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Table. 1 Outline of “Capstan drum system”
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Table. 2 Outline of “Internal drum system”
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Table. 3 Outline of “External drum system”
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1-2 wWZEHm

HIET RS L 72 & 0, R TIE E §EEUET NA A0 7 2 hRE S - BEREIEIR
DB, ZODHEEIT .

H—IC, FRZFDARETH 5555 Bragg Mirz MM L, &AKERF)ESDREIE ALz A
BE & T 2 ILHHERIE 2 RO BT N AR WA T 5. R, LSk F2 HIWE,
V=¥ —toRaEIERTH -7, LrL, AR Tl “BROEZTZHEIRICATT27HI
TIAFEZ BB E T 3 <)L F I AOM(Multi-frequency acousto-optic modulator) % fff
ZENRE L, Z BN & ENREORSN 2179 . JhUd, mELE#HZzLEE 57 ¥
— DB ET, v VFIA4 LU TR T 2 H&EICSE L T 5, Ao kL LT, #
BD 7 v A5 2 —H(transducer) TR 9 % phased array F X2 AL T, EL X746 %
HE L 7-ikGt - BEEZ2 179 .

B2, H4J5 Bragg MIPTIC BT % on-axis ¥ 4 T DFENE T NA A D IEREN 72 @bt % 1T
W, ERTAIRE S S O IECRBE E INTEBHAREEAS TR, ERREEASNZ
THE & 9 % BGRIENT & Z DI TE R R T, I 612, 20T N4 Az 2MAMHL, 2 XI0E
M #5(2-dementional light deflector) Z Mk LGES 2. ZtUd L —¥ — Nz ERRER I ¥ %
DITHEL T3,

R, LEDOEBN AT NA A2 HOT, 8iR7 + VAHIEEE L5 A4 L 7 bl
IR ORERE O L E RS EOM LDz, v F I A Vit ENT 5.
EHEAEBRML — -8t (Fr 72 Y Y FI o)L T, kil F KK
AOM ML, vV F 74 Viddks AT L DOEIEHAZ1T ).

MEAmEEN L — =58 i X (f v F—F 7 25010 LT, on-axis ¥ £ 77D 55
Bragg [l#r 2 fIfH L 72 2 Rt R 2 v, vV F 54 VidsEs 25 L O EIFFREZITS .
RSCTlE, HENET AL AL 2#HBEDOHED A% 6T, BADLDITDH, REWN
2ok RICB T B AT AN - BETOBEROMIH T L LT3,

ARHFENS RO ZFESN T N4 A L CHIR T 0 1 XD & 4 DEAiHEZ D hTo L E
I3 kI 12, TEIET AL R coBTIE Fig.2 Ic7 L, 2830 2T Fig.3
WL 7.
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Fig. 2 Objectives of research in acousto-optic devices.
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Fig. 3 Objectives of research in laser scanning recording systems.



1-3 A L DMk

ARETIE, AEOER EMFEEHWIZOWTRL, HEET N A0 Oh oM ERN
o, B8XOHZEOHNRICE TS LVF 74 MR EMEMITRO» S X ) ICHH
L7.

F2HTIE, BENRYET AL ADOWEEZRET 2. £7, BERET AL AOMEERL,
2 VT EEE AOM O JFBRFENT, 3%ET, Mabs R (Fig.2 b, e %-1)% kX, XIZ on-axis
AOD o JFHUENT, MEEFSHR &, 2z vz 2 o0t e oikat, BEbks 2(Fig.2 o, #f
JENR-2) %2 fEai§ 5.

H3ETIX, 2 VF RS AOM ZHW - FHERR L —V -k i TcoeLF 74~
L DL & 3G - BREE(Fig.3 H, A R-3)Ic >V THET 5. vV FfJE AOM %
FHL RO NERFTOMELZ L, FlcATa ¥4 v TFHBIC L 3 ICOLWTomE %2
R~

% 47 Cl3, on-axis ¥ 4 7 ¥ )5 Bragg ¥t % FH U 72 2 Koo GiR R # % #5800 L 72 P& N
ML — =Gl TD LT 7 4 VLEAMTOFREE & BEE(Fig.3 H, R R-4)IcD W
T3, 2 KoutfRIAgR TO L F 7 4 LD, ©— L ALERIEZ & DRAEEAN I DV
THWHT 5.

55 ETIE, AHAROMREEZRIEL, fmridXs,
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H2w HEETNA ZADUE

2-1 WS

BRI T N4 A, Ak 2 B 28I X > TEK S Lz IR 22 Je 3 855
iz EtEs & LT, AHINIOEZEITT 2% FTH 5. 1922 41 Brillouin 23 &I
X 2o IE%EFE L[7], 1932 412 Debye & Sears 23[R 2 28], [A4EIC Lucas
& Biquard it H (T BIR 2 AERR U AENT L 72[9].  1935-36 4F1C Raman & Nath (3P
SHERONPEEZ R L [10], 1965 4Ei2iE Klein & Cook 23 & Y 26l 7 mik o [n] 4 Bl 5
DIENT 217> 72[11]. 1960 FFRUT L —F — DWFEHFEDMEIR & & 1% < DIERERTZE LI H]
et o Nz, I 610, FENEME L L TENZRIEZ £ L7 VL (TeO2) 3
Arlt IT X > TER I N12], BEEDO/N S GIRERE, ®vob@sts, Enotmirts Lot
TR B 7 £ 6, TREERICIGHFEPADNA DS - 7 [13], [14], [15]. 4% TSI PRSI xd
L5 TdH - 72H%, 1967 4FIC Dixon (3B T7 MR EHIC 81T 2 BT BEER O WL 2 568 L 72[16].
COWFEIC LD, BATMERIRICE T 2 SEICY IR OB & X WIS TE IS4 D, IR
KDEE D6 on-axis ¥ 4 7 TH % %5 Bragg FIFTOMEE - InHBER E 2> TE, L
L, 2 EMECARBIBETH 2 2 L L, KEAKRBIRICHN 2 BITRIRDE L AR
(midband degeneracy)l iR D 7-D[17], 245 % |0l TE % off-axis ¥ 4 7" TD /5 Bragg
BHTICHIZEDse 7 b LT E, MrElts EoEn - RiE2EB L7z, $£7, on-axis ¥4 7

5477 Bragg M B W THELREHECASIE, FEAICEE L T3Bmi et L &k 57
%, on-axis ¥ A 73R EBLONRICL S % ko T,

PLED#IEZ S 12, LD O DFENYET N ZDMEZIT- 7.

FEU®IL, 7V y =2 EOIGHTERI NS MO RBE L HERT 2 20, EEHEEE
D OHER € — N D%EJ5 Bragg Al 2 Hv, X oAbz ¥4 % 729, phased array
BRIC & %L F FHEE AOM D% 1T 7=,

RIZ, on-axis ¥ A 7D HE AR OWFi 21T > 72, Off-axis ¥ A4 7Cl3, &z AL
T A, fidcs L CBCOMEE 5 2 % (off-axis), ZHUc kb, HKE—FTh2ilEE
BT BRI SN L 10° DA EZ R > TEfTT 5. 20 walk-off LIFIINSBIRICKD, K
SRMEEPBIEICR S, Zud, RFEEE L OEHBRGHCE T 2 HHEOBA» S IERM L
%%, % 27T, off-axis ¥ A4 7T L CTREEL Y A X035y D 1 TX v on-axis # 4 72 Hv,
ETH > MR AR OEMAEZ % K L, ERFECARNZAREICT 2720 D% 21T- 72,
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2-2 EHENFETNA A DB

%75 Bragg [l# 2 FIH§ 2 B EOGAZ8H 734 2 AOM ORI P 2 B4 5
AOM D HAREE % Fig.d 1R, (LT VL (TeO2)D & 9 Eiklc ey b5 v 2 F
2 —¥ (transducer) Z {5 O 17, ERERFESZHMNT 2 &, BAANICHERE LT, In
AP L MR AR 2 L, ASDEENITT 2. 20, AMM%Z 7 7 v 7 fi(Bragg
angle) G523 3 &, HiET 2 0 X0 order light)I2 X L, 20, DAET 1 KBTI
order light), & SIZEXDOMEELNS.

Bragg fi0glx, LT D X HIcRIN 3,

A 2
sinfy = 2{/’“’ =7 (2.1)

ZIT, MEL—F—HDFRIRIE, for SO RF UM, vIEESAICE T 2 @5
DEATHIER RS, £, MEROWEEA = v / fop L ESND, RED)OEICOVTIE
Bubd 3

Bragg 0, ($ DRI LI T 2 7200, RO RLE DI IE OBBEH I 25, 2k
ML —F—D kI, T—Fhv €y, FEMEORE Y 7 F SHIBRIAS 5L —+
— %Y 2841, RIREOREMDSBII S 2,

Ultrasonic )
CrystaI(TeOz)\ E— / wave 15t order light
—
Q\X V\ 268
Transducer
Amplifier.
Mixer. 0 order light
Oscillator

frRF

Fig. 4 Schematic of acousto-optic modulator.

12



R 2 T 2RI O W TN 3.
EEOEWSG I . ODEGRY FVELHGR 7 PVHTERBE T3 ETES, s idll
TORTEZSNBDEBIIZNZTNERHEEL LOWHEETH 5.

D=¢E = ¢,E+P (2.2a)

B=uH=puH+M (2.2b)

ZIT, ebpldEnEn 2 BoFEERELIVEWME T VY ILT, gl 3BT OFEERE
L OEWRETH 2. PEMIIELRSHE X OWRHMERL, MEXIEHEDO L ZI1X, 2AH 7
—®IZ D,

vy 7 2y 2 VAR, B LIS ORI E X VERN A2 e £ T AR T,

divB =0 (2.33)
divD = p (2.3b)
tE = B 2.3
rotk = — — (2.30)

oD
rotH = 3 +] (2.3d)

THh 5. R2.3D)F 7 —v o], R(2.30)1F7 7 7 F—0BERF L], R2.3d)FT7 v
R=)VDOFEAZ T, BHLEAER MBS ClEdn L, F-HHEMPLERZ R \(J=0, o
=0)& &, v 7 A7 2V EBRAE, MTokHick s,

divB =0 (2.4a)
divD = 0 (2.4b)
tE = oB 2.4
rotk = — = (2.40)
tH = oD (2.44)
rotH = — .

220, VHWEOMEAEEEZ w, WEHIRZ PV EkET 2L, BEBLXOBEIZULTO LI 12
=3,

D(r,t) = D, eitkT—w8) (2.5a)
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E(r,t) = E, eitkr—ot) (2.5b)

B(r,t) = B, elkT-@D) (2.5¢)

H(r,t) = H,eikT=o0 (2.5d)

2T, Dy,Eg,BoB X UHXERR7 bV THL, ZDLEE, D/t =iwDye'*7=%D = jyD,
divD=ik-Dt7% D, EBHbLRRICEEZZ 06, v v 7 A7 2 VBRI TD L)
EFEESHmZoN S,

k-B=0 (2.6a)
k-D=0 (2.6b)
kXE=owuuH (2.60)
kX H=—-weeE (2.6d)

ZIT, gl EEDFEER, uldBEROGEWE, 3FEER, ndhElEcdh 3,
R, BGHEEETF OO EEZ 5.
WEIR 7 b VkiZ, BITER7 P AnTRT E,
w
k= —n= kon = kyne (2.7)

CIZEZEhDYHEE, elZHNT PV DAY ML T, n=neThH 5.

RIiEDdH 2 1 Ghkikish O EFER T AKAEDH 5 2 BEOEMIET vV L ThH b, E
JETER & ide; = n20BRICH B, F2, 200 FEEIMEI KT 20T, LTOLIH Lk
5.

&g =& =n2, & =n? (2.8)
HE2.7 &Y, H260)BLUNR2.6d) FUTDEIICEHEEHZONS,

nXE—-cuyuH=0 (2.92)

nXH+ceyeE =0 (2.9b)
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22T, c?=1/equeThHh, HLOKEMBOEAu~1TH 5D T, X(2.9a) L (2.9b)>
LBGHZEET 5 &,

nxMmMXxXE)+cE =0 (2.10)
X7 M NVAKAX(BXxC) =(A-C)OB—(A-B)CZHWT, U TOXBENPIND,
nn-E)—n?E+¢E =0 (2.11)

ORI FRGTEATH 2D T, e IRBITHIIZ 012k 3,

& —né —n? nin, nyns
2 2 _
nn, &, — Ny —Nj n,ng =0 (2.12)
nins npns &3 —nf —nj

Tl B L CTHBLL, n? =nf +nf +nfOBERZAHL T, LTICRT 7L 2 LA
25 ENTE S,

n2(51n% + 52"% + 53"%) — &(& + 53)"% — &(& + 51)"% — &g + 52)"%

+ 818283 S 0 (2'13)

7L VDR RUT KR PV ELIZEITED 3RIGOEHAEERZEL T3,
1 fihoo BRSO EA, NE2AICHK2.8)Z AL T, ZL RNV HFRERZUTD X I IcE
T LENTE B[S,

(n? —n2)[n2(n? + nd) + n?n2 —n2n2] =0 (2.14)
> T, ZOBRIIDIEIZL,
Z=n (2.15)

D, BRAZEFEL, oEoH IRTE L 2wt (ordinary light)y Tdh 2. £7-, 2 %&H
DIF L,

n? +n3 nl

=1 (2.16)

nz o nd
L, Bk EE L, BE ¢ (extraordinary light) 2 £ L TWwW 3. n,>n, D, 1E
(positive) D 1 BfithfE 5 EFEY, n, < n,D & F i3 f(negative) @ 1 Hilpl: il & MRS,
Fig.5 IZIED 1 filitEfs o BIrREHEEZ R~ T, kb, UToOBRL»H NS,
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{ nf +ni =n?2-sin’0 2.17)

- cos?%6

ns

No

Fig. 5 Index surface of positive uniaxial crystal (ne > no).

NG (optical activity), R i@ Y6k (optical rotary power)iZ 2\ TR § 5,
EARECZ RERENICAR T2 &, GEITcX Dy, MaohcooMEE, 2% ) A HEG
MRS, ZNZNIER L EITR2R 70, ZO o0 EAMFEGE OIS
PAAREAEDEL 5. Z DR, D DMFEED AR TSH % ERRE DR (X HIHE§ 5,
Z Ui YeRg (rotary power) p& LT, LT DX H ICER I N 5[19].

p==(n—m) (2.18)

n XA TR DARIG xT B TR, n 3 LR ORI T I T 3 iIrRE2 £, 2 2T,
SOMEZERD X HICERT S,

n, —mn

= 2.19
2, (2.19)

n, =n,(0° =n,(1+8), ;=n,(0°)=n,(1-8)THsZ tH» 6, X2.A6)IFLLTD LI I
%5,

n?(0) - cos?6 n?(0) - sin?6
12( ) + 1(0) _ (2.20)
nZ - (1+6)? nz

n2(0) - cos?6 n3(0) - sin?6
22( ) + 5(6) _ 2.21)
n3 - (1—06)2 ng
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2k b, Fig.6 M55 3,

No(1+0)

2Nod®

1-3)

No \Ne

Fig. 6 Index surface of optically active crystals.

K(2.20)5 L VC21)H 5n2(0) 2@ 2 RKDD L, BT LI Ick 2,

nz —n2
nf(@) =n21+26+ ~ - sin%6 (2.22)

n3(0) =ni(1 — 26 - cos?H) (2.23)

2T, BAMEETH B 1 RS o R PT (birefringence) i DWW TEHIHT %,

3 RILHEFDE AL, &5 2 RIUHNTIZFESGETH 2 & 9 R BGWHEED 1 SRS TH
L EEEIC R D ) BB Y B, E{LT VL (TeO2)fG i i IR 7 5% D4-422 1289 5% 1
HERS M TH 5. 206 RAGHHE IO AN I NS &, MBSO TICE»NS DT, i
N DE A A VoML, DRIk > TELAEBSGIZHOGIEHT 2, B5HEE b
T, B K> THF ORI EZL 2006, FGICE > TRITRBRL 2, it> T, 77
DITAEIZ X > TORIE D DGR I, ZnZn B 2EirR oL, MHEZ
BB 05, HHEGICR S,

JE TR 2 W C, BT 2 BIHT %, Fig.7 1aRn 3 X 912, AGHIlE X ORIl o e 73
MoOWimZ i <. ClzHbic, ZnZhn2R, HtE X CRE LRI o i, 2 & <
e B o o AR %2, C riziid URiriliciER L, ARIMTH 2 (i D) ?ﬁ%ﬁk
DRERZ 1 &5 5, WEIBBD ORGS0 & BB R 7 bV OEERENI AT 72 K o)
Welce 2, T 58NS AV (Snel)DERNC Y, RIFPERED x Ho D& i]\%ﬂHJ

JEITICEL S 2D, RESINE T LIS, IELLIE Xy T TEZDREDH 513, C
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TR L T X BODATHIIL TW2, 22T, #1200 ERmc Rl sz 5 X,
Eﬁ%@ﬁ%%ﬁk@xﬁO,Eékwé.%ﬁﬁi?@k%t@ﬁﬁﬁ&7bwm%:ﬁ
WL <, Mi‘é%ﬁ%@ PFRNZ b Lizn, = CO, BHELMOIFITHER Y Fvidn, =CEE L 3.
758, BEFLRNIC HE 25 (AR NS O JRHTRIA & 58 5 R G REDED i iin§ % [18],
BOHED &, JEITERO M BUL LI 1S 7% 5.

(Air)

Boundary surface

N

z

(Crystal)

Fig. 7 Explanation of birefringence using index surface.

R, Bragg [HIHTICDOWTEZ 5,
DR E % LT VL (TeO2) 3 HZOL MBI E LTRD ICHVL SN TW S, D
S 2 PR % 12 Uchida % Ohmachi 12 k> THs I E Lk [20], [21]. £7-, 1k
FULIE 1 BEHFSETH D T Eh S, FEEEIOMD 1 & ) S E I3 RO R %
RE. AFEBFE T, SN2 AT 2 — FEEEcolT L, BAkom
HAEM %2 FH T 2 HE — FEBEEcoRIT 2 2 29Ul fIE T 3.

KT T 3 ORERHNOMT % Fig.8 IRT. FBOMEY, UXL —F —HORIEEE,
AR B 2 S OEITHEE, BMEWOWMERA=v/ fre b XN 5, LT
NSO & LUCHMT 2850, SEIMOWTE I LT, Ko AsMaES X O
FAEIZAZSICRY, 2 Bragg 10, TH 5.

ZOEPFEIFICE BT, AFEDORBRY FLEK, BEROEE~Y FLEK, L
DWBRZ PR ET B &, ERREFEDOBEIHIK D LODT, 35DR7 L LOBIGI
Fig9 D X HIcRT LW TE, UTD LX)l TcRINS,

&
I

=
=

(2.24)
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22T, IO FIVIEK, = 2nng/Ag, AFITEDWER T FIVIZK; = 2mn;dg, HEH
BDWREART FIVIEK = 21f v, A EZRZHPONPERTH 503, X7 bV K,D M ZEE I A
&Ry 77 —RBEBIHEAEL T0DED, MO THNZDTI ZCIEEHRT S, fITEEKRD
RF M8, vidfifiNIc BT 2 8 E R OMETEHE 2 £,

Diffracted

o=

A -
\ y
Incident
light D
=4
/ \
Acoustic plane Undiffracted
wave front light

Fig. 8 Geometry of Bragg diffraction.

Fig. 9 Momentum triangle of optic and acoustic wave vectors.

SAPEO MR 2 RIS 268 — 1T, AL MR ORI, EngidFA IR D,
ng=n (=n) &%, AEDE, BIPOG, WEIEOES RO SN D &IE, Wb 2
NS DWHRY PP T 2 =T U 2 B EAR G A& 7 44 TH D, phase
matching O&METH 2. K| =[Kq| =k BLO|K|=KEB< L, UTFOMGERE
ns,

2k - sin = K (2.25)

A=2y/nTH D5, Hidbd Bragg 10,0 X 2.1)ME 515,

19



Lf_a

sinfg = v 24

% 7-, Bragg 105 3 BCRED/NI RETH %5 DT,

_AS

B 2y
ELTYH, FEHERMERW,
JAZ, il FERIC & o 2 TR & Fig. 10 1R, AR D, AT ko
DBHFIZ X >ThlirEns & ¥, Bragg MIMSEAETIIASMA ERTMAIZEHELY, X512,

WO AEEIXEEEITEIC 2 D, B G ASG I EEERIPTHEICR D, R I ED S v,
CHUF T RTOHIICR L THPTR n 3% 514 (isotropic) 272 6 TH 5.

[110]

Fig. 10 Wave vector diagram of acousto-optic interaction, isotropic diffraction.

L% L% Bragg [M#T 2 FIH T 2854, Fig 11 1om$ X 91, HAMEAIIC X D B AN
JCFHECMIONI, F 2 EEAGGIF BRI R 2 &Y P ARIDESLL, Wt
HiiE 90°&4d 2 [17]. (Hi# 21X, Fig. 1112/ LT3 X 91z, [001] - [1101FFENICE%
AH L7 OFHIC R 2, ) 55 Bragg [M#r D Re b [k, H(2.24)0R B &R F DL
(EYDRYAC RN
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[110]

Fig. 11 Diagram representing the wave vectors of anisotropic Bragg diffraction.

Fig. 11 WiZmmans =ML LD,

K;* = K* + K;* — 2KK;sin#; (2.26a)

K* = K* + K;* — 2KK,sin8, (2.26b)

DR E NS, Dixon X, H(2.26)2REC.DIMMAT B Z Lick b, FJ5 Bragg [MIFFic
BT 2 AGA & HGA T A)OBIRZ DUT o SR TR L 72[16].

_ Al N N
sin@, = PN 1 +ﬁ(n1 —n3) (2.27a)

144 L |

] Al N N
sin 0, = A 1-— ﬁ(n1 —n3) (2.27b)

244 L |

I 512, Warner &%, ZOEEITHRENAEEDOFEZEE L 7-BIR(2.22) 8 X 18(2.23)
#R(2.27a) B X FR.2THICRAT B Z LT, UTouEMRX2E7(17], 2L E, 007)
XL, 65103 DA —F —CNIHflETH 2B 2 DS, §5sin®0, ssin*0, s2IMEHTE 2.

, A 4n2/\? sin? ;A’n2 (n2 —n2\]
sin @, = A _1 + z + 2 2 (2.28a)
A [ 4n2A? sin? ;A’n2 (n2 —n2\]
in @, = 1- - 2.28b
St 72 2n,A | A? A? nz ( )

FE5 1A IZEE O Bragg i 2% L Tk D, 5 2 HIOEHEIEIC X 2 W EZRIHETH D,
55 3IHIZVEHNITN L TAEZ R > TAH SO BIRITOMIEHTSH 5.

B Bragg A7 & 21242 U % midband degeneracy (IZ W TEHMHT %5, #(2.28b)1 5
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Boid 0,030°0 & &, Fig.12 DD =2 R T % X7 )L C phase matching d 54
(K, + K = Kgn)BSEALT 208, b9 D EDEDZMIBE T 22 bV (Kay + K = Kap) &K
VTR, SHUTE D, R L 2R 2 (K 0 K DI 72 5) 7, D
BF(=v/A) TR K E L EbiAte, 1) midband degeneracy & W iEi 2 R T
b5,

[110]

Fig. 12 Wave vector diagram to show midband degeneracy by re-diffraction of a diffracted

light.

