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{Abstraci)

We designed 20 layer thin film system which gives 90° differential phase shift between p-polar-
ization and s-polarization in the region of 0.633um (—ALzO 1), In this thin film system the
reflectances of two polarizations are greater than 09 95% and the differential phase shift is
within 90°+0.15°. And we have calculated the spectral performance of this system whose thick-
nesses are mvolved errors. From these results it is found that we have to monitor more precisely
the thicknesses located between 4th and 10th layer in producing this thin film system.
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Fig.1. System of multilayer thin film
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Fig.2. Fields in the multilayer thin film.
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Table 1. Optimal layer thicknesses in fra- V. 5 2o e[gt spectral perform
ctions of quarterwave for 90° ance 2| H#at
differential phase shift reflector.
layer number layer thickness oE e AF T w5 w9 s o] £y
(D) 0.160 AA 2 A 2Ag o thickness monitori_ng ﬂ]—?jﬂ o) 4
(L) 0.906 237 QA "ok s E 19 HA ool
3 0.797 uniform random error s} Mg 7Sl W F
4 0.643 spectral performance & =% 4~6¢] =Alsbg )
5 0. 672 IBM subroutine package RANDU & aA}43ld
6 0.633 seed number(z&e] A+~ seed 2 T A ] Y&
7 0.767 100007, 300007, 600007, 900007= &3 ==+ 2074
9 0. 857 ¢ randon number & nl-Eol A A4l t}.
2 0.891 ¥ 4= 0.5% o4 uniform random error
10 0. 889
1 0.901 7t =g FSalvl T4 abe) 10%el 18] o el
12 0. 801 A Qad gkt g A= 0079 91° o)l A A%
13 0,948 T Yu& 2o Eeh 23] 58 62 ZA 1%} 2
14 0.934 %ol W 2] uniform random error 7} T 85 2SR
15 0,964 A 9079} 92°2fele] 90°8] 94°Afelo| A HEskm
16 0. 966 9l &g o Ech.
17 0. 984 28 aj(f=1,2,-, 2009 wehRe] Falute] &
18 0.994 AEAY 20.5%, +1% 2 2209 exot =@
o Vo o weAe 49k sl Wl spectral
. performancels = 29 3, T 4%} 5 2 = 63 7o
»  seed=100007
gsr, o seed=2300007
— & seed=600007
8
) 92t o seed =900007
5
:'E:u: o1+ ...o.00000000-..000..0000. " ey gy &X‘
2 o’ Ak xzaxm&*}rﬁ‘kﬂ"ﬁtﬂ'f“ Fgy AAzA'x .
-lé’. Jo °° Q‘E’ gm‘.‘ot:)t,mc‘lod:l\:'Haocmcmuoaooo 0O0ReR 0B OoePC0 O VoA :ﬁ?ﬂ;ﬁ
B 90[,e° u’.‘n‘
= ua
o
E sof
8861 ' 0.63 ' 0.65 0.67

wavelength (um)

Fig.4. Speetral performance of 90° differential phase shift reflector whose thicknesses
are to deviate 0.5% in a uniform random fashion from their optimal design,
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Fig.5. Spectral performance of 90° differential phase shift reflector whose thicknesses
are to deviate 1% in a uniform random fashion from their optimal design.
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Fig.6. Spectral performance of 90° differential phase shift reflector whose thicknesses
are to deviate 2% in a uniform random fashion from their optimal design.
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Table 2, Spectral performance of 90° differential phase shift reflector whose thickness

to deviate 0.5% from the optimal design.

;};;d%n‘ wavelength (N):(1+0, 94N)<0,633 ym
with 1| 2] s 4 s | 6 K s | 9 [ w0 | u

1 89,60 | 90.09 | 90.15| 90.03 | 89.80 | 89.82| 89,83 | 8£9.87 | 89,01 89,92 89. 86

2 90.29 | 90.60 | 90.46 | 90.14 | 89.83 | 89.62 | 89,52 | 89.51 89,53 | 89.55 80,54

3 90,83 | 91.16 | 90,97 | 90.58 | 90.18 | 84.87 | 89.69 | 89.60 | 89.55 | 89,52 89.46

4 a1.21 91.65 { 91.53 | 9l.15) 90.75 | 90.41 90.19 | 90.05 | £9.95 | 89.86 88.75.

