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(57) Abstract: Disclosed are an optical pick-up device, an optical information
recording/reproducing device, and an objective preferable therefor enabling
achievement of compatibility among three types of optical discs, i.e., BDs,
DVDs, and CDs by means of a common objective and enabling the working dis-
tance of the CDs to be adequately ensured. The objective has a first optical path
difference imparting structure in the central region made by superimposing at
least a first fundamental structure and a second fundamental structure one on the
other and a second optical path difference imparting structure in the intermediate
region made by superimposing at least a third fundamental structure, a fourth
fundamental structure, and a fifth fundamental structure. The order of the
diffracted light produced most frequently by the first fundamental structure is
made equal to that produced by the third fundamental structure, and the order of
the ditfracted light produced most frequently by the second fundamental struc-
ture is made equal to that produced by the fourth fundamental structure. By the
fifth fundamental structure, the zero-th order diffracted light is produced most
frequently from a first light beam having a first wavelength, the zero-th order
diffracted light is produced most frequently from a second light beam having a
second wavelength, and the G-th order diffracted light is produced most fre-
quently from a third light beam having a third wavelength.
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0.9+ (A1.7(n-1))<d11<1.5 - (117 (n-1)) (1) "
0.9 (A1.7(n-1))<d12<1.5 - (117 (n-1)) (2) "

EEFH 1D, 111£405nm (0. 405um) TH-T. niFk1. 5
592THANT, BREEJ 11, d12% UTOEH®HREE I &IC
1%,

0. 65um<d11<1. 09um
0. 65um<d12<1. 09um

F1-. EWEGI 1 DE2ABEMSHEBEL. PRBROLSBEEHICENT, £
TEEBELRUESEREEL, F2EMBELRUEIEREELE2E
RHOOLE-EEIC, BIL, FoEHBELZEREOE-ABRENEBEL L
STWb, EfEF 1 DESEREEL, FoRBEEELZBBRLIE 1 AERD
ORDEFAEZMD N EEIRBOEIRAELYEXREC L, FEHEE
BEXBBELI-E2HRDORDEFRAELMD VNG ERBOEIHFHLESL Y
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[0168] RI1ICEEHM1DOLUAXT—2%TRT,
[0169] [F1]
WL v XOEAEEE  f1=2.20m f2=2.38mm f3=2.45mm
BI04 NAl : 0.85 NAZ @ 0.60 NA3 : 0.47
f5E nl: 0 n2 : 0 n3: 0
. . di ni di ni di ni
i r (405nm) | (405nm) | (660nm) | (660nm) | (785nm) | (785nm)
0 oo} 00 co
1 0.0 0.0 0.0
(B h &) ($3.74mm) {¢2.87um) (¢ 2.30mm)
2—1 1.3099 2.670 1.5414 2.670 1.5225 2.670 1.5193
2—2 1.5097
2—3 1.4723
3 —2.3669 | 0.721 0.646 0.359
4 o0 0.0875 1.6196 0.600 1.5773 1.200 1.5709
5] [e's]
Hino. 2—1 2—2 2—3 3
PRI h=1.180 1.180=h=<1.45] 1.45=h=1.87
¥ | —8.7226E—01| —3.7413E—01| —5.9930E—01 | —3.3091E+01
A0 0.0000E+00 2.4521E—02 2.2268E—02 0.0000E +00
Ad 7.9383E—03 2.3786E—02 1.9406E—02 1.0060E—01
A6 5.4166E—03 | —1.89040E—03 | —1.0124E—04 | —9.9722E—02
A8 3.1408E—04 | —3.0942E—04 2.4046E~03 7.7657E—02
JESRE (R %L A0 | —1.3516E—03| —2.2047E—03 | —1.5974E—03 | —4.3120E—02
A12 5.1208E —04 5.9886E—04 2.3273E—04 1.4491E—02
Ald 7 .0800E — 04 3.2379E—04 2.3920E—04 | —2.5798E—03
A16| —7.9609E—04 | —2.2751E—04 | —1.6547E—04 1.8060F — 04
A18 3.2163E—04 8.4526E— 05 4.5018E—05 0.0000E + 00
A20] —4.3814E—05] —1.5640E—05| —4.6358E—06 0.0000E + 00
BN 1,/1/1 1,711 2/1/1
B2 6.3821E+01 6.4208E+01 1.4185E+01
ELREE B4 | —6.0360E+00| —6.3479E+00 1.7360E+00
E2fg B6 3.1232E+00 2.4210E+00 | —1.7979E—01
B&| —1.3062E+00 | —5.1565E—01 | —1.0132E—01
B10 2.5156E—01 5.8699E—02 | —4.6009E—02
mlir g 2,71,/1 2/1/1 —
B2| —7.6263E+00| —7.6722E+00 —
PR E B4 | —3.7264E+00 | —4.1548E+00 —
E5p g B6 1.5761E+00 1.4111E+00 —
B8 | —9.7167E—01 | —3.8603E—01 —
B10 2.3713E—01 7.2573E—02 —
BN — 0,0,/ *1 —
B2 — —9_4827E+01 —
B3 B4 — 1.9720E+02 —
BA¥ B6 — —1.5525E+02 —
B8 — 5.5362E+01 —
B10 — —7.4420E+00 —
P EARME +-onm
ASAS: —0.105
ASA5 1 —0.024
SAH : 0.015 [d{n—1)721%kN| : 45
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[F&2]

