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for Multiple Image Processing
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ABSTRACT

Holographic optical element(HOE) is fabricated with the properties of lightweight, thin thick-
ness and interconnectivity for free space. Particularly, HOE for optical interconnection and
multuple image processing should have a high efficiency and equal spot intensity. Nonlinear
equations for 2-dimensional binary phase grating(BPG) structure is solved by computer simulation
based on modified Newton method. Computer-generated pattern drawn by plotter is scaled down
and translated into the microfilm. After contact printing between the microfilm and silver halide
hologram film, phase diffraction grating produces the 5x5 multiple spots. Experimental results are
shown that bleached phase grating has a high efficiency and equal focused beams except central
zero order,
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vro] o] Fof A 4= Qlr}

Htoll Tk @ AHE HOEw 713, uheiel 23
24 gudgel Nusng {f83% %‘?‘;é(optical
interconnection) A #& AA"HT ok FHA
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Table 1. Recording materials for holography

o 2 A A EREE ¥208 x=2% Fos 8 4 = Hd 3y

] 8 (J/m) 9 9 (lnes/mm) & &
Photographic emulsions No  Wet chemical Amplitude 5x1073  400—700 1000—10000 0.05
Phase © —-5x107! 0.60
Dichromated gelatin No  Wet chemical Phase 102 350--580 >10000 0.90
Photoresists No  Wet chemical Phase 1% uv - 500 3000 0.30
Photopolymers No  Post exposure Phase 10-10*  uv-—-650 200-1500 0.90
Photochromics Yes None Amplitude 10°—-10° 300-700 > 5000 0.02
Photothermoplastics Yes Charge and heat Phase 10! 400—650 5001200 0.30

{bandpass)
Photorefractive

LiNbOs Yes None Phase 10 350—500 > 1500 0.20
Bi128iO2 Yes None Phase 10 350-550 >10000 0.25

|;’

187 %

X3 183

AL xE3% & 73 2] HEER
Fig. 1. Diffraction efficiencies of recording materials as
a function of exposure
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Fig. 2. Structure of binary phase grating
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(M~1)/2

f(x)=

=1

X —{Xgi +xg-1) /2
X2i — Xzi—}

(1

X0=0, xM+1=1,x€e [0, 1], M: &5
%< $+4=(transparency function) g(x) & th&-3} 2
=
g(x) =[2f(x) —1]sing +icosg (2)
o] 21 Fourier M &3}a], 22 9 4A=}o] 4 B
EE dow g 1.
G(k) =F{g(x)},

k=0, £1, 2, +3- - - (3)

0xhe} 03 bWl A 98 Relshd e gt

M+

GO=(1-F (~1)"xn) exp(ig) +3. (~Dxm (4)

Siﬂ((‘ﬂl (M+1) /2
i2nk =

~+i(cos2nkxa—cos2nkxz—1) ]

Gk) = [(sin2rnkxz—sin2nkxzi-1)

(5)
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Io(x,4) =1+ 4sin2(¢4 /2)

X (L (=Dmm) (L (~Dmw)  (6)

2sin(¢ /2)

Iu(x,¢) =20 16/2)
X (MZ: mg (=1)mt cos[ 2nk (xm—x) ] (7)
Aot —NAREH N7 mE 2dste) A

717 g d ghe 2 2 RRE e Aolg 1
2384 Meolste FE9 A {x}, i=0,1, 2+, M,
M+12 BE@S & xidt# 430 98 FEslodo}
gt oleld 27 g FAH o s RHEH o 2
=
Iy=I-nyy= =l g=l=]=---=Ix (8)
02 A9 AYslne dAolnz Li(xg) =1
(x, )0l 2 wtoz Zojgr) dutzog t3
o Ay}t e AFHIL 53 P
&o] A7} slojolstnz ofg 1} o] & 4 Ut}

l(x, @) =11(x,¢) = - =In-1(x¢) =In(x,4) = Hd. (9)

Ao zxE the3 g2 A8 u-A 4] (nonlinear
equation) o] 4|9t}

Li(x¢) =plx(x,d), k=0, +1, - - -, N, (10)

pt NWESS T L ol4H 2UEY %
o 798 etk [,—1/(N+1)°l3, o3 e 0
A%E £NA7A 23 REES dvi@ch ¥
ZuHE wg4e 9 e,

Fi(X,4) =1(X,4) =P /(2N+1) =0 (11)

2ol HFE =ete wgR ol vy FAl
E Fe Wy Eo] o MU= E3] steepest
descent method, Newton-Raphson method, simul-
ated annealing $3 £ FA4 do] Uk
14] g} A ALESsle R 5 71g 718-eln 3
238k B o] Newton *'H (Newton’s method) ¢l
o Wkl e UutH o g o 7}7HE Foll A wHE (iter-
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ation)o] A Zts]ojogt £t FHP AL W7
A3 Newton 8 & HG3] /Hzd WaE] v}
U=, Newton W2]-& o] &317] 93 A3 A=
HE& A= WA sl FHE ol F L U