5 91,29 | 91.89 | 9l.91 91,63 | 91.29 | 9L.00 | 90.80 | 48,68 ! 90,59 | 90,49 90. 37

6 91,09 | 91,82 | 91,96 91,80 | 91.55| 91,34 | 91.21 91.14 91.10 | 91.05 0,97

7 90.69 | 91.51 81.74 | 91.67 | 9L.Bl 91,37 | 91.31 91.30 | 91.33 | 91.34 91.32

8 90.25 1 91.11 91,40 | 91.39 | 91,27 | 91.192, 91.17 | 91.21 91.28 | 91.34 91. 36

9 89.88 | 90.75| 91,06 | 91.08 | 90.99 | ©0.93 | 90.94 | 91,00 | 91.09 | 91.17 91.21

10 89,60 | 90.47 | 90.79 | ©0.81 90,74 | 90.69 ¢ 40,70 90.77 | 90,86 | ©0.94 490. 98

11 89,39 | 90,26 | 90.58 | S0.60 | 90.53 | 90.48 | ©0.49 | 90.56 | 90.65 | 90,72 60,74

12 89.24 | 90.11 90,43 | 90.45 | 90.38 | ©0.32 | 90.33 % 90.39 | 90.47 | 90,53 90. 54

13 89.14 | 90,00 | 90.31 | 90.33| ©0.26 | 90.20 | 40.21 00.26 | 90.33 | 90.37 90. 36

14 80.07 | 89,93 | 90.24 | 90,26 90.18 | ©90.12 7 «0.12 4 G60.17 | 90.23 | 90.26 ©0.23

15 89.02 | 89,87 | 90.19 | 90,20 90.12 | 90,06 | 90.C6 | 90.10| 90.16 | 90.18 ©0.14

16 88,98 | 89.84 | 90.15| 90.17 | 90.08 | 20.02 | 90.02{ 90.06 | 90.11 €0.12 90, 08

17 88,96 | 89.81 90.12 | 80.14 | 90,06 | 90.00 | 89,99 0,03 ! 20.07 | 90.08 90. 03

18 88,94 | B89.80 7 90.11 90.12 | 90.04 | 89,98 | 89,97 | 90.01 20,05 | 90.06 90,00

19 88,93 1 89.78 | 90.09 | 40.11 G0.03 | B89.96 | 89,96 | 89.99 90,03 | 90,04 £9, 98

_ 20 | 8392 89771 90,09 | ©0.10] 90,02 | 89.96 | 89,95 | 89.98 | 90.02 | 90.03 | 89,97

Table 3. Spectral performance of 90° differential phase shift reflector whose thickness
_ to deviate —0.5% from the optimal design. B .
Zlbl;d%n wavelength (N), (1-+0.94N) < 0.633 pm
with Loz | 3| a4 _. 5 | o | 7 J 8 | o | 10 | u

1 | 89.22| 89.87 | 0,09 ¢0.10| €0.07 | €0.70 | ¢0.10 | €0.14| €0.15| ¢0.09 | 89.¢6

2 } 88,55 | 89.37 | 89.79 90,00 | ©0.156| ¢0.28 40,40 | 0,50 ! C0.53 J <0, 46 90,27

3 } 28.04 | 88,86 | 89,32 | B9.60 | 89.82 ] ¢0.04 | 0.26 ) ¢0.42 | €0.51 0,49 oc. 24
4 i £7.68 | 88.41 88, 81 ‘ €9.07 | 89.20 | BU.53 | ¥9.V7 | £9.98° 00,12 ¢0.14 0. 05
5 J 87.57 1 88,16 | 88.45, 88.63 | 88,79 £8.98 | £9.19 | §£v.38 ‘ £9. 50 } g0, 52 80,43

6 i« 87,71 88.1Y | 88,38 | 88,46 | 8B.54 | 88.66 ] BB.E0 | BB.¢3 1 B9.C0 88,97 a8, 84

7 88,04 | 88.44 | ®#B.55 | &8,55 | 88.56 | &8,61 88,69 | 88,75 | 88,76 | 88.67 2g.47

8 88.43 | 8B.79 | 8B.84 | 88,79 | 8B.75 | 88.76 | 8B.79 | 88,81 88.78 | &8.64 28. 40
4 ’ 88.78 | 80,12 | g9.15 | 89.07 | 89.01 88,49 | 89.€0 | 89.,C0 | B88.94 | 88,79 £8.53
10 ‘1 89,06 | 89,39 | 89.40 | £9.32 | @9.24 | &£9.22 | g9.22 | £9,21 £9.15 | &9.C0 g8, 75

11 89.27 | 89.59 | 89,61 29.52 | 89,44 | £9.41 89,42 | €9.42 | 89.36 | ¢£0,22 18 98

12 89,41 80.74 | 89.76 | 89.67 | 89,59 | 89.57 | 89.58 | £0,58 | 89,54 | £9.41 | £9.20

13 89,52 | B9.85 | 89,87 | B89.78 | 89.71 89.69 | £9.71 £9,72 | 89.69 | 89.58 £9, 38

14 89,60 | 89,93 | 89.85 | 89,86 | 89.79 | &9.77 | B£9.£0 | R9.82 | BO.BO | £9.70 £9.52
15 \ 80.65 | 89,98 | 90.00 | 89,92 89.85 E§9. 84 | 89,86 | 89.89 )| B8L.B3 | 80,79 :‘39. 63

