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Optimum Design of Wide-band Quarter Wave Plates (QWPs) Utilizing Form Birefringence
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Abstract

Quarter wave plates (QWPs) are one of the principal
components of an optical pickup. Soon, QWPs will have
to accommodate not only the different wavelengths utilized
by CDs and DVDs, but also the blue laser light of next-
generation optical disks. This paper reports the develop-
ment of wide-band QWPs which utilize form birefringence
to provide that capability.

Form birefringence is induced by subwavelength peri-
odic structures, allowing optical performance to be con-
trolled through the selection of periodic structural dimen-
sions. Recognizing this, we developed a systematized
structure design method that obtains both constant retar-
dation properties and high transmittance with wide-band
QWPs.

Because both optical performance and feasibility of fab-
rication were targeted, an optimum design has been
achieved that satisfies target performance and provides
high productivity, including the confirmed feasibility of us-
ing nanoimprint lithography to fabricate these wide-band
QWPs.
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Fig.1 Schematic of subwavelength structure (SWS) model
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Table 1 Target performance of QWP

- Transmission (T) > 90 %

- Retardation (6)  90° =3 (2.=405nm)
90° +6° (A=650nm)
90° *15° (A=780nm)
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Fig.2 Two-piece composition wave plate
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Fig.3 Relationship between transmission and retardation
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Fig.4 Transmission vs. structural height of SWS
calculated via RCWA
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Fig.5 Pitch and filling factor dependency of transmission
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Fig.6 Transmission vs. structural height of SWS
after optimization calculated via RCWA
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Fig.8 Retardation vs. structural height of SWS
calculated via RCWA
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Fig.11 Retardation vs. structural height of SWS
after optimization calculated via RCWA
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Fig.12 Feasibility of fabricating SWS using
nanoimprint lithography
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Fig.14 SEM images of nanoimprint fabricated SWS

5. 3 JEFEH

VERLL 720 R D Y273l R & Fig 15127 370 il
T K OiARZ: 6 12 B3 5 FMITERRIX, RCWAD S/
RETERE L FEFIC RV —B L o TWwd, ORI,
VEIFRR 20l ) O 7Y M 2 O W RN ERT
ECTWVWB I LERT,

0,

100% Py oL a
= 80% |
z
o 60%
2
5 0% |
5 AM t
= easurements
[ o |

20% O RCWA

0% .
350 450 550 650 750 850
Wavelength [nm]
(a) Transmission

180
= A Measurements
S 135 | O RCWA
o)
c L
_% 90 @ o, Q
B
S 45
[0}
4

0

350 450 550 650 750 850
Wavelength [nm]
(b) Retardation

Fig.15 Measured and RCWA design values

66 KONICA MINOLTA TECHNOLOGY REPORT VOL.3 (2006)



6 £&&H

WG PEBR YT %2 P L 72 1/40 B OB W, ~F
BT X =7 L ERMERE O AR E RRIL L2k ks
FHEERMIE L7z MR, VAZEDREEM L mEaR
WL, HOBWINTHESEECX ki aEd 2 &
MTE72,

AT, et L7l 3Rt 2 2512 LRI P R/ 4
ATV, ZFOEACAERED EFHMERE E R —F 2R
CEERMER L. T, ADF AT v N
TR/ A RS EBRCTE 22 L 2 BRT 5,

AP L2z ik st g, KISE7 4 22, DVD,
CD® 3 WRex 7 /3N—F B IRt 1 /A BRSO NFF T
REHI DI TE 5, F 2GR OB D RVICHE
552008 E2 0605, 5k, KEREREMTCTH
5 LT & 7234 OGN LEA &2 £ L, A~
HaeHELTW L,

[ DE3'a

1) HKikuta, Y.Ohira and K.Iwata, Appl. Opt., 36(7) 1556 - 1572
(1997)

2) WZ, “HAGHEFM 5529 MIAFME & MPHEFHETO
REEE - RN, 2003, P.105- 117

3) ERHEE, HAGSA T 520 MAFHE & MYDEFET O
AL - MR, 2003, P.73-89

4) ENBE T, KONICA MINOLTA Tech. Rep., Vol 2, 97-100
(2005)

KONICA MINOLTA TECHNOLOGY REPORT VOL.3 (2006)

67



