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Chapter 1 Preface
- A laser scanning system realizes new input/output devices.

- The subjects of a laser scanning system are discussed.

U

Chapter 2 Research of f & Mirror Imaging Optics

- The targets are non-distortion image, uniform velocity, and uniform spot size.

-The f @ mirror scanning system which uses a parabolic mirror is analyzed.

- The performance of f @ mirror system is verified by the laser printer.

U

Chapter 3 Research on Scanning Error Correction Method of Polygonal Mirror

- The compensation to the scanning error by the polygonal mirror is proposed.

- The beam center position detecting method is proposed.

- The phase control method of a pixel clock is proposed and verified by printing.

Chapter 4 Research on Semiconductor Laser Scanning System

- LD module which is stabilized positioning accuracy is proposed.

- The smaller scanning system united the all components is proposed.

- The laser scanning system can be applied to the multi-functional peripheral.

i

Chapter 5 Research on Detecting Method of Position by Two Scanning Beams
- The touch-panel system for large screen by laser scanning systems is proposed.
- The optical system and the circuit to detect an accurate position are proposed.

- A new human interface function is verified by a touch position and size detection.

U

Chapter 6 Conclusion

- The conclusion of the research on an evolved laser scanning system is described.

Fig.1-1 Flow chart of this doctoral thesis.
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Fig.2-1 Flow chart according to function of a laser scanning system
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(a) Post-objective Scanning
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(b) Pre-objective Scanning

Fig.2-2 Schematic diagram of scanning system
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Fig.2-3 Scanning distortion and varistion

a: Distortion, b: Scanning velocity distortion,

¢: Beam diameter variation

a TR SN D EIIGEITEE BT DREZ R T /T A—FThH Y, b T
TR E LI X EA R TOEB S MOV A A b, ¢ TR E—ARITHES
MDA Z TR T NT A—F Th D, £i-. HL XD pre-objective & D EE I FH
CRVTH, R2-4), @ DTRENDMAEEZA L, HE—L2EL RN L X
L BRI ZED T2 DIZ K& BB AW TR IRAME £ THEET 2 DIZREETH
5o ZHOOEBRAELZMIET H72HIT, pre-objective JE TR L7 — A&
¥ L U/ cos? 0 DFEFEMMIED 7= O distortion 1EM & ol 2 A L X%
MBEBZHNTNWD, —fRIZ, 2OV XRIE, BENfoTRINDLTEDIT, fOL
YREMIND, L L, VU RRITEITRICEESBD H D720, WREORRD
=PRI LRI U L o AR ZHH TE eV, £ 2T ERIKGFDR f 0FF
YA FEOEA - B FRE B L T SHC X DR AT 2,

2. 3 BIILAEEEMEEDELR

LU AR L B EBREMEICA L, BRICKE LR T8 2o fIEkc
WTHERT B,

PLF ORHESRMEN S RS 5,
(1) Hm ECEMINZEN 72U
(2) TWEEHHREE E TONEENTE LN

13



IO~ OERNOHTIOTT AT OERICEE Y, TONRE
T LWHEZFIA LT, LT XS 2R CEREMIESRZE X D, RS
ET, AN —EHR LEBEH L5625 2, A0 2 B85 Z TR A,

LT, Fig2-4 ZE 2 ORI ZRT,

Fig.2-4 lZB\\C, F, ZfAMEE L, Fy~F, Z&teEfR (xil) 2&EmsE
25, I T, HALERSA & EAMGE AR, BABRE T ERF, 2B L(F, ),
FEF, ZERLT DML, R 2OHAEEM O ERESNIDOZ % P,
ET5H, oL

FP +Pi_F2i =/ (const.)

F, (0,a) a =const. (2-9)
A 3% P, OFERRNEE & 72 DR RO D EAEMIEHE TH D, Ked 2L
Fig.2-4 OFEHREDO TR TH D,

y
Rl A

\ FZO‘ |:21 F22. F23 |:24 F25 |:26 |:27/ X

\W
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Fig.2-5 Schematic diagram of the correcting method of beam scanning

distortion using the parabolic mirror.
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Fig.2-8 Scanning velocity distortion (k=2/3)
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22



5 ERRIRFE

2. 5. 1 #=
FE SRR 480 mm D i B A A C RN E & A im s o Ho0 LY 320 mmi

Fio. BEmA BN LICBREL T, EEAN 0 ~2T EFTOREOHIEL
1Thotz, GEEMITRYE Lm0 EE Mo S THIRShiz,) EBRo
Rk % Fig.2-11 1239,

FHCRIE, L= (He-Ne L—H) | BE—LREZRDL Y A—F L X,
HA R v, Hmss L O DRSS, EETOMITEOT — 4 %]
BI D720l BEEE~O NS ©— A%, EA ST ICTERE R 5 A~ LA
~5" TAH L7,

FERER % Fig.2-12 1277, Fig.2-12 £V, BEiFR(2-20)% AV 7 stERE R
CIEFICRW AR T, B, EEANR2T ~0° bRERORREET,

Focal plane

He-Ne laser Scanner n

Collimateing lens N

Parabolic mirror

Fig.2-11 Schematic diagram of the experimental arrangement.
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Fig.2-14 Parabolic mirror
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Fig.2-15 Laser printer scanning system with a parabolic mirror
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Fig.2-16 Proto-type of laser printer optical system

Center part of scan —»

