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Abstract:

In researching optics, the field of related technology is extremely wide.
It covers from conventional optical technology like design, fabrication,
measurement and evaluation of lens, to the recent combined technology
with electronics and fine mechanics like laser, optical fiber, and so on.
The progress of all this optical technology is remarkable.

As an example of optical application, lens technology is widely applied
not only to the traditional area of still-camera but also to the area of audio-
visual equipment, office machines, optical measuring instruments, med-
ical equipment and computer peripherals.

Furthermore, if we count all the areas relating to optics, we recognize
the infinite range of optics. For example, image processing, optical in-
formation processing, optical communication networks, optical
computing will be in the range.

In this paper, current status and the future view of Konica's optical
technology, Konica's lens products and optoelectro-mechanical prod-
ucts are mainly reported, as well as the recent trends in optical technology
and its market. Especially, the latest progress in the technology of lens
design method, aspherical lenses, high precision plastic lenses, and the
latest trends in still-camera lenses, cam-corder lenses and optical disk
lenses are reviewd in detail.
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Table 1 Basic technology of lenses and optoelectro-mechanical units

Fig.1 New wave of lens design
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Table 2 Main characteristics of plastic materials

PMMA 100°C ( 757C) 2% 1 1 1

SAN 93C ( 65C) 0.8% 15 1 0.9

PS 87°C ( 60°C) 0.1% 20 0.9 0.8 Non-acrylic
PC 135°C (120°C) 0.4% 1 2

0Z-1000 103°C ( 80°C) 1.2% 0.6 5~6 Hitachi Chemical Co,, Ltd,
TE- 301 122'C (100°C ) 1.8% 08 4~5 Mitsubishi Rayon Co,, Ltd.
WF-100 104°C ( 80C) 1.2% 0.6 4~5 Mitsubishi Rayon Co,, Ltd.
MH 160C () 05% Kier Gt

Note: The value in parentheses in the column of ‘thermal deformation temperature’ is one at which the wave front aberration
changes when the corresponding plastic material is formed to be a lens.

Table 3 History of konica’s plastic lenses
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Fig.2 Coordinate systemn of aspheric surface
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Fig.3 Four methods of aspheric lens manufacturing
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color copier
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B D EREEE 2 2 7 AF 2 19824E 12 ML L., LK 2802k
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Fig.8 Spectral transmittance of polarizing filter for MO pick-up

Focus error detector

Calculation and
-— control unit

Focussing lens

driving unit Additional information

Fig.9 Construction of auto-focus system
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Active method | Infra-red light emission Mechanically rinked two
method photo sensor method
L Ultra-sonic emission L Mechanically fixed PSD
method range finding method
Passive method |l Contrast detection { Piezo wobbling method I
method

L Simple mountain climbing
servo-contrel method

L Pupil division
method

- Phase detection TCL method |
method
Separator

Range finding lens method
method

Fig.10 Classification of auto-focus methods

Bz, EOFRIZLR2ROERLEMPSH 555, AFERE
D—BHWR & 3R MERIZHIT THRIEA TV 2,

Table 4 Characteristic difference between cam-corder AF
and still carnera AF

Still camera use

Within depth of focus:
Interchangeable lens use

Within 0.5 seconds.

Item Videc camera use

Focusing | Within depth of focus:
accuracy | Specific lens use

Control About 2 to 3 seconds

speed Quick response

Stability | To keep focusing To pursue accuracy
stability and speed

Sound To be as silent as Shutter chance is

noise possible preferable tg sound noise

Others Continuous control One chance

Table 5 Optical products using lenses in various fields
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% TableSicmd 47, ZFh6H L L » ZpHBFEH D
ICRIEICE Y, PoFnBRnBENEGC LH—ET
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21 ThHabd, Fig lIzBARBROZEZRT,

VT EEA RSB Ao d - dihEm: a=4ic
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FT315M35-1053 ) e EHHBMLTET W3, 74 F
b, BEFLDLV A ZER IV a7 PIZERT B
EHRMENT B FIENLS A A 5 o) i & 3 % Fig.12
2 FRX—21L X EDLSH A 5D REHKIN #Fig13
[ e
@) a=HIcBiTF 330

