ELEIERY , 1% B BE bR BB B A B 7E — VR phests
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£ j HEEA, ENRHEEN. 8MHTE5RM SN TERE, SHHISE
TR B R B BEA E SR XRRBRESHAREE, A p RER. £
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IEREEURG . 97 SR TRAMAERE, BAMUGEATRE (R FEEMALE
FAE46), T FAIRA TR
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Figure 3.3 Flow chart of particle swarm optimization for a broadband achromatic metalens.
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33



ETmiRiEAERTE RN QEREHA

ALl R i Hir. B 3.5 RAZMEKHSBUER, TREOBIERIENMRE
ERRIHBRSE, ZEHRRR T ARG S5 & REHEMAAMERAES -

L(nm) | W(nm) Phase
compensation(®)

70 50 550
90 60 603
100 70 660
110 80 695
120 90 810
130 100 885
140 110 922
160 120 962
160 130 1079
165 125 1233

B 3.5 TiO: JUREEARMER <+ LRI LM

Figure 3.5 Phase compensation for geometric parameter of TiO; nanopillar
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K. E3.6 (a-f) B T EAEMNL S PR B TC MR GEARCL AR LA, Fdh 45
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MSHRIHEEBRMEFRL, EHRRM CST P#ITEEMHERIE.
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Figure 3.6 The fitting result of actual wavefront and ideal wavefront
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126 um, HH% R SEBATHRRCE EEHE. ATHHBCR B TR KR
AT A, X AT IR ST 45 () iR s B BRI Eh 51 kS, I 3.2 (b).
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(0 y-z SFHEEE—IRE A R x-y SFEA M REARIRE. NFEKEEFER. A
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Figure 3.7 Simulate the focal length shifts and intensity distributions of metalens.

The achromatic metalens was designed at wavelength A =660 nm with NA = 0.263 and focal
length of £=38 um at normal incidence. The normalized intensity distribution of the y-z plane and
the diagram of the focused spot in the x-y plane is simulated. The wavelengths of incidence are
denoted on the top. The direction of incidence is towards the positive z-axis. The white dashed
lines pass through the center of focal spots in the case of A= 512nm. (b) the simulated focal length
and the theoretically predicted focal length as a function of the wavelength. (c) Focusing
efficiency and FWHM as a function of incident wavelength obtained from the achromatic

metalenses.
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AERFHEEAEZERAZF T UE - R HEEAMBIGE. BIFANL
ARSI ARG E & RM R R, &6 R PHHFIRERETSEE GREHUAR
AT RFRE TiO MBI W LAR LA R B ARLIAME, LIRS AT ok
BB Z P HEF CST MLy Rk 7 B B M LT S 5ud AT KRR,
BIAKEASH SRR EER, GBI TRALEENERAOERE
BT TR B . HERBRHATEHEMRIRE LRI 40%, FE L
BT 7E 400-660 nm FHERMHGEREMR, HEREENEFEANTSHMERE
20-45%. 2= F2 12 HH I B8 v 0. 22 P HDG 2 88 KA M S T S MR HE 82, AT LS
ANEZRBFERETTEREATERHOERERR, EXAETRBRRGS
SBAFE—EHNATR. BRRRET XK IEHT THERIE, B8 4mnT
Ve RT DU BHE AN IR, ARG R T HRR BB .
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(a) MASP FI=4nERE, BRERMEBAERIRESMTRN 2x3 FREFIHMR, 7L

FEKRRARRERIR—METE. O)FBKHEELFEEHRREOMILE. A

B 2R T SFHE A EESIO)H R LA REEGSR AR e R B . BE
JUAZ$5r 518 p=600nm, 4#=850nm.

Figure.4.1. Illustration of the MASP.

(a) 3D view of the MASP. A metasurface composed of 2 x 3 sub-arrays acting as differing
polarization state analyzers which can focus input lights with different wavelengths into the same
focal plane. (b) Top view of the MASP. The right panel shows the schematic of the unit cell
consisting of amorphouss silicon nanobrick on top of a SiO; substrate. The geometrical parameters

are p = 600 nm and 4 = 850 nm, respectively.
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Figure 4.2. Phase space of the unit-cells.