Ring No. (E;) (E;) AO A2 A4 A6 t?ﬁ;;F

1 |0.00000|0.12527 | 0.00000| 0.33265| 0.02116| 0.00000]0.12527

5 | 0.12527 | 0.17728 | 0.00094| 0.33275| 0.02123| 0.00000]0.05202

3 |0.17728|0.21728| 0.00188] 0.33281| 0.02131| 0.00000 |0.01000

4 |0.21728]0.25108| 0.00283| 0.33293| 0.02139| 0.00000|0.03379

5 |0.25108|0.28091| 0.00377| 0.33302| 0.02148] 0.00000]0.02983

6 |0.28091]0.30793| 0.00471| 0.33310| 0.02158] 0.00000]0.02703

7 |0.30793 | 0.33283| 0.00566] 0.33318| 0.02168| 0.00000]0.02490

8  |0.33283]0.35606| 0.00860| 0.33325| 0.02179| 0.00000]0.02322

9 | 0.35606 | 0.37791| 0.00609| 0.33317| 0.02188| 0.00000]0.02185

10 |0.37791 | 0.39861 | 0.00703| 0.33324| 0.02200| 0.00000]0.02071

11 |0.39861]0.41831| 0.00798| 0.33330| 0.02212| 0.00000]0.01973

12 |0.41834|0.43723| 0.00892| 0.33336| 0.02224| 0.00000]0.01888

13 |0.43723|0.45537 | 0.00987| 0.33341| 0.02237| 0.00000]0.01814

14 |0.45537]0.47286| 0.01082| 0.33345| 0.02250] 0.00000]0.01749

15 | 0.47286]0.48976 | 0.01177| 0.33349| 0.02264] 0.00000]0.01690

16 | 0.48976 | 0.50613 | 0.01126| 0.33338| 0.02276| 0.00000|0.01637

17 | 0.50613|0.52203| 0.01221| 0.33341| 0.02290] 0.00000]0.01589

18 | 0.52203|0.53748 | 0.01316| 0.33343| 0.02301| 0.00000]0.01546

19 |0.53748]0.55254| 0.01412| 0.33345| 0.02319]| 0.00000]0.01506

i 20 | 0.55254|0.56722| 0.01507| 0.33346]| 0.02334| 0.00000]0.01469
x» 21 |0.56722 | 0.58157| 0.01603| 0.33346] 0.02350| 0.00000]0.01434
;g 22 ]0.581570.59559 | 0.01459| 0.34150| 0.00000| 0.02274]0.01403
23 |0.59559 | 0.60932| 0.01545| 0.34194] 0.00000| 0.02185|0.01373