I=A T3 8822 = A Z-up80%E 904EIZ T = A Z-up

Consumer Non-consumer

OEM Products

Brand products

/4

Fig.11 Konica's scope of the development of optical products

20

(Million sets)

15

10

87 88 89 90*(year)
* Estimated value

Fig.12 Shipment of LS camera

I

1A

35
I .
i
Scheduled
%
0 Z
86 '87 '88 '89 '90 01

Konica’s zoom lens for LS camera
Fig.13 Historical evolutino of LS camera with zoom lens

28W % R3¢ L72hs, 241513 2 40-80F 3.8~7.2'Y 28-
56 F3.5~6.6 (Fig.143H8) e X — 41 v XhdksE
ENTWd, I=HIZBITEX—AL > ZDS5BORAR
KD RX—a b v ZDOKE EDWEN LT /37 b &
DEREDE ) EBEENL -1V XOBMETH B, T
TI235-105F3.8~8.58 & 1r28-80F3.2~7. 7MHRIIF
TLTw3, —#kicAfAalk, SESIkiELY > X944 X
PRESSEIBEELLINT, B ICi3deeki
Vi ZOBRAPENT. BoEBBIFE0NETEZLZ S
RE—NFLZAHNHERATH B,

4.2 VTIRBL X

(1)t 354 b e '

R—A2 =20 Tt H A FHEHMEENT 77104
FOLPLZoTwhwoil, ZoBoFFOERIZMRIZ
HEREA2LVNHDHDH, CHERE LTOBRBOEE,
TEDIERITIEEICHE L W Fig1bicE 744 45 VTR

Wide I

F=35 I

48.4

Tele '
f=56 —
F=6.6 I

64.4

F

g.14 Cross-sectional drawing of konica Z-up 28W lens

8.0+ (Million sets)

6.0

4.0

2.0

0.0 90*(year)

85 86 87 88 89
* Estimated value

Fig.15 Shipment of Cam-corder
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A=Y= 2 FOHFHBOEELTT, £ /2Fig.1612 2
OBEMAARAFE L ROTEEFRT, BRLUEELC
i3, AAT,. L XRIZEORR LEE L AE LB
WTERLTWAZET A AFOHEREMIGIEIR21/4,
V2B L, Ly XizonTiife o Tidkz1/10,
VSIZEEL Ty b, by XM T A ELEEIR
UTFoesYThsd, Ov i SHEOEE ; 2Ty
WMy H 6T, REDL 6 ~8EHIEREL>TwE, &
O, v KRS~ 168 H, RIESHGEE &
ISR LT3, ZHIGHERE L > X0#FHICE b &2
BIERE, QU XHBENEE R 7+ —H 7
(2L > TEIERAFC (Front Component) B B L
IEoTwred, FCRAELZ F L v XRiEHOMC
(Master Component) Bl L > T 7x—H L v 7 &%

THE, Py XBEROESIIHTIEETHE, IOk
HICFT L7 o= AFFOL o XRAOEAHNE
kb, QAFDERE ; ZHIFAFOIHTYT TIsd~ 7ol
DT, 5REFHAFD, ik, KES, 2X M E»H
FEifEh->TE, QFRERECB T 5L » AR LS
@ ; VIRZ— 4LV v ZDRELENTHRARLOERIZ
i, —HRETHRENTTIRBEE T 5,
(202 =AIcBiT 5400
T=AZBIFAVTRE— AL » XTI 81EDR Lk
0909 AIEIcHEE,L 3L —AL Y XIZHBE
1988300 i HFi# R L T 3, Table 6ic 7 = #1217
AEBIVTIRA — 4L v XOMROE#Z LT L Fig17iz
ZnFzPOKS2AH v AR E R T,