Iz kg 275 LT, EEROMETIML, Fig. 11 IS8T X 9 55 D[110]#TdH
% on-axis Tld 7z <, [110]4h7 5 I TEfT X ¥ % off-axis ¥ 4 703H 5(22]. DX b L
X% Fig.13 I27~n 9. Off-axis ¥ 4 7’1 midband degeneracy 23¥4E¥ 3, |4\ EEEGTIR %
TEHTE 5729, 1970 LI IE 2 O A I T bz, 11017 & 1 TEF I Maik
THLE, BHEEIFIISICRESCHECGETL T, Zo8%IF walk-off &£ L THIENT
W5, Off-axis ¥ 4 7I3ARWIEDORNR EIZL &\,

[001]

A

01 K,
02 [110]

Fig. 13 Wave vector diagram of off-axis type of anisotropic Bragg diffraction.

RDOEELR BRI COENTTH 258, T3 3-3-1 HiTHRE T2 L 75,
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RIS, ZBHFEEICOWTEET 3,

1 XD IR % &, mRBEZ AT LRIPFTEEGE L 72 & 228 ON KB, S
DATIDI 7% L [T D3 % WIRREDY OFF IRREEL A B Z L3 TE 2, 2% h, HAKANTOD
ON/OFF %3 1 Xt/ & —203 %, [T I3 EB AR L 72 BB (&) 25 L — 3
—HEEYI D EE LKL RHCE T T2, 2D, L—F—HOEXARYy MEOAEZ
LB DOMRIET, RIS T £ CORMMPIRE 2. 2 I CREEFHZITV VGG, HEK
DB Z I 2720, BHAR Yy FEWNS SR )L —F %
AOM NAHT 5, ZDOWRFD L —H —Ix§ 2 OV A INE R (G2 | IRfH) 13, SGEZL
D10 %25 90 % FE TORMTEET 2. L —¥ =KD TEMOO f#i€— FTh B8, LA
BRI (37 b 0 BR) tr1d, ITFoRcRRIN 3,

do
t; =0.65-° (2.29)

22T, dold AOM TOHHRA R v M, vIFHEEFARMNICE T 2 BEHE R OETHETH
5.
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2-3 =ILF BB AOM DitsE
2-3-1 =VF R AOM DIEA i

< )L F B S AOM D JFEB 2 3T 20112, EE5DOHRWICOVWTEET 3,
AOM 12 29D REEEZ ANT 27 —RI2DW0WT, BRNICHTT 2[23]. FEIZEE L &
E TR OFEARIIUTD T A 77— TcEINS.

P(s) = ap+a, s +a; s?+az s>+ - (2.30)

22T, P(s)MEERE, siZANES, apldffii. ZIREDFATDPELD 2 K d i L L
ZEWRL, ZEES3IREHEEET.
AT E D CWEESRR) D Hé, F5 s IZRHt OBE LTRD X H ek 5.

s(t) = B-cos2m-f-t+ ¢) (2.31)

Z 2 TBIRIE, fIZEEARBE, @3z RY, 2E85 DA, E, UTFDX Ik
TIENRTES,

Sm(t) = By-cos2m-fi-t+ @) + By-cos(2m-f, -t + ¢3) (2.32)

A(2.3000 2 FIHICY 7 2 2 X EFI @™ harmonics) & 2 K H 2 F K 57 (2™ order
intermodulation, SOI)Z k% % .

B? B?
s2(t) = 71 cos(2m - (2f) "t + 2¢,) + 72 ccos(2m - (2fy) ' t + 2¢0,)

+ By By cosCm-(fi — f2) "t + @1 — @2)

+ By By cos@m-(fi +f2) -t + @1+ @2)

+ B7lz+ 3722 (2.33)
O VHEHE2A7 L 2HEE2HLB & 2 KEFEZ £ L, 2 62" order light) & L THN %,
T/, 2RMAZEHFRTTH 5 3TH(f, — fo) DEIEER T DHald 0 ZOEHF I B, HU <
ATHHD(fy + fo) D LISy D Hld 2 RIpPr o briE i Bin .
Kz, HA(2.30)D3FIHIC Y 7= 2 3K EH (3™ harmonics) & 3 XA HZF K57 (3™ order

intermodulation, TOI) %k ® % .
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3 _ 3B, ) )
s3(t) = - (Bf +2B3)cosm - f; "t + ¢1)

3B, ) 2
+T- (B5 +2Bf)cos2m - f5 - t + ¢@3)

3B? - B,
{cos2m- 2fi — f2) "t + 291 — @3)
+cos2m- (2fi + f2) -t + 21 + ¢,)}
3B, - B
+ 2 {ecos2m - (2f; — f1) -t + 29, — ¢1)

+cos2m - (2f; + fi) -t + 20, + @1)}

Bi - cos(2m - (3f1) -t + 3¢p,)

3
iy

3

+ % cos(2m - (3f;) "t + 3¢,) (2.34)

ERicBOT, B0 2HIZ 1 XEPHETH Y, EAREELAE X OLORIEOLT 7€y b %
#L, 3HEHLE 4HBIE3XMALRL T ZEL, 2f, — f2) & Q2f, — f1)DRBEIRT DI iF
1 REPOGEEICHN, Qfi + ), Q2f; + f1) FBER T DId 3 R IcHin 5,
£7:, 5MEH, 6MHEHIZ3IXEINTH 2. ZD 3KMHELFRT DIRIERE) ICEHT 3.
flHICT 570, 2 AJIEBDIRIEEB, =B, = BE 3 %, 3RMAERR T DI (2.34)
kD, 3B34CTHL. TETINVERRTHRS E3BER D, fiE-T, 1 XEFTHDIRIEB &
W32 &, HE 3 TIXRMELTRIPEMT 2 2 Licns, ZHFKERRYTRIEEE
57010, AMEFZHMSE2 &, IXMAZLHFRITN3TTHMT 522 L2EKT 5,
ZOtk+ % Fig.14 I8 T, TNoRRDEFTHTICE > THRIPOGIEFET 5. 3 KMHAZ
ST DFREEIL AOM & X OVBXE) S i B AN O mali B oM SN BRI K 5729, @b
MRS 2 2 EIFEEL W, —MRIICE, RO 1 XlHrep & 3 KA ZH 7P, % HIE
L, Fig.14 ¥ L <, AR E SKMHAZLHFRIT D 74 VI35 T ETH 5 3 XA v
Z— 7 hRA Y F(P)ZRD, 1Py =P + AP/2 DBEFRAS ST D Pin TOMEARZAP %
552 EDHHETH B.
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Pout

IP3

Pin
Fig. 14 Relation between fundamental signal and 34 intermodulation distortion (IMD) in

log-scale.

PLEIE, AJMEED 2 DDEAICOWTRTERLD, ANESH 3 >DBE b FMkICEHR
W e HEZEFRITICOWTEET 3,
SANESf, fo, LDPHET, R 1 XEFOEAHE 2 AR &, Fig. lb D Xk H127% 5,
GECIELLR, BROREHRI LI, 0BIERAS%0, thild Fig.18 D X HITAFHED fA
JEZZEZ2 5 RETH B, Fig.15 1% 2-3-2 fiTHIAT 2 < )L F HEE AOM ToRIFHEDR
BBELTEHLTWS, )

2f—fs 3<order
2fi—f2 intermodulation
fi 2fo—f3 .
f2 } 15t order light
fa J 2f—f1
2f3-f2 3 order
65 2fs-f : -
................ s=fi intermodulation

fi—fs } 2nd order
fife ffs intermodulation

0t order light

A Amplifier

2 Combiner
Mixer
Oscillator
f1 fo 13

Fig. 15 Schematic of multi-frequency acousto-optic modulator.
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Fig.15 X Do 2% k9 ig, 1 XEWOLZMAT 28, FAOMED 2f, — £,), 2f, — f)F
D 3 KAHHZEFEAT 1 1RO T EFICFEEL, 7o8—F v —7x & CYBINICENT 3
22 EDWEEICE D, 612, SANEES fi LEFEHBEIGERT 2L, Qf,—f),
Qfy — fORZNENL L f,0 1L XEAPHEE R UK BicBing, E->T, 1XEPEE 3X
MHEZFRST I & 2 B0 BEREN IR TE RV L, N 7 ZHBAENE) & LTS
B RIcRisk I s, FEICHE LA 2 BEAS/N )i, EXME-LEAM b 6 4 U 2 I/
BHORL ST, L—F =KoL 28064 L, HBAMNICHRHNT20E3H 5, 1,
SEAEIIT 3ROSR (BOEA B B) ToW et E LTIk ) 2 3T E B,

F7o, 3TAMELEFET OB IHHROM D ANMGEMED 3FICHHIT 20T, TES
ROBBANESRIEOHBTHI TSI ENEE L, HIETRTY AT LI, BEH
Bl L TEEETH28E7 4 V22T 20T, K ANESEECOHMHIITHE & &
S>TW35,

2-3-2 )ILF AR AOM D%t

ANESBZHEPLT0ITIE, £TOEFITRL, BORRBITFSIEIE S 5 2 FHILIE
RWECR T 2N H 5, T 2Tk, IAHELZ ERT 2 oD~ )L FJHESH AOM D%
BT 5 TENETNAL A X — 5 —TH % Crystal Technology #: (LT CT #t, BifE Gooch
& Housego Inc.) & IL[FEC, FEMERED - BE - SHliZ T -7z, ZHUC X DIRESI NIz~ L F
J B AOM Dflbk%z b L2, HERB L O AT LA QA EZ RO 2 2 Lick 5,

Fig.10 (278 3 [00 1] D5 Syl 5 I @8 E W 2 o S ¥ CH A2 AT 2 AOM I28 LT,
B 5 O MBEES 2 AT 256 %2%8%T 5, mEksblirsftix, X212 X
9 7% Bragg ff % i 72 YRR ERIGR, D F D EE O MHE I L Bragg 1 0B DMAETL
——HE2 AN TEIETHL, L Lo, BROGEREESDREK=2E %2 % &, Bragg
1 OBIXRPEENC BT 2 2 &6, Fig.16 D X 9 IS ABED ASHA % FHE L 72IRET, g
WAL 1B T Bragg fzai¥d 2 &, MBS, E X OB IS S 1
TN, meBIEL2E 2 2 LN TE %\, Fig 17 1C, Bragg f1 0B 2> 5N THE~R 7 F L
DA I N DT 2T T 5. MPKy,, Kgald, 30(2.24)05% T @S RO B 207 X 72
D)
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fo } 1st order light
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— 268
/
LZEZJNWWH _
Ot order light
z Combiner
Mixer
Oscillator

f1 fo 13

Fig. 16 Schematic of diffracted lights by three frequencies at fixed input light angle.

—>
Ka1

- —
Kaz Kas

Ka1
I(_) \_)
dz_) Kit Kiz Ki3
Ka3

n

Fig. 17 Wave vector diagram of acousto-optic interaction, multi-wavevectors-1.

COHEZ RS 5 121F, Fig. 18 @ X 9 I BUC)IE U T ASA % Bragg AIcabH 5 &
IS 2B EDH L, ZDEZDOWHBRT Lok TFZ2R L 7K% Fig.19 1IZR7, Z
IR Q2.2 IR TEBREAAEOBEI 272 L T0d, L2 LS, YATLAZMEL T»
(BT, XOMEEZEZTCAFTIHAS AT LE2HET L0, EBOY AT L5346 EE
MThh, BENICHETH S, AEZFLETARIE2ERONE2HET 2 kL%
Z6N50, RIEHVeNTF IA U MLEBET 5 L ORI EMETH D, FiEltts X R
75 £ OAfifiE b K57z 72 o,
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Z } 18t order light
f3

Amplifier

0t order light

Combiner

Mixer
Oscillator

f1 fo 13

Fig. 18 Schematic of diffracted lights by three frequencies at adjusted input light angles.

—>
— Ka3s

Fig. 19 Wave vector diagram of acousto-optic interaction, multi-wavevectors-2.

FRHEERRT 2590 EDDTA T T, L= =KD ARMEEZEZ 50D I
TR OHEITH M ZZEZ, L—F =i L THIC Bragg 4 081, 082, 083 Z{#iFL, X
.24 1R THEB RIEFE OB 272 THETH 5. OB PV ORT % Fig.20 12
RIRT. W2 PV K], Ky, K3 DETHADBRABEEICHE > TELL, #ic ARED R
7 FVERIIHDORY v ETEMB KT 2R 2 RIS 5 EDEMNICHEETH
5.
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Fig. 20 Wave vector diagram of acousto-optic interaction, multi-wavevectors-3.

AW DOMEFT H DA E PRI X > TEZ %41k L LT, Couquin, Pinnow & i
multi-element planer transducer array & & O stepped transducer array /5 :\% 2% L [24],
[25], % DFEHEMFIE % 1T > 7-. Multi-element planer transducer array (&7 >~ 7 F &I
7a—7% Eicflibi s Fiffi & L TH1 5 415 phased array FlfIEM & HETH Y, FEEOHK
M L2388 7 stepped transducer array X D{EN T35, # 2T, AW TIE, phased
array flfEMio—>Cd % Tr-shiftik, ZIoHT 2 2 L & Lz, Tr-shift ¥, 1%, SR
WCWERZZEED ~ 7 v AT 2 —HICBEF LD HED n (180°)> 7 b L 7G5 % AT % 5k
TH 5. oy 7 P RIFEG EHINGERWTETSH 228, n(180°)> 7 A FF v AT a—
FELNE T VAT 2 — BRI OREDEMEIC L 5, TR % 2 B O REAEES
ZANTHIEICLD, EEROMBENZLL, #E O ENIIN DT IT D A 2L
5., itoT, ANESOMBEETHImOEIT T2 HIHT 2 8L LS. ZOJFRM
% i Fig.21 IR 7,

[ I I A A I |
(I I O O A B B |
IR REEEEEN

i

f1 f1 f1+11 fo fo+11

(a) Direction of wave-fronts (b) Directions of wave-fronts by multi-
by a single transducer transducers by different RF frequencies

Fig. 21 Principle of multi-frequency AOM.
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LD b7 v AT 2= THK I 15—k AOM O E O EM K I, Fig.21 (a)d
EVICEF I VAT 2a—H EWATIOER S N, EHEL T, KEBICHEE L & bICHEL, FIE
2> O W OFHED I, ZHL Tw L, > T, MEROME? D% <, KH O PR
REINTVE P I VAT 2 —HIGEOMETHITT %2 X 512, ARV —F —hoirEHH%E
%419 . m-shift 1 AOM D41k, Fig.2l IR T LI, HED L7V AT 2 —HITR
HIT 18026 LfBafiE 3, ANIT 2 L, SN DT /T M 232 2 i fi JE
On £k 0 Zio CHNS, ZOFEMFBEHMOMEE X, &GS OB X > T
HHILEVHEETH A, D%, Fig.20 IR T L9 X7 PUVKIDOFRZERT S I LT
E, AFPEDEE S N7ORETOBEBDOEF VAT S Ro it ikiElx, Fig.15 1R
TEIWRD, AFL—F—KOMEIZKHORELS X OEBFHOWELEET 5L, b7
VAT 2 —YIEWILE TS 2 D, phased array ¥ 4 7 CTHEEETH 5.

Phased array(m -shift 1) b 7 > 2 5 2 — % D%l

 -shift B2 )L F B AOM it D E %87 X =% 1%, b7V AT 2 —HolkE, ¥4 X
(&3 H EXL, BLS I 7V AT 2=V THS. b7 v AT 22—V DJHEFEIE Bragg
2L 2 2O DEMWHOMERZRD L, $lo, F I VAT a2a—HDY A XIEANE
mEMPRICEELZE5 2%, PV AT 2a—HIF array (D7t a#EEINLEDT, b I
VAT 2a—YDERY A XF array DEEHY A X2k B,

Fig.22 12, m-shift B AOM &it D7D F 587 X =¥ #nd FEENEZFHEOWKER A,
E 7 FEEMERZ BT 2 E%E Ae, FMMHTHZ b7 Vv AT 2 -V DEEZ Lp & L,
MR Z 011, RARAAZ 0t T3, 7HEINLEIVAT2a—HDIBL 1 DEEZIC
180° DA EZ T T DT, Lp lF 7V AT 2— 2l DOMIEIC % %, Fig.22(a)lx Z DHA
7GR 2 78 U, Fig.22(b) I3 28 S BKE) A I B h3 # 70 2 IREE 2 BIITR L T 5,

A m-shift B < )L F B35 AOM Dk % Table.4 12787, AL IF G- 3AEFI o trial
and error Z# DR L T, REMICIRE S N7, BRI 2 EEOEAMENE, SEDEERIR DR
E <, DGO BRMIROGAEEHM) 2 K 6, i D — MY 2 b7 L L (TeO2) 28R L 7z,
ZOMBOREANDIERE AZLL T X I IckIn s,

1%

A= (2.35)
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(b) Relations of L, Ne1, Ne2, 6, and 6,

Fig. 22 Schematic on distance of transducers and angle of wavefront.

22T, vIFEER T — FOEHT 4260 m/s, Table.4 D f-kEIRx 3 d0 &% 350 MHz
WX L, e : 175 MHz &5 2 & C, i R %2 AR % 250 4L frer 12 437.5
MHz, /MR % BT 2 ZF RS frr2 13 2625 MHz L 725, 2k b, K(2.35)06
RARRIAREOPE A1129.73 pm, H/AMERIARFOME A 213 16.23 um L% 5,

Table. 4 Specification of multi-frequency AOM

ltems Specifications

1. Material TeO, (Tellurium dioxide)

2. Acoustic mode Longitudinal

3. Light wavelength 632.8 nm

4. Acoustic velocity 4260 m/s

5. Center frequency 350 MHz

6. Modulation bandwidth 175 MHz

7. Diffraction efficiency > 3.0 % at 50 mW RF input

8. Flatness of diffraction efficiency < 1.5 dB within bandwidth

9. Pulse response time 20 ns at 125 ym beam diameter
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Fig.22(b) X 1, HMTAHNTLLT DADRILZT 3,

n-A,

sinf = (2.36)

p

ZIT, ndERTHD, Eh, A0,=0,—0,LF 2L, AOIZLTOL ) ICEEHRZ S
LINTE D,

A0 = nA 2.3
B = Z(fRFl — frr2) (2.37)

I, T AL KD EANL 632.8 nm TH B DT, A0zl 13.0 mrad &\l
z2{%5,
E7z, 01 L0031/ (50.1 radian), EELEIRD 6 LT O 3 E 15,

L = m/< 1 1 ) (2.38)
P AQB fRFZ fRFl .

kD, n=lDEE, b7y AT a—F DML~ 0.499 mm A5 S,
HIZI U, 1O 5 Y AT 2 —F 0% 4 X5, Byl % £ L T, n=2 OL,= 0.998 mm
2L 7.

FI VAT 2=V DY A X(EE H, B DIE, BIHEOFCHERT 2 (#BiboX
(2.39). TR REHIERZEL20ICE, HEAAT 2RO LT VAT 2=V OMHK
(HXL) &, MR zZ kO HL J HHO GO TG T 20883 H 5. b7 VAT 2 —H Ol
(ZBEE 23 180°DAIMHAED 720, MEBEWDWHDENNSTE LRV DB RB X)) T7 v
AT 22—V OMEEZERL %206, 1oy A X2kET 5. £, X(2.29)cRINLLH
DAL H b I (Table.4 @ Pulse response time )7 & EERD 4% THD AOM A E — 4
B2 150 um EMEELT, &3 % H=0.2mm & L7, £7, array iz 725X
THEDPS, PIVAT2a—HH%E 2, 4, 6L ZNZTOURN LD, 1O F VAT 2
—J DY A ABIEFIEL B3 EE L=0.2mm Z23&IRL, REWICE T VAT 2—9H%6
fl, "7V AT 2=V DOEEZHM2.7mm & L, L/HKZO0.17BETH Y, EEAER 2%
Jitk Bragg Rl AOM DL %2> T3, %8, b7 VAT 2 —HBRIFEEHFHA D
AW DEEM Z RO DICHEN B A YA Y FIEZFRA L 72(32]. REKD LIV AT a2
— YV ORGHERZ Fig.23 ISR T, Kb oWIRIIEMIETH 5. GEllz b 7 v 257 2 — 3R
FHE CT fhcfrbiniz, )

F7, Ael ADBRIFA=Ae Icos(0r) THDDT, Aeb ANFIFIFAEFEE L, T X
D, fRIAAORKERNDEIZEB(A OB=)13.0 mrad DAEETONERFZITI 2 & &
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T35,

.. . . :mm
4

=0.5 (:Lp/Z)

A
A

=2.7

Fig. 23 Layout of phased array transducers.

IRl & BEDERICB T 5G]

BENY T ANA ZADMRIRIIEE P ORE RS, ZHOVFHEOERGDYE L L
T7—YZERZHML, HAe— FHEH»OMATRRAZM ZETRDB I EBTE S,
[T 3R Ly g VI AIEIRIE L, (SN 2 1 REHTECEE 15, DHTH D, A(2.39)TERI NS,
Z 2T, M 3SR DSBS oM RER B (figure of merit) TH D, L & HIZEIHRDEY 21 Z
NEHFWOR S LES(IF), DV EMOY A %2R L, P IRANTEEN, cosh; |FHEZ
R B ASHC, %51 Bragg [Ml¥T D84 1% Bragg 10, L 72 5.

Lyiy m M,PL\ /2
I, =L = sin? ( ) 2.39
st St [Aocosei 2H (239
n6p2
M, = P (2.40)

TeOz2 # D [00 1§l (HiE€ — ) D EHECAVEREREM, 12 34.5 x 10715 (m?/W), L & H
IR WL 2 D CEMN AR I B L OES LD, Hidom b FE&7% H/L 1% 0.2/(0.
x 6)50.17 £ 72 5.

¥ 72, Fig.24 12789 X 9 I phased array #& DO #E & 120 & —0D 2 D¢ & L THn,
Yo DES1H3 Bragg DS 27z S e WATNET T 5, 6> T, EHED AOM & Hig L
T, ANETHT 2 RIE#IRIEESIC R 5, ZOENOEKIE phased array % 4 7 ThH %
AOM DR TH 5.
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RERERERER

f f+m

Fig. 24 Two wavefronts symmetrically traveling from phased array transducers.

2-3-3  ILFJEEE AOM D it

7

AR E 77 v PR A

AfEL 72 3 2D~ FEE AOM OEFTHRATD 7 7 v b 2 2 & [EFTRI=R O HIE E 2
Fig.25 I2/R§. 270 MHz 7> 5 430 MHz % (160 MHz #18i§) % 20 MHz &< 9 2D A
{55 (# 50 mW AJ))Z AOM IZNEXEIM L, Y687 — X — % ¢ AOM Hitg DG %2 HlE
L7z, ZDWR(Igy /L) BEFTIR E 7B, 3OD% v 7 )V(H#], #2, #3) & b F P ECTHIE
PrahFIZIZIE 5 WL EZMERL, 77 v b %A1 0.57~0.64 dB &b, &RMEE DT
KOBET D%, BIFafER28%, -0 7 v A7 2 =3T3 10 MHz L 2% 5 -
7o HFIE 23, phased array b7 VAT a—Y Zixilakald 5 Z &2k D, 160 MHz DL ki
PR U722 &I . SAUZEREN BB O Z IS U ClE S o I 1 4 B 28 Bragg 4 % £R3E
325 &9 IcZ{b L, phased array I X 2 I AEOHIHIBERE L TWE 2 L2 LTS,
— i, LA EREC T3 EEEBIEA NS, B R 7 AT 2 — Y EMO K
Ba XD Lad Tk s s, EhEEEENSHIC E2D, S-E D IEET 2. SNl
ZORL—FA72FEL, TORERE X CREEAHSZ E L 72, &8, Tabled IZ7R L
TALRE COHIRIE(175 MHz) (%, [ A 3 %Ll Eo&ip & BlE L Ts b, Jh&HE L 7«
fi R Tlx 200 MHz DAL HHSiE % #EfR L T\w 5.
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Fig. 25 Measurement data of diffraction efficiency and flatness within the bandwidth, each

flatness Sample-#1: 0.64 dB, Sample-#2: 0.58 dB and Sample-#3: 0.57 dB.

