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A Study on the Holographic Optical Element
for Multiple Image Processing

Nam Kim* Regular Member

L3 §

b 1 dtetolm Af-F A5 dZo] 7t 2 F82 (HOE) & A=) 53 a4
‘; g e & A e A golojok a2 Ao 2xYo] A o|oF I}, 23b4 27 Y
Z2E #e A47AAE 2798 modified Newton *84& 7122 HFE Algalo|dste] g B3
’—4—4 & FatATh EREE o &3t A3E U F43t vle]aR A FRE SFHTh vhol
A2 4&H 2 F2aY Y& S AFEHAMA AN P ARE BEC 5X5 HF AXEY S M
th 24 032 ALt ddT MVIE JiEen EYAed EROHY FEae 18ES IS
T A1

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,

I.M &
g S : _
‘I%}::)Ek?f %ﬂmﬁf gI':c?efj)mmunication Eng., Choongbuk RN AR AR G AN o 8T
_University ARE n&Hoz AT ¢ Jde FrA) A|2dHo]
ROCEYE 092134 (BE%1992. 4. 13) a7E T Aok @A) 1A go] ol Azk(elec-

1353
www.dbpia.co.kr



@ BE 3 it '92— 12 Vol 17 No. 12

tron) 7S o] &3 AR e e AI7E ULol olv
g Jed dEed S B dAHE
£eop gakel A, AalF vkl e Hats
w9 FASolt) AES whae] o g 7]E3FH
Aol agso] vjAA A7), Hzpe] ojo] #Fx}
(photon) & o] &3 FA B Ao ZL Q47 ¥ oL
olq

334 ».2] 2] (optical information processing) =
7 g S22 PR gl nfe dEd HE
A (parallelism), 2 2 4 (directivity) 2@ 7}7H4d 4 (co-
herence) Soll 1 wh&Ho] Qrti st Fopg 3
g7lso) oA 7)Eo] Hi= AL F i (optical
materials) ¢} 3342} optical device)olw Tz 22
A8 o} gsta] Alztgt Bty E21els #E
4 ZHholographic optical element : HOE) & ** &t}

HOE+ §F& HEd 71&5H e &xjolea %EH 3
o2 %3 b e Aot rd AFHA = (com-
bined lens), A ¥ € (matched filter), ¥ 4%~/
£ 31}7](beam combiner /splitter) % o871
el o BEAHQL F5E e Azl AFd
4 9l HOE® Azt 2 A2 g, vl a1
% 71 AA Aal vk |4, A, B AR
%z FARYL ANz Ades trdksin )
HA7} 7bssic) o9k e HOEZ B2 FHE& 7}
23 glevt HOES] Ae& 7R o 7]ast= )
X9} SAFEE Uiy A4l g-go] 7}
%3k7] YA L E-& HOE7} solof ghuf

Hito] tiE 9 A8 HOE(multiple-image HOE)
v A4S A7 Avt i eIl 4] (pattern rec-
ognition)ol AFE-S 3 9lo™ 53|, #3td A4 (op-
tical interconnection)of]l Z# 3 =32 weau 3]
o}, 4 #HF e (optical computing) 2@ # Al A3z
(optical neural network) ¥opell A 7173 BA 7} 5
R0 FAANH o] tht Ayt HAs A )
ko #ylel WA AEE del7] s e ¢
A 7} (intensity) & 7“5 3'51" Hlo] t}oF uhojol
st olgtpe F Add vE d4g Exaugd
Fahah 2t 24 &iﬂ }‘3}31 skt

I.CEE AN 2|2 HOES| AME

#=H(photon) & H=to] Blal ngoln W oy
Zg 7t Aalgte] G HA wevkes FY& v
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A3 det, o] # gt Fape] FHE o] §-5t] o}
o] 23 A7t Al&s 1 oy FPR AL e
7t S ERotoflA Qs e Zb Aol HHE A
vro] o] Fof A 4= Qlr}

o t}E 448 HOE= 7P x, 2ol 23
24 Jadde] Heseg f83% %‘?‘;é(optical
interconnection) A#& AAl=Hi Aok chFAA}
HOEE #dAiLzg &3] faire gt &
2 4Hg 7R o} st}