24 |0.60932 | 0.62278 | 0.01631| 0.34238| 0.00000| 0.02104]0.01345

25 | 0.62278|0.63597 | 0.01716| 0.34282| 0.00000| 0.02030]0.01319

26 | 0.63597|0.64892| 0.01801| 0.34326] 0.00000| 0.01962]0.01295

27 | 0.64892]0.66164 | 0.01886] 0.34370] 0.00000| 0.01899]0.01272

28 | 0.66164]0.67414| 0.01825] 0.34399] 0.00000| 0.01839]0.01250

29 | 0.67414]0.68643 | 0.01908| 0.34443| 0.00000| 0.01785]0.01229

30 | 0.68643|0.69853 | 0.01992| 0.31487| 0.00000| 0.01735|0.01210

31 | 0.69853|0.71045| 0.02075| 0.34531] 0.00000| 0.01689|0.01101

32 |0.71045|0.72218| 0.02380| 0.33275| 0.02533| 0.00000]0.01174

33 |0.72218]0.73375| 0.02479| 0.33266] 0.02552] 0.00000]0.01157

34 |0.73375|0.74516| 0.02433| 0.33243| 0.02568| 0.00000]0.01141

35 |0.74516]0.75641| 0.02532| 0.33233] 0.02588| 0.00000]0.01125

36 |0.75641]0.76751| 0.09062| 0.00000| 0.59827|—0.32850]0.01111

37 | 0.76751]0.77848 | 0.09347| 0.00000| 0.58204|—0.31002 | 0.01095

38 |0.77848[0.78931 | 0.09633| 0.00000| 0.56669 |—0.29303 | 0.01083

39 |0.78931[0.80000| 0.09771| 0.00000]| 0.55189 |—0.27724]0.01070

40 | 0.80000 | 0.81038 | 0.10058| 0.00000| 0.53808 | —0.26276 | 0.01057

41 |0.810580.82103| 0.10346] 0.00000] 0.52496| —0.24936 | 0.01045

[0174]
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[%&3]

) hs hl Eow T
Ring No. (um) (um) AO A2 A AB (nn)