RIZ, RF AN E NI 0B fR % Fig.26 12733, H¥% 350MHz & RF AJC, [lfF
MRz RO, A(2.39)8 L T2.40)I1C X 2 EHREROFr OMEIFFAME L K CAHL TS
ZEBDLD S,

50

40

30 ¢ Measurement

— Calculated
20

10

Diffraction Efficiency (%)

0 0.1 0.2 0.3 0.4 0.5 0.6

RF Power (W)

Fig. 26 Calculated and measured diffraction efficiency of the multi-frequency AOM at
f=350MHz.

POVAIRERR 05 | D i)
1 XEl$rez 9 254, SABEEMO ON/OFF 23 1 Xalfrtof/feE —T 5. L —
P —HD OV R)HEREGL S 1) RE) 613 L — 3 — 23 TEMOO € — F o & &, X(2.29)
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CEIND. SOLAIEEIE O FE R I, AOM [ E — Af&d, oy % Table.d TEZ L 7 150
um &L, AOM EHRICEWEZEE7 + b T4 727 % —T 1 XEPHEZENE L 2 FE5 23.1
ns ¢, #tEfE 23.2 ns & L —L 7.

Moy 0§ ifeds |
Beam diameter: 150umdo

Fig. 27 Measurement of rise time at 150pm beam diameter in AOM.

FEEEDNFERTIE, dyoy3BABDOXB6)E D 125 um 2D, TDEZEDL, DFFFEEIZ
19.4 ns, FEHIfEIX 19.1 ns TH > 7=,

3 KM HAZ )RS

1 XEHEE & O 3 KM AZH L7 OMERF &, H(2.39)8 X UN2.40)0 6 K72 1 KA
PR O RERE R2 Ao T Fig.28 1R, [HITRIE D % % *#(10log(%)) T, %7 RF AJJ
T dBm CERLAWI 1% — 0,10% — 10). Fig.26 & [, 1 XD EHFZIR L8
i & X < —F T 5. Fig.28 1278 LT\ 3% RF 23/ S WiHElg (0.2 W, 23 dBm L) T,
RF A1 71 & I AIERIZIZIZRIE 2Rl 2 R .

ARG TIZENE) MR O E AP IRREE TR L 2 mAKEAZ TE 2R VPR T 272012,
RTE A e RS 2 B U 72 ARE%ETHE, RE AJIE5 2350 mW(E X # 17 dBm) ¢, AP(3"
IMD Harmonic Suppression)id 30 dB ZfEf# TEZ T\ 4. Z#id 1000:1 DEEAETH 5.
T OREH 2 SR R O G 41%, $010:1 DXEETRIFRL Yy V¥ ¥ — 7 3 A ZMERT
ZLDC, T HHE~e—YVPHLEELDL, TOT—Y VT AT LANTEL 28E% LI
#HoYBCTond, £, IRA VI — TP FA Y MIP)IEE X% 50 dBm & % - 7 (Fig.14
ZI).
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= 1st order diffraction
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3 10
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3 AP=30dB e

= -10 SPtae |
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S o

5 -20

£ =

3 %0 ~ 3" order intermodulation diffraction
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RF Power (dBm)
Fig. 28 Measurement and calculated results of 1st order diffraction and measurement result

of 3rd order intermodulation at 350 and 400 MHz RF input signals.
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2-4 On-axis AOD D%

FEN AT NA 2%, 1 RILRHDO A2 5T 2RXICHARE L TH, L—F =R~k
ADHIfEI N T 5, 1 RS <H 5 L7 v v (TeO,) 2 HivaT, %J7 Bragg [Ml#r 2 H]
HT 2HEP L OPREIN T S[17], [22], [26], [27]. 2D T, HidEDED off-axis
HRBIEAIETH D, DOERRECARDAREZ Z &6, BERmdG & LTI
INTEY28], k4% T7 7V 75— a vyl ATV, —J5, on-axis %z Hw»
ZIEHTIE, SRR Z S 5 7 oI EY) 2 HECAS 08 e 2 L, A A RN
12 7% B [T St I AT 3R 0 7% £ 3A & (midband degeneracy)23® O, fi i) O HAIBIE 3L <
ENBWI EREDREBH Y, EHLLHNEETH - 72[17], [29]. L b L, off-axis /7 Tlk
walk-off & WX 2 B OMET T E 10°H < BiRIC & D, fifmy A A2 KREL T 540
P3dp % %3, on-axis HATIFEEFWIE 7 v AT 2 —VWICEEICHEITT 2720, MDY
A A% off-axis FAREWKT 2 83D 1 LSS THEL L, FLEETHROAS I DA
IZE W TIE on-axis TADIZ 9 BHEFICENTH 2 2 L5, on-axis HTHADENTE L OVFH
F{boFREMEZ T2 2 & & L 7.

On-axis AOD DHFFETIE, #Ehh 7% JEHli[001]72> & [1T0]H /5 A 8 1 T ([1 100y 2 A
XETC)EE AH & 3 (optical rotation EFMEZN T 3)Z & T, FHFRIERERS AHE X OIS
HDWHDBEAT 25 2 EBREINTVR[29], T/, 1 HEhERLICE T 2 [EE T — F O
122w T, S. Kim, K. Wagner & 2MEL 7 i@ ft 217> T 5301, [31], [32]23, i DG
€ — N ECDREI DA EDOBRICN T 2Ttk InTnukrotk, 22T,
INoDORFRE I SICHITL, SRR LZE2 72002 EE, HERICTIHT %,
AffiCld, £7 on-axis AOD DB L g, %z inicmmlrRh=z 5 2 JiHE5E 2 i
5. Z0rn, 2RIGRAGNDIGH Z T 5.

2-4-1 On-axis AOD D% Jj Bragg Mt Dbt

— il PEAS T B 2 LT VL (TeO )3 K & W HABE T &G AEEetEE) 2 F5>. A4t
JEH[0011H s 5 & &, HHITIC XD, Mo ooME, A S ARG
s, AEPED0016c N LAEE RS &, EAOMELIMEMFELIC RS, BEkic
X3 Bragg [BIHT 358245 9 % I, S phase-matching 45 (30(2.24)) 12 6é v, [MHTICEHF ST %

R OREMEGET, BTG Z QRO I % 2, ffdic L, HoEST
HIANZ X > TR E 2 20 o OfRECIREMRCEAEE— FTh 5.
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N5 DFEEM 7 fi#HT 12, Dixon, Warner, T. Yano, A. Fukumoto % K. Wagner & 12 X 1) ¥
JE X T E[16], [17], [22], [30], [33]. ARG X TN %2 S 612D, Fig.11 O %7 Bragg
[T DEAED T T, AHEE KO A EFE, ASEORIEITIMOH% %2 RiEIcfT) 2 & T,
TR0 %2 KR Ic g T 2 &k 2R 7.

K(2.20)~2.21)2 55 51 3 Fig.29 12, TeOz2 fih & 21 & 1T 2T Az B
T 20, 08 L LD NHIICPT 2 ML 0. DERZ RS, SGfi[001]2> & [110]HH /5 17
IZHHT % 4 (optical rotation), 2 % O HEE I DEIT1ATH % [110]4#H[H] D DAL T S
NAHMEZ0,, JHH[001]7) & BE I DHEITITINTDH 5 [110]Hh /7 M~} 72 Bragg [RIHTi%E
DD DAFHDAE% 0, ERREEAGF DRI % [110]6H2> & [110]6#h /7 1~ E 1 72 A
JE% 0, L EFRT (28], [31], [33], [34]. Fig.29 th, neld BE TR, n 3 W CHITE,
n1(0a,08), 12(0a,0p)1FZNZT N LFLICER I NIZAEE,, 05 TOREN, HHITHIET 5
JHITHRTH 5. 0 1XCHI[001] L EN R ZEZTH D, X(2.19)TEI LS. n,(0°0°) =
no(1+8), n,(0°0°) =n,(1—-8)ThH 3%,

nr= no(1+d) [001] [Y]
n1(6a, Bs)

Adjustment [010]

for Bragg diffraction 8s ne

Adjustment
for optical rotation 6a

[110] [X]

[Z] [170]

Polarization direction
of incident light

Fig. 29 Schematic of three dimensional wave surfaces.
0,: The angle for adjustment of optical rotation, 8g: The angle of incident light for Bragg
diffraction adjustment, and O.: The angle for adjustment of polarization direction of incident

light.
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Z 2T, Fig.29 IO/ T2 I L MEDERLE LI, BEZ2ESHICT 572912,
EBE DRI TOMEDOID /TDOERED Fig.30 1278 L TE L, Bragg [T D 72 & O 7305,
P AR 9 2 I o J 1A 2 il [0]HE X 9 % f3[£0,%° optical rotation OfETH 5.
AT, AGHEDIRED[110]6hD & DEDe L 75 5.

[110]

Direction of
acoustic wave ; [001]

6a :direction for adjusting optical rotation

8 (101 g5 giirection for adjusting Bragg angle

6s Bc :direction for adjusting polarization

4

Transducer

Travelling direction
of light

Polarization direction of light

Fig. 30 Schematic of adjustments of angles 84, 65 and 6, for on-axis AOD.

KIZ, TeO, fifh DA € — R 2T 5 7012, FaNICB T 2 EMELOR MR % #£5
T 5. HEHE x 3EMRFECO R a L&l b O(x=b/a) L BT 5. SCER33], [35]IcR X
NAEHEFONI, AE,ZMATIRERTSZET, UMTo L)y icEsazons,

Ana (HA) BB)

X= . — (2.41)
Any (84, 05) +{ Ang? (64, 5) + Any” (65, 05)}
c0s?0, - cos?0y pA  cos?0, cos?Oy
~ - . N —- 2.42
Ana(0a, 05) ~ (ny =) 1—sin20,-sin?0y 1w 1—sin26,-sin?0, (242)
sin?0, - cos?0y + cos?0, - sin?Og
Ay (84, 05) ~ (ne —71,) - : (243)

— Sin2f, - sin2
1 —sin“8, - sin“0y

Z 2T, Any(0,,05) & Ang (84, 05) X [001]H T & LG, 8 K NG\ 72 IS ET KD
HABERITERAEBICE > TAEL2ERITEFETH D, Any(0°90°) =n, —n,,
Ang(0°,0°) =n, —n;, %%, n, n 3 REEEE— FThH 2 LGOI T 2 JHITRT
b5, T, plFXE.IS)TEINLHME I Y ) DAL TERE I N5 g ofE (optical
rotatory power) T %,
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COEHERZM MR L TEL., Fig3l DX ) ICFEEBRAIXA—F2ELRT 5.

yA

Fig.31 Definition of coordinates for n,, ng, 04, 8 and ¢.

nzx', y, zZ8XUn,, ngTELIT L,

x' =ng-sinfy
y' =n, - cosl, = ng - cosly (2.44)
z' =mny, - sind,

Inky,
cosby
ng=n- (2.45)
\/1 — sin?6, - sin?0g
N6 kD, cospE L Usingz kD3 L,
' cos@, - cosO
cosp =L = 4 055 (2.46)
n \/1 — sin?6, - sin?0g
Vx'2 4+ 722 sin?6, - cos?0g + cos?8, - sin?6
sing = _ Ysin?6, 5 4 5 (2.47)

n \/1 — sin?6, - sin?0g

kXD, H(2.41)~(2.43)03E 1 5.

s oR(2.41)~(2.43) X D, TeO2 I B W TOEIRDIEE 635 nm DIRFIZ, AE0, % 0, 2,4,
10°L 52 7 DFEHE x ZMLTD X 912k 5.
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Ellipticity x

OB (degrees)

Fig. 32 Ellipticity of the light propagating in TeOz at 635 nm wavelength along a direction
with an angle 83, tilted from the [001] axis to the [110] axis, and an angle 6, tilted from the
[001] axis to the [110] axis.

Fig.32 1%, A8 L V0, 2 =D DM NEDHEMHEDOZALZ R L T 5. 6,23/
S E, HHERIZDH " OMEEILTABICZNT 5. K O optical rotation 2372\
£(64 = 0°), Bragg TR O N5 MIEG 3B X% 3.5°TH 57, HHFEIX 0.26 FL)E
AL, FET— FEERMECREICE RS R\», I5ICAE,%25 45 2 & THIMEIIN
XY, BAE— FIRESEGIOEDICTWE, 0,05 1058 TR0, DMHEIC & & F X
12 0.03 3065 & %2 0, IFIFESFEGEIC R S,

RIT, TeO2 #ifHN T 2 D123 N7 G HFEE DGR EIC D W THEZT 5,
WM X 2 6RIEZ(IE, T. Yano 51 & - THFF S 0T\ 3[33], [35]. AGDEO R
DA110]Hl /5 E0 2 & fFE0 M =, ASAEEH001] /5D & f e T, & SIC[110]HE b I
RO RE S F 7B DW T, Fi I 5., £73, Wtz T k) Ic£T,
ABE R Y (a plane wave incident to a crystal):

DO == AO ) expiTO (2.48)

ASEDEM TR 2 (X, Z) £ LT,
SIS LT IERMRE D X oD

Dy = A, - cosO. - expit, (2.49)
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IR S N ERMRIED Z T -

D, = A, - sinf. - expit, (2.50)
Dy = {alexpiro + b, expi (TO + g)} + {blexpi (ro — g) + clexpiro} (2.51)
D, = {azexpiro + b,expi (‘Eo + g)} + {bzexpi (ro — g) + czexpiro} (2.52)

B2 R, Dy, = bR} + {(fifesa)csd 2,

b1
az

‘m ai b2

Fig. 33 Decomposition of incident light according to the two eigenmodes of ellipticity y.

ERRECHEDEMEZ x £ 55 &, U TOBRIIKLT 5,
¢ =xby=x%a;, a,=yxb,=x%c, ¢, =tanb; (2.53)

il é N O 2 Tl D G 0 5872 & (15 P = Bl 75 170 3 [ 1101k /7 160 0230 9 BR a7 2 1, [1 101877 160 129
VBT ELES B L), ARG & AR DONEEZRD D &, MTFDX)Ickhs,

. 1+ x? - tan’y
h=5{(a® +b,%) + (a® + b)) = {(1 +x3) -+ tanzll))} o

_ {xz +(1-x?): coszw} 1
_ "

v (2.54)
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. x? + tan*y
=5 {(0% +a?) + (0" + 7)) = {(1 -+ tanzw)} o

_ {1 -1 -x*- coszl/)} -1, (2.55)

1+ x?
T, Y=60c—tan"1 (0, / 0p), BT DrEUIEB X OENEEORNEEZ TR L, I AHED
RECTHY, L+, =1,Th%.
Fig.34 12, 1, 6,, 05,0 DBIRZXR L TE L.

(Y

o

X Directions of major axes of two
elliptical eigenmodes in TeO2 at
Baand 6z (grey arrows)

6m = tan'(64/6s)

6 Polarization direction
’ ~c —/ of incident light W= Bc— Om
- ll;\, (black arrow) = Oc— tan’'(64/65)
Om ,’,
\/,
e > Z

Ba

Fig. 34 Relations of 3, 84, 65,0,.

HDEFTHEDAHEDG,, 0 TEZRIND0,,E, HDOREH DAL D E EIZ, ZDf
Y Z2 LI & DONBEREL DOFFREAS R % Fig.35 1287,
K(2.54)8 L N2.655)0 5, AEYDOREDI X, AEMm/2-P)DREDLIZ%E L\, Fig.35 @
Y=0deg DI 1ZP=90deg DEEDNITH 5 FEHEVPI DL E, ZODRMDIEEIX 50 %
THLCARD, HHEINS o TL 3(ERMEGISEINTL %) E, FTOREDEED
RELSHD, BMHENOICRS ERTDRNEDAIZH S,
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= )= Odeg
........ U=20deg
= - = =45deg
y=70deg
y=90deg

0 01 02 03 04 05 06 07 08 09 1
Ellipticity x

Fig. 35 Intensities of elliptically polarized wave Ir at light wavelength 635nm in TeOz2 for

Ellipticity x.

Fig.32 & Fig.35 DFER XD, 0, = tan™1(0, / 05) DI (P = 0 DIRF) D il 5L % [E 1 12 PR
LT T 57D, TeOz fifMllcx 3 2 mIED M A € — F(polarization eigenmode)% 2
RICIIZIERH L 72X %, Fig.36 1278 97[31], [32]. FEfki3 A ) D EECORICIREZ R L, B
XD OFEHEORHAIREZ R L T 5, il (0, 85) = (0°,0°) 13 HE L VEEEL
b HEAT, il o DAEIRE 22510 THEMREICZR D, 3 5ICHEBRREEIED
<. [110]8h—[110]Hh FIiNTIX, SN SMmEHAE— FIZRNFETH D, F7[001]H (X,
FL)D 77 AB LT A FAMAAD S DKWL T, FAEOFLEEGE—FE2RT.
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t [110]
Angle of 68 [deg]
12

____________________________________ —
% 2 4 _b 8 10 12
Angle of Oa [deg]

Fig. 36 State of two polarization eigenmodes of TeOz near the optic axis [001].

RIZ, Fig.36 12m L -mEAEE— 2 b LI, EfRELEE A L7 L ZofmGREICD
W, Fig.37 ZFHWTHEZ 5. 5, ADECHRE DI 7% 5 0,70 00;(= 0p) I I 1
%L, MEHROMETTHTH 2 [11014h & PAT 2T mIC T S, A 20,THHERD
A2 o S5, RRAIB L OBERMOSGAENL, [EA€— FORIEHE D223 LT
%, A E— PR TG ERRENC AR ECORNGH O ME0 2 Gb¥ % L, JCBEDR
GRIEDPRARE 2D, RROMITEZRT. 2O, REAIOHREHZFEOHRD OB
HNmEP g, FRAIORE A AEZFHFOLEB ) OFEHICKR> THHATZ., i
phase-matching D ZE&EICHE> TS, DF D, 6, = 0°DIR;, AHHE & HEEO R IGH D A B
#£13 90°12 7¢ % 73[28], Je#hliE (optical rotation) 8,255 2 & 17 Wi, G D A 21X
90°Tld %% <, [EHE— FICft > ZmEHI DM A TR E 5.
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I [110]

I
Angle qf 6s [deg] 6i = 3.5° (=68B)
Ba=1.2°
10 6c=70°
8
6

Direction of polarization

|
i
|
|
|
|
|
|
)
|
‘ of incident light
| 7

J

{

1

|

|

I

|

|

4
//YL* Direction of
6c , N < acoustic wave
2 //// Oi
T O Angle of 6 [deg]
0 A7 > [1T0]
o 2 4 _6 8 |10g,
v

\ Direction of polarization

of diffracted light

Fig. 37 State of polarization of the two eigenmodes of TeO2 near the optic axis [001] and

relations of polarization directions between incident light and diffracted one.

P EoiERziwAT 5 &, TeO2 A5 D[001]HICHY > TAM L 72 E# R G I%, Bragg fA %
L7 B [110]HHE D DR 0, % 52 5 &, RGHIA € — NI > T o DM GIC IS
5. 35T, BEROEITINTH 5 [110]4[R] ) R0, &L LTE L Z 10deg 52 % &,
B E— FIZIZIFERFEGCICR D, 2ORHOMEEE— FOMEXIXRLNIC R 5, ASHGR
HEDFM%E ZDEEE— FOHMICADLE S Z LIk D, ERREEAS TR BT
BRRZFMT 2 ERARBICR S, Zhid, 1/4 EERE EORGHIEAG A A% L
BHIERTERL, HEVAT LEGTOBEDP MO THEHTH 5.
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2-4-2 On-axis AOD D3l

S nl o Pl Tk, LA % 80 MHz TGl I /-1l ® on-axis AOD(Gooch &
Housego Inc. D% 4080-13)% F\>, Y13 635 nm DKL —F—Z2 Hv7z, L 7=
AOD D #liE * — 5 —Gooch & Housego Inc. 23/ L T\ 3 AR % Table.5 1289, §F
fililc 17 % RF BXE) A I EE I3 12 0.25 W & L 7%, TeOz2 k540 55 Bragg i it % FIH T %
%4, midband degeneracy (& 50MHz JifZ ICBidL 3 [30]. Sz #tl) 3 7- o1, i
Jil % SOMHz % rhuL A & LT 5,

Table. 5 Specification of AOD: Model 4080-13, Gooch & Housego Inc.

Item Specification
1. Material TeO2 (Paratellurite)
2. Acoustic mode Slow shear mode, on-axis
3. Wavelength 635 (nm)
4. Acoustic velocity 617 (m/s)
5. Input Polarization Linear, horizontal
6. Output Polarization Linear, horizontal
7. Center frequency 80 (MHz)
8. Modulation bandwidth 8 (MHz)
9. Flatness <1.5dB
10. Minimum diffraction efficiency > 50% at 500mW
11. Active aperture 2x2mm

Wiz, )5 Bragg MIPric X 2 ASMAO, 8 X A (T A) 0,12 onwT, K(2.28a)k &
N(2.28b) X hEMIEEL L 72558 &, 80MHz 12 B 1F 2 HIEH; B % Fig.38 IR ¥, FHEICE
TlE, v=635nm, n2 =226, nZ =241, §=152x10"*DfE%Z H\7=. AH A LRI
DPEFEFIZPEIC Fig.37 il L7225, 6, =3.5° 6, =1.2°k 4 h, HFHZERGEE X<
—HL T3, 5, FEEEHEEEZ 80MHz Hh.lvic 10MHz & 9% &, At D2 bl 0.16°
NS RfEE 7B, Figdd TR 205, ASAHREEEZTORVEATY ISR OZE
fLRIZZIEERE L 2w, HEAETA)ICOWTIE, Figll TEHRL TWw 3238, [001]5
O RIGEHRI D Z1EE LTw 5, FEEDMEL %5 &, BTS2l 7 ¢ A AT/ %D,
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—ZHK O BT midband degeneracy 24U %, Z 1L & D ARG REEECTIZ AS ALBIML,
U (BT ) IZ B DM & 7 2 DT, [001]ilh> 5 HEHE D DfE L 72 5,

5
& 4
© 3
S —01
Se2 0 -
?'E g 1 — FRRRTLLL 02
S e o Measurement
T T | ey
S= 0 (e
© T e
€ 1 30 46" 50 60 70 80 90 100
(] = ot
S frequency (MHz)
£ -2
-3

Fig. 38 Incident and diffracted angles in the condition of anisotropic Bragg diffraction.