Lateral dimensions (/x and /y) and corresponding transmission phases at (a) A= 1072 nm, (b) A=
883 nm and (c) A= 811 nm of the nanobricks designed for x-linear polarization. Transmission
phase shift as a function of the length of nanobricks (the width is fixed at 300 nm) at three
different wavelengths of 811 nm, 883 nm, and 1072 nm, which are stripped from (a), (b) and (c).
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Figure 4.3. Phase space of the unit-cells.

The transmission phases at (a) A= 1072 nm, (b) A = 883 nm and (c) A = 811 nm of the nanobricks
designed for left-hand cicurlar polarization. Transmission phase shift as a function of the length of
nanobricks (the width is fixed at 300 nm) at three different wavelengths of 811 nm, 883 nm, and
1072 nm, which are stripped from (a), (b) and (c).
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Figure 4.4 Contrast diagram of simulated phase and theoretical phase

Required phase (solid line) and implemented phase (circle) at three wavelengths (a) 811 nm, (b)
883 nm, and (c) 1072 nm. It’s important to note that the reference phase (the required phase at the

center of the metalens (x=y=0) is different for each wavelength.
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Figure 4.5 Near field data distribution

(a) 811 nm, (b) 883 nm and (c) 1072 nm show the phase data of the near field at z=1um,

respectively.
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Figure 4.6 Simulation results of the achromatic metalenses.
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Simulated intensity profiles in the y-z plane for (a-c) x-polarized and (g-i) LCP illuminations with
the wavelengths of 811 nm, 883 nm, and 1072 nm. The inset curve shows the normalized intensity
distribution along the dotted white line. The metalens design wavelength is 4=1072nm and focal
length =47 m. Theoretical (dotted lines) and calculated (solid lines) normalized intensity for (d-f)

x-polarized and (j-1) LCP incidences along the y-axis across the focal plane.
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Table 4.1 Absolute and average error for different polarization states at three wavelengths.

RiRAs y a b 1 r AS

81lnm  0.011 0.008 0.042 0.036 0.064 0.060 0.037
883nm  0.006 0.009 0.072 0.066 0.045 0.024 0.037
1072nm  0.008 0.020 0.101 0.105 0.075 0.061 0.062

48



F4E ETIEKHCEZHERMERANRIRINEST

Symi® 8

-Zﬂ-lﬂxill. 20 =20 Il). |o 20 -20 Ill. IQ 20 -20 |0l) IO 0 «20 - IOO IQ” .I.l I.Z.
x[pm!

£e s

—

-20-10 0 10 20

-20-10 0 10 20
slpm Alum|

-20-10 0 10 20 2010 0 10 20 2010 0 10 20
xipm] x[pm] xlpm]
%

- e =
Sypm® %
in

—

bsk

2010 0 10 20 <20-10 0 10 20 <2010 0 10 20 <2010 0 10 20 20-10 0 10 20 -20-10 0 10 20
x[um] x[pm) x|um| [nm] slum]

[pm) Alum]

1 1 1 1
| |
| |
0.5 0.5 0.5} 0s 0s 0.8
L _— 0 — o 0 o - of =

B 4.7 MASP RIS R

AREIN SR i £ T A0 58 B 43 4 A1 U5 — 1L Stokes S8 A B HTkRR), EHKS

SA(@)- (b) 811 nm. (c)~ (d) 883 nm Fi(e). (f) 1072 nm. it k9 —{bHIHTHET S H5T

FIx) ly)» la), b)s [DFrMmEIRAS S 5R(1,1,0,0),(1,-1,0,0)« (1,0,1,0)~ (1,0,-1,0)~ (1,0,0,1)F
(1,0,0,-1).

Figure 4.7 Characterization results of the MASP.
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Simulated intensity distributions at the focal plane and normalized Stokes parameters for different

incident polarizations (shown with white arrows) with wavelengths of (a), (b) 811 nm, (c), (d) 883

nm and (e), (f) 1072 nm. The theoretically normalized Stokes parameters for [x), [y}, |a), |b), D), |
polarizations are (1,1,0,0),(1,-1,0,0) (1,0,1,0). (1,0,-1,0) (1,0,0,1) and (1,0,0,-1).
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PR