42 0.82103(0.83136| 0.02674| 0.34981 0.00000 | 0.01332]0.01034

43 0.83136(0.84158 | 0.02753| 0.35025 0.00000 | 0.01810]0.01022

44 0.84158 [ 0.85170] 0.02686! 0.35052 0.00000( 0.01287]0.01011

45 0.85170( 0.86171 0.02764 0.35096 0.00000 (.01267 1 0.01001

46 0.86171|0.87162| 0.02842| 0.35139 0.00000| 0.01248{0.00991

47 0.87162]0.88143| 0.02920| 0.35182 0.00000| (.01231|0.00981

48 0.88143(0.89114| 0.02997| 0.35225 0.00000| 0.01213}0.00972

49 0.89114 {0.90077 | 0.02929| 0.35251 0.00000{ 0.01196]0.00962

50 0.9007710.91030 | 0.03005| 0.35294 0.00000( 0.0118010.00954

51 0.9103010.91975| 0.03081| 0.35336 0.00000 | 0.01166|0.00945

52 0.91975]0.92911 0.03157 0.35379 0.00000 (0.01152 | 0.00936

53 0.92911 | 0.93840 0.03233 0.35421 0.00000 0.0113810.00928

54 0.93840(0.94760| 0.03164| 0.35447 0.00000 | 0.01124(0.00920

55 0.94760 | 0.95673 | 0.03239| 0.35488 0.00000| 0.01112]0.00913

56 0.95673|0.96578 | 0.03314| 0.35530 0.00000| 0.01101]0.00905

57 0.965780.97476 | 0.03389] 0.35571 0.00000| 0.01090[0.00898

58 (.97476 | 0.98367 0.03463 0.35612 0.00000 0.01080 | 0.00891

59 (.98367 | 0.99251 (.03393 0.35636 (. 00000 0.01068 | 0.00884

60 (0.99251]1.00128 0.03167 0.35677 (.00000 0.01059 | 0.00877

o 61 1.0012811.00999 | 0.15581 0.00000 0.35317 | —0.10591 | 0.00871
f; 62 1.00999]1.01863| 0.15878| 0.00000 0.34754 | —0.10218 | 0.00864
;& 63 1.01863]1.02721 0.16024 | 0.00000 0.34194 [ —0.09860 | 0.00858
64 1.0272111.03573| 0.16321 0.00000 0.33665 | —0.09523 | 0.00852

65 1.035731.04419 (.16619 0.00000 (0.33153 |1 —0.09200 | 0.00846

66 1.04419 ] 1.05259 0.16917 0.00000 0.32656 | —0.08893 | 0.00840

67 1.05259(1.06093| 0.17065 0.00000 0.32160 [ —0.08596 | 0.00834

68 1.0609311.06922| 0.17365 0.00000 0.31692 | —0.08315 | 0.00829

69 1.06922|1.07745 0.17665| 0.00000 0.31236 | —0.08046 | 0.00823

70 1.07745]11.08563 | 0.17966| 0.00000 0.30794 | —0.07789 | 0.00818

71 1.08563[1.09376 | 0.18116| 0.00000 0.30350 | —0.07539 | 0.00813

72 1.093761.10184 | 0.18418| 0.00000 0.29930 [—0.07302 { 0.00808

73 1.10184 | 1.10987 0.18721 0.00000 0.29522 | —0.07074 1 0.00803

74 1.10987|1.11784 0.19025 0.00000 0.29123 1 —0.06856 | 0.00797

75 1.1178411.12577 | 0.19178| 0.00000 0.28723|—0.06644 | 0.00793

76 1.12577 11.13366 | 0.19484| 0.00000 0.28343 | —0.06441] 0.00789

77 1.1336611.14149| 0.19791 0.00000 0.27972 | —0.06246 | 0.00783

78 1.14149(1.14928 0.20099 0.00000 0.27610 | —0.06057 | 0.00779

79 1.14928 | 1.15703 0.20256 0.00000 0.27244 | —0.03874 ] 0.00775

80 1.157031.16473 0.20566 | 0.00000 0.26897 [ —0.05698 | 0.00770

81 1.1647311.17239| 0.20878| 0.00000 0.26556 | —0.05528 | 0.00766

82 1.1723911.18000 0.21192 0.00000 0.26223 | —0.05364 | 0.00761
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[=4]