RIZ, RICICBE L CRHilid 5.
fREA € — FICBd 2 Bl % WGEET % 720, AGDERCH & MR YEm o /A 22
Oaifr @ 55T 5,
Oairfld, Fig.37 X0, LT k) Ickw 53,

_1 (b _1 (%4
Oa4ifr = tan™! <a> —tan™?! <9_1> (2.56)

¥ 72, AFDEDRICHEH D MDY, 0, 00,1C BT AT — F O o & —3%
TORFDAIEO % Ocmax E T D&, LFDXHITH D,

0
Op .. = tan~! <9_A> (2.57)
i

Fig.37 TR LABE L L VAL G T 51012, M0, %% 2 RITRKBIFIZIRI &
N %R %Z Fig.39 1T/, 577 Bragg [T H3RIL L 726; = 3.5°, 0 = 1.2°D 5 T0, 221k
SRk, ABEDRIEE D A0 2 R RIH & 72 B £ 9 12 0cmax DIEICHHEE T 2 (R
HAE—FOLMAICAEDE D)L, O FRFEHRRRIDOMAETH Y, [MFTED R I3 H
(ERINDALIZR S, 6, = 0°D & SEEILOMILIL0°, FHIEIFI0°L D, Ogip,1390°E 72 3,
04 = 2°DIF, Ogpp1313130°L %2 5,
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I 110

Direction of polarization
of incident light

4 é////f‘ Direction of

|
Angle qf 6t [deg] 6i = 3.5° (=6B)
10 } Bd=1.2

|
|

8
|

=
|

| c - 2= — acoustic wave
2 } . //// Oi
} ’5 o 04 Angle of 6a [deg]
ol L7 > [110]
V_

0 /% /4 6 / 8 10| g,
/ \ Direction of polarization

of diffracted light

Fig. 39 State of two polarization eigenmodes of TeOz near the optic axis [001] and relations

of polarization directions between incident lights and diffracted ones.

Oaiff & Oc max D BAR 2 78 9 FEBRAG R & GHERG R 2 Fig.40 12737,

S D4 1%, BREDRE B SOMHz, 6; = 3.5°, 64 = 1.2°TH 5. mAEHIIENE S N5
DA E L OHEDG(EET0) O R GTH O AL, FOGEH € — N9 § B ICiE > T
fEL T2 ENEIESI N, U X b, FEEH T — NI X 2RGH QBT FIEE & 7%
b, ¥J7 Bragg M2 A L 72 0% s 27 L OFGHIB W T, WE%E & 72 1B 22 3%E 1230
L eot. TNz L, 2-4-3 Tl on-axis AOD % 2 fHCE L 7= 2 KTl i 2 o &% a
7Tak AZFER L, Bo e mOGH A O BGE 2 ERERICiTR 9.
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©
o

£ 75
5 5% 60
g &
255 15
2 g @ O Measurement
C = 5 0 .
2o 450 15 30 45 60 75 Calculated
>0 o
ceE & -30

m S
SHE 45

®© ©

ot -60 o

-75

Polarization angle of incident light 8¢ max

Fig. 40 Angular change 64 of polarization from the major axis of diffracted light to the

one of incident light.

IZ, #75 Bragg MlHTd & E DRIPFTRNFRICOWTEET S,
575 Bragg [M¥T o 8éE, R(2.40)TRI N L WERIEEM, OO neORb DI, AFHE X
CEFEDIETTHEN,, n,Z T, nd -n,3 %M 5. E->T, 75 Bragg [l#r DI O 1ERE
=0 /P ES

3, 3,2
_ Ny ny’p

P (2.58)

ea

L5 [27].

RABIFRIR 252 720 OB R FGOIREG, = 9.5° 05 =3.5° 6 =70°)ICEIT 3
575 Bragg [T oatHEAERIE, KX(2.39)8 XK (2.58) & D Figdl dkHikovonsg, %
7o, FEPHEIZ O W T 0.25W OBEHR N7 —D & & 95%TH D, FIHEMEE IZIFHFOME
AL TWw3, TeO, DR DI O 1 RE HE B M,q 13 1200 x 10715 (g3/kg), S WIEH L 7
AOD(Model 4080-13, Gooch & Housego Inc.) D& A X1i& X % L=2.0 mm, H= 3.5 mm
(H/L=175)Td 5.
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100.0

0
= at 64=9.5°
S 800 08=3.5°
S Bc=70°
[
2 600
g
c —Calculated
ke 40.0
§ O Measurement
£ 200
a

0.0
0 0.05 0.1 0.15 0.2 0.25 0.3

RF power (W)

Fig. 41 Measurement and calculated results of diffraction efficiency AOD: Model 4080-13,
Gooch & Housego Inc. on the condition of 8, = 9.5°, 85 = 3.5° and 6, = 70°.

A 0,% N2 =R Eish®Enix, R(2.39)B X N2.68)ICk 2 1 XD EE£T
L (3 1IH) &, (2.54) TR I N2 T ICEHE ST 2 ROCH D OB (5 2 H) & O T
AHETE, LT k) IcRE 3,

13 <M PL)l/ 2
AoCOose ¢ 2H

2T, pl3N(2.46)B X UN2.47)TRIND0, L0, THMI NS AE, it Fig.34 TR L7
WH, Y =0;—tan (0, /05) TEI NS, £/, BHE x X, L 05X (2.41)THSNS,
Fig.41 1%, AR ¢ =0 THhrOMMEy = 105EMICR 2,

0,289 A—% L LT, 6% 7TO°ICHEE L T L =MD R K & 72 5 R AIR 0 3 HfE &
HIE fif % Fig.42 1R $, 2 ORFOBKEN A $0% 80 MHz, A 18 /11x 0.256W TH %, 6,=9.5°
WATE, A E— FIRIIFEREGT, 2 ORGEAEE— FOMEIZIZIE 70°TH % DT,
AR h# L Fig.41 EFIFRICE X Z 95 %DMED 5 7z, Fig. 42 T, MIEfl & 3HE
WCERBLBEZRDPROND 70, SoLhHBIMPHELEEZ 5.

n = lLig I, = sin?

. [XZ + A= x) cosTy (2.59)

1+ x2
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©
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Fig. 42 The measurement and calculated results of diffraction efficiency at 8, = 70°.

HARCTHIT 2508 AT L0, BEEROEBRBREZRL, 22k LOBERS
x b, AOD OIRAMAESHE 7 — A1 72 lpmm DRREDORET, LERITD 7 A
v HEEEEDY 27.8 pm, JEARFED 0.27, RASRHEDO L v XOEREEHA 50 mm D &£ ETH
h, AOD OfAREREIZ 0.12 °L ko7, ZHUHM T 2 47EIE X, Warner 23758 L 7234
(2.28)» 5 HAfEDH 2 &, 80 MHz #HaicE k%2 7.5 MHz &£ & %, fRiagh s LT3tk TH
W TH B, 22T, AT LICHEZR L OPOMEERP—Y &80T 12 MHz ®
HRIEZ #4> AOD Z HEZICIHE 5 2 L & L 7.

0,=9.5°, 05=3.5°, 0,=70° DI, 74~86 MHzD [} $rHr 1k T D [a] 47 %5 3K o il & s 5L %
Fig. 431277 ¢, ZOMER, 05=3.5HE TIrbiizdd, K (2.28) TR L 7 X 9 12, Bragglhl#r
G2 73 A & R I BRED R B BT & o TR T B 2o, [IFT S 2 IEME T 72
DI ARAEFE T RERH L. LrL, AEMAOH(2.28) &k 1 Fig.38127" L 7280
MHz + 6 MHz®D & & D A ADOELEIZ0.19°E 220, Zaucxt$ 2 BTRIER DO 21X
Fig.43X ) 83~95 %z %, EBEDZRPT 2T LA TIE, FEEICIEU TAMAZFHET 2D
FNEETH 22 D5, 0gZEET S I L E L, BHFIES—EICH 5 &I ICANBEITH
S bl e

Fig.431%, AHAEN T80 B ORI EZER CE 24V H 22 L 2R LTS, %
7z, ¥— 277380 %/watt, REEHIBDOIGTIEE X 2330 %/wattDRIFTEIFEEZ R L TWws
(Fig.43, filZ). %J7Bragglaliir o BT a#IE—MKIvIZ 100 %/ wattbl FTh 2 DT, i
LT % &, AN E N ORIFRIFED RIS E G EBb» 5, 2k, X(2.39)8 X N(2.59)
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IR L7z k90, BITTERIERERR B M, , M, DBIBTH D, TeO,Z Mt THh 2% MDA
EMHET 2858, M 1334.5x 1071 (g3/kg) TH 2 DICK LT, BAGEDRIFTDEHEDM,,
131200 x 1071 (g3 /kg) TH B 72, ANBEHICRT B REITNRICHEREZRNEL 270 T
bH 5.

100 400
95
90
85
80
75 300
70
65
60

Diffraction efficiency (%)
Diffraction efficiency (%/watt)

74 76 78 80 82 84 86
Frequency (MHz)

Fig. 43 The measurement result of diffraction efficiency between 74~86 MHz, RF signal
frequencies at 0.25W, each at 8, = 70°, 84 = 9.5° and 0 = 3.5° and the fitted curve.

DLEX b, [110] HilZ dula 2% %[9485 (optical rotation) &, & 512 AFHEDEYEIH O /5
M % TeO, %DM A € — F(eigenmode) DR M &b 2 GiE21T9 2 £ C, Al
IROIEKR & MR OLEDE Sz, Zaud Tables (SR L7z X — A —AVR LT % fLkk
IZxf L C, input polarization @ Z&tf:% % Z % (horisontal T3 7 70°& T %, MHIRMIC
output polarization ¥ horisontal TlZ 7 \») 2 & T, ZFHIEIE(modulation bandwidth)As 8
MHz 2>6 12 MHz PL kiZ, 7 9 v F % A(flatness)?3 1.5 dB 2»5 0.7 dB 12, F7-[E[ra)%
(diffraction efficiency)?’ 50 %L . at 500 mW 2> & 83 %L E at 250 mW 1272 % £ w9 K
ME 2 RrEdER eI 2 itk s, (IEL I, 77 v b xR 1.5dB TR % ik 3
NZE T, ZOGEEWHTEIEIX 12MHz K D)JAS7%5.) oz % LT, Table.6 [T/ T,
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Table. 6 Comparisons of the specifications shown by the manufacturer and the results

obtained by the new adjustment of input polarization.

Items Specifications Improved results
1. Input polarization Linear, Horizontal Linear, 70° from horizontal
2. Output polarization Linear, Horizontal* Linear, -60° from the input one
3. Modulation bandwidth 8 MHz >12 MHz
4. Flatness <1.5dB <0.7dB
5. Diffraction efficiency > 50 % at 500mW 83 - 95 % at 250 mW

*
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2-4-3 On-axis AOD 12 & % 2 XKoot ~DInH & sl

Hifficn L7z &9, BMARRMREZE S -0121%, ASCOMRIGHE & B3 D R CHE O
A REEA € — FICiE> TIREZI N5, Fig.d0 ofiH %2 b L2, FEECH OGRS,
2RI 2R T 2 & 20 70+ A % Fig.44 CTHWT 5. FHZEMILT 2720

IZ, O ICDAEHT 5.

1t AOD

[110]

Polarization
direction of
incident light

[170]

(a) Adjustment of
polarization direction of
incident light for1st AOD

2 AQOD

[110]
[110]

Polarization
direction of
incident light

(c) Adjusted position

of 2d AQD for Polarization
direction of incident light for
2nd AOD

Polarization
direction of
diffracted light

0= 70°

1St AOD

8= -60°

[110]

(b) Polarization direction of
diffracted light by 1st AOD
= incident light for 2" AOD

294 AOD
0= -60°
[110]

Polarization
direction of
diffracted light

(d) Polarization direction of
diffracted light by 24 AOD

Fig. 44 Processes of adjustment on the 2-demensional deflector with regards to a polarization

angle of incident light for the 1st AOD, and an angle of the 2nd AOD for diffracted light from
the 1st AOD.

FTWHIC, 1D AOD D110 H L 6, = 70°& 72 % X 95 I AFDEDIR I O f4 )2 %
2T, 81 @ AOD EE 2 D AOD ICxd 26 ET AL, sk

3 2% (Fig.44(a)).

M

1

i

BIL T &b 223, fmkid L ARERIT & AEERALTH 5D THER v, ZD



TR DT O fFE1E Fig.d0 X D 0qipp = —60° L L THIAL 3 (Fig.44(b))

ig. REOICIE A=Y
2D A0OD DAL %2223, ZOEHDMEZ, %20 AOD O[110]fHcx L, 6, = 70°
27 % & 9 ICHHE T 2 (Fig.44(c)). %1 @ AOD L4552 @ AOD 1Z[001]Hif iz xf Ui & 12 i
EINTW5DIE, 2250 A0OD Ol CE 3R VED T 5720 TH %, & 2D AOD Dl
Piiltld0,;r = —60°& L CEIL 5 (Fig.44(d)). ZOF5H, 5 1 L5 2 © AOD O &% 80°
E7 %, 2O, fRiads & L OB ZAEM 90° I L, WIDMERIE T 1E1 — cos(90° —
)LD DTN IE5%LERZDT, ¥ AT LAKGTOBLNS L, DT 07 RF ATGHEE TR
JEMIEDFRETH 5. 7, 2 Ryotlmimds 2z gt oot O /A B 1 ASHEo Mt o
AMEE —HT5, Z

NN RDOEGT EREHED X R ETH 5.

2 Rowtfw g 2 SR I

SAEL, HIEIEONE Z TR o7, #R%Z Fig.db oy, {4
D AOD 2% L,

6, =9.5° 0p =3.5° D&M L, Figdd TRLIEZ7 v A THE LR, 12
MHz DHHSIRIC 8T, % 0.25W O ANEZEE) T, 72~79 %OEME 2@ L. ZD
fi L, Fig.43 12/ L 72 AOD D& 0 kitEz 2 BRIC L 72 L E0HliL#iT Ao ITid R
STWLAWY, ZH#UE, H20 AOD IZOWT

I AP S 80 MHz Tz 43 2 DTl
e, FEANTX D FHARE 252 X)) IR L TCw3-oThH S

piffraction efficiency

Fig. 45 The measurement result of diffraction efficiency of 2-dimensional deflector at

0,4 =9.5° 0p =3.5° and 8, = 70° for each AODs and the fitted curve

F 7z, BIPT OO WNE % AT 2 72 o, BT ENRAE: % SHl L 7.
TeO, IZE T i€ — FTl, FEPH DAY —ME(nonhomogeneity) iz

o=

(=SS 3 \gfﬁ%
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BEEICIE, ¥ 2 ) — L VRS K 2 B OERN B RHEi RO 5 sy, T TIEEED
TV —a vt o CEHEN NI 2% 2 BT Co LR eIl ¢ 2 2 Lic L&, %
JERHE T ORI L, MNGER OFHEAME & EREZ DD — AT DOWCEHE L 7. KR %
Table.7 IZ/7 7, FHEMICK T 2 FEHME O HFIL, 1.05 LT &2 0, EH EIZIZHETE 3L
HETHDLIERDNS, DFD, AOD OBE RO DIREL L — ¥ —FlEot AR TOMEN
KN L THIRIFCHD I EEZRL TV,

Table. 7 Measured result of focusing properties of diffracted light

Calculated Measured diameters

diameters (Ratio to calculated diameters)
Case #1 17.7 um 17.7-18.5um (1.00 — 1.05)
Case #2 26.5 um 26.2 — 27.6um (0.99 — 1.04)

Z 2 FCEMII L T E 2 2 00 R R Ok % Table.8 IR Y, 4T, EBFEDOL AT
LKL AIA A, FEREZ FEAET 5.

Table. 8 Specification of 2 Dimensional light deflection unit

ltem Specification
Wavelength 635 nm
Beam diameter ®1.0 mm
Ellipticity <10 %
Movement of deflection > 100 pm (Each direction, X, Y)
Resolution of deflection <0.1 um
Efficiency of light utilizeation > 60 % (Including diffraction efficiency and transmittance)

“Movement of deflection” and “Resolution of deflection” are the values at exposure position on a drum.

LEF T, At s L COERELMED —DTh 5 MRIE(DIREE) % A 5. DRAEIE 7 /S
—F v I AT (= D/v) & EEATSIRAF OIS L v, #E > ¢, i TBWP (time-bandwidth
product) & L TR IN 3,

59



TBWP = AF - AT (2.60)

E—AELE DX 1.0 mm, FEHEviZ 617 m/s TH O, #IEIEIZ 12 MHz TH 2305,
TBWP 1% 194 &£ 7% %, Znid—MNWAfFmgss L TdrR DIRWIRiEThd 5. BibT 5
AT L TOMBIE, AMEmdz FER E RS TRREBEdRINT 2 2 itk s, T
TR AV PV S 5 —oniEgkix 30,000 rpm (500 rps)TH 272, g s L THA
MiZ1x 500 Hz O IEZHCREI§ 2 2 ERHNE R S, 6> T, AP AT L DHETIEoE
REVZEIETIE RS, FANEMECBEL THRER »,

FBRICBE L 72 2 RotAR M 8 O 5 E % Fig.46 12”7,
# 1 O AOD 25 i SNz [mHtid & 2 i A iRz K>, AOD [0 #4A1: 80°ThH
270, ZOMmAMERZ, 2 o AOD (x LT Bragg [MIFT A5 D AG AL I1313IE
ok, L2rLAaNS, FIUVAT 2V OEIOFRAHFICEE ARSI 57D,
AOD [ Hiff i3 M5 1 feed CRLE T % 2 L 28 & L\, On-axix AOD 134 i#23/h & < AOD %
Ya—NVa/NUETE LS TH D, off-axis AOD Ik L TEN.Z R TH 5.

Incident light

Aperture Prism 2™ AOD

Fig. 46 Picture of 2-dimensional AOD unit with two on-axis AOD, two lenses, a prism and an

aperture.
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2-5 E%

<V F FEBEH AOM O 5 BEAT B L OREGETHRE & WMEE 2 1T -5 7.

B D RFESZFKICANT S L EOH L HHEL T L, phased array ¥ 4 7D k7~
AT 2 —PHPHREHED ICHERET 2 2 L A MEEL 2. BFNTSIEI, BRI v AT a—
H DSREO R BRI, FRICE AR IR T 2 AR 2 A 2 72, DA
CLTHEMEZBDIRL 7228, 8l LoZE@HICHEDLRH - 7-7-9, bk E0z 350 MHz &
L7z, 160 MHz O##gIE < 0.7 dB LAND 7 7 v F 2 AZER L TE D, 200 MHz D+ iE
THEEZ15-20dBD7 7 v F R AZMERTE TN 5 I L6, 3 XA DE Ll
MEHE(Z Yy Py =72 AR E)ED L= 7127% %753, 200 MHz O4id% I L C,
E— LA E SR THLT 2 L L HEETH 5 (Fig.d7 ISR T LI 1T, 5beams DY AT L b
ZD Bl L 7).

XIZ, on-axis AOD 122\ TN L 7=,

BRSSO RIEE A €T — PO 26k 2 o6 3 RIIKR L7 2 & XD, gk
F L)L (TeO2)fs i % F v 72 on-axis AOD 12 BT, EEECAS L EVEIMEL2E55 2
ENTEDL L EBEEMICRL, ERICK o THEEL 72, 2 112, JElh[001]2> & [110]HH /5 1A
IZfE 1} % optical rotation DHEE#0,, JeH[001]2> & MF P OHET R TH 2 [110]H8h /51~
fH |} 7= Bragg [Bl#T A HEE D 72 0 D ASHED A E%Z 05, AFHEDMRICI D [110]4i2> 5 Do,
ZEEmOEDOEAE— FIcHhbE 5 L I [T T 2 k2 BEmNIcR L7, 5§ 212,0.25 W
AHESTERE > 12 MHz O & IS IE T 80 %M L, AT 95 %D RIFThE % @ L 72,
ZHUIAITESITHR L TIF 380 %/watt & 720, off-axis AOD IZVEFLT % @RS & ik
ZEZRLTWS, 51T, 2XRNRAEG 2R T 2720, 2o AOD ICFRDIRH% & ix
72 G O g FEFR L 2 17 o 22 K5, 12MHz O EiRIc BT, % 0.25 W o AN 1B E)
T, T2~79 %D E#RHE %2 EK L 72. On-axis AOD % v 7 2 XKoo bR <, fMycHEA €
— F2EE L =@ RIRO &M T, ZEMMN 80 L kb, MM 90°% % & D e T, fiE
BIRADBOTHH 1.5 %THEDORELBAK[TH S, £o, ARNEORCHDOMEZ T X —
& LR OB % ka2, HEME DEREEENRH D, X5 IHEDBHET
b5,

1T, off-axis AOD & @RI O\t 3, Off-axis D5 1Z, BEIKOETAHTH

(1101 A L, SEMmi20E L, 2CoMEz >0 GEITS 2 2 &, BEHIE walk-off
EVIHBIRICE D EI0°DAEZ S > GEITT 5. Z2D7®, fiiiY (4 X4 on-axis AOD &
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W L THESERELS BB, o, A vE—SY v Ay F v /L&D, AOD £ 2 —

NDYAZXNKEL LD, THIEFRFMHRICOERT 2. £, Mot LingEse 58

&b, on-axis AOD D139 BWEMTH O, HEaGt EHIMEDHE T RR13H 5. —77, off-axis

AOD (% aperture %4 ANKE W &, fEadI L-OBD ARAEIK E iz D ER G

PR Z D E, RERNENH 5. fit- T, on-axis AOD & off-axis AOD 17 7V 7 —3 3
KBTI, BATTBRETSH 5.
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2-6 i

Phased array ¥ £ 70D b 7 v 27 2 =V 2RO FEYET NA 20X, IO AR %
HiME L THEI SN TELEMicd D, @EIEABEEOREIC X 2 Wi o3k K202 H
ThHhot, 2D, HBDO RFESZERICANT LI EEHEIN TR >, K&,
BEROET 2RI AT 2 IR~ L F S AOM & LT, HBER 2 bt & 525k 21T -
7o, BEBUS S FR AT O 238, 3 RMAZHFRIT Li~T a8 A4 v T (E—F)
TH 5., AETIE 3RHALFLIC OV CEEMNITBE L, 1 XEHTE L 3 KA AR
DIBGIE D B S e, FEEOR T, BRETORREANIC X 5 3 XMAEFRITIFA
TMEFBOIERTHZA 570, ANMEFOENZ EFTw L &, 3XRMAZLRET O AR
Wl cERRD, FEBOCAT LMIE 5 3RMAELHREY OB L, ~T8085 4 T
B — MDFEICOWTIE, RETIT ). JAiE2 R Oftt — F o AOM 1Z, Ed 252320
W7 7V r—vavIilGHTH 5, RETHEJ 5235, redundant ZeHri3 Ak 4 2k (c
T2 Z LDHEETH B,

¥ Bragg [FI#TIC D\ T, on-axis ¥ 4 7 & NRIC L C, EEREE— F DN & R
fRGAR TREEIIEIME S NS 2 L 2R L7, 1R, ASDEA Bragg [T 25l 72 3 AH
MliciEIng L, BWYULERRERCANPBEL &Y, ZoEMHEEIE T, FHkIC
A»EwEBEZSNTWE, LaL, O DX Tld optical rotation #5. 2 % Z & ¢l
PR DLEZEDRNR I LTI, K TH O THMBFE L TORGDHRETSH 2 2 & 2 H
ISR L, RO GRS 9 X —FIch 2 2 e B L, BT VL (TeO2)fks i
% B\ 7- 575 Bragg BT CIEMEBEED K E Wic s, ANBENICHNT 20 EH L, »
DA SETE D FE & FlH§ 5 2 & T, on-axis AOD T#% off-axis AOD & [d%: 7 & [l sh % % 15
LIENTELIEDS, RABT 7V r—v a v ~OIGHOARED T 2 L OoEEIZK
Z\». FfiC on-axis AOD D541, Hiffi Tl R728 0 2N 72 2 7 0, H2EEM % 30T
I EDVHRETH 5. EMFIETORIDAREICZ 57 2 &I X D IRRES AT
ol &b, YATLANDIGHDETIEX Y v 23K EW, £72, TeO2 I3 EAITH 2
DT, NS HFEHFA REREFEOHTORELRAMBICKR L, 58K, KB RLTWS
off-axis AOD OALEICZX L, KE arigiz 8 & L Wil cld, on-axis AOD 23E  #1
bbb EPHRFINS,
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45 38 )L F P AOM Z W7 FIliERR L — 3 — Gk

AT LTDRNVF T4 AbEli D Wkt ge

3-1 #a

1980 EEE0 6 Bl 7 bl 7 4 WV AR (A X — k2 v ¥ —)I%, DTP OFERICK D,
ZNETEL 74NV EHHL TREL COLFERB =Y FLara—% EToOfRE
2%, W7 4V ARERS LIS 1 ROADHT ko, i kD, WG OMERE
DB R EEEICEM L, FL8ROTEREE IO I7—L YA L=y 3 VidH I
WOMRRE L 22 1 U3 7 & 2 W HRE IS e o 72

1990 FEHIEHD A X =P v ¥ =i 2 55H§ 5.
1990 FRIFA X =P v ¥ —DRFKVPEA T, HATETIE 10 BEBS A L Tw7223,
Agfa, Linotype-Hell, KHARZ 7V — v #3ESCREEN), B+ 7 A VA2, £ A= —T
b ot FLERBREED 96 lines/mm D & EF D, EHEMEOLSEE OHERE % Ll EIRIC
Fig.47 127839, 1995 fEDEIC Eifi SN AERNRTH 2 vV F £ — LMUBEREZ #E# L 7
BefH LuxSetter5600, LuxSetter5600V £ X 0¥ Luxel F-9000 Z#FH L <Xz 2 7-.