RTARAEBRARFHOEEROERLTAES, MA CST HRKANRE
RIARAIM N IR R . o | M w RETEWEHSE MO R K EARAMH

Bl
S Knm) whm) 408nm 444nm  487nm  512nm  570nm 605nm 644nm
1 50 50 154.0 2322 3194 3590 829 1294 177.0
2 60 50 120.9 210.6 3013 343.0 68.1 1135 1594
3 70 50 107.0 197.5 291.6 3343 593 105.1 1524
4 80 50 91.8 184.3 282.0 3269 517 976 1462
5 90 50 75.5 171.9 271.6 319.0 445 90.3 140.1
6 100 50 55.9 158.9 259.9 309.8 372 828 1333
7 110 50 342 144.0 2459  298.1 289 740 1250
8 120 50 14.8 129.4 2334  286.7 213 66.3 117.3
9 130 50 356.5 113.7 221.0 2747 138 587 1092
10 140 50 336.7 96.3 208.3 261.6 5.0 506  100.7
11 150 50 318.2 81.4 197.3 2505 356.8 434 93.1
12 160 50 300.2 67.0 1857 2397 3476 359 85.5
13 170 50 285.0 54.0 173.8 2294 338.1 286 78.3
14 180 50 272.7 427 1629 2204 3293 216 71.8
15 50 60 300.5 30.5 120.8 162.8 248.1 2929 338.1
16 60 60 773 180.7 275.6 3150 428 924 1425
17 70 60 88.8 181.1 279.5 3242  50.0 96.6  145.7
18 80 60 69.4 166.1 267.6 3159 416 874 1375
19 90 60 46.1 151.0 253.3 3045  32.8 78.3 129.5
20 100 60 20.5 135.1 238.5 2925 245 69.6 121.1
21 110 60 354.8 116.3 2224 2777 153 59.9 111.2
22 120 60 331.1 96.4 207.6  263.0 6.3 51.1 101.8
23 130 60 306.0 75.8 1935 2484 3565 423 924
24 140 60 2822 56.9 178.8 2340 3453 333 824
25 150 60 262.7 40.6 164.5 2215 3341 247 74.2
26 160 60 2452 23.5 1488 208.6 321.7 152 65.4
27 170 60 2252 6.2 133.0 1955 309.5 53 571
28 180 60 206.0 351.1 119.7 183.7 2988 3559 495
29 50 70 287.4 18.1 112.6 1556 240.1 2857 3329
30 60 70 270.0 23 100.8 1459 2304 2766 32538
31 70 70 246.4 350.6 1424 2238 3526 484 1073
32 80 70 40.5 146.2 249.5 3019 303 755 126.6
33 90 70 10.4 128.9 2325 2878 204 65.3 117.1
34 100 70 339.9 108.3 2144 2719 110 55.2 106.8
35 110 70 3113 84.7 1976 2544 0.7 454 96.2
36 120 70 279.8 59.4 180.8 2368 349.8 357 85.5
37 130 70 253.1 383 1655 2219 3379 266 75.7
38 140 70 228.6 17.2 1473 2059 3235 15.9 65.0
39 150 70 206.9 356.9 129.0 191.1  308.7 4.9 554
40 160 70 180.4 3345 109.5 1744 2932 3520 452
41 170 70 161.5 311.6 90.6 1562 2775 3375 340
42 180 70 1389 293.6 76.0 140.8 2653 3253 244
43 50 80 2719 42 102.2 1470 2317 2776 3263
44 60 80 248.8 345.8 87.4 1357 2213 2673 3175
45 70 80 220.0 325.8 70.2 123.0 2104 2554 306.8
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2904
286.6
2543
91.3
87.7
79.1
1.7
64.7
554
47.0
38.6
30.5
24.0

14.5

358.8
350.1
341.7
333.2
275.2
259.8
241.7
380
220

346.3
327.8
2773
268.9
260.4
250.7
241.2
231.0
2239

3377
3335
3302
308.3
138.0
1359
129.0
123.7
116.7
110.1
102.7
94.9
86.7
80.7
72.0
64.5
571
329.5
317.0
132.1
115.9
1014
82.8
67.5
513
3314
326.1
320.9
3122
308.1
19.1
1134
108.1
98.8
91.0
81.1
71.8
62.9
55.0
46.2
38.0
305
3217
310.0
295.5
95.9
80.1
59.1
42.0
2438
3235
316.9
3104
3024
295.5
286.5
281.2