Ring No. (E;) (Ei) A0 A2 A4 A6 E}ﬁ;;F

83 |1.18000|1.18752| 0.21381| 0.00000] 0.258730 |—0.05205 |0.00752

84 | 1.18752| 1.19500| 0.21670| 0.00000| 0.256927 |—0.0507¢|0.00748

85 | 1.19500]1.20244| 0.21961] 0.00000| 0.253166|—0.04938 | 0.00744

86 | 1.20244|1.20983| 0.22255| 0.00000| 0.250447 |—0.048100.00739

87 | 1.20983 | 1.21718| 0.22005| 0.00000| 0.247375|—0.04682 | 0.00735

88 | 1.21718|1.22449| 0.22302| 0.00000| 0.244742|—0.04561 |0.00731

89 | 1.22449|1.23176| 0.22601| 0.00000| 0.242144|—0.04443|0.00727

90 | 1.23176|1.23899| 0.22902| 0.00000| ©.239580 |—0.04328 | 0.00723

91 | 1.23899 | 1.24617 | 0.23446| 0.00000| 0.237204 |—0.042160.00718

92 | 1.24617 | 1.25332| 0.23752| 0.00000| ©.234701|—0.04106|0.00715

93 |1.25332|1.26013| 0.24060| 0.00000| 0.232226]—0.03999]0.00711

94 |1.26043|1.26749| 0.24370| 0.00000| 0.229782|—0.03894]0.00706

95 | 1.26749|1.27452| 0.24131] 0.00000| 0.227059|—0.03791]0.00703

96 | 1.27452|1.28152| 0.24445| 0.00000| 0.224681|—0.03691|0.00700

97 |1.28152 | 1.28847| 0.24762| 0.00000| 0.222331|—0.03594 | 0.00695

98 | 1.28847 | 1.29539| 0.25080| 0.00000| 0.220009 |—0.03498 | 0.00692

99 |1.29539 | 1.30227| 0.25645| 0.00000| 0.217833 |—0.03404]0.00688

100 |1.30227|1.30912| 0.25968| 0.00000| 0.215562|—0.03312 |0.00685

| 101 | 1.30912|1.31593| 0.26293| 0.00000] 0.213319|—0.03223 | 0.00681
m [ 102 |1.31503|1.32271| 0.26620| 0.00000| 0.211105]—0.03135]0.00678
#8 | 103 |1.32271|1.32945| 0.26389| 0.00000| 0.208690|—0.03053]0.00674
B | 104 |1.32945|1.33616| 0.26718| 0.00000| 0.206546 | —0.02970]0.00671
105 | 1.33616|1.34283| 0.27048| 0.00000| 0.204435|—0.02889 | 0.00667

106 |1.34283|1.34947 | 0.27379| 0.00000| 0.202359 |—0.02810 | 0.00664

107 | 1.34947 |[1.35607 | 0.27958| 0.00000| 0.200410|—0.02732]0.00660

108 | 1.35607 | 1.36265| 0.28290| 0.00000| 0.198406|—0.02657 |0.00658

109 | 1.36265|1.36919| 0.28622| 0.00000] 0.196443|—0.02584]0.00654

110 |1.369191.37570| 0.28953| 0.00000| 0.194525|—0.02514]0.00651

111 |1.37570|1.38217 | 0.28719| 0.00000| 0.192460 | —0.02451]0.00647

112 |1.38217|1.38862| 0.29047| 0.00000| 0.190641|—0.02385]0.00645

113 |1.38862|1.39503| 0.29372| 0.00000| 0.188876|—0.02322|0.00641

114 |1.39503|1.40142| 0.29694| 0.00000| 0.187168 ] 0.02261]0.00639

115 |1.40142[1.40777| 0.30260| 0.00000| 0.185613] 0.02202]0.00635

116 |1.40777 | 1.41409| 0.30572| 0.00000| 0.184040|—0.02147]0.00632

117 |1.41409]1.42038 | 0.30879| 0.00000| 0.182540 | —0.02095 | 0.00620

118 |1.42038]1.42665| 0.31179| 0.00000] 0.181119|—0.02046]0.00627

119 [1.42665]1.43288| 0.30915]| 0.00000| 0.179531|—0.02008 | 0.00623

120 | 1.43288]1.43908 | 0.31199| 0.00000| 0.178272|—0.01960 | 0.00620

121 |1.43908 | 1.44525 | 0.31472| 0.00000| 0.177110|—0.01920 | 0.00617

122 [1.44525]1.45140| 0.31734| 0.00000| 0.176051|—0.01885|0.00615
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[0177]

[0178]

[0179]