End of scan (9=10") —»

(a) Post-objective scanning

Center part of scan —»

End of scan (9=15") —»

(b) Parabolic f & mirror scanning

Fig.2-17 Printing samples
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Fig.2-19 Laser printer equipment( t3.29x"0.93x "1.5m )
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Fig.3-1 Scanning error resulting from a rotational polygon

33



0 —J DK ENREE 7o TV D,
Bl ZESED L/ T/FEREB LOERO R © BB AICEELE U A ERITIT,
UTOHEDONH 5,

(1) AELSHRRE H /” \
LEBEOE AN &5 L, SEN o,

(ARl o5 U CIED M EE 0 13 27 /n |
72, 0,0 255 AR & 72T A0,

Xz/2THD (Fig.3-2 M), fAE5y 6,

FRAEIZ, 0B LG, DIRETH D,

BT -2 LT, G I ERED Axis of revolution
AR, 0, I TEENMEOTH, AX— | Fig.3-2 Angle division error of
ZAIVTEE BT, rotating polygonal mirror.

(2) FEERRE

FBEE L SE A7 R Tl e < SRR II MU N e IS EAE L, BARBIIC XA BE
(Z Ko THMANT Tt LT\ D, FTo. BIEICE 2E. e e — A ERRICITE
HEHAIZ K D1E LD DICEEHITETET 52 L bEBE L RITNIX R 5220,

4(0)
Incident light Reflected light
O

0

y

To the axis of revolution

Fig.3-3 Flatness error of rotating polygonal mirror-j
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Fig.3-6 Deviation of scanning angle error of each mirror
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Fig.3-8 Error of pixel position.
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Fig.3-10 Error of pixel position correction with linear function.
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Fig.3-11 Block diagram of flatness error correction circuit.
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Table 3-1 Main specifications of the laser printer

Item

Specification

Printing speed

10,000 Ipm (at 81pi)

Resolution

12.6x12.6 pels, mm

Printing width

344 mm (4,332 pels)

Number of facets

12

Effective scanning

+24.6° ( with f @ optics)

angle

+£16.9° (without f & optics)

Table 3-2 Specifications of scanning error correction circuit

Item Specification
Facet to facet angular error +0.06 pels
Facet flatness error +0.57 pels
Quantization error +0.06 pels
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Fig.3-12 Printing samples of facet flatness error correction
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Fig.3-13 Printing samples of scanning velocity error correction

(without fé optics. =15.9")
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WZiE, TV R EBEO/NUEEIRIT, T v HHERE & EERE & WL S D ZRERE

Laser-diode
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ENELE S NIz, ZOSHREE FZERT 51203, FEE L —YPERHRIT, BT
BROFECT vt A2 AT 2EEFR L ROEDLZER THREFZEZI L 2T
(T2 B2, A L=V HFERITHAT, HER L — PITEEARH D AR 720t
EMEIINE L2505, BWEEO f 07— FLIZIZAR—2 258 L
TeBHERET A ADRE LA ARFR T 2507 @0, ZhITi%, BT R OMREIT
BRI BEERET /A Al % D/ & | RS 2T Lo/ N & 2B
D ENRETH D,

4. 2 PEEL—VH0aY 2 — MLIZEETBH%E

PR L =PI H AL =PI LT, RESHEBL TWD2D, L—FEEN
FRICEHAT 212, Lo RXIZL D2 A= MERARAIRTHD, LaL, FEE
L=l al A— bk Ly XOMERDICIEE VSRR S, R LTI,
TR EEZS AL ROIRED - B I LT BB AL EIC A Y A — b T 20BN H 5T,
ZIZTCIE HEEER L= o 3 ) A — MEICHE S #REIC LT IR, IRE) -
E B O FRLHRE 2 e T& 2 AR 5.

4. 2. 1 LDEVa—LOEHEMERE

PR L —FORHNAEREICTY A— T 5700, PEEL—FLal 21—
MR —RILLTELDEY 2 —VERET D, KLDEY 22— /LOMEEETIT,
FEKL—PLal) A= XEREET D, EERORGNRRA L FTh D,
R L — O R AR, PO ERE 760nm, {7 5.5mW T, $EAY Y M1
70°%X10°CThH 5, Fiz, FEEL =PIy r—VIZEHEATHWDL DT, 2l A
— ML XOEEHE, N r—TOx v v T E G ERN R WD(Working
Distance: L' —#Im & Lo XemM OERE) &, HHT 53U A—FE— A%
AERLTITo7z, M E— A8 d 1, IEORWEIAR R L XTI, B
HENBROLZENTE,

d, =2f -min(sin &, NA) (4-1)
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Thd, L, fITESERE. 20131/e* D —2$E28Y /A, min(a,b)ida,b
Do BN ET D,