16 20.69 | 90,02 | 90.04 | 89.96 | 29.89 | 89,88 | 29.91 89,94 | 84.93 | £9.85 £9.71
17 £9.71 90.04 | €0.06 | 84.98 | 89,92 89.91 89,494 | 89,97 | 89.97 | 89,90 £29.76-
18 80,73 | 90.06 | 90.08 | €0,00 | 89,93 | 89.93| 89.€6! £0.C0| €0.00 | 89,93 £9.79
19 89,74 90, 07 €0, 09 90.01 89,95 8y, 04 89.97 €0. 01 £0.01 29,05 £80.82
2 89,751 %0.08 | ¢90. 10| 90.02 | 89,56 | 89.95 89.98 | 20,02 ¢0.03 ! 89,26 89. 83,




0.633pym el A 4A A2k ALY Fo el AF A% £A4 7
Table 4. Spectral performance of 90° differential phase shift reflector whose thickness
to deviﬁqte 1% from the optimal design.
;g;cgl‘ wavelength (N);(14-0.94N)x0.633 um
with 1| 2| 8 a4 ] s ) e | 7 8| 9o | 1] 1
1 89.79 | 90.20 | 90.18 | 89,99 | 89,80 | 84,70 | 89.69 | 89.74 | 89,80 | 89.83 89, 81
2 91.20 | 91.25 | 90,82 | 90,22 | 89.68 | 89.30 | 89.09 | 89,02 | 89,04 | 89.10 89,17
3 92.31 92.40 | 91,88 | 91.13 | 90.40 | 89.82 | 89.43 89.20 ) 89,08 | 89.03 89.01
4 93.07 | 93,41 03.04 | 92,34 | 91.59 | 90.94 | 90.45 90.12 { 89,83 | 89.72 89. 58
5 093.19 | 93.83 | 93,82 | 93.34 | §2.73 ] 92.17 | 91.72 91.40 | 91,17 | 90.99 90. 83
6 92,72 | 93,69 | 93.90| 93.66 | 93.26 | 92.86 | 92.55 y2.34 | 92,20 92.11 92.03
7 91.84 | 92,99 | 93.40 ] 93.36 | 93,14 | 92,90 | 92,73 | 92.66 | 92,65 | 92.68 92.72
8 90.93 | 02,15 | 92.67 | 92.74 | 92,63 | 92.49 | 92.43 | 92.45 | 92,54 | 92.65 92.78
9 90,16 | 91.41 91.96 | 92,09 | 92,03 | 91.95 ] 91.94 | 92.01 92,13 | 92,29 92,45
10 89.59 | 90.83 | 91.39| 91,54 91.50 | 91.44 | 91.45 | 91,53 | 91.66 | 91.82 91,98
11 89.18 | 90.41 90,97 | 91.11 | 91,08 | 91.02 ) 91,02 | 91.10 | 91.22 | 91.37 91.50
12 85.00 | 90,11 90,66 | 90.80 ) 90.77 | 90.71 90,70 | 90.77 | 90.87 | 90.99 91. 09
13 88.69 89,89 | 90.44 | 90.58 | 90.53 | 90.47 | 90.45 | 90.50 | 90.59 | 90.69 90.75
14 88.55 | 89.75 | 90.29 | 90.42 | 90,38 ; 90.30 | 90.28 | $0.32 | 90.40 | 90.47 0. 51
15 88.45 | 89,65 ] 90.18 | 90.32 | 90,27 | 90.19 | 90.16 | 90.19 | 90.26 | 90.31 Q0. 33
16 88,39 | 89,58 | 90.11 90.24 | 90,19 | 90.11 | 90.08 | 90.11 | 90.16 | 90.21 90. 21
17 88.34 | 89,53 | 90.06 | 90.19 | 90,14 | 90.06 | 90.03 | 90,05 | 90,10 | 90.13 90.12
18 88.30 | 89.49 | 90.03] 90,16 | 90,10 | 90.02 | 89.99 | 90.01 | 90.05 | ©90.09 90, 07
19 88,28 | 89,47 | 90.01 | 90.13 | 90.08 | 90.00 | 89.96 | 89,98 | 90,02 | 90.05 90,03
20 88,26 | 89,451 89.991 90.12 1 90.06 | 89.98 ! 89.94 | 89.96 | 90.00 | 90.03 90.01
Table 5. Spectral performance of 90° differential phase shift reflector whose thickness
to deviate —1% from the optimal design.
gg;cl%n- wavelength (N):(1+0.94N)%0.,633 um
with 1] o2 ] 3| 4| s } o | 7| 8 | o9 RN
1 89.03 | 89.76 | 90.06 | 90,14 | 90,16 | 90.19 | 90,23 | 90.27 | 90.27 | 90.18 90. 01
2 87.72 1 88.79 | 89.48 | 89.96 | 90.32 ] 90.61 90.85 | 91.00 | 91.03| 90.91 90. 62
3 86.73 | 87.80 | 88.58 | 89,18 | 89,70 | 90.16 | 90.55| 90.84 | 90.99 | 90.97 90,77
4 86.03 | 86,93 | 87.60 | 88.16 | 88.67 | 89,17 | 89.61 | 89.97 | 90.21 90.28 90.18
5 85.79 | 86,45 | 86.92 | 87.31 | 87.70 | 88.10| 88.48 | 88,79 | 88,928 | 89.04 88.95%
6 86.02 | 86,48 | 86.75| 86,97 | 87.21 | 87.47 | 87.72 | 87,91 | B87.99 | 87.94 87.75
7 86.63 | 86.93 | 87.05| 87.12| 87,22, R7.35| 87.47 87,53 | 87.49 | 87.32 87. 00
8 87.37 | 87.58 | 87.60 | 87.58 | 87.58 | 87.62 | 87.65, 87.63 | 87.50 | 87.24 86, 48
9 88.04 | 88,21 | 88,17 | 88.10| 88,06 | 8B8.05| 88.04 | 87.97 | 87.80 | 87.50 87.07
10 28.58 | 88.73 | B88.67 | 88.58 | 88.52 | 88.49 | 88.46 | 88.39 1 88,21 | 87.91 87.49
11 88,091 89,13 | 89,07 | 88,97 | 88,01 | 88.83 | 83.86 | 88.79 | 88.63 | 88.35 87.96
12 89.28 | 89,43 | 89.37 | 89.27 | 89.21 | 89.19| 89,18 | 89.12 | 88.99 | 88.74 88.40
13 89.50 | 89.65 | 89.59 | 89.50| 80,44 | 89.43 | 89,43} 89,40 | 89.20| 89.08 88.78
14 89,65 | 89,80 | 89.75 | 89.66 | 89,61 | 89.60 | 8Y.62| 89,60 | 89,51 | 89.33 89, 08
15 89.76 | 89,01 | BO.86 | 89.77 | B9.73 | 89.73| 83.75| 89.75 | 89,68 | 89,53 89,31
16 89.83 | 89,99 | 89.94 | 89,85 | B89.81 | 89.81 | 89.85 | 89.85| 89.80 | 89,66 89.47
17 84,88 | 90.04 | 89,99 B84.90 | 890.86{ 89,87 | 89,91 | 89,93 | 8v.88 | 8976 89,59
18 89.92 ) 90.07 | 90.02 | 89.94 | 89,90 | 89.92 | 89.96| 89.98 | 89,94 | 89.83 9. 67
19 89.95 ! 90,10 | 90.05 | 89.97 | 89.93 | 80,94 | 89,99 | 90.01 | 89.98 | 89.87 89,72
20 89.96 | 90. 121 90.07 | 89,981 80.94 89,96 1 90.011 90,031 90,001 89,90 89,76
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Table 6. Spectral performance of 90° differential phase shift reflector whose thickness
to deviate 2% from the optimal design.