61.8
579
53.6
33.7
2234
2219
216.0
2117
206.8
202.6
197.9
193.4
138.4
1844
179.3
1742
168.6
53.8
419
218.6
206.0
197.3
185.9
177.0
165.6
55.6
50.5
46.2
38.7
35.1
78.5
202.7
201.0
195.2
190.9
185.3
179.9
174.4
169.4
162.8
156.1
1494
46.6
36.7
25.8
191.8
184.5
172.4
161.0
1464
48.8
424
36.9
30.7
25.8
19.7
16.4

107.2
103.7
99.7
75.8
269.8
268.1
262.0
2573
252.2
247.6
2425
237.6
233.0
229.2
224.5
220.0
215.5
99.8
8384
263.9
250.8
2419
2303
222.0
2125
101.4
96.5
92.3
85.0
81.0
114.8
2473
2458
239.6
235.0
2294
224.2
219.2
215.1
209.8
204.8
200.1
92.6
82.2
70.0
2364
228.7
217.1
208.0
1974
94.6
88.3
82.6
76.3
71.1
64.5
60.5

154.1
151.1
148.1
1223
3199
3185
3129
308.3
303.8
299.3
294.1
288.9
284.1
279.9
274.8
270.0
265.1
148.3
138.9
314.6
302.6
293.5
2814
2722
261.9
149.5
1454
141.9
135.3
1314
159.1
299.6
297.7
291.5
286.4
280.5
274.8
269.2
264.7
258.8
253.7
248.9
142.1
132.9
122.5
288.4
279.8
267.1
256.9
245.9
143.7
138.5
1334
127.7
122.9
116.3
112.3



K=

217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273

105
105
105
105
105
105
105
105

150.9
133.6
117.1
99.7
80.2
60.2
41.0
232

352 2
60.8
284
351.2
309.7
99.8
54.2
14.0
3399
65.5
499
33.1
15.4
354.6
335.6
3152
296.6
278.1
93.4
51.6
247

346 2
329.1
3111
293.8
38.0
359.6
3192
278.8
2321

32() 7
285.9
43.7
26.5

345 7
324.6
303.6
281.7
258.9
233.1
203.1
176.5
89.2
320.6
3012

285.9
2723
256.8
2414
2248
2103
196.1
182.4
169.9
157.2
161.1
139.4
117.2
88.7
240.4
204.8
176.3
1494
164.8
1542
143.0
132.0
119.2
106.5
924
774
59.3
219.2
201.2
183.6
170.6
1574
144.0
128.3
1142
146.7
121.7
93.6
594
213
167.7
1395
108.5
1504
1384
124.6
111.0
95.8
804
62.7
435
23.8

346 2
292.5
1404
123.0

331.1
213
11.2

1.7

3514

343.1

3342

324.1

3134

302.1

262.4

2429

2217
198.4

1.9

340.6

3218

2983

265.2

255.8

2459

2354

2232

2123

201.1
190.1
180.4
132.8

338.1

3285

319.2

308.2

295.2

2804

2670

249.0

226.1

2022

179.5
158.7

318.0

293.6

2619

2523

2414

229.2

2173

205.2

193.6
182.2

171.1
159.7

147.5

135.7
94.0

293.6

276.3

244.5
80.0
68.6
584
47.6
383
29.6
204
12.0

35

311.8

296.4

278.9

257.0
58.6
35.0
17.6

3594

313.9

306.6

298.5

290.2

279.5

270.0

259.7

248.2

236.4

234.0
326
224
14.0

55

356.7

346.4

3373

301.1

281.9

260.2

236.0

214.0
12.7

3542

3341

3034

294.5

2842

273.7

262.4

251.1

239.1

2270

214.7

202.1
191.8
161.3

354.5

343.8

4.0
185.0
178.4
172.5
165.8
159.4
1523
144.1
136.0
126.8
38.5

264

14.6

173 4
157.9
142.9
124.2
40.4
34.6
28.4
224
15.6
10.0

357 9
3514
3475
157.3
148.5
140.9
131.8
122.2
110.8
101.1
304
17.5
4.5
350.6
336.8
140.2
119.9
97.5
323
26.0
19.0
12.6