i (19904E10F) MRHMFRT L2 EEAZ—-AL

1982 1985 1990
Camera | Style Separate ’,/"’ Cem-corder /,:”Very compact
Weight (kg) 2~3 SRS T~
Price (k¥) >300 -7 200~300 <150
Shipment (ksets) ~1000 " ~4,000 T ~8,000
Imaging device Tube _‘--"/CCD(I/Z") ,,,—""CCD(l/B”)
Tape format VHS
VHS-C
M
Lens | Weight(gr) ~450 - ~200 T s
Price (k¥) ~25 = ~I5 8
AF method
IR
TCL VIDEO
Fig.16 Evolution of cam-corder and its lens
Table 6 Konica’s Cam-corder lens list from the beginning
Product | Production Main specifications
name start Auto focus | Focussing | Focal length | FNo. | Zoom
QK 1982 NOV. | non front f= 8~48 F1.2 | 6 time
QQ 1983 JUL. TTL-TCL front f= 8~48 Fl14 | 6time
K013 1983 OCT. non front f=10~30 F15 | 3 time
K020 1984 MAR. | non front f= 8~48 F12 | 6time
K024 1985 APR. TTL-TCL front f= 8~48 F1.2 | 6 time
K050 1986 JAN. slave-TCL front f= 9~54 F16 | 6 time
K032 1986 JUL. non front f=9 F16 | fixed
K065 1987 JUN. | slave-TCL front f= 9~54 | Fl4 | 6time
K064 1987 JUN. TTL-TCL front f= 9~54 Fl4 | 6 time
Kos2 1988 JUL. video rear f=85~51 | Fl4 | 6time
K076 1988 SEP. slave-TCL front f=8.5~68 Fl4 | 8time
K083 1989 JAN. TTL-TCL front f= 9--72 F14 | 8 time
K104 1990 JUL. video rear f= 7~42 Fl.4 | 6 time

14
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by

f=85-51(mm) F1.4-F1.8
Hatching area;aspheric plastic lens elements
(JVC GR-A30 uses this lens.)

Fig.17 Cross-sectional drawing of konica’s cam-corder lens

Aspheric surface

Fig.18 Picture of konica's first and latest cam-corder lenses
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JEaa o3y b, RSO B EE B L b
b, SOzHizii, DX—aFROFRIEL., @7 F 2
Fou?BLUHFFAE—NFHEKEL > XD EH, O
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CHUIT 4 PHNERIC L B IEREL SR, By
7Ty 7L BIHERMDE S RAL VDD T 4 27D
i} FAE SR D KR, 2 2232 F TELWF 1 27 5ME
LIk EZLND, CDOMR A ZFig19i125RT,
CDAHCIIEEERICMA T, CD5 ¥4 t, CDR—%
TNHRE TR L, & 51249, #illfiCD, CD-ROM
BEICKELBEIMEEINT WA, R HROVD L K E
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B —F -G E LTONXT 1+ X 7 3R
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(Million pes)

10
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Fig.19 Shipment of CD pick-up
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ADHEE ofz, TNHDHEBOERTRHRICEEL LN
¥y 7P v 7L XELDTH B, b 4778
MEREIC. LD THERIMICER TS 36078
felrkdlriBoZ kg Wik L, ZOSTHREKE TS
AF g2 b ZDOHBRIIMO TR E,

SiZIIEEE OB ICLDOEIKEAL. H 5 W I(1SHG
(Second Harmonic Generater) 12 & 2N EHE =
I T 5V AOMBEFEEREL 259,

(2):' _—_-_Jb ‘:3‘.}-%*;}-,@17).]8).]9)

A=A BIAERETFRAF v IV RIZEART
t R7HMY  AOBRBEOBRIIFOFERT RV
YEAOMBOBEL WA TLRETIIA Vv, =428
FTaXF+ RV ZEAROEE 2 Table I FpE o =7
THELLFELRT (A7 v Xn—% % Table 812577,

I=ARBTERT L R 7V o ZOHFHTWERTR
FHGB000 12 L, "904E 1 ER THIZ00 TR & %4 » T

W3, CBUENEFEHELUETO%G R BAT— v b2 T
FHERLOTITH3, 2oLy XNEROER TR
TREVEHML T2, $4bt, #HMC2OEE
FEIEERTE L > XORAHMG~ 0o /R, QLD E ¥
HE L~ A SIS 2 HH A FOBE, @7 F A F
v TERMDOERRE LY > X~Dlel. @77 2 F v 7EH
OB RERF~DISAICEPHE, X502l
OCDNORER 2[Rl LABAERO—2 40 . OF
WE, SRy XORERRONTEL L L LT,
LETHD.