glsléck#n- wavelength (N);(1-40.94N) 0,633 pm
;‘;‘rt% 12 s | a4l 5| 6| 7] 8| 9| 1| n
1| 90.18 | 90.42 | 90.24 | 89.91 | 89.63 | 89.46 | 89.42| 89,47 | 89.56| 89.65 | 89,70
2 | 93.08| 92.62| 91.50 | 90.43 | 80.42 | 82,68 | 88.24 | 85.05 86.05| 88,19 | 88.42
3 | 95.43| 95.07 | 93.89 | 92.40 | 90.96 | 89.80 | 88.96 | 88.43 | 88.14| 83.04| 88.08
4 | 96.94| oT.21| 96.40 | 95.03| 93.53 | 9219 | OL11 | 90.33 | 89.78 | 89.42 | 89.22
5 | 96.94| 98.06| 97.99 | 97.16 | 96.00 | 94.84 | 93.83 | 95.04 | 92.45| 92.03| 9173
6 | 95.66 | 97.30| 97.98 | 97.75| 97.08 | 96.28 | 95.57 | 95.00| 94.60 | 9433 | 94.17
7 | 93.63| 95.68| 96.70 | 96.92| 96.68| 96.27 | U5.88 | 95.61 | 95.47 | 96.45| 95.53
8 | 91.65| 93.79 | 94.99 | 95.46 | 95.47 | 95.30| 95.14 | Y5.07 | 95.13 | 95.20 | 5.55
9 | 90.08| 92.21 | 93.46 | 94.01 | 94.14| 94.09 | ©4.03 | 94,07 | 94.21 | 04.46 | ©4.80
10 | 88,95 | 91.03| 92.28 | 92.85 | 93.01 | 93.00 | 92.98 | 93,04 | 93.21 | 93.46  93.79
Il | 8316 | 90.19 | 91.40 | 91.67 | 92.13 | 9212 | 92.10| 92.16 | 92.51| 92.53 | o92.81
12 | 87.62| 80,61  90.80 | 91.35 | 91.50 | 91.48 | 91.45 | 91.49 | 9L.61 | UL.79 | 92.01
13 | 87.23 | 89.20 | 90.37 | 90.90 | 9L.03| 91.00| 90.96 | 90.98 | 91.06 | 91.21 | 91.37
14 | 86.97 | 88.92 | 90.07 | 90.60 | 90.72 | 90.68 | 90.63 | 90.62 | 90.69 | 90.80 | 90,92
15 | 86.79 | 88.73 | 80.87 | 90.39 | 90.51 | 90.46 | 90.30 | 90.38 | 90.43 | 90.61 | 90.60
16 | 86.67 | 88.60 | 89.73 | 90.25 | 90.36 | 90.31 | 90.24 | 90.22| 90.25| 90.32 | 90.38
17 | 86.58 | 88.50 | 89.64 | 90.16 | 90.26 | 90.21 | 0.13 | 90.10 | 90.13| 90.19 | 90.24
18 | 86.51 | 83.44 | 89.57 | 90.08 | 90.20 | 90.14 | 90.06 | 90.03 | 90.05 90.10| 90.14
19 | 86.46 | 88.30 | 89.52 | 90.03 | 90.15 | 90.09 | 90.01 | 89.98 | 90.00 | ©00.04 | 90.07