359 4
3524
345.1
336.9
3274
318.7
290.5
120.7
107.8

55.7
2289
222.9
2174
2114
206.4
2014
195.7
190.1
183.8

84.2

71.7

59.1

46.6
2184
204.9
194.6
181.9

86.1

80.3

73.9

67.4

60.2

54.3

482

41.7

36.6

313
204.2
198.0
192.9
187.0
180.7
1729
165.6

75.7

62.3
48.7

35.6

24.1
192.8
179.5
163.5

77.8

712

64.1

573

50.1
43.8

373
31.0
24.3

17.5

10.8
349.0
180.9
172.0

111.2
280.1
273.4
267.5
260.7
254.8
249.7
243.8
239.0
233.0
134.7
123.4
111.0
91.7
268.3
253.1
242.4
230.7
136.3
131.2
125.3
119.2
111.9
105.9
99.7
92.2
86.7
85.1
252.3
245.8
240.3
234.6
2293
222.8
217.7
126.8
113.9
99.9
85.7
72.7
240.0
2279
215.7
128.5
122.4
115.5
108.7
101.3
94.4
872
80.3
72.8
65.3
59.0
432
228.8
2214

67
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274 105 120 2844 106.5 259.8 3334 960 1633 2155
275 105 125 262.7 87.4 243.5 321.8 845 1539 209.2
276 105 130 236.6 70.5 228.7 3100 735 1447 2033
2717 110 55 15.0 130.2 234.0 288.0 221 670 1182
278 110 65 333.0 100.5 209.5 265.5 8.0 525 1035
279 110 75 288.4 67.1 185.5 2423 3539 388 88.9
280 110 85 240.3 28.8 162.4 2165 3385 257 74.1
281 110 95 183.5 349.6 137.9 1935 3202 125 60.1
282 110 105 1394 318.8 111.5 172.8 2989 3583 470
283 110 115 280.3 105.2 259.2 3343 962 1642 216.6
284 110 125 235.6 65.2 224.0 3081  71.1 1432 2025
285 115 50 24.7 1374 2400 2929 256 70.7 1214
286 115 55 5.2 122.9 228.1 2826 190 639 1144
287 115 60 3438 107.0 2153 2707 111 55.7 106.7
288 115 65 3209 90.2 202.6 259.0 3.6 484 99.2
289 115 70 295.4 71.6 189.1 2455 3557 407 90.9
290 115 75 270.8 534 177.1 2328 3481 339 835
291 115 80 244.8 335 164.3 220.1 3396 269 75.6
292 115 85 218.7 13.8 152.6 207.8 3308 203 68.4
293 115 90 190.2 353.0 139.1 195.1 3206 128 60.7
294 115 95 163.7 3354 126.3 1839 3103 5.9 53.8
295 115 100 140.2 319.2 111.9 1733 299.1 358.7 474
296 115 105 1215 302.6 97.0 162.1 2869 3503 425
297 115 110 103.0 286.7 80.0 1541 2758 3433 354
298 115 115 80.6 263.8 56.1 1368 260.0 3309 248
299 115 120 230.8 61.6 2211 3071 702 1427 2012
300 115 125 203.4 40.7 206.5 2934 585 1314 1940
301 115 130 163.0 21.5 193.1 2774 475 1198 1878
302 120 55 3543 113.8 2209 2754 141 589 109.8
303 120 65 306.7 783 194.1 250.0 3582 434 93.8
304 120 75 253.6 40.0 168.0 2238 3411 285 77.4
305 120 85 201.0 .02 141.9 198.6 3236 145 62.7
306 120 95 1473 3219 113.0 1749 300.1 3592  48.1
307 120 105 101.8 284.8 784 152.0 2744 3417 340
308 120 115 49.3 239.1 40.6 126.0 2488 3212 202
309 120 125 182.9 18.6 192.9 2755 471 1183  187.2
310 125 50 5.7 121.9 2272 2808 177 626 1133
311 125 55 342.6 103.9 213.6 268.1 9.5 544 105.1
312 125 60 3182 85.7 200.5 255.6 1.4 46.7 97.1
313 125 65 2924 67.3 186.9 2424 3529 388 88.6
314 125 70 265.8 48.4 173.3 2293 3440 312 80.4
315 125 75 239.2 28.8 159.5 2158 3345 235 72.3
316 125 80 2119 7.9 1454 202.5 3243 15.9 64.4
317 125 85 184.7 3474 1313 190.1  313.8 84 56.9
318 125 90 157.0 326.8 115.5 1774 3019 0.4 49.3
319 125 95 129.8 307.1 98.7 1653 289.2 3515 420
320 125 100 105.5 2874 80.5 1529 276.1 3423 348
321 125 105 82.5 266.8 62.3 140.5 2628 3324 282
322 125 110 54.4 243.5 432 1266 2491 3213 210
323 125 115 22.6 219.0 26.6 111.1  236.8 309.7 135
324 125 120 357.9 197.3 11.3 94.7 2250 2977 54
325 125 125 279.5 179.5 3593 787 2150 2857 3585
326 125 130 186.4 344.1 163.3 2392 250 876 168.0
327 130 55 332.4 95.1 207.6 261.8 54 50.5  100.9
328 130 65 279.1 56.9 179.4 2349 3474 342 83.9
329 130 75 226.8 18.1 150.9 2082 3275 186 67.4
330 130 85 169.8 3343 119.3 1809 3044 1.9 51.2



