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A plastic lens, which is thicker in the center than in the outer edges, usually can not be
used as a collimating lens in an optical disc head without any auto-focus function. This is be-
cause plastic has one-order larger thermal expansion coefficient and two-order larger refractive
index change than glass, and because they cause large focal distance shift with temperature

change.

A 1.5mm thick plane parallel plastic plate of a 1.5um engraved surface with

chirped blazed circular gratings has been developed as the first plastic grating collimating lens
(GCL) with much less temperature change and mass-produced for a Toshiba optical disc head,
TOPH 7820. The diffraction efficiency of the GCL is 82% close to a theoretical one that is
85% derived from electro-magnetic wave equations. This high efficiency was obtained by a
precision molding die processed with a diamond turning lathe and by plastic replication techni-

ques.
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Fig. 4 Wave-front aberration degradation vs
wavelength shift.
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Fig. 5 Focal distance shift against wavelength
change. Laser diode and GCL should be adjusted
when it is settled in an optical disc head, but
once adjusted its temperature shift is very small
shown as in Eq. (11).
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Fig. 7 Theoretical comparison of wave-front
aberration degradation for inclined beam angle
to the GCL between coma aberration increment
by Eq. (18) and ray tracing simulation by Eq.
(23).
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Fig. 10 Interferometric microscopic photo-
graphs of a GCL. (a) near the center, (b)
near the outermost.
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Fig. 11 Wave-front aberration degradation vs
residual error between GCL center and spindle
axis center.

WEBTELED T V- FOMI BERIC TS
3.

GCL ORI Vv —7 4 v/ EIBHE L Tli—%
TRAEVH GCL hif & ABPORROEEE LT
20.02 gm LSOO T, IMIHEED SEZ hn=1.5um
—E&E Ul 7V —X AR cR/ME 9 mrad, B4}
JHERCHAM 260 mrad OHESE > T 5. Fig. 10
KL AD GCL £HOTHHEHBEEEERT.

7.2 MIBEER :

IMTIMREZIC X 5 GCL OEENE~ O &% 1,
® GCL oty RN TOBROEE DL E D E @
TV—XFT V=71 VSHEOBBREL @ L) —
THARRZE, @ HHBHEED 2p BEL7 Y 40 ik
IREREND B.

@ FEEEFGENS PHEOX LICKD T 3,
DYWBEANVEDTH D, TRTOBRELE r. Hi—EEIC
or KOAXVvBEFNEEINIT L. COEFLEH



FU—F4vsa)r—2vyX (- KO- LE)

T 2Rk B 6BEERBLEYIav—YavE
715 > o484 Fig. 11 jooRd. chick b & NA
KELBNBZZNETRLLBEC BB H K
GCL DiEAikcid NA=0.127 T, 2 HEEINEE %
0.022 PIFEEHLTH 30T, HpoEEEHFLDX
L 0r OFAMEIT 2.5um DT ELE. AINTickid 3
B LEEOERER 2 m YT ThY, HEPEE
b 0.022 BRI TNAT ENbh 5. @DRBIR
FEUTRY L — Xt FOMEMEE N F5 UBER
FEUE e T vEEZ, —REMOEE Fickd 50
AN E L. FOE, SEH N 2 10 YLET
HNITEEIRIT 97% DLEBIT bt &
fo, VY —7BRBLT LS BEEESAKETEL &
SEHEHSHETEORY BRI EAEREL
24N

7.3 GCL 7S52Fw s L7 VUHnEH

ChETIV—F 4 VI LY XOPERRIES KR
INTVEDE, BEERMICEE->TWEW. FIBLE
GCL £RERZFAWT, © 752 F v 7 HHEREEL
@ 7+ RNV —HELCLBLVFVIDRBREERTNE-
1.