20 86.43 | 88,35 89.49 | 90.00 | 90,12 | 90.06 | 98.98 | 89.94 | 89.96 | 90.00 90, 03

Table 7. Spectral performanee cf §6° differential phase shift reflector thickness to
deviate —2% from the optimal design.

;1;;01;1 wavelength (N);(1-+0.94N) X0, 633 ym
with
error | 1 |2 ’ 3 ] 4 j 5 j 6 j 7 J 8 } o ] 10 j 11
1 | s8.66| £9.55| 90.00| 90.22 | 90.34 | €0.43 | ©0.50 | 90.54 | 90.50 | 00.36 | 90.11
2 | .11 | 87.68 | 83,91 | 89.90 | ©0.69 | 91.31 | 91.76 | 92,00 | 92.03| 91.80 | 91.31
3 | 84,28 | 85.87 | 87.25 | 88.46 | 89.53 | ¢0.45| 91.19 | 91.70 | 91.96 | 91.92 | 91.58
4 | 82,97 | 84.28 | 85.47 | 86.58 | 87.63 | e8.58 | £9.39 | ©0.01 | ©0.40 | 90.52 | 90,38
5 | 82,47 | €3.37| 84.21 | 85.03 | ©5.82| 86.57 | &7.21 | 87.70 | 89.98 | $8.04 | 87.88
6 | 82,79 €3.34| 83.84 | 84.35 | 84.€6 | 85.33 | 85.72| €5.66| 86.01 | 85.84 | 85.48
7 | 83.80 | £4.07 | 84.31 | e4.55| 84.81 | ©5.03 | 85.16 | ©5.14 | 84.94 | 84.53 | £3.94
& | 8.10 85.20 | 85.25| 85.32 | 85.40 | 85.45 | 85.41 | 85.22 | 84.85 | 84.27 | 83.51
9 | 86.34| ©6.34| 86.29 | 86.26 | 86.25| £6.20 | 86.07 | 85,80 | 85.35| 84.69 | 83,87
10 | 87.36| 87.32| 87.22| 87.15| 87.09 | 87.02 | 86.86 | £6.57 | $6.10| 85.45| 84,65
11 | 88.15! 88,10 | 87.99| 87.90 | 87.84 | 87.77 | 87.62| 87.35| 86.01| £6.31 | 85.50
12 | 88,73 | 88.68 | 88.57 | 88.49 | 88.44 | £8.38 | 88.26 | 86.02 | B7.65 87.12 | 86.51
12 | 89.18 | 0.12| 89,02 | 88.94 | 88.91 | 88.87 | 88,79 | 88.60  88.28 | 87.85| 87.35
14 | 89.48 | 89.43 | 89.33  89.27 | 89.25 | £9.23 | 89,18 | 89.03 | 88.78 | £8.41 | 88,02
15 | 89.70 | 20,65 | 89,56  89.50 | 89.40 | 89,50 | BY.47 | 89.36 | 89.15 | £8.85 | 88.56
16 | 89.85 | 89.80 | 89.71 | 89.66 | 89.67 | 89.69 | £9.68 | 89.59 | 89.42 | £9.18 | 88.95
17 | 89.96 | 89.91 | 89.82 | £9.78 | 89.79 | 89.81 | 89,82 | 89.76 | 89.61 | €9.41 | 8993
18 | 90.03 | 80.98 | 89,90 | 89.86 | 89.87 | 89.90 | 89.92 | 89.87 | 89.74 | 89.57 | 8043
19 | 90.08 | ©0.03| 89.95| 89.91 | 89.92 | 89.97 | 89.99 | 89.05 | 89.83 | £9.68 | 89,57
20 | €0.12 90.07 ) 89,98 | 89.94 | 80.96 | €001 ) ©0.03 | 90.00 | 89,80 | 89.75 | go.66
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Table 8, Speectral performance of 90° differential phase shift reflector whose thickness
to deviate 2,/4<0.005 from the optimal design. L
. g?sid;" wavelength (N);(1--0.94N) <0, 633 xm
ith v o2 3| a2 5| 6 70 8 | 9 | 10| 1
1 90, 61 90.67 | 90.31 | 89,83 | 89,43 89,19 | 89.12 | 89,18 | 89.30 | 89.44 89.58
2 91.41 | 91.27 | 90.67 ) 89,97 | B89.37 | 88,97 | 88,79 | 88,78 | 88,83 | 80.04 89,23
3 92.13 | 92,00 | 91.35] 90.54 | 89,82 89.30 | 89,00 | 88.89 | 88,90 | 88.99 89,12
4 92.75 | 92.81 92,26 | 91.48 1 90.73 | 90,15 | 89.78 @ 89,58 | 89.51 | 89.51 89.55
5 92,89 | 93.21( 92,87 | 9223, 9L.58 | 91,05} 90,71} 90.52 | 90.45| 90,44 90, 46
6 92,58 | 93.11 | 92,98 92.52| 92.01 91,60 | 91.34 | 91.24, 91.24| 91.30 91. 38
7 92,05 | 92.70 | 92,69 | 92.35| 91.95 | 91.64 | 91.47 | 91.45 | 91.52 | 91.66 91. 82
8 91.54 | 92,24 | 92,29 | 92,02 | 91.68 | 91,42 | 91.31 | 91.33 | 91,46 | 91,64 91. 85