iE

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

130
130
130
130
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
135
140
140
140
140
140
140
140
140
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
150
150
150
150
150
150
150
150
155
155
155

292.7
2483
200.1
165.0
105.0
85.6
659
472
2717

3443
321.2
2984
276.2
2539
2312
206.6
185.9
167.8
153.4
141.1
76.3
376
354.7
3074
260.9
214.8
171.1
141.0
88.5
68.4
48.6
28.1
6.8
343.1
3184
2943
270.1
246.9
2243
200.7
179.8
159.6
143.5
129.0
113.8
60.7
19.3
3323
282.1
233.8
188.6
148.0
114.1
74.2
53.8
323

85.0
46.7
11.9
345.6
2148
200.8
186.2
171.7
156.8
1414
124.7
107.5
89.5
712
519
333
14.8
359.6
346.2
333.1
320.9
193.6
163.4
130.2
95.3
57.9
19.9
3479
320.8
202.8
187.8
1719
155.0
138.0
120.2
101.9
84.3
65.2
457
26.8
83
3515
336.8
3222
307.7
291.3
181.3
146.8
110.7
734
339
356.8
323.6
290.9
191.6
175.0
156.8

155.8
127.6
95.9
60.8
268.2
255.0
2412
227.6
214.0
200.1
186.3
172.2
1584
144.6
129.7
114.0
96.4
79.4
62.0
442
30.8
247.8
2202
191.3
162.6
132.6
99.4
63.9
312
256.2
2423
2279
213.0
198.4
183.3
167.6
1532
137.3
120.5
103.9
86.0
67.6
50.1
333
20.0

236.0
206.2
175.2
142.8
108.3
72.9
36.2
6.5

245.1
230.5
215.1

343.8
3221
297.8
272.0
54.8
46.2
37.8
29.5
21.5
13.0
44
3551
345.1
334.6
323.2
311.0
297.6
285.2
272.0
259.1
247.1
41.9
24.6
6.7
3472
325.0
299.1
272.5
246.8
472
383
29.2
19.8
104
0.6
350.1
339.7
327.8
315.1
301.8
288.0
273.9
260.8
247.5
2359
224.9
34.0
14.8
354.2
330.9
304.4
276.8
2483
2243
39.8
30.2
20.0

36.5
220
6.1
348.6
105.1
96.3
87.6
78.9
70.5
61.9
53.8
45.6
37.7
30.2
22.4
14.4
5.9
357.6
347.8
337.8
326.6
91.8
73.8
56.4
40.0
237
6.5
347.7
325.7
97.0
87.8
78.6
69.1
60.1
513
424
343
25.8
16.9
7.9
3582
3477
3374
3254
3135
300.8
83.6
64.6
46.3
28.1
9.3
348.9
324.6
298.6
89.3
79.7
69.7

69
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388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439

441
442
443
444
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155
155
155
135
155
155
155
155
155
155
155
155
155
155
160
160
160
160
160
160
160
160
165
165
165
165
165
165
165
165
165
165
165
165
165
165
165
165
165
170
170
170
170
170
170
170
170
175
175
175
175
175
175
175
175
175
175

130

115
125

55
60
65
70
75
80
85

95
100
105
110
115
120
125
130
55
65
75
85
95
105
115
125
50
55
60
65
70

80
85

95

2254
195.7
155.8
1333
96.9
63.3
248
34.7
3513
3316
308.6
2894
271.9
2475
273.0
213.8
154.1
81.9
386
336.6
293.5
2494
292.5
265.2
235.5
202.4
185.0
137.4
104.1
65.0
59.2
284
349.8
323.0
299.3
2794
254.5
2280
197.1
256.5
187.8
1254
96.5
43
308.2
2613
200.6
278.9
2504
216.6
198.2
149.5
114.4
78.9
57.5
222
347.7