(l)*&%’lal 398 HAd Folw LES
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- Aapzre) Mz QI E #& S/NHE &
S oloy #He R AR FIdNE BE
A 7 Sy B42e F20d 492N
9| facet 0.5 by 7} facetwlth A g 718 A7)
oo g o] A9 facet AW Helrt #A7t
i} mubE 408 Fresnel zone E#HOIEE H
A A" JEE AFHE ASsid E2HE 11

A= AAAL7] WA &2 73 (computer gener-
ated hologram :CGH)e] 339 A4g Jeld 4 ol
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Table 1. Recording materials for holography

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

3 8 (J/m) 9 9 (lines/m) & &
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

" ve?

187 %

X3 183

A L &Y o8 73 240 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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22 A4ARE 2714 FRlH, 4L 279
& Zeth 2Y2¢) 1444 AE 24Yez o
WY+ dom #4402 e Og gok b

(M~1)/2

f(x)=

=1

X — (X +xg-1) /2
X2i — Xzi—}

(1

X0=0, xM+1=1, xe [0, 1], M: &5
%< $+4=(transparency function) g(x) & o83} ¢
=
g(x) =[2f(x) —1]sing +icosg (2)

o] 4| Fourier W#alo], 22 914 A=} o] Fups 2
=g dow ged g,

G(k)=F{g(x)}, k=0, 1, 2, +3- - - (3)

079} 03 obl 738 ¥ei s e g,
GO=(1-F (~D)™n) exp(id)+3. (~D™xn (4)
Sin(‘éﬁl (M+1)/2

i2nk
+i(cos2nkxz—cos2nkxzi—1) ]

Gk) = [(sin2nkxz —sin2nkxzi-1)

(5)

9 29ER L(x9)E IGKk)I2 ol2g, 0% 32
e} A71oh kb HA B A7l Gt gk,
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Io(x,4) =1+ 4sin2(4 /2)

X (L (~Dmm) (L (~D™w)  (6)

2sin?( /2)

Iu(x.¢) =20 6/2)
X (MZ: mg (=1)mt cos[ 2nk (xm—x) ] (7)
Aot ~NARH N7 2E el 4]

V7 A g e 23R E #e Aol 13}
2yA dolshe e AR {xil, i=0,1, 2+, M,
M+12 BdEHE xigsd S14H0] 48 fmdtdol
gt olef 3 23S A HoR FHAYE v 2
=2
I y=l-np=--=]=l=I)=---=In (8)
02t A g At WA BR Li(xg) =1
(x,4)0]13 42 & o2 Folgth Yz oz gy
B9 Azt 4oz AFHL steee HHER
&o] o7} sfojokstn g thg 3} o] & 5 Uk,

I(x, @) =11(x,8)=--=In-1(x.0) = In(x,4) = Hd. (9)

Ao gxE they e uAE wA 2 (nonlinear
equation) o] 4]z},

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

pt NWESS THL e ol 4N 2HEY £¥
o 798 vehdrh Lo—1/(N+1)9l 1, olRe 0
A%E £NA7E 28l RERS Svi@ch ¥
ZuHY T e g e,

Fiu(X,4)=1(X,¢) —P /(2N+1) =0 (11)

Ho) FAFE Hote wER o]z vjdy FA
E F& Wy Eo] wol M=t 53] steepest
descent method, Newton-Raphson method, simul-
ated annealing 3 22 FX4 Wye] Ao
Ul g2 A AHesElE A & 71 718 Hel2 &
2% w1y o] Newton i (Newton’s method) S1d,
ol Wb e UutF o g ol 717 Foll A wkE (iter-
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ation)o] A Ztx]ojoqt &gt FHEPRE W37
A3 Newton HH& H93] /H2g A Eo] et
A=, Newton W2 & o] &5t7] A3l A IF& A%
A& e WA s FHE ol Fa UTh