9 91.12 | 91.83| 91.91 91.67 | 91.36 | 91,13 | 91.05 | 91.09 | 91.24 | 91.44 91.67
10 90,80 | 91.51 | 91.60 | 91.37 | 91.07 | 90.85 | 90.78 | 90.83 | 90,98 | OL.18 91,40
11 90,57 | 91,28 | 91.37 | 91.14 ] 90.84 | 90,62 | 90.54 | 90.60 | 90,74 | 90.93 91,13
12 90.40 | 91.11 ) 91.20 | 90,97 | 90.67 | 90.45| 90.36 | 90.41 90,54 | 90.71 90, 90
13 90.29 | 91.00 | 91.08 | 90.85 | 90.55 | 90.32 | 90.23 | 90.27 | 90.33 | 90.55 90,71
14 90,22 | 90,92 | 91,00 | 90.76 | 90.46 | 90.23 | 90.14 | 90,17 | 90,28 | 90.43 90. 58
15 90.16 | 90.86 | 90,94 | 90.71 | 90.40 | 90,17 | 90,07 | 90.10| 90,20, 90.34 90. 48
16 90,13 | 90.83; 90.91 90.67 | 90.36 | 90,13 | 90.03 | 90.05 | 90,15 | 90.28 90.41
17 90.10 | 90.80 | 90.88 | 90,64 | 90.34 | 90,10 | 90,00 | 90.02 | 90,12 | 00.24 90, 37
18 90.09 | 90.78 | 90.86 | 90.63 | 90.32 | 90.09 | 89.98 | 90,00 | 90.09 | 90.22 90, 33
19 90,07 | 90,77 | 90.85 | 90.61 | 90.31 | 90.07 | 89.97 | 89.98 | 90.08 | 90,20 90. 31
20 | 90.06 1 90.76 [ 90.84 | 90.611{ 90.30 ! 90.061 89.96| 89,981 90.07 ' 90,19 90. 30
Table 9. Spectral performance of 90° differential phase shift reflector whose thickness
to deviate 1,/4:<(—0.005) from the optimal design.
;gédéﬂ wavelength (N):(1--0. 94N) x0.633 um
ith N N 5 s | 7 8| o 0| u
1 ’ 88.24 | u.31| 89.94| c0.31| 90.54| 90.70 90.81 | 90.84% 90,76 [“90.56 | 90.22
2 ‘ 87.54 | 88.79| 89,64 | 90.22| 90.63 | 90.94 : 91,15 | 91.24 | 91.18 | 90.95 90. 55
3 86,94 | 88.18 | 89.07 | 80.73| 90.24 | 90.65, 90.96( 9l.14 | 91,15| 90.99 90, 63
4 86,41 | 87.52 | B8B.32| 88.93 | 89.44 | 89.87 | 90.22| 90.45| 90,53 90.44 90.16
5 86.28 | 87.20 | 87.83 | 88.31 1 8871} 89.06 | 89.35| 89,54, 89,60 | 82.49 89,22
6 86,51 | 87.26 | 87.73 | 88.06 | ss. 33| 88.56 | 88.74 | 88.83 | 88.79| 88.60 88, 26
7 86,95 | 87.59 | 87.95| 88,18 | 8g.35| 88.40 | 88.58 | B88.58 | 8B8.46 | 85.18 87.76
8 | 87.40 | 87.99 | 88.30, 88.46 | 88.58 | 88.66 ‘ 88.69 | 88.64 | 88.46 | 83.14 87.66
9 87.79 | 88.36| 88.64 | 83783 | B88.86, 88.91 | 88.92 | 88.84 | 88,64 | 88.29 87.79
10 ( 88.10 | 88,67 | 88.93 ! 89,05 80.12| 89.17 | 89.16 | 89.08 | 88.87 | 88.52 88.02
11 " £8.33 | 88.80| 89.16 | 89.28 | 89.34 | 89.38 | 89.38| 89.30, 80.10| 88.76 88. 28
12 88.50 | 89.06 | 89.32 | 89.44 | 89.51 | B89.56 | 89.56 | 89.49 | 89.30| 88.97 88.52
13 88.61 | 89.18 | 89.44 | 89,56 | 89.64 | 89.68 | 89.69 | 89.63 | 89.45| 89.14 | 88,71
14 88.69 | 89.26| 89,52 | 89,65 | 89.72 ! 89.78 | 89,79 | 89.73 | 89.57 | 89,27 88,86
15 88.75 1 89.31 1 89.58 | 89.71 | 89.78 | 89,84 | 89,86 | 89.81 | 89,65 | 89,37 88.97
16 88.78 | £89.35 ) 89,62 | 89.75 | 89.82 | 89,83 89,901 89.86, 89,71 | B89.43 89.05
17 88.81 | B89.38 | 89,65, 89.77 | 89.85 | 89,91 | 89.94 | 89.89 | 89,75 80.48 89.10
18 88.83 | 89.40 | 89.66 | 89.79 | 89.87 | 89.93| 89.96 | 89.92 | 89,77 | 89.51 89,14
19 88.84 | 89.41 | 89.68 ! 89.80 | 89.83 | 89.94 | 89.97 | 89.93 | 89.79 | 80.53 89,16
20 88.85 | 89.42 | 89.68 ! g9.81 | 89,89 | 89.95 | 89.98 | 89,94 | 89.80 | 89.54 89.18