7.3.1 F52F v/ HERFEEICIZBELVT A

gz

75 2AF v 7 L7 AHROFHBRIEESHE - ¥R
Mo BEMHAEZELT, GCL Ly Xk & LT ERE®
OERFTNERHL IV PMMA 203 &EL
fo. Y~y FicfERT 3 780nm L—¥ —ERICET 3
PMMA O B3 1.4857 TH 5. PC I3 EiFE
1.55 L EAEER SUKAICOEN TV 5. Ly
L, PMMA cHE L CTHHEBREROERBITBKE L,
d~ vy FICERT ABEREREE LTRBBRA L.

IV Y XEEREE LT, &L ICHIBEEEBDEIRE
BOBEE v NEPHEERORRA L B2 57—+ (A
O) OFETHE. ThEERNI® 370D i HHHRE
GCL v 7°Y # Tl SRR fHinS #ic 2P R &I
Hxsic L. GCL it pERA$O® 5. 2mm OAMIT
AZ6mm, AR Tmm, £X 2.5mm OHEEMT N
72bDTHB. — BT, ¥ — b S EAI NI HIBMIES
24— + DR RIicEHRE UERSHI I 2B 2 < INE
MERMICRET 3. Lichi-T, #Ei#EN GCL A
FHOFEIIC B % 2 v IEREOBINCHRILD. HHHK
FERHC BT B FRIBENDITNEAIR 7. 2 FOOINTERE
BRETE. Z0EFLELTVY —7HROELEE
%, —BREHOEFK FicB 3 ERSRBREHET

365 (37)

BL, FIE a BIT% ULETHNIE S RATTHS.
7.3.2 74 M HRY)v—HicLIEELVT) HEHR
wHm 7+ bRY) 7 — Cp)HERIXBLVTIAITRE

OREBEFIC & 3 3 < WEREPCHEBHOOEITEL.

R SR L 7Y A DL SEA — b bITHIEK

300°C DEEMIEEBOA « FEfiZ LTH 100°C ~D =2

HAHOBE Y4 7V EAkOBEOREOEKEDNME (&

) MIENDTH S, AT + R —HETRE

WERBERT S 2AF v/ HBORA T AMEBLTH

A% ERE GCL £RIFEMR & ORI KIHRELT R+

vElgIc e T 5. BEYA 7 vDicdic—TEN 15

PIEAET B8 IMEE GCL L7 ) & L&Y, HARR

HEEROTHIEFTBTH S, FTERRERBLET

135505, FeEMEEEI SR GCL V7Y it ki’

LTIERCBWMET S 3. HENESHI 0.022 UTF

TRy F AU LHEE L HFEL. FAHRRATIO

&V ORMEDME  FIRE a 53 100% IKELPTVO

TEMEREAR LTESNZERAR y PREDRD

—REFHIRITERAMICED 82% BESIGERTE 5

(Fig. 12).

8. GCL omtEgEFHE

2p HiCk B U7 Y A RBRERELL S VI ZENZE
B-T05. L UEHHBRKIKEZ LT 1 OBERM
Bhic 8B OKAPRERE - ENSECRESERSN
3. LIcdsi-o THHIEE ORICKRE IR T 5%
BRY - JeH - BRANCHHE L, BRiIENy FicE
EERMT B LEND . SARMBEARIES LT,
@ Timmss © EAEE (SEM), ® REHIFIC

Doublet

GCL

Fig. 12 Focused beam intensity comparison
between through a GCL and through a glass
doublet using the same collimated 780 nm laser
light.



366 (38)

30}
g 0 m g Bem® 100}
— 20} =
2 =
:;"-" _ 50F Thop
£ 10} 5
k=) Iny
wn {1
<10 010 20304050 =10 0 10 20 30 4050

Temp. (°C) Temp. (°C)

Fig. 13 Temperature characteristics of 3T
signal jitter, Iur signal level, and I., signal
level in a mass-producted optical disc head,
TOPH 7820 in which GCL is mounted.

401+
\ 3
301
AN ™y
< d.
N\ / Ra
20]—
-1 -5 0 5 I
Tilt angle (deg.)

Fig. 14 3T jitter variation vs tilt angle char-
acteristics in a TOPH 7820 optical head against
the disc.
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Fig. 16 An optical head, TOPH 7820, in which
GCL is mounted and had been mass-produced.
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