Newton ®Ho 7128 F3 448 E71913 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=t A(X-X (13)
H(X% 0, A, X% =0 (14)
H(X, 1, A, X% =F(X) (15)

wEsge A x(tol e FH2 @ W o
2e W) el

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

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

AFE ABHAE o] 83t ¢ AJES UF53
= &S e et AE 7EY A FE2
o2E oM AFTHE FUt JHES S /A
¥ Z W} (standard deviation)7} 0.1 Bt} 21 HA)
A F &0l 60% °1 3L REF s =3 v}
238 HAA AFsed o] e 1ol
o 2 <14 % 2ol A (transition points) ZHZ o] =)
g FATh

V. 27 AlZaolM X e Mzt

AeHow NAEE prt AU 7MY T HE
7, A& 5ol N=29 W& 789 (x.) az 2
Ao P aSL thedt gt

X1 =0.019369
%2 =0.367536

0x 3l = & =0.154188
+12 #d o 58 =0.154829
+23 3" vt §& =0.154939
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W /o SN E FRaU Fera o] BE AL

253 37 AA HPagel ¢ ¢ F ey
A B HAEL 77.43% olth Noj 3¢ Z¢& g
o g},

x1=0.104582
x2=0.155199
x3=0.377115

03 3 3 & & =0.093630
112} 343} 5§ =0.093649
+22 B9} 5§ =0.093619
32 ¥4} 5.8 =0.093519

A M EEL 65.5% ook AAAAE A9 oy
olm & IN+13 3 A7t 14dH ez Yeht 23}
¥ wige] F$e (2N+1) X (2N+1) 5™ g7} e}
), Noj 390 H$+ 7x7 vige] "l No| 49 7
£ 99 g

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

0z} 3] ™3} 58 =0.071409
+ 12 3] ds 88 =0.072933
+23} 38 3 &8 =0.073995
+33 3| H 9 &8 =0.074636
+43 HA" 9 &8 =0.075066

AA HAEEL 66.5% ol Noj o]z ool 7
S 2% A5 9x9 Wdo] Hek.

AFY Agdolde Fal T (xiol o3 ha
plotter& o] &3t} Hohd 2A 2 O 228 1
Yol o7 2.

08 3,27 #4472 2319 Wl
Fig. 3. 2-dimensional pattern of binary phase grating

a9 3& vlolag YEd Hol 29 T2y ¥
£ (silver halide hologram film)®] & X A}(con-
tact printing) & 3l ©F FA4A L =8
Betaztg A 29 EEaYd HEFRAIE
S LEES A7) A8 =2 FL WA A 21 A
L sk 22aYE A 98 2 AN
o] &8 s}t e g e AnEH
(1518 &35t Y %S ANSE J4xw
(conventional bleaching) ¥4]-& 8] FE3 (am-
plitude type) 3 A=}t A )48 (phase type) 3
ARA2 APt

V.o R dntog

AEE AgdoldE Bal 78 ANAL 249
Moz ¢ vlojlag HWEY 243 22 YAAR
(BPG)E cthgit e Be3x& 5o 2t 4459
Uste 27w,

25l

a8 427 HHAAE o] §8 2FuY Behax)
Fig. 4. Optical setup for spot array using binary phase
grating

TEE A7 E 2= dold gL 27 HPAR
o zAMEE Hel £HAolr 7 A=E Fol
Fraunhoff #ddgio] UYelUsF 3t} A1A1L 2
A AGAET} BoUdeE vlo]aE L ke
EHPH YEGE 5x5 thE ~2EuwFo|t}h, ¥2&
Z} atgre] SlA e e S AL =33
A 7jolt},

olo]lag WEL E2EHE 09 U8E 248 1
E2o2 e (white & black)o.2 23 Ae7} 71=
¥ I E 3 (amplitude), 293 (thin) 2" A =}o]m
2 HHEa gl 6% Y& glo] £8&0 FAYr
H2o M Bl 7hgdl HAse Fdel 54 v
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AFEL 1.5%5 ©E 2 d(rtolas WES JEAAe
AgE B9)