— 401 —



10

BHE - 25T

Table 10. Spectral performance of 90° differential phase shift reflector whose thickness
to deviate 2,/4X0.01 from the optimal design.

;2;0';" wavelength (N);(1-+0.94N) X0, 633 pm
with 1 2 s | oa |l s | e | 7] 8| o9 10 1
1 | 91.86| 91.39| 90.52| 89.61| 88.89 | 88.45| 88.79 | 8.35 | 88.57 | 88.87 | 89.23
2 | 93.54| 92.67| OL31| 89,92 | 88.79 | 88.03 | 8T.ed | 87.57 | 87.72| 88.05 | 88.50
3 | 95.09| 04.27 | 92,78 | Y116 | €9.75 | 88.72| 88.08 | 87.78 | 87.76 | 87.94 | 88.27
4 | 96.43| 96.04| 94.78| 93.21| 91.71 | 90.52| 89.69 | 89.20 | 88,98 | 88.97 | 89.11
5 | 96.66| 96.88 | 96.11| 4,86 | 93.55| 92.44| 91.63 | 91.12| 90.87 | 90.81 | 90.90
6 | 95.88 | 96.60| 96.31 | u5.47 | 94.47 | 93.59 | 92,96 | 92.60 | 62.47 | 92.52 | 92.71
7 | 94.71| 96.67 | 95.66 | 95.09| 94.33 | 93.66 | 93,20 | 93.00 | 93.01 | 93.21 | 93.54
& | o3.62| 94.67| 94.80 | 94,36 | 93.74 | 93.18| 02.84 9273 | 92.84 93.13 | O93.55.
9 | 92.75| 03.82| 94.00| 93.63| 93.07 | 92.57 | 92.27 | 92.21 | 92.36 | 92.68 | 93.14
10 | 92.11| 92.17 | 93.36| 93.01| 92.47 | 9199 | 9L.71 | ol.66 | 91.82| 92.13| 02.58
11 | 91.65| 9270 | 92.88| 92.53 | 12.00| 91.52| 91.24 91,18 | o1.32| 9l.62| 92.03
12 | 91.33 | 92.37 | 92.54 | 92,19 | 9L.65 | 91.17 | ©0.88 | 90.80 | 90.92 | 91.19 | 91.56
13 | on12| 9214 | 92.31 | YL.95| 91.40 | 90.92| 90.62 | 90.53 | 90.63 | 90.87 | 91.20-
14 | 0097 | o199 92.15| 91.78| 91.23 | 90.74 | 90.43 | 90.33 | 90.42 | 90.63 | 90.94
15 | 90.87 | 91.88 | 92.04 | 9L.67 | 9L12| 90.62| 90.31 | 90.20 | 90,27 | 90,47 |  90.76:
16 | 90.80 | 91.81 | 91,96 | 91.60 | 91.04 | 90.54 | 90.22 | 0.11 | 90.17 | 90.36 | 90.63
17 | 90.75 | 0L.76 | 91.91 | 91.54 | 90.99 | 90.49 | 90.17 | 90.05 | 90.11 | 90.29 | 90.54
18 | 90.72 | 91.72 | 91.88 | 91,51 | 90.95 | 90.45 | 90.13 | 90.01 | 90.06 | 90.24 | 90.49:
19 | 90.69 | 01.70 | 91.85| 91.48 | 90.93 | 90.43 | 90.10 | 89.98 | ©0.03 | 90.21| 90.45
20 | 90.67 | o168 | 01.84 91.47| 9001 | 90,41 90,08 89.96 | 90,01 | 90.18 | 90.43.