I, ALERDIFEIZOWTHGETT D, 22U A— ML XOESEREZ | /5%
LU ADE SRR f,, 2 ) A— R LU XL XOHEE a &35 (Fig.4-2
ZHR)  BAERICIE, PER L —FORNALEN T Y A— N L XOERITHIVL,
gL XAOBAMBEIOEE—AIELIN D, FERL—FLa) A—-FL X
RO BEREDS + A, 25 L 7= RO EDEALBD XL E A, &5 &

f2 £
A, = 2 =2 A (4-2)
f+f,—a+f’/A, f,

L%, bbb, EE L —FOMBERDOBGEDL, #itgm LTI, 2 A=
AR LR L OB RBEEO O 2 FAEITIER S D,

Bz 1%, f,=4.3mm, f, =270mm, a=50mm & 9~ 2% & HEK L — Pk T+ A,
N LumBEIT S &, EEEETIZNAmMm OESTNEEL D, ZDd, 3
A= R Ly R EER L — TP OMBIRDIZIT, 2704 —FOBENERS N,
Wi BE AL OB AR E) C b B 5 ISR BN BT D TR & 5
ZZTFERL =YL aY A= LU X E KT D LD Y 2 — /L TlE, &
RO B RIRE A B L, IREEICK L CTRE L R bEEE R Lz, L —
YU HAEE ORI & DIRERPHIL 5C~40°CThH D, Z OIREFFTIX, X

Collimating lens Focusing lens

Laser dicl)i:ije/[\—q Focus

@‘< >i< >
a f2 +A,

Fig.4-2 Relationship of optical components
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FRU L RAOE SRR LI /NS WERE LT, ES,DOFY 2 — VERD
WA d R & LT, A b 0, OMEIZEERL—F %2 Aimhb (, DALEIZ=
U A—=FL Y REREL, TNENOHRVIMEOBMERE K K, , k, £ 55 L,
REZLIZE > TEL LA,

A=1ly-Ky =0,k —0,-k, (4-3)
ThHO, AD0IZ725 8 ) EROMEZERL T, 3HED LD €22 — /L2 R/UE
L7z,

TR DRI L, SAE L 72 LD &2 2 — L 2B IS AR, BIAZE S HET
2T E— L DOHRDN Y B OZEA A FE R ERRE300mm DA L XTI E D ZEAL
ELTHIE L, R(4-2)DRERN S8R L —F L 2 ) A— kLo X O BEEEC R
L7z. STREHOFM LI 2 IR EREORER R4 Fig.4-3 10773, AT
PR O X E B OIRFEHIPH 5C~40Clzxt LT, ZLIFAOND OO, WTho
FMEREICBONTS 0.1lpm UL FTORE CERBLTEH Z L2l LT,

EEEDOaY A— R LU XTI, L=y r—I& (JEFR, JBEHR) OFED
ZRE LT, IGERG 2TV, V=) L mEOZEEN S B 10.2 mm,
BIOE(NA) 0.4 DL XEFRA LI,

N X
= ) No.1
3 .
20 A No.2
4
0.1 ® No.3 —p

5 — ~-j__:_"-—“§"-
g 5 L—x”_o ® ®
é :“_&.—;___*_’_‘,,«-f 7
2 01
c
>
o
£ 02

0 10 20 30 40 50

Temperature (°C)

Fig.4-3 Temperature characteristic of LD module
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Fig.4-3 IZ81F7 5 No.3DFEM LMEEIZL A L DEY 2 — /L% Fig.4-4 |2, SMEE
B% Fig4-5 1277, A XL, 324x41lmm TH 5,

LD & ¥ 2 — VOB CREETIE, x-y #CH LTiE, 10um LA, z #l7
IZ%F LT 0.5um LA R OREEE CRGHFED TE 2 L 5 IR G B2 8UE L Txil
L7z, G BN H %2 Fig.4-6 \Z79, x-y 87 M ONLE G 2 8k L —
PRIT, z WA MOFHEEZ Y A— ML U RXAITIT O MG & LTz,

A LD €Y a2 —/LOIRE) - ERIC5H 2EFMEMNG & LT, IEXEARE) R & &
BB AT T,

IRENARBRSE & (1 BT ASE-42 AY) 13, IE ) (B K 350kg | #5E 200kg )
JE B EGE 0~3kHz OMEREAFF> TR Y. LD ¥ 2 —/LITIZ 2 IHE 2 A H
TR DHFIE 1G K0 IR & IZHIN LT, FUINAT & U ORI D2 b 2 i 4 L
oo ZORER, AHITEEORRBE RO 10 528225, 10.8G GEEMIORE
BikE) ONLEREZ x fil e z ili5 1m0 2 REFRIC 72 W X 7ot% b . SRR RIS 2
72< . LD Y 2 —/VORIBELITRD b oz,

CoIIima’%@

Lens . o e o
Fig.4-4 Components & parts of LD module Fig.4-5 LD module
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EEEAABEE (G5 R KK 8 DST-300) (X, 247 uvr ($kEK) E~DH
v TR TR 200G OMERETH 5, AFEEABRILE 28> T, AH IR
DREHIIEIC ZmNTHZ 51206 (WBIEHIR O ERIIL100G ) % x #li & z #h
FENZ 3N Z 72 R, LD ¥ = — /LVOMBEIZEED Hivieno Tz,

VL EoRER, BEhE 3T 2EHMEORbHE 28 2 5. 5~50CDIREZE1L,
MEEEL0G £ TOHRE, 100G £ TOERIH LT, LD £V a—/Ud, BEITH
ENMERFCE 5 2 & MGk LT,

BYELT LD ¥ a2—/LOERMERER L TR,
(1) k7 3mW LI E
(2) Al : 760 nm
(3) 22U A—hE—L%%: fit8 X~ 2mm
(4) AME~HE : 320%41 mm
(5) HX:135¢g

Collimating lens

Laser diode

Main adjustment,
of z-axis

Fig.4-6 Adjustment equipment of LD module
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4. 2. 2 LDEVa— I HEDOELE