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

F25x505 2F e AV £ 2
(vlolA2 BES JHAAR ALET 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 AP ew 4G F& U F Uvh oA AF
& uiuty -2 RolBE RE A5 FaE I
A=A Ratn FHse 03} F4ok(transmitted
wave) 9] 9 wEolch, 2} b #HE ALl
Iy AEs) Fd§ dg wEds &5 Uk #F
83 A4S dAMde PELo] Folok stz A
Z3 A AAE Y A AAR vyl gt o
£4o2 943 ydAAE AP Adol 100%E 7}
A5 ot AAHeze F2ad 7|EWAY F
Fo wet oh9 oheksiet, &< (silver halide)o]d
2322 A2}el(dichromated gelatin: DCG) 7+
249} A9 Fwl(bleaching) AL T3 ¥ %F
oA giAder AP & Utk TE GALRE
(photoresist) & AH2¥ Z$= ®TAYZ(surface
relief)ol] o3 AZY A7} 3302 viyA =
td FAA REQ Holo) AHAATS] T
Al @2t g8ol 2PE}. AT = wixA] VLSI
AzHAN A Argsle 3383 R4y (chemical
etching) & ©]&3&t= o|2% ¥4 (ion beam
etching) & AM&-&7| % $hch
1358

2 =RodMe EE20Y 4382 2HUES
ALgsln A4S EwXE 438 HA H4E EF
2}(phase diffraction grating)® wl#it}. mpo]la
2 Uy &9 HHEAS AANA H&8AHcon-
tact printing) Al71& WL 3 FJRE HolAIR
F 3§ 5x5 HAHe M7lE #£39% 2ot

F 3.5x%5 o5 2¥EWY BAY) EX- BN 7] 15 [N
/et (148 38 29 Ae)
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
82 | .31 | .30 | .309 | .276
o274 | .36 | 2870 | .32 | 212

a2 | 310 | .s6 | 310 | 279
271 | o83 | 283 | .288 | 268

HERAE Fa dddoz AGA =& F(ex-
posure intensity)oll we} WZ% (modulation in-
dex)7} W7 W&o xEF A g 2HEA xF
g WA A 7hAA Alztsldo B4E k3o
1.8 [ /ci]dmfoln} H5¥: ko] 3 [N /af]ol
=

¥ 3,4,59 3¢ E2H71 0.5 0.49, 0.32¢]4 F
oteol Wl Alolst BEFHAE T34 0.032, 0.029,
0.044% o4& A9t RE 252 JHYEL
AgHe o+ Ut AFH2E AAY - ARY F e
1.8 [N /en]e] x33Fg AW ThF 22X
ot}

H 4.5x5 0F 2% FA7] X =347 1.8 [N
/e ](148 3dA e 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 L3156 . 201
. 282 . 297 . 280 . 297 .21
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®i/ohE A8 2T Bl g AT

E 5 5x5 03 2F{le] BAy] BX-xBM 3.0 [N
/] (A4 AR AR A 9)
Table 5. Beam intensity distribution of 5x5 multiple
spot array using phase grating in silver hal-
ide-exposure 3.0 [ W /cni]

. 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 2.5x5 043 2% -3 A7) 1.8 [N /of]
Photo 2. 5x5 multiple spot beam distribution-exposure
1.8 [ /ont]

0x1l & A g FFA7E 0.3043 [N /caf]ol L
Z} 214 E 2] B ZH 3} (standard deviation)+ 0.05°]
stole}, @ o] 1.8 [N /] u EEHA 1
A5 w&Fgol 3 (N /ot ]dw F4 02k o] 7+ 7
S8 ¢ F 3lo] A 8o T YL ¢
F U