[%5]
. hs hl vy F
Ring No. (nm) (mm) AO A2 A4 A6 (um)
123 1.45140 | 1.48504 (.00356 0.43039 [—0.028837 0.01481{ 0.03364
124 1.48504 | 1.52404 | —0.02036} 0.46504 [—0.044431| 0.01717]0.03900
125 1.52404 1 1.57735 | —0.05909 | 0.51692|—0.066597 | 0.02036]0.05331
126 1.5773511.68994 | —0.11461 0.58552 | —0.093985 | 0.02403]0.11259
127 1.6899411.73016 | 0.04430| 0.417181—0.035205| 0.01716|0.04022
128 1.7301611.75573 | 0.35374| 0.10533| 0.068936] 0.00555}0.02557
129 1.75657311.77560 0.75304 | —0.28449 0.195187 | —0.00810 ] 0.01987
130 1.77560 ] 1.79219 0.44580 (.00000 0.106847 (.00103 1 0.01659
131 1.79219 | 1.80661 0.42668 | 0.00000] 0.111826|—0.00002 | 0.01442
132 1.806611.81944| 0.40049| 0.00000] 0.118620|—0.00142|0.01283
E‘] 133 1.8194411.83107{ 0.36745} 0.00000| 0.127087 |—0.00314 | 0.01163
fé 134 1.8310711.84173| 0.32759| 0.00000| 0.137141|—0.00515|0.01066
;;:j 135 1.84173]11.85160 | 0.28093] 0.00000| 0.148717 |—0.00743|0.00987
136 1.85160 | 1.86080 0.22745 (.00000 0.161773 | —0.00997 | 0.00920
137 1.86080|1.86945 | 0.16701| 0.00000| 0.176290|—0.01277 | 0.00865
138 1.86945]11.87760 | 0.09954 | 0.00000| 0.192246|—0.01582 | (¢.00815
139 1.8776011.88333 | 0.02495| 0.00000| 0.209619|-—0.01910|0.00773
140 1.88533]1.89268 [—0.05690| 0.00000| 0.228411|-—0.02262|0.00735
141 1.8926811.89970 | —0.14614 (0.00000 0.248616 | —0.02638 | 0.00702
142 1.8997011.90641 [ —0.24285 | 0.00000| 0.270219|—0.03036|0.00671
143 1.9064111.91285—0.34713 0.00000 0.293211 | —0.03457 | 0.00644
144 1.91285]11.91904 [ —0.45913 ] 0.00000| 0.317596|—0.03900 | (Q.00619
145 1.9190411.92500 [ —0.57889 | 0.00000| 0.343357|—0.04365 | 0.00596

RICTEREINEDELSIT, FEH1ITENVT, m1=0, m2=0, m3=
OTHd, £f-. d/f=2. 67/72. 2=1. 21 THD, CDEI%
d/ fHARELCDTDT—F I TAREIVRERIOHNEELR L >
ATH>TH, EfEHI 1. CDOBOT—F2F T4 XAEURELTO.
359mMmEHERTEICELICHMILTND, £z, R2ARUEKR2BM L,
B1ABREFEBEDOR/NEYFIE, $7. 6umTHY., THE Y FEH
14. 39 umTHAZENDMNS, LIzAHST, p f1=0. 0034
5THD

-, EHEH 1 ORYL O ADEFHEE, BDITEWNT87. 3%, D
VDIZEWT74. 6%, CDIZHWLTB0. 9%E, ANDHXT 1 RYIC
MLTENTUVRELCEVERHEERGLA TS ENDA D,

EHEH 1 OBREIRERE. R8ITRT, @8 (a) [EBDDHOBKEINE
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., ®8 (b) [EDVDDKOIKEINER, M8 (c) [&CDDEFDIKMELIX
EXTHD, FHRERERICH T, LMK, thDORFOEIFAICLEL TR
LRAENSCRET HERNRBOATH A A A VADEREINE, 11EAA Y
KLY EXENDEOEFRRBOXETH>T, X714 R DEROLER B
EICAVDLONGEOAREN 1 OREIRE., 2844 VLY LRXENDEOE
PREBDAETH>T, T4 RV DEBRDEHBEIZAVDLNGEVIOR
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