LD €V a2 —A0b S SN HT e — A%, PN #2582 FE ST 1 & KT
DN INEI2 BT, 2V A—F L2 XD NA BKEFROIRNBY AL HK
TNGEAICIE, AR OWE & 72D, L EETIE, SR LI E— A0
Bz TERGmE TSI LT, MgmE TOAEENLDON/OFF KD EY /51
TORENRE S 72D | FREEOREN S EIND,

—J. EER L — VRIS (PN #EICB\E S M &AKFEH RO —AD = X
MIBEOMMWE) ZFOHEITIE. MTROE— AR I AT E bR,
WKL —FHFOUELXD Z ENARETH DN, WS MORKERMELY BT 5
(ZVE, RHERE L U CIERIRAEDHIEZIT 5 LERH D,

IR EICIE, YV RUBALL U R - P EAWDLHEE, 7Y R L8%
WHTTERD D, E—MMIERBENRH L5 EITIET ) o R AL Xa v,
NGAIIE T Y A2 AV D (Figd-7 28), 77U AAHETIE, PEKL—F
X PN 25 I AT HIZREE L TS e, 7V 2 ZAZHOT Y X LEHND &
R E D72 TE, BE—2RIT7 ) A AMEOJRITHRMEICIR SN D,

LD surface
1

Astigmatic
aberration <K~ T~
V4

\ Clyndrical lenses  x f,f,

Collimating lens

LD surface
A

Point source

6, :Brewster angle

Prisumxn,n,

Fig.4-7 Beam shaping method
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Fho, EE L —FOH DTSR, BRSO,
DREEWIC LT, E—2DOERF %R Y v hThy b LIEEBESRA T
%o R, HEEL—FICERENDIHAP(W ) 1, 7V v X O TH 2 sk
BEW (mm). FREREEEV (mm/s) & BOGIREREE £(3/mm?), ERoasy= Gk
BhFe) x OERE) TRED, MAEOBEKRIE, R@4-DTREND,

_EW-V
n

P (4-4)

W, EER L —F OBREN ROV TIlk R 5, A f X, 7V 2D
FLERIEW (mm) | FRERGHEEV (mm/s), fEERIE  fits, (i mw) | 5, (M, mm)
EEFEe L LT,

=W V.5 (4-5)

Th D, Bl A1, FOEkNE 300mm | FLERHE 500mm/s | MR O MG 10 ik /mm |
BRI %L 5 & EFENREIT 20MHz L 705, L= T 2 FENREIL,
mA A+ MHz TH 5720, ZiJEREEREDORIICOWTEET HHLE T2,

Bef1 . IR LA 2 B L& WMEBIE, AIRE I HE L TET
1=, BRBIRE O EL I E R L2 US7e B2, el RO, BOLEOR
FE BB R AT 2L 5 RPN 00 72 W R [ FIRE & 72 5 72\, — 7. L& WMERE 1,
. EPEET CK) & LT,

l,, oc exp(le T, =const. (4-6)

0
SWBUCEET D, ZOXMEE LT, Ny r—YWNEOER G EZ T, #E,
SN EE=Z L Rk 74— RNy 7 LT BRI LT LRERLH T
PO D X IIT LT,

58



4. 3 EENFEZRO/NUL OIS

ZHRe A IR (MFP) O EBLUC A Tt BRI et 20BN T nk 2%,
BERRITF R AT D720, L= EELFRIT, REAN—ZXL2TES
DR T HUEND D, ZOTD EEILFROME % DBERET /A ZIZDUN T,
IRUE « B AR= 2O TR Z RIE L, /NMUYEIZET 725 Xz atd %,

4. 3. 1 [EELEEO/NULOHIZ
I A T X DOERRICIT, AN ) 2T —LEESESED A = VIR
P LTWDM 62, 22T —EO/NUYL A TR 572012, EAWE, R
e, EEMAE, BHEE AT A—F L LT, A D=0V EREHERG LT,
HNN ) T =%, K7/ NUE S IR S 3, (R EEIC L DT EREAT
ST R RN < | WAENMELS , NI Y FOBBMENRR2NZD, HIET
IRARTZEAFIFEIC LD EBEMHEZIMZ THHoMiER G LN & 57,
—J7. MR EEIT. HRELD R BRBREEN AR THD, £ T MY
bEERT D720, XT Y T —Z 2N 2 R ERF Lz, 70, &k
HFR DR Z /MRS 5 Z LT, R E TOMRBENE 220 | [RIHAZ 8
Lo TR BERIFEICOWT hiEM S, WESEE Y om EXABIRFETE T,
LIRS O RHEREREEL X, A RADORT U v FRIICE—Z 2N LT, /M

Polygon Polygon Motor

= e

=== E

Bearing Bearing

(a) Outside equipment (b) Built-in type

Fig.4-8 Arrangement of motor and bearing
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bz -7z (Fig.4-8 Z /) . 10 HAREEZ BV (117 7o 2 ARERIX % Fig.4-9 1T,
FT—Z2IPNHEDO DC ERZ A T2, ) A XBEDDIRNT TV VAT %
B UTee EHERFDORT U 2 750 b OJRALIC X DB 2 RET D 72012,
LT BRSO T B R AT DA T = b 2 HDIA A TERERL
E LTz, X7 U URRIL65mm T, #hD 7 bd, BIEARFOIRSE) - bR E A/ & < T
HTOIZ, NRE65kg DaANVAT Y T EANTEEMOFEEMNZ T,