B4 H4¥ 3RS sdag2 JeY 36w
o} Z sg(low)E2 HEEE FaHE 03 A

HF6.5%50F 2FY 9 AHEFE-=BA7) 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 | +23}{ 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 0XF| 0.4041
0.028 | 0.031 | 0.036 | 0.031 | 0.028 | - 12 0.1561
0.027 | 0.029 | 0.027 | 0.029 | 0.027 | -2k 0.1414

A&€ 0404, £13 3HT &L 01571, £23} ¥
Ao £&2 0141200 ©] HHEE HEHE +1
2, £23 Aste) B9 okl FFE Algd ol
Aol & AX3E 8 5 Ak 03 HEAS B =
ZFe] 0xpo] AiH ez A7) g $& exv}
vt el 02k S A9 ohe 04 E T 5Ee
0.12482 4 el Algdo)ld Ao dAFE &
F 3eh

0z o] A77 ERL 2o 2 IFTE YL A
Z - AN7)A 2L =31 plotterz 1 ¥
E Zasle YA A& AP A, F4 8
ol ¥ 4E FY9 0xplo] FAEE & & AUk
2, A ArA o] w3 (thin type) 3 $ 313 (volume
type) & A e Q#tol N3 4% vlH F4E
F§-3] dodor Qgtel 10ET A ¥y FPo] k= A
& % F Uk B AYode 988 1/50 4T
Aoz o 248 s1H FU9 0xpo] YA H
A Rez ZiuEY, Yol Fold A7yt W A
o} ddsted oz gol AU d3kE 1/250 F4
AL A3 dx F4e 03] =Fgo] 1.8
[N /cildmie] 49 4 0xgke] o8 Foue
R gelaynt 18 27 d A% d(cell) 2
717 AR zolz sjd A 27t shuel 7R3 (aper-
ture) 2 AL do Awtxgog AEdo] o §3}
2 g1 A e ol dojwrh ¢og2 o &
plotter& AM&-3t7u} ol ©] EslFo] F& # o
A THEHE A3l H3lE 1YW ¥ 24%09 9
e AANAE A8 F AE Aol

V.ad &
0F 948 ¥223 FH2AHHOE) & He
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of Ztag I Sl ¥ AFYH B A=)
#elx Aol f83tA AH8E Relnh, ol 2ol &

257 gaiMe 29, Fold 2§ AVIE 7t
ALE ALHHd A7t 2753 vk A AHE-3}
I dE 7Y udF £33 A2 Fesd g e
REgoln, AMFRFHAe] e {3 Fuld
o] 7158 tE d434 RN FELIE A
Ayt

22k 2% ‘1“])2‘]' ZE e $9442E 2719938
modified Newton S 7128 AFH AlEg oA
ate] v M3 WA A o] E Y EREHE ol 8
3t A3e 2dUTHS H4de] vlelaR PEo 4

E Ah vlolag g ¢ ERY BEE
HEEAANA 3o e SPEES FHIA
o}, x=gFo] 180 [N /en]du EHEd &S
38 HAARE A& F ANeH, 55 TF A
%kgi o’b’\)’)’alﬂ-.

B3E AF L 9 53] add AATIE e A
o] a7 49 03 -& A2 Ao 7
o H7le of-¢ gdetn A FHoln FFHAIE 0.1
olstZ uElRTh 13, +2% A 8L 0.
1572, 0.14122 ZAFE Al Ed ol Aot 3 AdX%
£ 293 03 3AUeE 2317 o] Bojuk F49
03t S|H e AAP AL ERE HHE A gHoA
Ao o) ZFEsACE 03 o] M77E i H2
2 2R £%9 Ho] ofFx Et AR X
oFol Atk AL 53l Az ol m G R F
olxx=2 Z435 71} lithography 7142 AH&-3% 3}
&3 229 (chemical etching) & ©] &89 o] &
AE o= Ax HET 5 UL Holrh

mlm
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