AR ROFHE L Ab¥, DTICHEMibL v FERT.

1980 4EfREIUH & 0, ME/EEERN IS ER TH o725, (F7 0L ©— oK
BUC X 2) 5SRO D 6, I IR I RN E SR I BT L T &%,
MR EE R IO SRR IR, A FLE 5 —F— % —D[EREE IKEL, 2
DWMEZRDE I 7= A A LMEHD P L= FA708H 270, | A —»rilikcoid
FRREDIRAN R Z T E .

- PHEEEMH I, E—2 ARy RO 6, SR (SR L) FR 2 N T B %
Zk, FEBYA RGERBOHKOLD, o) —HE L TOMBEMNTIES L.
Ei, FEAZHE) RV T VE—F —DRIEROEN, £ELY Sy ATy St
R E ORI T 2R LD, 1 AL — L3 TORREEDRANRZ T,

- o T, MANHEEME X OCFREER T, VT 74 VLS ishd 2 Kigicm b
SHELEELPEREL L THEHINTE X,
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ATl PHERML -V -8y 7257 F 705N o<rF 74 bz,
KTl THENREE L — =g v F—F 748 5R) o~ LF 54 Lowrse
IZOWTET 5.

CELIX4000 (F/F)
3beams

15.0 }
@ Internal drum IR NTRIE R

External drum &4 $ifi i 2 TILFSA1

3} <> Capstan drum “PEA R o
2 (multi-line rec.)
S~
E L/H: Linotype-Hell
E K LuxSetter5600V
— A/G: Agfa-Gevaert (F/F) 6 beams
10.0 } D/S: SCREEN )
3 FIF:  FUJIFILM HerkuleyPro
() : (L/H) 1beam
3
(5}
[@)]
=
-E Iigfl:s)%ngrseoo
eams
8 He”}‘é‘ggr#‘/m () CEL|)1(gooo (FIF)
3 eam
[0} 5.0 s SeletSet7000 <
m eletSet5000  (A/G) 1beam
(A/G) 1beam @ DTR1065 (D/S) (©) SeletSet Avantra
ProSet9800 80beams (A/G) Tbeam
/G) 2beams
RC1500 (F/F) ~ AccuSet1000
2 8beam A/G) 1beam
Z oL
R3020 (L/H) TngGO (LH)
Bbeams ProSet9400 (A/G) 8PeaMS
0 1 y1beam 1 1 1 1
‘88 90 ‘92 ‘94 ‘96 ‘98

Release year

Fig. 47 Recording speed of major imagesetters in 1990s.
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3-2 2NFI534 MbT AT LD
3-2-1 #WRBOEHEL L 2T LK

Ky AT L DOFLEFRR D EE LR % Fig.48 ICXI/RT 5.

Resonant
scanner

Mirror 5 2>+,
- Grid-&
condensingvod

Fig. 48 Schematic of Laser Scanning Optical System.

ARFERR MR OER I FHE A ZRE L, MlER2N LT, RRI7—2F7
LADFEESINTVDS, Fh, IREFICZZLYF Y P AX 2 F =L TiE, Tk liceg
Wkl 2 DAt He-Ne L —¥'—, < )LFHIE AOM, L V') v F AF v ) — I3 58Ham]
RETRM & L CREMLICRHITE 2 X9 =7 v MEEIC L 72, BEAMRERICOWT, BT
FHHT 5.

He-Ne(~V 7 L34 V)L —%— (LK)

HADM Y, He-Ne L —4—% M E LU GERL 2B lE, I E X OFIRIEE(632.8
nm)BLETH S ETHS, NER.IITRLE L HIZ, AOM DlElHify(Bragg )3 EIH 0¥
OB TH %23, He-Ne L —HF — DRI T 2 I RZEMEIF 1x10° nm/ CRETH 2D
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T, JHUT K ZEHTALENIIEETE 2.

KEEAI F—NELYF Y FAF v — (FEH)

LY F Y b AF 2 F— 3 HRBA X v - —C, MBI AEEZR X 9 (ISR S il i
T —ZEEL, 2O RIRZAHL T»2 70, BEITHrOMO TLEL K
BCEEN T 2 Z LAHRECH D, I 7 —IFIEKEGERZT . S E RS AR
DETH L 2REKRT S, iE>T, ZOREICHLY TENFKM 2z RELT 2 05ED3H 5,
F72, XD XuEBREREZES -0, L= —=XD 7 7L Bhnwk), TELZLITKRE
WY A XD T —%FHL 0D, BEAFELEDOML =L 71245, ftoT, T 7—DHIE
(AT 4 7% R)%2 L2700k, 37 —BIR, Bl 7HEzZ TRLZ[36]. LY+ b
A ¥ ¥ F—O T Bz Table.9 IZFE T,

Table. 9 Specification of Resonant Scanner

ltems Specifications
1. Resonant frequency 160 Hz
2. Oscillation angle 24 deg. (mech.& full width)
3. Mirror size 35 x42 mm
4. Mirror reflectivity > 90 %
5. Mirror flatness <\/6 (static), <A/8 (dynamic)
6. Wobble < 1 prad
7. Jitter < 01 %
8. Scan line linearity <#£15 pm (f=745 mm)

MEME R 7 4 (RIER) &Rk ERIERXR D R

HRZRIET 2RI ZFOEMNEOE VN7 AT7 4 VA% —~EMTEDL, H7 4L
LD REEERMERT 2720121, 74 VA 2EEMHERN 7 2gMET-EDENTHE 2%
CEWHET, v THEOEPL 74 NVLE R 7 LAOEMEIBOENRY) BOMAEICKRD, B
WE(L YA ML=y a vtz s, 20700, 3#l=y 7THrOHEDOARTTZ 4L
LEMEIZ2HEEZRAL, FIAHRBRD 7 A NVLICORDET Yy avyPBhhohnIR
L7, £72, F7 L0@KBERELZEHT 2 2011E, & KD 72 I B % %
AL 72

67



2 )V F JP AOM

HIEE CHREARF I & BEHES 2R L 728, K A7 A CRIITE ORISR E 2 KT 5 72012,
3AE =L TEERNLEG 2Tk, vV FE—afbickoT, FEBEDOAMNE, EI7EL
BB 2R HIZ 5 2 EDSHRIC 2 %, 722 L, BTy REFEOE~T sy A v
THOMHIEMN, ©— ik 2#iENR, 1 XEFELHOLOE G W)REL DT, XKHi
THENT 5.

[ I E %

LY PV FAF v+ —D X ) IERBED—E TIE R WIEAEP, i#tH(F 74 ko7 4L
L) D IEMEZAZEICFEER L 72 WSS, st L M UEHICHH L — =z &L, A
¥ ¥ F—TCHFRHER I, ZORERBETH 7 X RICHIME N7 v R Z5AIS 2
L0, FAEEMEEIEMCEHITES. 2oy FERESZMAL T, kY ¥4
SV ERRDL, F7LETY Yy FIEICEE SN MEMRICH 2 DT, 7Y v FIER
FORRN L EOIEMERMEEZR T EICRS, Yy PRl L —¥—HKidey M %
BEL, MSHICRLE I N7 4 P A A — FTEAEFICEAHBRINS.

RS CH B 7 £ VD)

FIL6Xxy 728 Vil iAcld, ROUEEREHGL v X(f-0 L v X)D R0
R 6, ol N L ¢, AR TOE—L ARy MEEZ/NSI K THDIXNETH
5., E—L ARy MEDEEMREICN L TREWEMBIEIEDL, £727 4 VL LD
7z F v b edge sharpness 13 %5, ZNZ2AiET 2 DIE, 7 4 )V LADFOUHHEE D EH
PR BRI 5 D E VIR, JERZZICN T 5RO discrimination 23K & < & D, edge
sharpness |3 B9 %,

F¥ e AT L:KER Table.10 12737,
HiZE o 38 L 2 A EO B L 2 25 TH % 5.0 mm/s (96 lines/mm DFREFEER;) & 1o
7. LY F VY AX Y T — DR S frs 2 ET 2 BRAE, DITOHED TH 5.

Vrec dl

RS = N, (3.1)

C 2T, Vye lFRLEOHREE, d 3B, NpldE— 2 K8 TH 5.
IN&h, E=oAKEE IR, LYF U AX Y F =R S frs® 160 Hz &P 7-,
Table.10 JHH 9 @ edge sharpness for image quality(FI{RME % /R~ $F LAE)ICB L TIEX
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FiCHERILT 5.

Table. 10 Specification of system parameters

ltems Specifications
1. Recording speed (sub-scan) 5.0 mm/s at 96 lines/mm
2. Number of beams 3 beams
3. Light wavelength for recording 632.8 nm
4. Recording length (main scan) 544 mm
5. Recording beam diameter 25.9 um at 1/92
6. Scan angle 41.8 deg (opt.& full width)
7. Pulse response time 20 ns
8. Recording light power 21 pW at 96 lines/mm
9. Edge sharpness for image quality <9

3-2-2 2)VFRABE AOM 12T 26 R DWf%E

ATk, AdoME Y, WP HIREROZEEROBIAD 5, FIRHEE 632.8nm O~
7 LAY L —H—(He-Ne lasen) 2T 2 2 L & Lz, ZOWREIZBEMBOEES X
2 )V F L AOM OMEITH 5 TeO2z DFEPEHICH L TH#EL Twb, LarL, ~Y
TEAFRT YL —F—DEX)BHAL =Y =MD —E L% 25 X )27 4 — FNy Vil
INTEY, MEOHWELT 2 —7 4 —HTOEHRER LA L kv, Z T, on/off £ I
& 2B, v LT R AOM ICFf 7 ¥ 5.

L —F — DRI O W THET 2720, BFERT X —F OB % Fig.49 iIcR T
%,

L= =KD AU TOXRTERINS.

Q—A 3.2
_n_do (')

O XD D A, NFIL —F—DIE, dyldE—247 2 A FEFEEZRT, £/, AFTE—L2F
DM ToRTRINS,

D=F-6 (3.3)

69



Fiz8hL v X0kt cd 5. X(B.3)XHAB2REMUTDXHIcRINS,

_F2

=D (3.4)

do
DL —F =L AROBERBITIRATH O, BHAR Yy MEE—L T = X ME)DRE

5.

Incident beam diameter
2D Beam waist diameter

Angle

Laser Lens 1 26

‘ ) "
Focal length
F

Fig. 49 Definitions of parameters regarding focusing a coherent light.

~ VT EE AOM Rt Dt % L ROEH B & 2 ik CoEN I Nz L —F — oDl
BrAley & AR Y b Rdo DEIfR % Fig.50 12787,

WSR2 P 2121, BRI CiE T 2 L — 9 — RO IEAL > S RET 2 HEDH 5,
Al \ZDL T D K ) ICEHE IS,

Aley = A0 - faom - M (3.5)

ZIT, AMIFBEET 2L —Y —EDRITADETH S, fiomld AOM DEDOL v X (HHL
v R) OELEEE, M AOM S L v ADED N EERTH 5. EENEROGHITHE DD
DL Y RAZ) L =L T RERH L2790, 206 DREMN BN AERLZIET. £, Rk
BRHTOE =L 2 A MRA LT TEESI NS,

M
(3.6)

dey = 'fAOM ' d
AOM

ZIZT, dyoy!lF AOMHE =247 = 2 MR, a FHIERETH S, > A7 LR E LT, 8
=Lz AMEEEXZ 26.0 um, fiou% 15.0 mm, BENZRIEEHERIIMENRTH S
DTELZ0.2 LT 2, —BNBHIREER OB TH % 96 lines/mm Z AT 2 &, Al ld
104 um<TH2 DT, AGIE3.47mrad & & D, H(2.1) & H AOM BRE)JH 72 1% 23.4 MHz
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%%, DD, 2K =412 T 51213 23.4 MHz, 3 A — A TlF 46.8 MHz OHIE A
WIS, IoIL—Y—HALOHEL ) OWEERNDOHELZEZE LA v ¥ — L —AEHR
GEEIZ BB 2179 BAE, 2D 250 93.6 MHz OHIKIEZ MR L 2 e 5w, 2
DY AT DEl % AL & & B R/ & 2 5

Recording position

AOM Lens
leA6,
+ ﬂ Optics-2 Alex
/@\A N dex
daom
faom Optical Magnification

on Optics-2: M

Fig. 50 Schematic of the optics around AOM and the definition of daom, faom, and Diex (beam

distance) and dex (beam diameter) at the recording position.

3-2-3 ARV T E — LRLEOE RO

Hf R DIEARG 2 FIHT %5, Fig.5l B EELMEIMOAZRL, 27 -7 —F %
— 2 EDNETEM B L 7. RN ERDVBFOREELEZzE L5 LE, LD 4 HThH
%.

2 VT B AOM T3 2D — A (A Xy MEERT S &
BRL7Z3DOOE—L(AR Y MZ P72l EIcEETSIE
3ODE—MfE L E— A RETEDHICEH T2 2 L

LY F Y P A v F—IC X2 RAZTY, ZOEEREMERO>I L

A owono—

TV v R 7 — ) EMER 2D, 1 AD L —FF =Nz < L FfIEE AOM Ty
MINTEBEDOL —F —HIEAEZR > T b7d, AOM HIE DO L v X% il L 7% 108
BDOAXRy k&L THNSEFig.51 F1o Multi-spot position-1), ZDHL v A ZE#HT 5
1T, ARy FEUZ 1 M E 3 MO IRT A, REELERE(F 7 A1, Multi-spot
position-3) T 7z 3D AR v MEBIREIZZ > TuRITNiER s 220,
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Multi-spot Multi-spot Multi-spot Sub-scan
position-1 position-2 position-3 direction

L1 Le LSJ L4 Ls / Le L7 \ l
S e o o] w Main-scan
" —F1 S =""‘< > direction

He-Ne  Multi-frequency Resonant Drum
laser AOM scanner(mirror)

Fig. 51 Major components of the optics system and the three multi-spot positions.

KELERIAICOE — LZE(E— L ARy M) & E—A XKy FEIE, K(3.5), (3.6)T
R, WAL TH B, DDA v 7 — L —Z[HEIE, 96 lines/mm(10.4
mbtyF)FED2MTH220.8 um 74 %, ZIUTHEL < LT R AOM o+, L
v A AUERE & S RIEGE L 72 HEEORA I R AR OG5 50.2 MHz L7 D, 3 K= L
F ' — o bichE 2245813 100.4 MHz & %5 72, S RIEA% L 72~ L F BEE AOM o 2 §/H7
g1, Table.4 X1 175 MHz TH % DT, BORMBDH 5.

RITFUIRE — DRI OWTHREN T 5, PHEREEDEARTIRIAVERR ZHERT 272012,
RKEVIRAEREVENEHSLETHZ, E—L07 xR FDERd L, EBEOX¥ERTIEE
M BITRICEGET LORIRYH 2 7: 0, E—2D7 7 LI X W ENREEIZEDL 5. FE%EkE
L, E—LAERI MU TD X ITRI NS,

A ft
- (3.7)

dozk

MIL =T —DWE, DIFASIE —AEE, fIdEL v (0L v A)0E Nl ch s, L
VIV PAX v F—DI 7 —REFBECIVADTRELTERDT, ¥ 7L34L 5%, C
DG DOkDEIE, FHEEFEHD» o DBEIEMEZ H w7, ®&ric, Ly ZE R & mamnZk
KGR, 77 VROHGH» S, TEEWRY ARy MEWNI (B K I)ITHENL R,
AR —AEFEZ 259 um & L7, fliEAMROEY 713 104 um THEHH1 5, F—N
— 7y 7OWEIEHTERO, ZOHEANDEEIZOWTIZ 34 Hi RT3,
ﬁm,Eﬁ%@ﬂwzmﬁﬁﬁ@mﬂw%ﬁ&K0w1®@ﬁ%%%ﬁ? LYy F A

Fv bxﬂw%—@a‘)ﬁﬁaem 3 24° (=0.42 rad) & O, ETHEEILS, Opst 2 fRstH% 313.7
m/s L&D, WMFEHPELT33.2 ns BEoNE, P zZEREL TS L ED—FKH
RS R 2 5. OV RIBEINEI (L LY 1) 61k, AOM TO € — A fkd, FEIEY

72



kb oFEEvET B E, RQ2)ICRLEZED, BXZ065-(d/V)TRKDENZDT,
19.0 ns & %0, m/AMEZMBEAIETH S, /o, EAME 544 mm, EHEM O 1F=+
(544/2)/745 = £0.37rad & 7% 5 DT, A TOELHEL L cos(arcsin( 0 /6gs)) & L TR D
53, ZOFEH, o 0.49 65 TH 3 155.1 m/s £ 7425,
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3-3 <N FE—AMLIC K B R EHEIE RO WSE

b A" B BV B (7] P SV Al e O 4

2 VT JAEEEAOM % H w7 & L ICEE T 2 B8 % i 2 R & RS2 R T

< VF B AOM Ik h sl L —Y NI Fy 77— 7 2B ILTED, Th
SEAWETAEE—FPRISZ, L=V RlFat—Lry—E0kd, ANESORK
B2 lCMY T 2 THPEEZFICHKET S, cad~Tud L v FiBchh, XHRELHTH S
DT, MEAHCDERE %3,

ATMEE DEFI(CW)DE 6y, 555 13 t DB E LT, XE@.3DInL k9,

S1,2(t) = By cos(2mfi ot + @12)

LHEEND, T TBy, IR, fo, BRI, ¢, BHIIMHTH S, TNE DAL L
QEEDNME [#RDD L, DFOLI kD,

B?+B3
I'={|s;1(t) +s,()]*) = +B,Bycos2r(fi—f2) t + @1 — @3) (3.8)

22T, () BRHEFEHEZERL, (A-f)IBE— FEERAFTH S, E— (I & D)% K
TRZGE, WRFREE L R L T — FBRSICE O EEETH LR Ny FERICK
Ml S e v, HEAEEE ©— P OREEDPRHTE R OREIOES A>T % L,
Ry b REEHEEEN L TL 3,

7, Figh2 IR T LI 20D I RGO E—LPE— 7 SEENRAET HHE %
TOHME rE L, E—r2RETIRTOFEREZHAET 5.

0.8

> 1
=2 os i |
n | v
[ ! A
L o i !
= e
i :
0.2 i !
1/e2 W/ |
0 i !
rl

2w,

Fig. 52 Definition of 2wo and r regarding two Gaussian beams.
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FRRwoDH T AFHi % R T L —Y — KD (x) 1%
I(x) = Ip - exp(—2x?/wg?)

TRINDG, 2O0DL—H—HDA—N—=F v FINTHIETL, 1(x)% r) 5o TR
FLIMED 2158 LTRD SN % (#ih Fig.57 2H). Zov — Ik 2 28K/ (Beat
component) & E'— r O A Z 1 2 WIERHE) K 77 (Non-beat component) % G158 L 72458 %2
Fig.53 127K 7.

1.0 ey
o | e Beat
o 08 ; -~ corr}ponerl;c at
Y 00=0.
o 1 ,#"*~ Non-beat component e
0.6 pas
9 I
o i
S 04 .
g - o Beat component on beal
£ /s ! € P component at
S 02 ! F1wo=0.4
pZd I,' E
4 |
00 °

00 02 04 06 08 10 12 14
r/wo

Fig. 53 Calculated results of beat effect by two Doppler - shifted beams and the status of

laser power at the rAvo= 0.4.

UEERNZ CE SR —RIRE Tl T 27201213, el cElHI N T
WX =D —ETHLIEPET L, ZDDITIE, 2 KDL —H — I3 E LM TA — N
— v 7T MERH DL, —HT, RRKRERLBL)TE-MNEROE 2 RZ KT 5%
DI, LR 2 KE L, ZERTZ/NS T 5(Figb52 1 1w WK E e ffiz
B)YZEDNEEL VD, TELZRY r 2 RESTRETHY, INSDOMHRT 2ERPEL
3., ) AV —L—ZERTIE, rix 96 lines/mm OEEHRE Yy FO¥5D 5.2um, w,
FE— LN 13.0um XD w, ix 0.4 &7, Fig.53 O Z DR LE)E X OIEL
R OMREZRTED, HHD 42 %P E— MKV EH TS, —J, | KEEIERT S
A VI =L —ATIE /w308 &7, ZEEIrIZ 11 BRI 5, Figb4 oA v ¥ —
L — AR D LB & IFEER D DT %21~ $. 21 Z 1 d Non-beat component Dkt 5,
L—HF—HHiEA vy —L =212k D 54%EMIEHTEL I LZRL TS, A v
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=L —AEHEZRAT 2&KROIEHTH 5. FHEDHERTIE, FHAMMETHET S
HELEP N2 & o A Z25HEOED S/N e & bic, S8 L —9 — )2 5Ffi § 2 202
BH 5.

1.0 e . Beat
| et component at

— ,r": A r/(.l.)0=08
o 0.8 s T
= < i
o L™~ Non:beat component

0.6 77 :
2 X : Non-beat
N 0.4 / ! component at
1 . ’ ! =
g /. \<Beaticomponent r/00=0.8
S 02 ;
P /’ \\

I, 1 il 1 s Y

0.0 : :
00 02 04 06 08 10 12 14

rl/wo

Fig. 54 Calculated results of beat effect by two Doppler - shifted beams and the status of

laser power at the rAvo= 0.8.