Newton #Ho] 7128 Fi 4E& E719F A
2§ NAH o2 automatic homotopy changing me-
thod7} it

H(X, t, X°) =F(X) + (1-t)F(X?) (12)
H(X, t, A, X9 =F(X) - (1-t)F(X%

= (1—-t3)A(X-X?) (13)
H(X% 0, A, X% =0 (14)
H(X, 1, A, X% =F(X) (15)

HEAYE AH x(t)l e 21 ¢ WA e
& gl mech i3l

sign(a;) == sign(af; /x;) (16)
| (1_tk3)ai+0f1 /axl | >E |af1 /0)(, I,

i=1,2, ---, n. (17

o

HAFE AR AE o433y 9 JES UF3
= A% AE Sk g ] fs R
ogE gox JFdHE FUAS HPEES A
¥ Z W=} (standard deviation) 7} 0.1 Bt} 21 7 )
A g &0l 60% o3& == dFsHc) =3 o}
238 HAA AFsed Jo] Eileg 1l sl
sto 2 Q-3 Aol (transition points) tA | A
g FATh

V. 2% AlE3I0]M X e Mzt

AeHow NWESE prt AY A} FL S
73T, & So] N=29 W& 7ahd {x) a3 2
Ao HHAES et got

X1 =0.019369
%2 =0.367536

0x 3l = & =0.154188
+12 3" 5 78 =0.154829
+22 3" 9 §& =0.154939
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+12 32 o && =0.093649
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£ 99 g

X1 =0.099245
x2=0.159442
X3=10.368859
X4=0.491857

0z} )™ 3} 58 =0.071409
+13} 3189 &8 =0.072933
+23} 383 &8 =0.073995
+33 3" 9 &8 =0.074636
+42 HA 9 58 =0.075066
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Fig. 3. 2-dimensional pattern of binary phase grating
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S LEES A7) A8 =2 WA ol 4
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Fig. 4. Optical setup for spot array using binary phase
grating
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olAE YES EREE 1 938 243 9
E2o2 We(white & black)2.2 23 A7} 71&
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AREL 1.5%5 ©HE 2EuWd(rlolaz WES sEAae
A8 39)

Photo 1. 55 multiple spot array using the grating in
microfilm

F 25505 &Y 3A7 X
(vtolA2 BEL AWAAR AR T A9)
Table 2. Beam intensity distribution of 5x5 multiple
spot array using the grating in microfilm

2.39 2.89 3.79 2.86 2.37
2.80 3.19 7.58 3.13 2.76
2.64 4.05 61.40 3.94 2.74
2.85 3.18 7.60 3.31 2.81
2.40 2.82 2.80 2.90 2.38

;M AHes 4G F& 4 F Avk o)A AF
& uiuty g™z RolnE WE }5E FUE SH
AN A Retn F@se 03 F4s(transmitted
wave) 9] 93 wgolch, 221} 7Hedl #E A 93t
oy A9s) Zd§ 3dEa uds d&F AUk #
83 A4S e P ALl Folok stz A
Z3 A AAE 948 AFAAR vpFof . o]
£5o2 943 3dAAE - EL] 100%E 7t
A5 dovt AAHoges E20Y 715 AY F
Fo] wet o) oheksict &9 (silver halide) o]t
2322 Atel(dichromated gelatin: DCG) 3%
239} A9 ¥ (bleaching) #}H & F3 #EF
oA g1A3ecr ABY F Utk TE YALE
(photoresist) & A& 29+ FAYZ(surface
relief)ol] o3 AZY Hur) Y4¥ o2 vHA =
td ZHA e olot HAxAAS] T
Aol @zt §gol AR FHI= wEA VLSI
AzAGNA AHgste 3183 22 (chemical
etching) & ©]&3te o2y ¥4 (ion beam
etching) & AM&-37| % g},
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2 ERdMe EE20Y 43Ed2E 2HYUES
ALgstn g EwxE 438 AHA A4 HEH
2}(phase diffraction grating)® wl3ich njel=a
2 Uy &9 HHEAS WAANA HE&HAHcon-
tact printing) Al7)1& WL S8 FRE HolAlZ
F &3 & 5x5 A9 M7= £39 gt

H 3.5x%5 o5 =¥ FAHY) BX- B4 7] 15 [N
/e [(ASE 3hd A=) A9)
Table 3. Beam intensity distribution of 5x5 multiple s-
pot array using phase grating in silver halide
-exposure 1.5 [ /cnl]

255 | .29 | 219 | .281 | .263
282 | .31 | .30 | .309 | .276
74 | .36 | 2870 | .32 | .22

a2 | 310 | .m6 | .30 | 219
on1 | a3 | o83 | .28 | 268

HERAE Fo AY¥os HPA =& F(ex-
posure intensity)oll we} WZ% (modulation in-
dex)7} W7 i =&AL S R2HINY =&
kg WA FbAA Alztsldc B4 T
1.8 [M/ci]Qmjolny #53= ZFo] 3 [N /af]ol
=