[E1 R 2 SR O EIAUREEE & fefR 3~ 5 72012, ZREEHUT R O BIfRRFOHRIUE Lum
UTZBIEE LTz, ZONELZHRT 27202, ROMTEHEZRREL2R LT v 7

Polygon
Bearing
< Labyrinth
Z
Felt
Motor
— N7
%
a2 7N
Coil Spring

Bearing

Fig.4-9 Composition figure of a polygonal mirror

O: Dynamic, /\: Static

4.0
/g L
@ 20 y \
'|: 0 N A / R AN -
A
-2.0F e \a
-1 3 Face number 10
-4.0

Fig.4-10 Tilt angle of polygonal mirror
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MTT DV THEEZITV, IBNE 05um (2 TE 2, 72, [EEER T U 21
2gmm O HEIZx LT, 05gmm TH-oiz,

MR B O G OE TG O ERF R4 Fig.4-10 (-7, BV ZEERF
BIERTE2.3 LT LIEFICRIFRFFEE T LT, SEAW-ZmESEIT. 77 X
FHf (E BK7) OWEEMES0um’ | JES 10mm @ 10 R T, S ITer8E
ATV, B 93% LAk, 2" Pl T &2 FEHL LTz, ABRHRS EEOIIMI T H %
Fig.4-11 (2”7,

4. 3. 2 ERE - WL X0/NEUL DR

T AV —=BFOEEIE, ROV A AR RKENZDHFRBIED A=A K E L
720 EEREGRICHEWES A VD A=A G IR T E T3, Rk L —
VEENF R TIE, 22/ MULT 272D EEsE f 0 7 — I3 RE Th 5,
INRAEDBLE S | BRI R O < A\ZRRE T RE/R T T g B RE 7 /3 A A & F2 8
THLZLEDNRELE o, 2O, EERAKOTHIZREREZR foL X
DWTIHRET L7z,

B L L T — - T
ahbeg byl bl :| T | L..I‘J- |l .:‘. \

Fig.4-11 Photograph of polygonal mirror
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F. ROV X0 E LT, BREIRL o XT, it 1AL MY 2 8
A, MY, I 8 AR Ze £ [RIERZ S & O— kS FTRE 72/ MU LR &
SITRREN LT,

ARREETIE, FHEZ EHE ORI E S RSB 2 ZE L <, FHERE% O 12
VT g AT I e oz dimogim@Edhiett s . f omihiGEEZ v, IEL
HEMEICEST S8 &L, EOR/MEERTS2 X 5 Hasft Lz,

Z ORI A RAUTR T

GrimmE ) = 3 {(EH )| (I )- (R i) |=
W, -(AM =AM ) + w, - (AS — AS, )’ + w, - (ASA— ASA )’ +w, -(AY —AY, )’ +

(4-7)
il & LT, MY 3 Mok R oD
Ly AR EHIE oW TR T Firstlens Secondlens . .\
(Fig.4-12 Z/) . [AlEsZ il Polygon
L. A 1 ~6 & L, & . |
PO E r~ 1, H1 ~ /< X r .
3 LU ADEITEE N ~n,
i oL, B d, ~d, . incident ight
TAHODEXOHE 1T & (A Fig.4-12 Lens parameters

R OMEE Otlh k) Zdy, &5,

ZOMMY 3HIERD FOL v R, BT HAOEERAWEEEY I 2 L—
9 N2 Ko TRHEBI#E D7) & > THRERRGFTT 2 2 & TN DO R R 415
Too BITRIZBELTE, ny ni3/h < g BREWER, BiF7e L v XakEtns Al g
Thb, o, LU AOEIIIZERMIEITIZBIFR L, R dg, XM IEIC
IZBIR L2 Ws, Lo XY A X Bix B2 /UL DO T2 0IZ TE 572108 < T %,

RREHRIEE LT, &R fODRRE £1=270.1, FARERA (Hif) 27.26°, Stific
X9 5 R S A~D AG A 70° BEHAZ HEEONEEE 40mm & L7 %G L7z f o
L AOFEMIPGE S BRIICBIT 28— 28 (EEPLZ 60um &95) Ot
BAER % Fig.4-13 127, F72, JEHBEX % Fig.4-14 1T 7,
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Fig.4-13 Aberration curves of f @ lens

Polygon

Laser Beam\\

Fig.4-14 Composition of the f & lens
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AWM, f oL XL, 2EEM 27.3°00b7=0 . BlINEL0.12%LL T, ikt dh
+0.7mm LA T CTh v | ¥ BB TH D,

FEEEIZLD E—AZHWTEX L#ERE Fig.d-15 177, EBRTHWEZLD
%, WE 756nm . 2 U A—FE =A% 5mm (GmmigA Y v FTEE L) TH
. FUEAFR, AT AT AR F—al) A— e —aFE2 AR LT,

Fig.4-15 L0, A&#IE 260mm OAIKIzH7= 0, £ 63um(1/e? )d—iE b —2p

137, BIEICEIT D E— A%, AV v MEIZX > TEBICRE AT TH 528,
ZITHELNIERREY . BAEICH YT 5 &R LT, AMEE 400 Ky /7
A FLLERFEB AR L IR o T,