IN6DL r XOBBIZLEHTIET 7 A5 v 7 FH,
L Xkt SRRET. SEOBKENT. BT,
I—7 4 7. ERKEBE. EREFHEL ¥ otk
HT, Wi feRFEMmcERT7v—2 - 20— %4
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Table 7 Konica's history of optical disk lens development

PAREIY. < (CLEO 1984 JUN. Anaheim US.A) BES I UERER,

HIBHEREARE (o) A —F Lo XL o XA —E&(E XL » X)) OFEK

DRAW (WORM)H, MORXE » 2T« 7HMHL - XOFRET 7 R F

WHHRE T 1 R 7 RADER (30me) K7 7 2 F v 2 ¥ L > ZHRBL),

1980 JUN. | 71 227 v » XPARIZHTF,
1984 JUN.
ERFEHHERTT.
1984 JUL. | BeE4tispans.
1985 JAN. | 80,000/ A B BIRE,
1986 AUG.
B772AFy 7By XOMRBIERD., BEESHE,
1987 MAY. | HlCDAIRE 75 2 F v 7L > XHOMRIC R, BEELEN,
1987 JUL. | VD, CD-VRIERRE 75 2 F v 7 WL > XOBFEIZIRTY., REHLEpmes,
1987 JUL.
ZHL L DL AR, REGHET.
1988 APR. | 27+ X 7 HHEBR(TImg) ERE 7 7 2+ v 7 ¥ »» KBRS,
1990 JUL.
1990 DEC. | 3,000,000/ H & {7

Table 8 Konica's aspheric plastic objectives for optical disk use

Lens name AP4545 | TO081*' | T173 | T103K | T153 | T170*' | T107 | AP4550 | T166 T165 | AP4255
Wave length 780 780 780 780 780 780 780 780 830 830 830
Focal length 4.50 4.50 390 3.30 3.60 3.90 3.36 450 3.80 3.00 4.20
Numerical aperture 0.45 0.45 0.45 0.45 0.45 0.45 0.45 050 0.53 0.53 0.55
Magnification 0 0 -1/55 | -1/5.0 ] -1/5.5 | -1/59 ] 0 0 0
Working distance (mm) 1.90 1.90 218 1.80 1.08 2.19 1.85 1.80 1.58 1.00 1.61
Object-image distance w oo 31.181 | 25.182 a 31.181 285 o0 0o o0 o

Disk | Thickness (mm) 1.20 1.20 1.20 1.20

1.20 1.20 1.25 1.25 1.20 1.20 1.20

side | Refractive index 1.55 155 1.55 1.55

1.55 1.55 1.55 155 1.57 1.57 1.57

Laser | Thickness (mm)*?| — - 130 | 125 - 100 | 120 - - - -

side | Refractive index | — — 151 | 181 — 151 | 151 - — — —

Weight (gr.) 0.12 0.12 (.12 0.12 0.04 0.12 0.06 0.12 0.10 0.06 0.14

Application CD VD MO, WORM
*1:CAR CD % 2: Thickness includes cover glass of laser and half mirror.
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Fig.20 Drastic dimensional change of CD pick-up lens
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Fig.21 Shipment of laser beam printer
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Table 9 Comparison of erasable computor memories

T ]
MO disk Hard disk | Floppy disk |
drive drive drive i
" 600~1,000 | 50~700 1~2 3
ol | (5.25disk) Pwmv] (5.257/3.5")
125~200 multi-disk
(ME) (3.5"disk)
Access .
time | 35~110 15—~30 80~90
(msec) ‘
Data trans- ‘
fer rate | 500~1,000 500~4,000 | 250~500
(kB/sec) 1
Portability
Remarks Durability Low cost
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Fig.22 The construction of the principal part of MO drive unit
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