10.1
346.2
320.6
294.4
269.6
2457
2214
198.0
174.6
155.3
135.0
1174

98.4

78.9

46.3
3599
309.3
2576
208.8
161.1
120.8

813

60.5

39.2

15.7
349.5
3225
2971
2714
245.5
221.0
196.3
1715
147.5
124.9
105.5

84.6

63.6

432

31.0
338.8
285.9
2349
181.8
130.6

873

44.1

483

23.8
358.5
3302
301.9
275.5
2499
224.7
196.0
164.3

138.4
119.7
100.9
82.0
63.0
433
22.5
23
344.7
3279
309.6
292.5
2749
256.6
168.3
129.1
91.5
524
9.8
3313
294.2
257.7
179.7
161.5
141.2
120.0
100.2
81.7
62.2
40.7
19.6
358.0
337.2
317.2
296.9
2789
260.0
240.8
2233
153.8
110.9
72.2
303
344.0
300.6
261.4
223.0
168.5
146.9
126.1
103.9
82.7
63.0
424
19.5
3543
3272

199.5
183.4
166.8
149.5
132.3
114.8
96.2
77.6
59.6
41.6
23.6
8.8
3555
343.2
2249
1919
157.9
121.4
83.6
46.2
11.1
3429
2344
219.2
2023
183.8
165.7
148.0
129.3
109.5
91.1
71.9
524
33.2
13.9
358.8
3439
3289
3142
2129
175.6
138.0
99.2
59.0
184
3440
3113
2249
207.2
189.4
168.6
1479
128.6
109.1
89.3
67.8
43.8

3147
301.2
2873
272.5
258.0
2435
228.3
214.1
201.3
188.9
176.5
164.6
1521
139.5
3355
307.6
279.6
249.2
2182
190.9
164.6
137.8
342.8
330.0
3157
300.2
285.6
271.4
255.6
2392
224.0
208.8
193.9
179.8
164.8
1517
136.9
121.8
106.6
3240
293.1
263.2
231.0
198.1
166.6
135.9
103.6
333.7
3184
303.9
287.2
270.7
255.1
238.9
2219
204.0
185.0

9.6
3589
3474
3350
3222
309.0
2944
279.5
265.4
251.0
237.2
225.0
214.0
204.3

26.1

340.5
3133
2833
254.0
226.4
204.1
322
21.9
10.4
357.7
345.1
3325
3184
302.9
2884
273.0
257.2
2424
2274
2155
203.8
192.6
181.8
17.2
3514
3244
294.4
261.7
229.8
203.3
178.9
25.1
12.7
0.4
3458
330.8
316.6
301.3
2852
267.6
2482

60.1

50.6
41.1
314
21.9
124
1.5
350.0
3385
325.8
3122
298.8
285.7
2724
75.7
55.3
35.9
15.4
3522
3271
298.4
272.0
81.7
71.8
61.2
50.2
39.8
29.9
19.1
7.1
355.6
342.7
328.8
314.7
299.3
285.8
271.8
2579
245.7
67.7
453
23.8
359.8
3319
300.9
271.0
244.0
75.1
63.7
53.0
40.9
288
17.5
5.1
351.6
3364
318.5
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457
458
459

175
175
175
175
175
175
175
180
180
180
180
180
180
180
180

3174
286.8
260.5
2253
2245
188.8
162.4
243.1
173.6
102.8
44.0

3312
253.0
198.2
153.3

138.8
1104
86.2
65.2
428
223

17.9
3214
266.0
213.7
150.3

70.3

227
349.2

306.2
281.1
259.1
239.3
219.6
2022
186.6
1414
96.8
55.0
9.1
314.1
243.8
204.2
1714

24.0

340.8
323.8
305.8
288.0
270.2
202.8
161.6
1202
79.9
31.6
3276
289.3
251.5

169.7
149.5
131.7
115.2
97.8
81.3
65.5
3143
281.5
248.6
214.1
174.8
119.0
832
50.5

233.0
2154
200.1
187.2
173.5
159.9
145.8

340.3
309.8
2774
2383
190.5
161.0
130.0

303.8
284.4
267.7
253.5
2394
226.9
215.6
60.8
36.6
11.9
3443
308.5
2577
228.5
204.0

71
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