T O Sagittal
80 L
3 x Meridional
_g 60
(7p]
g

20

O | ] | | |

-100 -50 0 50 100
Scan length  (mm)

Fig.4-15 Experimental results of beam spot sizes

64



4. 3. 3 EEIFRONEULORRE

LD £¥=a2—/, fOL XL HEEZHEL MLz, INELOEAL R
=y MERET D, ZOo—Muik, EEEZmEICAES DY L LICEREZIT L TT
Sfz, ERIIMTHEE BEEEZEE L, TV =0 208 TRIELT., ZOENRK
LD BV 2— VIO AT RE, fOL AR RO REREL, TOREL
LD EY2a— e fOL Uy AN ENMARE, RVIALTHRMNT 2, ZOf
R OEORENEMALTE, HEL, TOROBRNRCA LT FT U ABLELSTH
%, WX, % Fig.4-16 |2, #MBl % Fig.d-17 IR- 7, REBENFERZ=> hOYA
X%, V142 165x "131mm L/pEIC, BRI 3.2kg TH D,

MFP HD L —HEENFROFBEICK LT, EEXTFREFELZEEDOERT
— R T OMEERET D, ZOFERRIIKH L UL, EELFROREAR—A% T
X LT T DI, T IAFEERE OB W f o L o X &G LTc, AT
RITRE A=A TH RN @ OEGE (TFhe ) ICHHTE, #
BRERE L 7 ) v A HEREN NI T D 2 & A RREE L7z,

Fig.4-16 Laser diode scanning unit
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REBENFRL=y FNOREFEDO DI, ETHEE T r AL HHITERE
17720, EE DS \VET S @it CHIRITE 2 2 L 2B L7z (Fig.4-18 &)

Fio, TV o 2RIEROBELEZ Fig.4-19 1R, RRERIL, @F OEE# 2
BEL T, H#EHDERE b TR H5HKE 7Y 2 OEAKE L ToOKEE
ZHLTWD,

3ODMAREEFR L BT R =y MRIROFERAAEREL Table 4-1 1ITRT,

Table 4-1 LD scanning unit specifications

Item Specification

L D module Output power : >3 mW
Wavelength : 760 nm

Focal length : 269.7 mm
f-0 lens Distortion : —35~93 um

Field Curvature : —1.25~0.85 mm

Polygon mirror Number of facets : 10

Revolutional velocity : 6899.5 rpm

Scanning width : 257 mm
Scanning system Resolution : 10 pels/mm

Size : “142x “165x "131mm
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Fig.4-17 Photograph of laser-diode scanning unit

R R % ) S R SR m?ﬁ&ﬁ@ki‘kﬁﬂ%m&ﬁ {6 0 el e 2 ) W I 2 R R
48 4 e M Ak B BLAIURLF R e e ) . TR Ao (B ok 5 8 R P8 o OF 51005 O 2 e 37 R
U T 0 o 34 0 s AL L FL {7 R 2 G R R A Sh D IR R YU

FAEE T8 EEEREAE R B ST S s A AL AR RN R 1T
T 20 e S Y e T vy = fé *—E *ﬁg & H -] i g AR 2 02 3A B 4 PR I IR B

B BLBR A B2 R - g p g oyt s AVEDT TR R RS AR
mavceo s | & G b L TV 255 G RV AL R R G LA =

D511 M I 3038 T I L 1 BN B 5 1 S EC 6
mﬂﬁ&ﬁﬁﬁﬂﬁiﬁiﬁmﬂﬁﬁ . ﬁl % JE ﬁ ;1— P20 38 B T B 057 M S 2 W

Lok EREREE ?{:}n ZiAasn BHE B4 R BRI 5 £ I
SF T SR TR R I 07 i A T Ly DR 2R 8 A 1 2 S R e

2 P B AU *IJ_*:‘»‘ 0 ﬁ AR IR 1 e w2
Megitibampoetrer S - in# ,\‘E A PR ) R T S E R M M T
T 2 R R 6 B %

- ) 230 g Py A AR TR
BB LA O A A ':t""“ SR T B 0 e M 2
it SHIE AL FINT B 3R RBHY K 22 O i A A R 1
04 M < 9 s KL B T M O P 08 A 9055 B SR 85

Fig.4-18 Printing sample

67



(a) Loading LD scanning system unit

(b) Total system

Fig.4-19 Multi-Functional Peripheral system
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4. 3. 4 EE— ARDO R B O
KFROEFHT, 7V X DOVERE L BB E T 2720, B ELZ RO DENRE

— MBI SN TR 69 69,

B LTS A ATl BT, BT L o RO SR | | =
YAk afRd, EER A 2 AT, Sk AR d 1L, EEDEE COmYT
AR S

f-1

] (4-8)

d=2.
T

P L, E—afidl/e? [EAeRETERT 5,

LROLND,

PEAR L =N SN D B — A I REH Y AR TE D, £z, ik
MY AINRKEIRTD, LY ARNE =TT T L EMEND B — ADEIEN I >
FNENDBRDHAET D, ZOGEIZIE N T — SNy 25Tl L,
e — 2503, R4-9DfREk 4/ 2 3 N T > — MREEIZIG UTe B L 70 %,

KOS Ky MRIX, HEE (7 RL A58 BRI TH-TH, BrEEY
0 AKFE L TED S, ik Ny MRICKHT 28— A 5%IE, MEBENHRD
ENHE Yy TFHA XX LT, EFEEOEBRB 7oA TEIREL, A8 =
RTINS R 2 EnwEIN TN D,