Fig.55 1A v ¥ — L —ZAEHDTEZRT., EETIRNMIBES A v 2 1 KB ZICHAE
L, 2 2 K507 4 VIRIFLTEBETEILET, $274 VHUEDODTRTDOIA v 2He
22 EDNHETH S,

#1
First scanning #2
#1-F
Second scanning-#2{-—=——
#3 T
Third scannring-#2
44
#3 1
Forth-seanning-#2
4
1o

Fig. 55 Interlace scanning by three beams.

AV —L—APN) A VI —L—ABD2O0DL —F—HDA—N—Fv FL7nm
7 74 )% Fig.h6 IZR7, @3/ v A4 vy —L—A(1/w ,=0.4)DIRETHH . (b)ixAf ¥
— L =R DBEEOE—L 70 7 7 A V(R Z —ORL L CRIE I NREZRT, 4~
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F— L — AT, WIHIZIZA—N=F v TP L T30, ZORK»S bbb 5,

1
1
i
0.8 T 0.8
i
1
1

>
= 06 , = o6
2} i 0
5 /| g
0.4 o
kS / ™ -
! £
0.2 ; 02 i

]
ez A7 1/e? e
1 0 = prad I

0 =

2w, 2w,
(a) r/wo=0.4 and non-interlace (b) r/wo=0.8 and interlace

Fig. 56 States on (a) beam profiles by non-interlace and (b) beam profiles by interlace.

T, ZEFTICFigh3 88X 54 T/RLE— MRIFHEDEIERZ LT ICEL T

(Y

o

0.8
0.6
0.4
0.2

1/6? /

0

Cd

r

A2

200

o &
<

Area S2 Area S1 Area S3

\ 4

L
rd

Fig. 57 Definition of a beam diameter 2wo and a distance r from a peak to a intersection

point of an adjacent beam.

Fig.57 IZ7n 3 & 912, EHZ 5 72 \WiF4r % Non beat component & L T-r2> 5 +r DA fE(Area
S1), #7347 % Beat component & L T—o»5-1 (Area S2)EB L OV +r1 50 (Area S3)

DOHIFH DI 72 5
BT v v E—LDOMENA I,
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0

I(x) =1, exp (— ix;) (3.9

FET ¥ 7 (non-beat component) S, 13,

r r 2 xZ
S, = f [(x)dx = 2[ Iy-exp| —— |dx (3.10)
-r 0 Wo

22T, 222 /we? =B E, dr = wo/N2dt THBDT, SIEMUTD LI ITk S,

2r/wg

Sl = '\/E(l)o f IO " eXp(—tZ) dt (3.11)
0
a2 B #erf(x) 13,
2 X
__“ 42
erf(x) \/ﬁfo exp(—t?) dt (3.12)

THHDT, LTFDEHICEXHZ A LN TES,

\2r
Sl == (1)010\/; - erf(w_> (3.13)
0

¥/, E=2DENRNT =S, TV 7\%%]_"‘; I - exp(—t?)dt = VrZHIHL C,

oo

@ 1
S= \/E(oof Ip - exp(—t?) dt = V2w, -Ef I, - exp(—t?) dt
0 [e9)

1 T
= \/E(Dolo * E\/_ == (1)010\/; (3.14’)

JET ¥4 (non-beat component) S; D487 —SIZRF 3 i,

%1 = wolo\/g -erf (?) /ooolo\/g = erf(?) (3.15)

T4 (beat component) D &t (S, + S3) D287 =S 5 i,
(S, +S3) S, V2r
T—l—g—l—erfw—o (316)

FEREERET 570, 57O ORI £ = 432.9MHz, £,= 467.9MHz & RF {55 0.5W
ZFRREANL, 7w ,=0.25 DFEMD L 2 DWER R % Fig.58(b)I/Rnd. (a)icid, FHEMER%Z
Wil Lo\ k 9 Icl~TRS. SRS Af=£— £=25MHz £ b, ©— Loz 1/Af
= 40 ns, beat component 238 Xk Z 60 %<, HIEMHE & BHEN L —3% L T3,
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Beat component

0.5

o LI\

Non-beat component

Normalized Power

40nsec

(a) (b)

Fig. 58 (a) calculated beat effect by two Doppler-shifted lights, and (b) the measured result.

UM RHR DR & 3 KM AZLTNR DI EB K OB IO,

AR U -8 7 4 L s (8174 )V A8 INTEGRA LL) OFEHEfIRE(F — >
71— 7% Fig.59 IR T[37]. Bl A = 2L X —DONBRRTH S, Adisiz7 4V
LT RREEZ R LSRN 2L —TH Y, BE0.2 205 2.0 ®logE D% AL
LEERT 5.

Non-beat Beat

component component
. 4
6 ;
_ Adis
5 =~ o——o—o———9
=4
&
23 AL
2
1

O >—0_0—0—
0 0.25 0.5 0.75 1 1.25 1.5
Rel. logE

Fig. 59 Tone Curve of photosensitive material: FUJIFILM INTEGRA LL.

INTEGRA LL D13, X2 5~6x 1073 (/m2)Th 5. AEpEMEHEE 5.0 mm/s O
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PRIME, AL 96 lines/mm, 3 A E — A CTREEFE 160 Hz, E£&H544mm £ £< &, 10
mW @ He-Ne L —¥ —Z2H T2 2 £ T, 0.3 YDOXFHDIRTI W LITR B, HIRD
Ib, A DM TOEEEE L Z 50 %EHE D YT, ZDMEREMED DD —
50 %E L, AEMIC 1.2 %D AOM I X 28 ROR/NOHEE L %5, 51T, 4V
7 — L —AEBTHEET A E— FES(11 %)i3, Dmax & WFEIEN 5 R (Fig.59 Tl
density 238 £ Z L5)DFM L T A5 E ORI ZEMSE 5 2 LT, ©— FDFEDR
JEEE L TN RV E I ICT 2RV HETH 3,

DEHRIZOWTHANT 2, H¥ERDL VAR 7 —EKEMTORANZEET 2 &,
BT 2B RERED DD —Y v EZNZE N 50 % BT, Fig.h9 IR L%
EIEMBECIE, B 5~6 x 1073 J/m*Ic§ 2 BNELMER T 246D H 5, ZDdITI,
Table.4, 8, 9 1Z/8 L 7z GE#kIc B TS L 10 mW 1oL —F—B X 1.2 BB LD
BT BIETH 5. Z ORFICHEZR RF AJE 12 mW(11 dBm)Tdh b, 3 KA TR
4y & DWeEZ1T Fig.28 X h 30 dB ML LR TE TV 3,

DEXD, 3SRE—LTA V¥ — L — ZEBICHELEHTEIE, OV A NG R, Ri&E
BRETOEXRARY FREOTRTORANLT 5 Z0[ETH 5.

{55 E D R
JOEAMBHT 9 2 G el E O 5 1 312,
O xTvyY¥r—7%A (edge sharpness)
@ 5
@ FESHEHBME (F—v Py 7, " 74 PO LY, ¥ ¥ F—HDo5N)
@ HfETL
DHEHIZOWTfTo 7=,

Iy Yy —7 AL, BOUME L RSOt RN — Py 2 7R Ck £ 2 HEifE R T H
D, O~@D 3 FHMiEH IFH ) S N7 FHbl SR Z b LI L 2B EFEGEE IR 5, )
MaEGHI B W TR O HEA L 20D, HREHEBROFHTOL S OFHIiT, b Ficn—
R 27 DRETHRE 2, HRE T L IZME(R 7 VU — v )RGEF O BELFHEEH ©, FICHlgie
R7NTYRLDOFEE 520, Ty Py v —T2ADHELHIRT S, @~DD 3 5D
FEAGIE H %, BER, WK, FIlo 2 nZF o TRCEBNCHERR L, PRI 2 Hik—i <
b5, Fi, IO EBEZHERL T 272001, BERKZERL, Ry 7 LED
PO 2 A & U 72, MEEREHCBI L CTRRAGRSCOMMENEICE F e\ » DT, T 3HR(38]
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ZHIFTEL.

O Tyyrr—7%A

BOEMELE Z OBRSE DM E LT, iy POz vy PHSICE T 3 IREOMHEE
% edge sharpness(Zv P v — 7% 2)E LA OIELZ WML 72, = v o0
JEOMEEZICLD, Py MBROMHIBIRED, ZOUBFy b7X A V(Fy FOKD - JEHD
BE), E620F, MELEVC X 28LIEZ ENCRT 2 ML I v AIEET 2. 2 DE#E % Fig.60
I,

Edge sharpness
E=JA-B

@ 90% tint screening

Fig. 60 Definition of “edge sharpness.”

WORREDS 175 £, 90 %DFEic>E 2 A 70T vy P A =% —(BEEHTI 7 a RiBEsg
Az L, 10 %0 AHE S ORRE 2.0 OWIHHE A, 8 X ORE 0.2 OWiHEB Z2ko, = v
Py —TRAE%

E=VA-VB

EEELT, Mo, lHBNIVIELE, REZMBABTFLOVLLEKRTH S I LE2RT,
FRE — LARDEWVICL ATy VT =T R ROV, 4 FBEOBEHE%E A LFig.59
L) °E L THMHi L 7245 58 2 Fig.61 I3 T, E—aZ2 Ay FRIZ 15 um, 25.9 pum(SE
DFEHE), 30 um O 3FEFETHEEHAE L 2FEE, E—2 22Xy MEOZ v P v — 7%
AT HHBIIREL, E—LBPNIVEEZ Yy P =T 2 AWNSIRfEZTL, B
FREER S NS, SHoOBEEHEZZ Yy P> vy — 7% 29 LU (Table.10) & L 72D T, &
R —L 2Ry FEH25.9 um B2 AL=0.30 U FOENMBITCERTE 2 Z L3bn 5

p={111
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Film #1

14 Film #2 AL=0.38
Film #3 AL=0.30

12 Film#4 =024, { * $30um
@ o, AL=0.16 \L e— " $25.9um
2 8 ‘L ./ . A p15um
8' . /
86 ce———* | Film#1: Test film-1
n Film#2: FUJIFILM FT-857
o 4 Film#3: Test film-2
o 2 Film#4: FUJIFILM INTEGRA LL

0

0.15 0.2 0.25 0.3 0.35 0.4
AL

Fig. 61 Edge sharpness of the films with different AL.

@ @5

e LTI ODFE (93 — 95 %D IR Z i) TCOL & I M/NRIREEZIC K D FRET 5. 2
DFERF, EHEL T2 —¥ =tz L& 2 - BRICK ZEITBRP, BIEEX) LS %A
ETH 5. ZOEREETOMNGIRIE RS 2 —ROREEH TR 2 0 3WEETH D, F7
ANHDOHIZ X 2 BEBEIED1Z ) 7o, HEREZTo7, WIKTH2HUHE7 4 VLD
BEE 74 b T =7 V2 LERETHBIL, WRICTP)DBEIEA 7 —Ea—7 — (1l
B)E2 M LKAt CHERE 217 .

T e R E (R R 2 R T 2 R E) D D 2856013V = 7 RSB RE T D 5 23, i
DR+ R 0EAE, F=vP 7, N T4 (0~5 %D LD, ¥ r F—iB(95
~100 %) DO XNDFEAT B,

(R 7V — )T & 2 REEHEIE, MO BR R EM O Rt 2 ZE L, 0%55
100 % TOANMGRT —F I/ LT =7 kPR E2 RO X J CKEHT 5. Lal, ¥
AT LDMRIEDHIRD S, V) =7 2R HE T E 3, Hl 2 1R A L2 8D 2 R
BESADSANEBEIC R 5, ZHDBP—v P2y 7 THA. I 61, HRFOA Y FIZLE Py b
KO ZWHIET 2 Py b7 A vHilEZ1T9 28, RIED F—v Py PIEEET S, F—v Y
Y Y TDOMIE ST T =2 a vy TT). Y Ial—ra v THMERIHEETE 208, B
DOHERD &, Blaralili b fFH L 72,
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NAFZA P (0O~5%DENIE, E—LARY MERRELSDODE—L T 774 VL
ICHLNDIH B L, 1 Py PR IcBRTELVRICEZ S, £/, ¥ v F—#(95
~100 %)D>54E, 1 Fy MREDOBEPIATITHZ EZITRID, L E28NDl
FEBN—FY 7 ORMEZEENICKIRT 2, Chodb 77—y a vy CHATHET 2.

@ HET7T L

HERE 7 VIR EoMRES X OTBIROBETEREICI DAL 2 ETLRTH D,
FRARIEIC X 2 RSy L MR ORI & DT THETE 5. 20 b BOSMEL & Gliony
RDON=F 7 ZT7RHEICKE CIRET 5. 2 Ol S BREE A Z /ERL L, SRR % 175 72,

IR ol BT & Gk it JEE
K AT LTERMLILY S v P AF v —2flic, GlEdE & mga 8 oBIfRICOwWT
BEfd %,

LY'F Y PAFX Y =133 7 —REBAFEARTH D, i 7 —0ERICHD EETIR
k0, I7—MIBHICIIEBENEL 2. COBERES, WA 7 —DES%h, fREIH L
26 DI E COMizr, Y VR EE, I 7—DEEZpLT5L, Sxr’-p/(E-h®)D
BfRIch 2. 2F D, S5V A X2 KRELT L, T coBE X #ro 5 FTTHEMT
7.0, 2N EMElT5-OIEANEE I ZITIUE RS2, L L, ZHUEEHERONZ
B, MROLDDWAFANDOAMBIERL, WHBIEOFERIC 2, #->7T, p/EWIZ
MBI EZEIRL, JEARZIES T20DEMD Y 7HEEDREXRGIPNEIC% 5, DS 7
—H A A1 35 x 42 mm & R E <, HIRFAMEIE 160 Hz THGEFL TWw 5%, He-Ne L
— ¥ — 1 (632.8 nm)DKE, HHIIC 4 KDOFATY 72 ED I 7 —DHERD
AT L, BUTHER L Aol o R o il R MER Rl ¥ 3 ROEHY 742KD3 7 —
DOEIERIZ A/8ICMIZ 5 N[36]. 2tk b, E—2DFEMZERS L, EREADPE
ZEIRT 25 2 EDAHBIC R B,

RIT, FldHEZ 35T 570, AL 77—V A A CHREEZ 35 LF s 7r—2%
LT L. 27— OEMESL, HED 2 FIHHIT 2D T, 9T S, W UBERL/8
ZMERT 2720120, il S« rPDBfRD S5 2 7 —% A4 X% 0.64 fFIc T 2488 H 5,
TUIFE CHERTENT 2 LA R Yy PEVPILHERE I LR, Ty Yy —7 %R
s EDWGRWEEHICKRE B2 525, £, A—N=33 v TP LEDLL D, v LT
JAME AOM % i\ 2580306~ T a 84 v PRI 2860 RIES 20 da o kv,
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<V F B — AU & BEIRGEREE A BIE, EEET AN AOEEE ETF R b hics 7
PARXERELTZIEDHHETH 2T LD 6, Sl & WHRMHE DML WRE & 7% %
Aahd, FEETANA ABHTNN S 7 =PAEY PV 7 —ThHho>THHAKTHD, ¥
7o RdE T P AER B X CHENEER TH > TH I

@
A Qs
HUU
v
N
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3-4 RMELD 7 DFHEMER

ZZFETIE, BFELEZ L F RS AOM EX~T ¥ A v THBADORIBICOWTHHL
7. SHICKEEEE X ORER B 5 72 0 DO FlfHEAM I > W THHT 5

1 XIPTEZEE) G DTG 0) D Rl IEH A
FRDEFWE T E X OHELFTAL T X, N T7TAPLH AL Fu—70k 91 DA%
7o TR THL, L REFOLROED E VI BEDL 5T, %c:lﬁl%ﬁﬁ‘é@i@z%%%
LTwl t, BROEHFERTE X OCHAEZRE T DB Z DREFETHARL, 2o i1lED
NZHEPERL, 1 XEPOLRPIEA T2, 2z ThoEuay, SRR L LT
5. THOBAA ) IZX > T XEFHOEDONEWMA T2 &, AOM ~D ANE 2RI
C, WADTONBEMIEPLEICR S, ZUC kD, 6123 XRMHAEEZFRTERL,
ICHEET 2. MIPTEE B L R0 TR 0 £ L% Fig.62 I3 T, 1 29D RF ASKED 1
RIPTERECTERML L, E—AAREERPL L2 LS 1 RAPIHEEEZ 7ay b Lk, K
AT LEGENCIE, REANESIZ 12mW T+ Th %70, 3ARKE—LDE41E 2-3 %FLE
DEPFHCHIMIEZ T AT L W LItk 5.
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Fig. 62 Change of diffraction efficiency by number of diffracted beams.

Fig.63 IT, BiFEL 72 1 XEHOCEBMIERD 70y JMz2Rd, BE8EANE N 27
A —% & L THiIET — 7V (Compensation Table-1)Z$5%, ON 122 325 08ICIH U TH
IC—EDRFNEEZMIAET 5 L &, SMLIC X 22 BEK % ZE L, Photo diode 1 X b [aH7
HzGHlIL 74 —F XNy 720005 2 EBHRER S AT LR E Lz, Zduc kb, [EE
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DAFIT K 5 1 REHTEEZS) DEoBEHEVv ) ORIEL SO tEMIERIEIE L Z 04 %
DofEREZ A L, FHEIEZEEL T, 74 VAHTONEZLHZ 3 %BANICEIZ 7.

Multi-frequency AOM
He-Ne laser quency Amp.  ADC

Photo diodi,>-

Compensation
table-1 DAC-1 Amp Amp
— —[>—) Total level cont.
Data timing cont. Combiner

|—> Switch
DAC-2 | :

Local level cont.

VCO

Compensation DAC-3
table-2 .
Noise source

|
CPU

Fig. 63 Block diagram of correction system for diffractive light power deviation.

E— Mk BM(RAZ Y =N

RiFeEHFECami28 27201, 2 b3 NliR T — % TR Y — Y (AM A7 ) —
N T 5 OB — I FIRFi5CTH 5 (Fig.64 EXZIH). AM A7) — VI8 /5
DREUL, FEEARIECIE 175 #1, 200 #ie EB—KNTHH, 175 MOGAHIE 1 RO
YA RFELZ 150 um £ 5,

3-2fiTRLA LI, B IZ2EB0RIEEEA £=50.2 MHz ©Fk L, £y,
12155.1 m/s %5 313.7m/s £ AL L DS EE L T2, E— F DR 13, = v, /Af T
H5056,3.1 um»s 6.2 pm £ TEMT S, Fig.64 LG, HIRSY A 2 v 7 ORAERF S
(Pixel clock), Z 1% LICAERT % H{R(E 5 (Image signal), fifH% 2 L T % E— i (Beat
wave-1 £ X 0-2), Z DO 23217 TROUME LICFBLT 2 IREZ (Density-1 8 X N-2) 287,
Fig.63(O R FE)ICAR T X912, 3 Doz L ZF#RJIH VCO (Voltage-Controlled
Oscillator) DfiHIZ 7 v ¥ L TH D, 255 TERINZE—FHHL I 5L THD,
DE— M2 MRED DT DHLEFHN7 4 VA LTHEOZy PO E & D, ARAIZ
oL LTHAINS, ZCOMNKEELT, WIZAOMICANT 3 REESICHME AT A 7
4 A (Fig.63 1 Noise source)ZEET 3 Z &2k D, E— FDFM L ) ke TV
DNIRELE 2 FEIE, oL L THRBTELRLEHVEABEBICEHE T 20K 2 ML 72,
DRHEE 350 MHZ I L, 8 X Z 3SMHzIBEOEE N HEET 28574 /) 4 A% EELZRF
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BEEARTZ PV TF 74 —CTHIEL kR % Fig.65 I3 d, 2 2E5 DR~ A
=50.2MHz I L, BXZ+6 %DZH), 2F D 20.8 um OHEE Y FIZH L, 1.25 um
DEBZ IV NEAZBLIEILR S,

. Pixel clock M ---------- JTUUL
. Image signal __i i__
. Beat wave-1 E W
Density-1 |
. . Beat wave-2 E """" N\/
i Density-2 —
v

Fig. 64 Screening and Iimage position (density) shifts by the relative position between the

image signal and the phase of beat wave.

FIA NI ARXZEET S L) T EIE, RIS, A XA3RD, ZOEEEHE &
BELTEISDE L LTHAINS. > T, HETE2HR7A4 M/ 4 XD&EIF, E— Tk
UL EIODERBIV LYY Y —TRADNF VYV AZETREL, A P —L—RE
HIFE— MK 2MBELERZMS T2 &0, #MEEAHTRICORECHBL TV 5,

o
o

& i E
2 I\ i
o 1\ =
2 /AR =
B -50 5 -50
C_U F / A <
5 5
I9) | 75} VTS Py ey

-100 -100

340 350 360 340 350 360
Frequency (MHz) Frequency (MHz)

(b) Superposition

(a) No superposition by white noise

Fig. 65 Superposition by white noise approximately +3 MHz on RF signal of 350 MHz.

FAEACHAS O il b (A A7 ol o)
< VTR AOM 1 X 2RIV G, FAERTANH LIERL T 2720, BIAEETH
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DA EHIEREEZ RO 2 LYARECTH 5. WD A7 L TlE, FEAMIMD D REIEA ST
ANDTIZHEZIE 2 - OOERNLH 5.

1 oHIE, -0 Ly AEEL VAT R THSL -0 L AL T, E—A ARy
F237 4 VA ETRBRURANAR Y P ZERAET 2720121, TE LT EMNEZ WS
a2 il A 203, BUNEIGED K S, FHIC 3RO E — 4 2 AR RSk T 2854, HL D
LRI L THLZ2 T NLBOEEMRO AL BIZE X Z 0.6 um &£ Zo7, TNWEIE
Hoo ks, ZORT % Fig.66(a)lcnd.

22OHIZ, VWY FAFX v Il K AEREWEDOEMETH 5. Table.9 kb, LY XD
FEPHEE £ 23 745 mm @ & =T, fHEEIE < £15 um & LTWw3B A, EHlTld < £10 um
BED STFA—72#{, INRKBEBEELXOAT LA L—varofifhti s,
ZDOMT# Fig.66(b)ICRT., TS50 ERMEAZEMRICR S X ICTHIET 5.

Scanning pitch Distorted pitch
(@) 20.83m 21.4um
R ~ /_/)OI
O— v O
o — 50

Scanning length
544mm

Distorted length
+10um

Resonant scanner

Fig. 66 Schematic of (a) bow loci by f*0 Lens and (b) S shaped deformation by resonant

scanner.

INoDOMEMNAEMIERIZIELZ£1I] um THEDT, vILFEEE AOM DIEJE 2.4
MHz/pm & 0, £26.4 MHz OZFTIKIEDILRDBBETH Y, £ v ¥ — L —AEHTHHE
I HHSIE 100.4 MHz & &b Td, fhhE 175 MHz WICIXE 2. A#HIEWE, Fig.63 oo
Compensation Table-2 & DAC-3(Digital-Analog Converter-3) CFEEE Y 4 I v JIcHD
b, MIEFEEALY AOM DL G, 12 £y FHIEIDAC-3)IC X b il LT
0.04 pum DI7fERE Tk EEALIE AT EFERE 2 MR L 7. 3Hlif) 2 Fig.67 IoR§, itz S
FhH—TIHGE L, KT TR Y, EMOMERRZ K2 &, FEAMG O0-100 mm T
FEZED 10pum IZEETCTW A, ZHUE 7 4 LV AERICAE L 2K ) /O 7 —D#
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DN TWED, ZNDEIFEREZE um DNICHIEICETWE 2 2B 3,

0.010
— Measured
. . - -+ - Designed
0.005 A
_ 0.000 )
& 0 100 2(;’()»\“,\4 300 400 500 600
E -0.005 % /
: A i
O _ - ANY
@ 0.010 wv
-0.015
-0.020

Position of main scan (mm)

Fig. 67 Measured and calculated bow after the correction.