Table 11. Spectral performance of 90° differential phase shift reflector whose thickness
to deviate A,/4x(—0.01) from the optimal desigr.

("-Jl;;d%n wavelength (N):(140.94N) % 0.633 gm
with . . T
i 1 ] 9 3 ] 4 ] 5 ] 6 | 70 8 | 9 0 | 1
1| 87.12| .63 | 89.79 ' 90.57 | o112 | o1.47| 91.66| 91.68 | 91.40 | 91.10| 90.50
o | 86.79 | 87.71 | 89.23| 90.42 | 91.32 | 91.97 | 92.36| 92.49 | 92.33 | 91.87 | 91.14
3 | 84.70| 86.61 | 88.21 | 89.53 | 90.59 | 91.42 | 91.99 | 92.28 | 92.26 | 91.93 | 91,29
4 | 83.78| 85.44| 86.85 | 88.06| £9.08 | 89.91 | 90.53 | 90.90 | 90.99 | 90.79 | 90.30
5 | sa55| 8187 8507 86.01| 8771 8837 88.84| 80.10| 80.11| 83.85 8837
6 | 83.96| 84.97 | 85.77 | 86.43 | 86.96 | 87.37 | 7.6 | 87.65| 87.46 | 87.03 | 86.38.
7 | 84.77 | $5.58 | 6.18 | 6.63 | 86.97 | 87.18 | 87.24 | 87.10| 86.73 | 86.13 | 85.32
3 | 85.62| 86.34| %6.82| 87.15| 87.87 | 87.47 | 87.41 | 87.15| 86.67 | 85.96 | 85.05-
9 | 86.38| 87.04| 87.46| 87.74 | 87.90 | 87.93 | 87.81 | 87.50 | 86.97 | 86,21  85.25
10 | 86.991 87.63| 88.02| 88.27| 823.40| 88,41 | 88.27 | 87.94 | 87.40| 86.63 | 85.68
11 ! 8744 88.08| 88.47 | 88.70| 83.83 | 88.84 | 88.70 | 88.37 | 87.84| 87.10 | 86.18
12 | 87.77| 88.41| 88.80| 89.04 | 80.16| 89.18 | 89.05 | 88.74 | 88.23 | 87.52| 86.66
13 | 88.00| 88.64| 89,03 89.28 | 89.41 | 89.43 | 89.32 | 89.03 | 88.55| 87.87 | 87.06
14 | 88.16 | 88.80 | 89.20 | 89.45 | 89.59 | 89.62 | 89.51 | 89.24 | 88.79 | $8.15| 87.37
15 | 88.27 | 88.92 | 80,31 | 89,56, 9.7l | 89.75 | 89.65 | 89.40 88.96 | 88.34 | 87.6l
1o | 88.35| 88.99 | 80.30| 89.64 | 89.79 | 89.83 | 89.75| 890,50 | 89.08 | 88.49 | 87.78
17 | 88.40| 89.05| 80.45 | 89.70 | £9.85 | 89.90 | 8.8l | 89.58 | 89.16 | 88.58 | 87,90
18 | 88.44 | 89.08 | 80.48 | 80,74 | 89.80 | 89.94 | 89.86 | 89.63 | 89.22 | 88.65| 87.98
1o | 88.47| 80,11 | 80,51 | 80.76 | 89.91 | 89.96 | 89.89 | 89.66 | &9.26 | 88.70 | 8803
o0 | 88.48 | 89.13 89,531 89,78 | 89,093 | 89.98 | 80.91 | 80.68 | 89.29 | 88,73 | 88.07
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