TIT TR (ESRG T et X) 2o T, e — LORELARMT
HERD T, BIEREL M E— LR LB S THIFEREITo -, EEAEFMOE
— AL 55um (1/e° ) TEE L, BIEE M E—L81%, fOL 2 XITART D
Y A— b E—AEEE{LSE T, 138,150,170,190, 210,230 um & L7=, EIFH
VT, EEE— LB 190 pm LU EICEIFERRIEOM Y AL T2,

—J7, 150um LT CE—A0H< 225 & HIFHRRIEA KD . #RENC b —7RHk
P 72D Z LDV Lc, DLEORSR, REIFFEER)NSIX, ~ 170 um A v
— AL LTROBND,
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I, FodE Rl EE E— DB 2T TR D 560, FifgsffF& LT,

(1) E— LA T T A 5540

(2) BOtRoOBt= L F—1T, HEREDOEOFHNAEHTE S

(3) EAEE—AIT 1 EEPIE, FRATDEEEITONTRNTH D
EARET D, B Eo S (x, y)ICBT BT R X —FEE(X y) ik, KRR TE
bans,

E(x, y)= 7T2.IZ(;2 Iexp{_z{(s_l)z' p—y}2}_exp{—z{v.t—v.(s—l)tl—x}2 )t

2
@

(4-9)
T2 UL Pyt b= T — f(t) BT A= viEREE, piERY YT,
sERFEL. 0 VU AE— LRt EEICET DK
AHERE R TIL, ERE S W EER OB T R X =K KE,,, L0, E
By FOFRTRNE,, L 725 (Fig.4-20 2MR), KRENOEER EOTHT T
F—%E, & LT, i — 22507201, #HIiBIE A BEZLLTICERT D,

E..—E
A= max bot 4_10
(Emax + Emin )/2 ( )

B = Emax B Emin (4_11)

(Emax + Emin )/2

2 10f
(2]
C
[}
©
>
o
Q
C
)]
B o5
N
©
£
(o]
pa
0

Normalized scanning position (xp)

Fig.4-20 Distribution of exposed energy
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AT 2LV ES DG, B IXBEH O MO 2 KT,

Fig.4-21 IZFEMREZ T, ABKT, BOWNTHLZENREE LW, £ T,
Bl ARHNBI% S LT, g=A-B ZEALLFER, d/p=1.64 THRKAMEE
52 EDHIBA LT,

AHERZ . FEOMFERICEN TS5 L. BHESE 240 By b/ A »F TOREER
AT 173um &R0 | REOHIFRIRZ 520 E— L MEOFERGER L R —
L7, ULEXY | £ — AROBGFEAEL L THW D b OREFHmBEOf
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Fig.4-21 Merit function for beam spot diameter optimization
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Fig.4-22 Double LD beam scanning system

Fig.4-23 Experimental proto type
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Fig.4-24 System configuration of double LD beam scanning system
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Fig.4-25 Beam spot diameters
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Table 5-1 Comparison of touch-panel technologies

Technology

Detection method and the feature

Subject

Resistance film

(Overlaid type)

- Conductive films separated by the spacer
- Potential division in the X, Y direction

Feature : Accurate at analog detection

- [Mlumination down
- Size restriction

- Durability

Electrostatic coupling

- Matrix driven in the X, Y direction

- Electrostatic change with a human body

- [Mlumination down

- Size restriction

(Overlaid type) Feature : Matrix detection - Limited means
- Ultrasonic wave detection at two places. |- Special pen with
Ultrasonic - Position determined by triangulation light and ultrasonic

(Space propagation)

Ultrasonic

(Surface matrix)

Feature : No influence to a display,

Time lag detection of light and ultrasonic

- Battery

-Azimuth difference

- Matrix detection of surface acoustic wave
- Time lag detection of ultrasonic

Feature : Pressure sensing is possible

- Outskirts area
- Size restriction

- Surface flatness

Light
(LED matrix)

Light

(Laser scanning)

- LED/PD matrix
- Interception detection of light

Feature : No influence to a display

- Number of matrix
- Contiguity error

-Azimuth difference

- Reflected light detection from object
- Position determined by triangulation

Feature : No influence to a display

- Weak reflection
- Special pen

-Azimuth difference
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5. 2 [IERKRHOKRHE

5. 2. 1 JREEAERUO

WEET KD X v FAEEEORBHIZOWT, Fig.5-1 (R FIER X &2 R4, A7
A TCIE, JFARO EEHER L 20 Nz 2 #7T (BT x#h ) 226652 EE L,
oy F LI Lo TSN D 5] SO EEAEZFHIIL T, =AREDIR
BT v FrEZRD D,

5. 2. 2 ZyuFEELYAXORKH
Fy FALEZED 2 SOEEHING-D, (6-2) TERIND,
y=X-tana (5-1)
y=(x—L)-tan(z-2) (5-2)
B FACEOF R (X, ¥y JiE. EEME L KR L 20RO BN5,

Fig.5-1 Principle of a triangulation method
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tan g, (5-3)

X,=L"
° 7 tana, +tan g,

=L tana, - tan g, (5-4)
tan o, +tan g,
= a, ta, (5_5)
2
+
;Bo _ ﬂl 2/82 (5'6)