2 A A v el o T )

LY F Y P RAF v —OEREERE) (L L LT 2 f50MERE) IR 2 PLL(Phased
Locked Loop) DN ERLBIEMEIC X D, FEBEOBERMEREIXE 10 umDTNEAEL
5. ZNEHIET 579, Fig.68 I3 X 912, Bk L —+ —(Laser diode)Z R & L,
lEtt(He-Ne L —4 =)L EBIZL Y F Y P RAX ¥ F—TERL, N7 LN0E &Sl 2 fE
BIfRICZ 2 X ICEWL 7Y v RN ZE® L 725 % il & H il & E 5 (Pixel clock) &
T2, 22T, MROMMELZRFET 2 &9 ICRBHEGRES I v 727071 LA
FA v MOTEY A v V2T ). GBS 5 1S L 4 ns D pfiRgcikat L, 7«
VA ETOREMEICHET 2 E 0.5 ~ 1.3 um MMicas, Zhickb, RAREEQLY
A ML= a VEE)EB X OHOIZEREICBEI L T, 74 VA LOBEALET 10 um U0
MAZITBVIAL Z EDSHBE L o fe, FREARBEHAOY v 7 VHIER K 2 Fig.69 IR,
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Laser Diode Photo Diode

@/®< Grid Plate

Resonant Scanner

? Photo Diode

Sync. Signal Gen.  Compensation Data Table

| PLL

Pixel Clock
—

Programmable Delay Line

Fig. 68 Diagram of Position Correction on Main Scanning.

g j: 1\ A,n AVAI,
SRR T |
£ W i, M)

§ O,/V 100 200 Vaoo 4o Wéoow 600
3 -2.0 |

Position of main scan (mm)

Fig. 69 Measured data of cumulative error along the main scan direction.

FIL5 AV b 74—y 2l & BIERIR D O E v F 74 H

T ANLZERTHEET 27201 F 7 220 T 25, HFERGAOHMKEEZ M LS
% 7o DI CER B SRS NIETH D, ZORDIC2BMEREY AL I b7 4 —
RNy 7l X he—% ) —x2 v a—¥%2 &0 PLLHIEIEZTT I 23, AEBRENNIOE
flizs =y a—4TlEk, Tva—yEFOEy FRELZMIET 5 LT, Zifitzya—
SOMMZFEIL 72, £7, ZOMEHEEHECLE L 7 bz (REET 5.

¥, LY F Y P AX =12 B o BONSICER L 2HEA2BH D, EAlcaf il
ZRELTW3, Flloaf v R I 47, Wllo a4 )V CERSESIC X 200 0%E) M1
vy v 7L, WIP—EIln2k)Ic74— PNy Z7flfIL T3, KLy AXx
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¥ F—1Z160 HzD X A1 = H )V ek 2 FIH L TGS T 328, RN 2 o il TRGEE - {4
BB, T PRPOHIRMEEVP RS, EoT, KAVATLELYF VY FAF ) —
FHECHIFEENRE 2 K ) ICEKGTL T b, T 7 4 — PNy ZHIlORE v — 703
D TH 5.

DLL, g OFIERICOWTHHAL 228, Zoftic, 74 VA2 ERTHET 27200 F
FLTAV I FT7 4= 2Ny ZHlfHl L HGERR D O €y FHGERIE, SREE R J AR 5
WE2%20DLya—FICk5BHERDT7 4 — PNy ZHIHIZED AR, $727 4 VLD
AFVRAERMT 20 AEMSHE =y 7o -7 —%2FMA Lk, IhozEBTsLick
D, BIERT W OMERED REEL, SEEl, ML YA PL—va vOERICHES LT
WAHrIZELHRELTEL.

sz E L LFIEZORR % Fig.70 IZXRT 5.

Resonant
Scanner

He-Ne Laser | S

Real-time Control of
Resonant Scanner

Multi-Frequency
AOM

/

Super Roundness
Drum

Divided Self-weight
Nip Rollers

\Q\

Correction of
Encoder Pitch Error

Direct Feedback
Control of Drum

Position Correction
| of Main Scanning Direction

Position Correction
of Sub Scanning Direction

Fig. 70 Schematic of Systems by Main Components.

AT LEBGHEIT) BT, HX TN ALK B L 2 e miE T 2 eEE, 2D
FORKE LEFHE( A M ZBIEL 205862 2 L3EETH S, MEPIHERR L, vV
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Y UBHRETHIUL, V7 P 2 7 THIERZMEET LI LIRS TH D, HEOHHE
LT, BN THEETRBCAD RV 7S 70 F —5—TD L —F—KofEKE,
Rt EEREE BT EBWE R LY F U P AF v F =0 £ 0L v Rk > TEL 2 EHR
D A ZFH L CHIET 22 2MET 22 LT, AT 22RO ELREEEZ BT
ZEDH[RRIC R o 7z,
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3-5 H%

<V F AR AOM 2, B DIEIRA L (539%), 223 (on/off), JE EH 5 (i [ #g O B ai %, >

= — T 4 Y 7HIE), HERT IO EMIES, KIPKE - 27—V AL —va VHilExk
E, % Oz R 7.8, FEREL 7. 2h o OERElE, X A=A )V IEEM TR T 5 DT
37 <, BRMEBEE LYY 7 b7 27 CHIHTELD, PV NGy AT AR THEELL
7o, VT REECAOM O X ) 12, HEDEREZRilcE 5 2 LA T8 AL, ¥ AT 4
Raltzf19) Lo REFEHTH 5.

<V F AP AOM 25T 2 LT, T u s v THBoBRWAREE L2 Je~T0 s
A TBETHEE L CoRB R MTES H 228, AERETIOEEZLS) & L THEIC
WRE 2 RITT, FEEORERS AT 4Tl RELH) EMRORENICA 2 2 E2RL, BEH

BIORHE 2 Z 8 L Cikat TRIESIEER 2 &2 L, Z2DERN 2 NLEZ R L 72,

S AT LD B D S 1, BRI O R (PR A) DS EHE 2 8T X — 51278 5,
SIERA U 72 SR BOUM EHE, B CTE OB Th > 72720, 2L F—+
3RMAZEHILATIZ DV TUIIRMZ b > IBETDARETH > 7. < VT JiEE AOM % £ H
L7y AT LT, BEMRWEBOGMEHIN T 2 RGBS BROBEO VD LD EF R 5. 4,
ROCH BB 2Rt TH 2 2 Lo, HIRIWARZI AL —L ARy METH Iy V¥ v —
TR ADECHEIF S Nz, 2D Xk H I, BOEMBEIOE - discrimination RS, ¥ A7
LG TORBEHEDORMBEZ T Z LItk 5,
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3-6 i

FHERML - (X y TR F 7o) codEEEZFHET 20, <
VT TR AOM Z R L 722 L F B — L EREYAR B L 02 Ol - b sl 27 L, <
NFE—LMLICk 2N ZRELS LN 2T 2D 7= D DB DR STEZ R L 72,
Phased array # 4 770 b 7 ¥ A7 2 — ¥ 2o Lt~ v 5 H I AOM 12, £
(ON/OFF), JWBEAF(HIE), 3 Ko<l FE—ofb(@ik), 1 v ¥ — L — ZEEMBER,
AEA D S HiE, RUEEAMOBEREAMMES X OREREE - 77—V YA L — a VA
IEOWREE 7o 7, HEOGETNA AL, By 4 2 v 7l & AJIES O R EE O
T, 2RI EHIMBARETH 2 2R L Twb, JOSERILI Y X T L DOff#ELIC
RELHLG LT3,

NS DML 7 4 VAL A=y ¥ =) IIGH SN, FHERR L — 9 —ilskds
BEDIARD2NFE— 2L RERTTEET 2 2 EMNTE, 96 lines/mm DRRIED £ =, f¢
Ko H AR ORI 2.5 ~3.0 mm/s IZXf L, 5.0 mm/s £\ FT7AFx ¥ A% VAT
DS EED > 27 L2 EB L 7.

< )V F PR AOM 1ZEd L ICy LT E Y V) a—>a vy Tho7d, Fa—ny
zELTO~NTudA vy TPH(E—MNZEIT. T ud A v Ik > TAEL 2 lIGIRE
DEFHPHE DLy ¥ DRI T 205K, 3 KMEAEFTRTIC X 2 E~OEFEIITT
LXREBMETH Y, TNOITIFBOCMBIORMEZ B 2 AN RSN BB TH - 7-.
ZOETOHBICE W THMMREZ BT 2 L3 CE, FEMRNICINZ 9 2 mRNE %
FETEH 2R L, SHIOEARORP LTS AOM OMREZ2UE T2 2 &
T, E—LREOEM s SO LARIAD 5.
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i 43 On-axis 74 7 AOD D 2 X0tk ez w7
WIHESEM L — Y —ildks A T LA TO2 IV F I £ VLo
SR i

4-1 5

B 1ECOR LX), MENEEERNL — —idstr=0, FEEaEL —v =it
AEHE LT, ML v X LB E TOREMIH, E—2 ARy MEZ2/AS<KT 52 L
DHRETH D 2 Lo, MGEMEOHICE W TENTH S, £/, 74 VL2 F7 LMD
FURE L T oitdxT 570, ARYEE(LY AL —rav)di e, X618, Aiikg
X, 74 VLDARTRL, T =2 LHd CTP(Computer To Plate) o Ny B v 7%
GHETH D I Lo, MMRIORSICHHIN S,

—7, KIROEMMFEED O & DFGE8EETH 5. lddEx LIF 5 2o, FE
HHEEZIDLAEY FLE—F —(AEF—)ONEHEE B 208350, 277 v 7
ZEH LT 50,000prm % # 2 % [MEE D € — 5 =PRI N/, E—F —FHPIT7—D
BIEAIC X 2MELCOREPIEENML Tz, 20X ) RRWT T, HFEREFEIZALY F—
DD FEH D S 2T 74 MUicy 7 P LTE Tk,

MfENmAEER L = =G0 L F 74 vhicik, DTORENZHEDLH 5.
Fig. 71 128 ¢ K 9 12, HHTHBEE S NEEADL —F =2 A+ — 3 7 —ITAHL,
ZOI7—zNEIE L L, 3KDL —HF—MOEIRIEFF L ETIETXRTHRERICIERS
T, FLFALEBERICLES R, R LADOHMEE A EF —I2 &> CEA(180°)H[#E X 472 3
AKDOL—¥—KlE, F724 ETIEFig72)cRd k) 2z 2ticks, oFh, 2
v —omiEduDl FIc AR I L — —IEER 2R 23, 20D oL —¥ kg
PHORIEZRE, ERICERSRY, RN ENEI 2L, 3ROV —F—HIFLEL,
1S5 L EILDMEICRS. ZOXH)IEBML 2T 2H#i< 729, HiKT2 A8 —%
BB E) CRIEEWE S ¢ THRNEMBIO 2R ZBNLT 2 2 L TET, AMNAL S L X
STHAINS, I AN D 2L, 3AKRDL—F—HOEHREEN ~ETIER, &
LA Fig.72(b) % W5 &, MR L 228, #1 O L —F — Lol mismicfizm L, £
HESH2 DL —F —HICH L E Y FO2EHREWI E025, b o P ERBREINA S

95



WIEDbh b,

-
A

(- (F

. . .
N A U P NG

(@) 0 deg. (b) 90 deg. (c) 180 deg.

&

Fig. 71 Schematic of three fixed beams tilting by a spinner rotation.

—

#1#2 #3 L #1 #IH#2 #
---000— O-#2 ——000 --
_ O#3
6=0° 6=90° 6=180°

(a) Loci on a drum (b) Loci on a photosensitive material
of rotated beams of rotated beams

Fig. 72 Loci of three fixed beams on an internal drum.

AETE, MANREERL —F —@EEEA v - F 725D~ Vv Fe—2bD7o
D FEHVERR O KN AT L2 ML, WEE21T .
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4-2 <)V F =LMLD& FHABEGT
4-2-1 =)VFE—LMEDNEH E i ADWE

HIE Gt 72 0E 0, HEINmERR L —F —REEEA v F—F 725D L FE—A
o7 4 F71%, BFLLTEHBEINTVWS, o0 ARZBEEL, #HoL —¥—
HDRE « WARGFESH EIWHHEL, JHHT 3.

(1) HEDL —¥F—kZ2HNRTAEF—MiEh LI AS S5 05K

A F—DHiR EIcERE— L2 ERTAHIE LD, AEF—3 57— (o Toifx ¥
2 FEEFTLHXTH S, pHEFEIL, WESCHREEZMHT 2 HEPREINTWS [39],
[40] .

ﬁ%&-‘; LASER-1 (4 1)
d R LASER v poare VE BEAMsPUITTER
- AEFEPE-LASER2 (12) B‘T {
- R ] ;/ 1l
“'\I— PRISM - MIRROR - ] e
5 B (=]
: - ! 1.401'%‘1\} ',C C‘ J'%[i%\l{u
i R =Sl
i (-
4 T ]
. QUARTER-WAVE
PLATE
(a) Separation by wavelength (b) Separation by polarization

Fig. 73 Patented ideas using different wavelengths or different polarizations to separate two

beams inputted on a rotation axis of a spindle mirror.

Fig.73(a)l%, L =¥ —DRIRFEEDETEL 27V AL 7 —CORMAKELELZMHAT 5.
MR L — Y — DB A, H—fit®— F<Td % DBR(Distributed Bragg Reflector, 434 5 &17)
L —#—% DFB(Distributed Feedback, #AifihER) L —3 — TR 2 # IR T 2 5iE03%5 2
5N%, WMEZGIHT 2L THEY 7 P BLXOREEIRTHE, —FH, 7VRLIF
—DHBIFZAEF —DREEADKELAMLE LS,

Fig.73(b)lx, O & DDHEHED L —F =KD 6 572D DM (p Wit & st 2 ED, A
OV —F—HIMEL2FE I 7 —CTHBRZHEITS, COYATLOERIIAEY S —
T 2 1/4 BRER, -2 7 v ¥ —, 35— EDEHMD, o S  Ekml
IR TR T RWn/d, XA ANVEHEGHIEBEPIQBETH 5 LHFHIC, AESF—D
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MEREM OBRBEHINIRE R RBRICKR S, £, HHL7-Z0ZhD L —F — DR
PEREDS L TDH 5.

2) BROL—F —XOMEZEZE L TAEF—D 27—kl LI A Z ¥ 55
BEOL —Y —DMEBREZZEZ TICL = — a2 lRAICEE T 2010, RS =0
[l LT HEBDE — L DRSNS S 7 — DR LIC AR S 27715035 5, Fig.74 (a)
IZ dove prism OHIRD [HHEHEREZ D L 72 b D289 [41], A F—D 1/2 OEEETHD
AEF—LRPIERDS, dove prism Z[F[HE X ¥ %, Dove prism &LV A2 &H L=y
MIELPMEEE2 6 TN TLE ) 720, BEROMMINT VA% L 208ERH 5. £, &
SEIAEYAS 2 12 7 5. Pig.74(b)id, AEF—3 5 —[fi% A € F —oallzi FIcfitE L, [
AL L ZBIR R <, HBDOL —F — N2 FH U ARAEE X ORI UCMETRKHT 2 5ETH
5142]. T8y, 37 —HLBEEH» oA NL 70, HEONT VA2 L Z0ERD D,
AEF—3 7 —DHEBEDOWKIZORNS,

BRNNNNNNNNNNN I\\\\\\\\‘I LEANNNNNNNNRY

DOVE PRISM OR ; MIRROR
._x_. IMAGE-ROTATOR PRISM 2
BEAMSPLITTER
LASE?J
af B 1
’V} T l} + N, __C
E . . "
1
LASER-2 SPINNER
(a) Synchronized by dove prism (b) Deflected at a rotation axis

Fig. 74 Patented ideas that derections of plural beams are fixed inputed on a major axis of

spindle mirror.

BL—Y—KDAEEEZTAEF—ICAR I TS/

AHRE, V= —KOMEEZEZTCRAEF—ICART IS H5ETHL. 2%, P74
EOWICL =Y DR EOMEIC R X912, A F—ohlE & AP IETHEL —F—Kk
DAFAZZNIE S, ACF—[Oligil LI A T2 X9 ICREL 2L —F —HIFMAEEE
Z 5B, Z2OMOL —F—JITK L T, REMICRY Y a= v 7L cuiiEz i
St EOMEEE 2 %, Fig.75 TlE, 3SADL —F =K, AEF—DMfEZ 0°)5 180°
T, Ko P 7 2AHETHEICHIERICZ 2 X Hic, ABRMELZZE{LIE w5, Fig.76
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2, ZOWD 3AKDL —F =D& K5 A B2 W EBOEMEL Lotk 2 R T.

(a) 0 deg. (b) 90 deg. (c) 180 deg.

Fig. 75 Schematic of generating parallel beams by changing incident angles.

(a) Loci on a drum (b) Loci on a photosensitive material
of deflected beams of deflected beams

Fig. 76 Loci of controlled beams to be parallel on an internal drum.

CORERFEHZHEIBT 2 7D DMEN5(2 R RIEE D 5 2 /T I8 2007 A T 7
BHb, Nz Fig77 1287,

Fig.77(a)l%, wedge prism % L < 13 hologram # A > — L [AIHIECHEE IS Z LT
2RICINCAIEZ Fi7-8 2 2 ENRETH %([43]). D7 Tl prism $ hologram o [a]iiz
R, it L WIEHE AR S X R ESERI NS,

Fig.77(b)i3, 1 KDL —F =2 FEHOETHEL, HHDL—HF—2 LY 77 F 2
I — % (piezo actuator) CHAEZ 52 2[44]. 77 F a2 —FIZE AT YT A EORIEELT
VRBENDH DD, 57DODT 7 F 2L —F T2RIGNICHAZI TS I EDBRHTHS, 2D

99



MK TIE2ARDL = —HDORBICIRES NS,

Fig.77(c)lZ, AOD(acousto optic deflector)d L £ (¥ EOD(electro optic deflector)TL —
Y—HIAHEL 5 2 % /iETH 5[45]. AOD £ X WEOD (3id# % 1 Xoll¥ifRm<dH % DT,
2 ZImIAA e & 9 2 2fliflaGbE 5. (b)E(ODHFRIE, ZRETNDTNAL RICEZ
255 (DR I 8) CHERBICRAME 2 RETE 2ME2H 5. 2 OIS & [FH L
TR % efmzE, WGE, BREZMIET 5 & ZICHMTH 5.

AWtZEbsE i, FEDORFFTH 2 () FAZEM L 7. FRMBHIZ LEA R OMIC, b5
KD EHIcAEF— LAWY=y P 2RI 20HEB L, Y AT LELTOLE
WRHADZ 2L, AT —E—F I 7—~DAMMBLEL, V7N E—LDKLIZIEH
HDIT—TwIBHBFoND,

X LASER( 26} ‘___ﬁ MIRRDR (28)
58 56
lz‘ Lz 34 52 - :ofa:mﬂons
32 60— _£2 a8 50
%E X L) = MIRAOR PN r_ ! UTTER
=IOV SR
& 5 : U-=m=m  pocumng  exim—36
L /Lz LENSES el d
i e[ ] [
AT COLLIMATING
a) Deflected by wedge prism G I N el
= e, T e ) S
. —— — — FOCUSING ==
Lase?’;e_éoi‘iim 10 DEFLECTOR €5 gesep .’;E'Ez.ﬁ’imm
[ Spinner . —
Lacor v wimmm = |
| {64)
SCAN
SYNCHRONIZATION
SIGNAL
(c) Deflected by AOD/EOD (b) Deflected by piezo device

Fig. 77 Patented ideas that beams except for one inputed on a rotation axis are given angles

two dimensionally synchronized with a spindle mirror rotation.
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4-2-2 BHT 52 FE—LTTDOW%E

AEF—OMHEHICN LT, L= —HICAEZR S TAH I L EOREL LS,
Fig.78 Ici%, AEF—3 7 =23 45° DA ECHLDFERICE» L, B2 X-Z i d 2R
BT, L—Y—toFDREZRT, ()X (Z 6 FICAHLZL—¥—HKTd
D, KEIE X EZES, (b)Tl, X-Z i ETZ i LM ox zfi7d TAS
SEGETH DD, KA X-Z T X i U 6 x % R > CiEde, FERIC, (o)
EY-ZFHETZiic LT o0y DAETARIELEA&TH 228, XY i X it
LOy DMETKETZ, ()TIE0x &0y ZMALAETAKLALGAED, i)
L) zGbY Ao A K ERER, >2FD, 0x L0y ZMA%ZET, LED
AL —F —HE2RIT 2 2 EDRTEETH 5.

Fig. 78 Schematic of moving a beam to a proper position by changing incident angles.

Fig.72 IR L 723 TH 2 0 =0°DHFD L —F — OB VR EE 2 HiEll N 3 % 72 d i,
EEDMIE O xy FHRICHIAT 2 2 L CHHETE S,

#1
#1 O
#2 O3
#3 - O

6=0° 6=90°

e ————

Fig. 79 Schematic to explain beam rotation.

Fig.80 I JEfRgh Z D EH L, FEMICHGT§ 5.
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SAKDL =¥ =K% ZihLi»r 5L v X(Lens)Z M L CHifTICAH T2, A EF —o[nlx
ik Z@cdbh, I7—1F XY FHEE Z L 45° ), 2 7 —ohIdEEE T3,
CDAEF =37 —VHIOERD X-Z FE Ficd 2% 0=0L L, Kb Lo Bk
I Z gt Ic R D) T2 7 — % [Alfis X ¥ %, Fig.80(b)id 90°, (c)ix 180°%# R L T\ 5,
AEF—I 7 —TREINALE—LEDH2HHE(F 7 20 b)) TR LRI N EDT, 2
D BEHE DAL E THASHEE OREEZ RGE L Ui v, 22T, B2 T T5720
Iz, A ST=DHVIRETHRE SN W SERET 2. Zo%¥HE S'% Fig.80(d)
WRY. 2k D, Fig.76(ICR L7 X HIC K I AHTE — AN TH B RE 3AD
E— 20z 2 L, Lo —a#2 1335 —[mEE LoRHAIEEE S, E—
LA#]1 BEXOE—2#3 I3 —2#2 20 iE#ELZ £ 5 2 LD 5

/

#3/#
Lens (-1

#1
#27
#35

::::f?

< i
1
YIRS e o RN

X’ #3 #2 #'l

#16=270°

h {G‘LO #36=90°
IS, W -
X #1! #2%3 Y’ ,
v s S
(c) 6=180° (d)

Fig. 80 Principle of generating parallel beams by changing incident angles.

Fig.80(d)I/R T E—L#1 L E—L#3 OWEE, Hkida & L, AAEKeTHET 22
—FAMEEZ 2 EICL D, ZNZNUTOATERT I L8 TE 3.
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X =—a-cos(wt), Y =—a-sin(wt) : beam #1 4.1)

X =a-cos(wt), Y = a - sin(wt) : beam #3 4.2)

DL, FLEAD L —F =i, AEF DL & A 26 MELEHE T 2
LK, FIALETIRPATREREZRMC ZEVHBICKRS. £, SMIE3XD< L
FE—2bEMH L7272, SH6IKAAREE XU AHZLTHA, HEDIRIEZ 2a
L5 LTHREE 2 5.