F 3,4,59 4% EF2HA7} 0.5 049, 0.32°1% F
otel Wl Alosn ¥FHUAE 7 0.032, 0.029,
0.044% 4 & ALt BE Ao AHYEL 4
AgHe o+ gt AFH2E AAY AHARY B¢
1.8 [ /en]e] x33g ZAN S tF 2%
ot}

H 4.5x5 0F 2EY FA7] BX- =347 1.8 [N
/e ](148 EARY A)
Table 4. Beam intensity distribution of 5x5 multiple
spot array using phase grating in silver hal-
ide-exposure 1.8 [N /cnf]

.2m . 297 . 217 . 298 .282
. 294 . 315 .372 . 320 . 292
.277 . 358 2.830 . 355 . 275
. 291 . 319 . 366 .315 .291
. 282 297 . 280 . 297 .21




w3 /ohE A& R o] B AP

E 5. 5x5 03 2Fye FAY) EX-x347) 3.0 [N
/] (4% ANHA= A 9)
Table 5. Beam intensity distribution of 5x5 multiple
spot array using phase grating in silver hal-
ide-exposure 3.0 [ W /cn]

. 264 .21 . 276 .270 . 250
. 279 . 306 .391 . 307 . 269
. 2719 . 381 1.920 . 381 . 270
. 273 . 308 . 389 . 305 . 267
. 256 . 269 .21 . 266 . 251

(a)

{b)

ARl 255043 2% BX- w347 1.8 [N /onf]
Photo 2. 5x5 multiple spot beam distribution-exposure
1.8 [ /ont]

0x1-& A g FFA e 0.3043 [N /cd]ol
Z} 214 E 2] B33} (standard deviation) & 0.059]
stole}, B ol 1.8 [N /o1 u) BEHA 1
A3 e&Fgol 3 (M /ol ]dw) 3% 0ol 7+ =
S8 ¢ F 3lol A B0l Y FrYUYL ¢
T i

49 Y 24 e dEg= JeEE H6w
2o} Z sg(low)E 2 HEEE 73Hd 03 Ao

HF6.5%59F ¥ W& =FA7) 1.8 [N /o]
(4 21d A=l A9

Table 6. Diffraction Efficiency of 5x5 multiple spot
array using phase grating in silver halide-ex-
posure 1.8 [N /cnf]

0.027 | 0.029 | 0.027 | 0.029 | 0.027 | +2%} 0.1412

0.029 | 0.031 | 0.036 | 0.031 | 0.028 | +1x}{0.1571

0.027 | 0.035 | 0.279 | 0.035 | 0.027 02} 0.4041

0.028 | 0.031 | 0.036 | 0.031 | 0.028 | - 132} 0.1561

0.027 | 0.029 | 0.027 | 0.029 | 0.027 | ~2%H0.1414

A&€ 0404, £13 3R TS 0.1571, +23 3
Ao £&2 0141200 ©] HHAE AL +1
2, £23 At B9 okde FFE Algd ol
Aol & AX 3 & 5 Ak 03 HEAE Fee
Z%4¢l 0xpo] Fi Aoz AY| Yo e 237}
vt Z9el 02k S A28 the 03 E T 5L
0.12482 4 e Algdlo)ld Aast dXFE &
F 3eh

0z o] A7|17 ERL 2oz AFE UL A
Z 3HE& 7R 288 =3y plotter2 1 ¥
E Zasle A A& A 23, 48
ol ¥ 48 Y9 0xo] FAFEE &+ AJTh
2, A zrA o] w3 (thin type) 3 5933 (volume
type) & A e Q@ N & 4 &E VA F48
F§-3] sojok Qgle] 108 A R Fo] dHi= A
& ¢ F Uk B AYoMe 9458 1/50 $4F
Aoz o 48 siH F49 031 e] #YsA o
A Rez ZuEY, doly Fold At UF F
o} ddsted oz gol At 438 1/250 F4
RS A3 A5 FU4 03YPo] x=Fgo] 1.8
[N /cildmie] 49 S 04kl o g Folue
R gelatdt 18t 27 A E A% d(cell) 2
717 AR #olA " A 27} shel 7H3d (aper-
ture) 2 AL oA Avrra oz AEdo] i 3}
2 g1 A ol dojurh der o &
plotter& AM&-3}Av ol d o] EsjFo] F& d#o
A THEE A3l U3lE 1Y F F4W0Y 9
e HANAE A8 7 UAE RHolh

V.d &
0F 948 ¥2a29 FH2AHOE) & H2
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o Z}e w3 e F AFEHR B
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Aol wf$ 2t 02 el A7vt duf e
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oFol ke AL Tk A ol G R
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