7L, LR o B oEAROEEM, BB ESKOEEMATHD,

WFid, 2y FLchobde o0, BB - 10 KT 2 2R

Flo, Z TV A XE, 2 DOEBENADER SN XM OEEME L H0HEE
NSRBI TR 2, 2008 L, ZFH LT, 4 v FHOEEY 1 X,
& LT

I’1=|X0 -sina, -, -COSa1| (5-7)
r,=|(x, =L )-sin B+, -cos 3, | (5-8)
SIRALE ; " (5-9)

EEAIT, EEC—LOMAHE o(rad /sec) &, St OEEBZL GER) 2>
DR S AL t (sec) DFETRDO LD,

Sy FAEREE L & v TV A XOREEIL, 5 X T — O RIS #-=01mG BE I E A
THERE —LOEARELT & MBI O LY /SLF D BRI 5,
DL BV ST ORI, EEAE—LARICHHIT 5720, AJJ=Y THTE— A
BAETE DT, DO —EIL7e D L) IR biREHT 2 Z E N RAIRTH D,

EBNE =28 d(2)IE. HUAE—L5 M ERET D &, KATEREIND,

d(2)=d, - 1+[i] (5-10)

(5-11)
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5. 3. 2 FRMLEROBEICEY SE

IR RIE, — A, BRE - ROV a—F X 2 —TRHmbh
TW5, a—FFa—71%, 90 EOTEAZFD 3HEMNEMIIL D> T INLD =
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PD (Photo-detector)
LD (Laser diode)
«

Display screen

Retro-reflector sheet

Fig.5-2 Composition of touch panel system

Polarization beam splitter Retro-optical system

Collimating lens A/4 Plat Polygonal mirror C b
\, ate orner cube

iR =
® F

) Imaging lens
=~ PD

LDI

Fig.5-3 Polarization separation optical system
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g B: Beads type A i
= 8 '
Z C: Prism type X '
2 NE S N _I o
< Maximum
3] A L
= incident angle
5 :
o
3
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o : detectable
_/ level
A=
Incident angle (degree)
Fig.5-4 Characteristics of retro-reflectors
Aperture mirror
CL —=>  Polygonal mirror Retro—optical sheet

-4 =
<
LD F

Imaging lens

PD

Fig.5-5 Detection optical system of retro-reflector.
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ZORER, b BVWEIRFHEEZ R LSO —F % 2 —7 (300um?)
X FEO TR v — ARV T, BRHDEER A RET LTz,

ZOFREY— M T, RS flix D2 —F ¥ 2 —T OIEAOREN S, H
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Fig.5-6 Optical system of scanning beam detection
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Touch detection

1

Ampl

Variable threshold

ll

f
—s|l— Size T2 Vo
Comp1l ] [
Position T3
P— : — 1Tl
Effective detection domain
Fixed threshold

Comp2 4[|

Scanning cycle T4

Fig. 5-7 Signal processing timing chart

1

LD Driver APC |

1

1

O——— DC Motor Driver !
|

1

1

O—— Photo-detector

—~| Buffer 1 A/D Converter |« » CPU
I-V Converter
l Buffer 2 D/A Converter Interrupt
Filter Er’ control
T (Timer)1 [
L UART PC
™ Ampl Comparator 1 T2
\1c T3 ROM
Amp2 Comparator 2 Ta — ROM

Fig.5-8 Block diagram of circuit function
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Z o FRHE 513, EARGE B R & WP (T,) & BEWReR (T,)
BRIy 7 ThHhy U NLTRD D, £, EEBRWKET»OEEBY (T, %
B b L. BT OBRE LY EEEE AT L,

T, =T, .10 (5-12)
T

]
T, HEH T ME
Ty @ Timer NOFHHA ¥ > ME
T, : MEREAL 7 ME
WESHH 7y MET, 13 PCITERE S, or R COERME 0, [T Lk &
nz.
Oy =w-At-T,, (5-13)
o EBEMEE, At S oo 7 FE(sec)
W L BB AN D 5.2.2 HIOFHRUTHE - T 2 v FAEEE (X, y, ) & & v
FHA R, 2RHNT 5,

Measurement
y 1 Touch pane\ coordinate

Marker 1(X1,Y1)  Maker 2(X2,Y2)

+ +

Marker 3(Xs,Y3) Marker 4 (Xa4,Ya4)

+ +

Display screen

Fig.5-9 Coordinate conversion method
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Fig.5-10 Detection error of touch position

(In noisy condition)
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Fig.5-11 Detection error of touch position

(After the measure against a noise)
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Fig.5-12 Detection error of touch size
Table 5°2 Touch panel specifications
Item Specification
Panel size H 920xV 518 mm H 500%V 400 mm
Display pixel size 1.08 mm 0.39 mm
Positioning error *1.5 mm +0.2 mm
Resolution 2.5 mm 1 mm
Sampling rate 200 pps
Interface RS232C

Laser safety

IEC Class 1(A = 780nm)

[EC Class 1(A = 655nm)
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Laser scanning unit

Fig.5-13 Photograph of the touch-size detection

Fig.5-14 Photograph of the size-detection operation
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Fig.5-16 Photograph of Calligraphy practice

Fig.5-17 Drawing pictures on electronic canvas

95



Fig.5-18 Touch panel apparatus on 42 inch PDP

Fig.5-19 Touch panel apparatus on 80 inch back projection LCD
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