Fig.80 # PR d 2 &, Z il Lo L —F —NHOHFm» 6, L—F —#] L#3 122
RIGDRIAZIT> TS, LaL, LY XZBEL7BIE 3RO L —F =T PITickib,
AEF =37 —IC L TFFICE LA TARINTWS, 2, Hifii 4-2-1 1R
L7 E@DEATNEFTZ 5.
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4-3 AT LEEK

{

4-3-1 T AT Lkt

AT LOEARMARZ Table. 11 18T, GldxfHR L2 4 FEE S, ZUG U TadkE
—LREEZD, E—LARKIZ 120 IRETERAGEL L, ORI RIRIE?D
635nm OFERL —F — 2L, EELFZ2TH . FEERAEHE LT, AES—2%
AL, ZEBE - REGL2RAD % 30,000 rpm OREEE E L7z, KM O#GHT
FHERE % S 7 —2HTE, FMOETLHELSH 5. 96 Ipmm Rtk W T, 3K
E— AT % 2 12X D, 50,000 pm DAY F—Z2FFO2 v L E— L DEEED G
ML 8.7 mmy/s EHMEL, 1.8 f5127% 5% 15.6 mm/s DatdEE 2> 2 & ASHREIC 75 5.

3ADE =D L, KAhDEiZE2#2 O —o %ML, Z2OfA%ERT 2 X
RIS 2 E—L#]1 BXO#3 132 OMEMRZ EMICRODESH 5. ZDhiET
HBREE & 2 O 3R & IR I G L CHiE T 2R 2 /o e 7,

Table. 11 Specification of an internal drum system

ltem Specification
Recording size 559 /768 /1067 /1130 mm
Diameter of drum 454 mm

Resolutions 48 /72196 /144 Ipmm
635 nm Laser diode(LD), 15 mW

250-31.2/16.7-20.8/<15.6 / <15.6 um for

Light soruce
Beam diameters
each resolution

Deflectors of main scan Spindle mirror (a single mirror)

Rotation number of main scan
Number of beams

Correction of beam positions
Modulation

Beam position detection
Beam power detection

Photosensitive materials

30,000 rpm

1, 2 or 3, selectable

Angles Correction by 2-dimensional AODs

Direct modulation of laser diodes

PSD (position sensing detector)

Photo detectos and ND filters

Silverhalide films “LS-H” and “LS-4500" by
FUJIFILM
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FuEkt A ZIWE B1 ¥ A (728 x 1030 mm)Z A N—T& % k95, F7LHEZLLEFN7LE
ZPET 2. KRL v AOE RS LR 72 O, Bl — L% %2 125 um T
DAL LA TH D, 2R, ERMEEZ 144 lpmm(3,658 Ipi)E L ¥ 192
Ipmm(4,876.8 Ipi) ¥ T EIF, EEMELERINERTE 5,

K IE L —F =5 A A= FLD) AL %, 3oL —¥—¥ 4 4+ —Fizznzhsk
REEVSHLTLICH L2, ZORE, WETHERmL7~T 8 v THPE— 2 8D
ReRIIBVDT, ZOWNRIIAETH S,

i CHH L 2= L F E— LD & D E — AEEHROWATMIE X 2 K06 IR f 4
ELTHER S 7z AOD Tf7 ). &R 72 on-axis ¥ A 73T — F D72 0 B FHE H0E
Wi, L= =8 A F— FOEBEEFTTHIET 5, 21U Xk D, nsec 4+ —4%—d ON/OFF
EHBRE L 72 5.

VL FE—2METHZICEE L 2T Ui R vRlE, 3ARDOE—AREITIEL WiLE
ICWVWEPEW) T ETHD, BRFPEREBIGRE 2 O X > THEL 2 TS E IS 2%
Rbaz b7eo 370, MEDOMM EMIEFERZR O ENHAL %5, FHIRFICL —3 —H
JIDOFHI & HHIE b A FRERE & 72 5

YL FE—LAREL, 1, 2, 3AZZNZIGERNCTE S L) ICkGEH L. L—¥ =% A
ZA— F(LD)EY 2 — V& XU 2 R0k A& I3OEEER BiciEROEVICL2EY 2
—VRELTHAT, /0t —¥—COBELRIET 2%GHE L7,

JEOEARHE BTG 7 A L A (E 74 v ol LS-H)Z i L, Edge sharpness for
image quality (B ME 27~ T ¥ L) I121F1F 5 23K L 72 (Fig.61 =),

105



4-3-2  <2)VF E— LR RGH

WERDEERN A #E 2 5% Fig.81 # W THHT 5. #1 L#3 OPERL —F—2 =
N (LD unit)2» 6 @ L —H =13 2 Zooifminds 2@ L, ezl s X ) icakIns,
HETBIIN—7 S 7 —THRIN TS, 72, XEFHED/-OD ND filter 2= v b Z &
(. Zofilter DO EDTL =¥ =% K§ ¥, Beam position detector TE — 2 D1
B2 ET 5. RN ELES &0, KEX CMERRZHANY, 2235 %56
I AOD @ RF BREIE 5 D ik 2 2 Z mmfg z %9 5 2 L CTHIlIET 5. £ 7, ND filter
D& & IZiE 72 Power detector #1 T3AD L —F —EZANICEHAIL, %72 Beam
expander & beam diameter converter Z & { Z & T, RGRIE T L I1GE LRl E — L 8%
Y1) 2 % . D% Periscope mirror TL —% —Ya% MEE N 5 4 N ICE ¥, Spinner
mirror TIFIE 90°KHF I TV 7 o NMZER L, carriage THRIAERZ1T9. Power
detector# 2 |2 Drum OAMIELE X 41, L —¥ —)H:A3 Spinner mirror il DAz iE, o
D74 NVAMHEICHET Z2RE&NGEZMET 2 2L LHAUMAETOIEICK 270,
Periscope mirror ®y5#E X % Spinner mirror ODENEAZMH 3 2 L3 TH 5.
Splnner mirror [ZEHTHEEL TV 37280, 32 DDONERENSY =¥ o FHFIC A

RN EDOIEL, ERA YT Ty ADY A S v 7 RdT 2 BELEELZ RO,

Beam expander Periscope
& beam diameter mirrors
converter
power ' LD unit #3

Beam position
detection '

detector#1 I-:
ND filters
Combiners = ’ LD unit #1

2D Deflection

LD unit #2 Y

Spinner

Drum

Carriage

Fig. 81 Multi-beam optics system for internal drum architecture.
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Al 5 BOCERMRNE, B 7 A L A DR 7 4 L 4 LS-H & X O RAS &M ©
H % LS4500 Z M L 7=, i M oI 635nm i § 3 EIZ B X 26 ~7 x 1073 (J/m?)
ThH5., 2R AROR/IIRE 60%E L, N—7 35 —DBEHEK - KERZ WY I
HERT 22 ETHEBED 3 DDL —F—NEZHE LS TEHIENTE, 200 I3NDNE
DRI20%E 7% %, Ly R THOBEERS 97 %), 57— 3IWDOKEEE 95 %), L —H —
HMAORK 16 mW XD, Bz V¥ =2 b /NS < % 5% 48 lines/mm T, 8x 1073 (J/
mA)M LD 2N F—DHIGTEETH 2 Z EDb S

KIZ, LYy RRITE DAL R IZOWT, DU ICHIT 5,

a). JEAIRAAR AL

BEBEOL V AE LV 7 —F0N R ¢AE L 2IEMREA L, i coE—24 2R
Ry FOIRRAEL 02720, MIET 208035 %, JFEERDE — LBELEWI ORI L
YAZFNEIELI LT, HRREEZNS T XY ICHHET S I LN TH S, RN
ZNazREIE KT 2RT.

Tilted angle
O

Astigmatic
distance Aa

Laser beam

’ S=-
’ ===
’
A
’ R
2N Y B (4 Y
4 i

Tilted lens

Fig. 82 Generation of astigmatic distance Aa for compensating the one of optics including

laser diodes and AOD.

b). WeRZBHfiE

AOD Z, [EIT 2308 12 Bl 2 72 © (Fig.83(a)), (it fiZeil, /W2 10) Fitk
RO, R E L GEIRL 2w L F T — FPRER L — 9 — 3R 28>, %7,
HEZMICN L TE— PRy I3l Sz, WES 7 FE3RET 2. BRI XA
SHOC XD FERR Y — AR RDOFENIC AR S, e, HEY 7 FLASHICX D E—AMHE
oz eI 5, 22T, mBIGERI MMM 7)) XL Z23GEEL (b), Wifioiz ¥
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B, ZNEFNOATHE X ¥ EILT S (C).

| —
A
— S
AoOr |
AAN A+AN A
A+ANS
(a) Acousto-optic deflector (b) Prism (c) Acousto-optic deflector & prism

Fig. 83 Compensation of wavelength deviation A\ using a prism by canceling the angle

and make the same angle as one of A.

c). MEEHIIE & flERlIE

MIEZAIC X 2 EBROBIERER L v RO ESIEEE L &, 4 DFEERL — 5 —
DWREIESODEFICL L v AROMOINGEIC KD, fifkiE LT 74— ADRET 3.
DT 7 A=A AFRME — LROMRICK S, 22T, L v RICIRERMERKRE & QGE
HIEHEZ bR 2. BN, 774 =2 AR, AEBED 250 2K
i) G L vy X LT, Ly XM o it R R, SRR, i, 2L TL
v AR E O b7 7z
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4-3-3 E—2A{iEd R - #iER O

3ARDVNFE—L2METIE, &L —F T EOMELZEL L BZVIGG, ML DR
BoWKHb, L=V —FEY2—)LTH2 LD unit ZFRNICOMETNIEL 2720, &
—ofE TN 2R LA 288 2 Ki7- ¥ 2 08035 5. Gl8k B 7 L0 & 4%
BALE TR OIRRFR & 2 A2 e EH LITIED, Z o PSD(Position Sensing
Detector) TH§K X #1172 Beam position detector Z YO hLICEEZ, E—ALZ2A Xy F D
HOMIEZ G - RS2, e, KR, MRS LAY 15 5ok R
TREPL 7. ZoMil%% Fig.84 /R L, Z oM I Nl 3z ik 3 2 HlfE R
(Frequency control)Z Fig.85 2789, L —¥ =N lighls X O iE T 1kliElx AOD %
EX&)9 % RF 5 Ol 2. Gl cofmmE3RE 13.9 um/MHz TH %5,
7 um OALEHIEIC X 10 kKHz O REEHEAREIC 2%, AEF—oEcH s N2
N7 LA DN EEHR(Address generator)iIZfE> T, L —Y —HOERIEZRD L, ZD
MEBRICAE S Ul EO M EERLUT-1) 2 EE 5%, Fig.85 12779 AOD flfll 7' a v
BT DS ) —> DR X [F Pt E Ol (Amplitude control)TdHh 5. R E
(Variable attenuator)id L —# —J&B D Hi 112 5 - = 4l 1E (Register), ¥ = —F 4 ~ 7%l
IE(LUT-2)%5 I FIH 5.

LD unit #3 LD unit #1

2D deflection

Recording 2D deflection unit #1
position unit #3
(on drum) _
LD unit #2
’< > ND F|Iter\\ﬁ un
>
Comblners
Recording Monitoring
Beam beam
Conjugated plane of the .~~~ Beam position
recording position detector

Fig. 84 Beam position detection mechanism to adjust the proper positions.
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Encoder :
~,| Address | | L epn, L] Variable |
Data ™ Generator ] VT DAC )= VCO | Filter [ pycro—io —Wto AOD
Clock
/ LUT-2 D DAC
\
Beam Position Adjustment Register | Beam Power Adjustment
(Frequency Control) (Amplitude Control)
Adjustment Data for Parallel Lines 4,m Bus Adjustment for Frequency dependency

Adjustment Data for Position Drifts

Adjustment for Power Drifts

Fig. 85 Block diagram for AOD control to adjust diffracted beam positions and powers.

HL =Y —HofE TR EMiED 7L 3 XA ZEHIC Fig.86 IR T, L—¥ =)
DB Z IEMEICHIE T 527291213, PSD Rt |, w11tz H 2@ Ic il 2 AT b
BH5, foT, TTHEBZFHEL, Z2OBMETHHIE L VWIS =V RITE S,

1

Turn Laser Diode Unit#2 on
& Measure Power: P#2

Pmin<P#2<Pmax?

Adjust #2 Laser Power

[}

No
Measure Position: X#2, Y#2
Turn Laser Diode Unit#1 on
& Measure Power: P#1 |
Adjust #1 Laser Power
Pmin<P#1<Pmax? *
No
Measure Position: X#1, Y#1 |
Adjust #1AODs frequencies
TXH#1-X#21<Xmax? }
IY#1-Y#2l<Ymax? No

Fig. 86 Process of beam position coincidence for multi-beam optics
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4-4 ¥ A5 LMl

4-4-1 SEFR DTl

a). E—L ARy M

AEF—3F5—F, EEDZTIE 30,000rpm DRI R L 2B 2 EHE L, MK
27 7y M2 X ICHRIEL BRI TN Tws, 22T, E=LARY MED
HEICE VTR, A F—Dfb D ISR FHEZFFO>HEM S 7 —26EE L T, &%
E—L ARy bEEZMEL 7, 207 —F% Table.12 1237, dsERMR ETE— 41
5T 2 7200, WEIEERICHL, 0,45, 90, 135°D 4 THIE L 72l D B/ ME & 5k
fEZR L7, BEMIGEOLHRS TRIFR E— LARPHE S L.

Table. 12 Measurement data of beam waist diameters on the drum for each resolution

Resolution (Lines/mm) Specification (um) Measurement data (um)
144
<15.6 12.4 -13.7
96
72 16.7 — 20.8 17.7-18.5
48 25.0-31.2 26.2 - 27.6

b). JE xR A IE

Table.13 IR D, E— ARBHITORKL v A% 2.2°F )L S¥ 5 2 L THAES
A 72 IR 253 BRI IS A T B AT T 0.46 mm TH o 72, ZHUFHHIED HAEAE 0.3
mm i L THr~v—Y Db 2fETH S, ZORDE—LRDOZITL2% DN & Rif72
TR A7,

Table. 13 Measured astigmatic distance generated by tilted the lens of beam converter

at 2.2 deg
Tilted angle (deg) of the Astigmatic distance (mm)
beam converter lens Target Measurement
2.2 0.30 0.46
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c). WRZBHIE
WEZEBMIEEEZERT 20, PV 7 VE—FL—¥—ICEMIE(700 MHz) % EE
L, BALLZILFE—FL—¥—LHAZDfE— FEE2E 1.2 nm 2583 T, ©
—AREWWEL 72, TOPHEAE» SFHEINIE—LFBKRDIZ6%TH S, ZDOHERS
% Table.14 1277, FEMHNIZL Y L E—F%Z 1.0 L L EDE—LEDLEER
L7z, fHIE7) RLAMELT8BDE =LA ICHL, 7V RALFHATI%DOKD & I1ZIFEH
FHEDFHIETE T3,

Table. 14 Measured beam waist diameters of the compensated direction with/without a
compensation prism using a single mode laser diode with/without RF superimposition.

Brackets mean relative ratios

Without a prism With a prism
Mode Single Multi Single Multi
Beam waist 42.2 um 45.6 um 42.8 um 43.2 ym
diameter (1.0) (1.08) (1.0) (1.01)

d). MEERIIE & I ERIE

TR L QERIERRE 2 D IAA L L v A2 G0N % % v, BREIRE
10~35 °C, #& A =634~639 nm (ZH§ % Gldxi Lo E — L7 = X b DL &1
ZHEL 7. 96 lines/mm @ & X DFEH % Table.15 I2/87. Wiy HEEA LT 5
(e S AoE g

Table. 15 Results of compensations for temperature and chromatic aberration in

conditions of ambient temperature, T=10-35°C and wavelength, A=634—639 nm

Criteria Measured
C_hange rate of beam waist position < 3.0 um/°C 3.0 um/°C
with temperature
C_hange rate of beam waist position < 1.2 um/nm 1.2 um/nm
with wavelength
Beam waist diameter (at 96 lines/mm) = 15.6 um =14.0 um
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4-4-2 & — L00d Us Al o R

PSD DIEEMDOFE Z WS LT S/N 2R L, METWAIEORKEZ B 5701213,
FARDEEIIE Ve RS, WET 2068235 5. 5 Ialid beam position detector k2
B L7250 uW DN EZHEMRL, LD unit #1 £ #2 OHIEIX SO Z 2L 72, 50 [ DM
EDEHER 2 DOFE R % Table.16 12789, Detector Wil R D 15 5D AKF Tikal L
7D, Ak LTIk 1/15 Th 3 0.015~0.036 um DR % £5>., ZHUd Fid 3-5-3
i CHAT B0 6 D AT 20 fRE % TR L Tw 5,

Table. 16 Standard deviations of measurement results on the beam position detector,

SD(x) as x-direction and SD(y) as y-direction in case of adjustment into the center

Standard deviateon SD Sample -1 Sample -2
SD(x) (um) 0.23 0.54
SD(y) (um) 0.26 0.49

4-4-3  BERANE O

2NFE—LETIE, ZRICERT2H 0o’ %ET S, Z20HERO—EEL o)
HR I NV d D&KM% Table.17 IR T, L —¥ —OENERE, L —¥ =N+
DM, BN, E—2 ARy FEOIXSOFRLSDOERICAR S, &5 DFHf
FHAREEZ X ) B CEME T % 2 o1, RS (95 %I 5 o FE) T oLk v 7L
ZERT 2. o 3BEHMEBIOREIC D KE AT 200, BOLMELZ & HIER
855, K ZAT7LTIRELE74 VLD LSH & LS-4500 7 4 VoA zBHL-DT, Z
DALY TRAHEMRZEE, 2T 2HBI N L LIRS 2 & 2HER L 7.
HL, 2o oEHENICHEZRD 2D TId4k <, BATICHERES W Z2 WL Tk
HLERNETHLDT, TITEHHEELTRT,

72, 3-3 fiCHA L 72 5B 0§l & RIAR I 52 L 72,
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Table. 17 Items of image defects caused by multi-beam and the criteria to eliminate

visibility of the defects

ltems Criteria

< + 5% (equivalent to < 0.5 pm at 96

1. Dispersion of diffraction amplitude )
lines/mm)

<+ 10 deg in #1 or #3 beam

2. Dispersion of phase difference < = 4 deg between #1 or #3 beam

3. Dispersion of exposure power <+5%

4. Disersion of beam waist diameter <+10%

4-4-4  GEOEEE D RHill

Z EF—DHfEE 30,000 rpm, 3 A — AFEEEIC X D, BEEE 96 lines/mm FfT
15.6 mm/s, 48 lines/mm I3 31.3 mm/s D E$HE 23/ L 72, AOD OHIH D 45y
DU EZ M EIERICHAL Tw» 228, REHICHE D T TREEREEZL 2 2 L TE— L4
AEZEEPT L, AT —DMiEHKE L5 2 EickD, S5ICHBEET v 7D0n]
D D 5.

£ £ Clg, Fig.87 ICEM LN ARDOEEZIRT,
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Fig. 87 Picture of multi-beam optics for internal drum architecture.
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4-5 F5%

MENRETEN L —F—BNEEDOY L FE—MMEEBD D DOHH 274 T 7956, )
iy EORE I NI —F =KDl Zfhd L —F —H230ER T 2 5K, 2F D 2 Xt el
M52 BLL, FiELl, o7 A4 77 LKL, MEREA EF =)k 5 HEihy
MPREEN 2GS 2T LR AT —DHEHREZECMAZ 2 EHRELE 2D, ¥ A
T LAREDOLEE R MERL 72,

MfENmEERGTSRTRCB VT, 74 v EEHPLTALATE, PLoE—L4133 7
DAL I AL, 2, #5300 — LA OMBEIE CR % 2 BRI 2 M L
BD6, PLOE—L0N) ZENIE S, £/, H4EBI0E 50— 2 I3EARMEED
25D R CHER S 2 2 &£ CHEEMETH S, 2% 0, RWIAMAIRAHIRIEZ 2 5127 248
WD 5.

SRlONeEERE T, WAL 13.9 um/MHz &9 FEHT A>T 3D T, 48 Ipmm
DAERSHRIE TIZ 6 MHz OHIRIBSBETH 7228, FAB LI OHEE E— L TIRET 2121F
12 MHz OHH5%IE & 72 2 O, WSRO 513, K AOD IL#EATETH S, L LAD
5, MEL L CAROBRNENE TSNS, SHOEFTIEN—7 27 =12 X280
AZFHHL 720, FE—L I ASEEDH 20 %DFEEFRIZR > T3, b ADEEIZER
WA EM L AT RERAT 22 LT, MONHHREZERT 20505 5.

Off-axis AOD (& walk-off BiGt D 7=, ikt A %% on-axis AOD & Hi U THUHE K & <
% %. On-axis AOD 133y 7 — LS N7 RETH/NUELSHRETH D, THES ¥ 7l iE
HHEIC 72 5. Ao 2 Rotlm s DakEtcix, 2MH O AOD 1243 % 1 {# H Ok a1 13 E
DIEH DAY I 70, EECED 2 ML bFUBMY A R CHATETNS, H
BoBGEHIE VT, TREEIENTHD, AREZHT I EXbr s

MHENHEER L — 3 —BRENDISHNZ T, HEOL —F — oL DIEe>Z

W EICEE L RIE T, 2070, SHlOFHE TIEIERRZMIE S X IR ZS#IE
ZIkA, BRI CTH D ERMRL 7. o, KR TIHIREMIE & QIGERIE, v LFE—A4
LCHREAR E— L 0E T IR ATIE b 3%E0E D BERE L 72,

2T 2000 fELARE D AT D BeffiRAEEIA 2 W5 . A TR D 72 & AL DfiLic v,
HIE R D HIAS & & 1224, O RIRK(CTP) & ORisE L E L TE A2 Ltk D, A
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Jl S B 2 O TSR 7S 1%, BMUE 8% 2> S RA(CTP) IR Ic > 7 P LT & . F 7,
CTPIFRELS 74PV E—FEE—FE—FIZDETE 22, Z0o08A L L6 HFED
HED SN TE,

74 P vE—FRAEEAPHIEEZFHAT S 7 4 bR Y v —E L OHRE 21T T,
ZONBOEEI NS IR F R/ L7, HAOERE LT, AEOERTH L2 LT E—L4
IC X B MBENEAELE S RO L 2 D8sE S mEIC kD, ZoBHIEL W EAER ER
TEOT, BED AR FEE P LICEHIN TV S, 7, HETOWRY Do,
B R (405 - 410 nm)Ic> 7 P LTETE D, ABMED 21Ut L Tw 3,

—H, E=bFE=FTH Y=< FEZ A L Tl ET) HATh b, ik -
FEHBEELD T+ A7) S 32— a VHEE CREBE (RS FM 227 Y — 3 LT
Y, »OHETORB P ARETH 5 EDORRDH 5. > 7 = v R OCEEHH) 72 £ D3R
SO PIN L BT 27200, mHARMNEEGRL - =I5, Tun ) B
ME P TR T, BBRICE T 2B EOZEMPEFEORERECTIID > 7208, HliNagR
WA, S SIEB IR EERL —F—DFE L LB ICH L FF ¥ FL{L(~1,024 F %
FOVEMDOHESIZ XD, WEET 4 b v E— FESEMEH O 1R 1 VU % Sk B % 3
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