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A new holographic optical f^£^HOE£ 
consisting of the hololenses with dxfferent 
focal*lengths and £%>*££■ ^f afl 

tllllnlts  in thee HO^^e t£, same ££«* 

afferent distance, can be -^d «to the 

ssrffl ^r-1 w*SE^ To? 

I:  INTRODUCTION 

Optical events manufactured using optics hologram technology 

to J easily form a number of elects into the „ a« 

nologra» recording material.  Material made up of th,.^ type 

multiple-focal length hologram lens arrays rs air ady^Jl 
for oattern recognition in multiple matching wave filter systems 

Sm. -'multiple focal length arra s ^£--- 
filters has the same focal length and image diffractxon 

£ article «ill -^«^ ^.TSL.1 
di«erent  focal  lengthy an   ^^   ^ ^ mult, 

holographic lenses.  It is cane 

channel holographic optical element. 

TT.   BASIC STRUCTURE AND THE MANUFACTURE OE MULTI-EOCAL LENGTH 
MULTI-CHSANNEL HOLOGRAPHIC OPTICAL ELEMENT 

The image forming function of holographic lenses on recurrent 
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lign-C  Wdvea  ""■—*  -- . 
definition method, the hologram imagxng formula xs. 

1/A-VA±/*CVÄ-VA), w 
sina<=siiiae±/*(siii«o-sia«r)» ( 

light _, ------- *£?zz£>rzz 
light waves whxch recorded xt  .       y 

" ,gram imaging formula is: 

1/R-1/A±/*CVÄ-V£-), 

oinai=siiiae±/*(siii«o-sia«r), 
coB^sin/S^cosacSUxAi^Ccosaoein^o-ooBcsin^),,        W 

^tions  (Ä,*,0O,<*"* «.(*■«**> (A, -n Ar), correspond 
In these equations, ^ "• w,v -        objective 

respectively to the focal point, '—^ E^pTo. or 
point and reference light pent    e s^ 1 ±j£       ^    _ 

minus dl««Ctl°" .leVelmbol
B;s

Causad.  Jsof when the wavelength 
required, the negatrve symbol rs used  A 

is not changed, then ,1-1.  From equatron (1) we 
focal length ef the holographic lens ag ^ 

l//-l/E«-l/Bro 
v „ mnlti-focal length multi-channel holographic 

When making multi tocar    y which 

the same «0 and ß0 angles, and let   ßD  ' ^ 
different.  When the reappearing light angle o 
di _    ,„ and (3) we obtain a{=aro,    ßi-ßro- 
a  =ß =0, from equations -(2) ana i-aj * 
00 ,.   4-u  hninnranhic lenses, choosing the K0 —dr rrrri ™ 1^ -«-—** 
3  t

Rr' IlUpleXcal length* and multiple diffraction channels, 
contain multiple local x  y arranaeinent and the imaging 
Figure 1 preset  the image ^ J™^ „,,„ 

prxncrples  of  a four ^ ^ crQgs 
holographic optical e.ment    »J^ ^ ^ _ ^ ^ 

SlICn:rSin four dllaction directions.  fn order - ensure each 
lenses in ±u ,    is distributed on a 
iQTlc 4«, the sam power, each image plane is ax 
lens is the sam p diffraction light axis and 

sr.sr.rr- -• - - - .-r^r - 
way it can cause each lehs to have the same rmage qualrty. 



Fig.l:     Scheme  of   3D Field Measurement 

3D field 

pi(O^), 
P£(«.0) 

p;cor-£) 

h     ?2?3   P* 

.   „n.u   v   V   I*   «—Conjugate planes of Pi, ?»» ?»» *• 
Pi P,  P8, Pi-Sampled planes in 3D field. Pi. P». *V *V-^nJuK 

-'- each ^^ ^ --tSS 
multi-channel holographxc e ment the a ^ ^ 

Hologram with phase factors for  axr Y <;      ^ forming a 

factors which satxsfy the Bragg dxlir ^ 

Holographic element which can ^"7^«^ 
limited distance objective images and for parallel  g 

nHimlar  The manufacturxng process xs shown     y at a perpendxcular.  ine R  element 
TT  f^r-Qt used the process xn oja) ^° 1UciJV       A 

Two.  We fxrst used tn  P Umited distance.  Its phase 
suitable for imaging objects at a lxmxtea ^ 

factor xs ^-<po-9«o ..' 

i   H HI in (2)br and using the Hx reappearing light beam 
Th^n we placed Hi xn (*)u,   auu    ^ Mnt_j/ 
Then, we p intermediate hologram Hlnt, <fx>  -* , 
as the objectxve light of tne xn 

and H- « phase factor is 

H,TM- he the plane wave entering at a 

Lettin the Bl "^
ea"n\ll9ht

on
be
H
thrs%.,«,., then equation ,6, 

perpendioular angle, its phase on Hl    *« 

(7) becomes &™=-Qx
a-<t>To    ' 

We made a number of intermediate holograms 
We made • „H racial diffraction directions. After 

different focal lengths and spacial as shown in 

making the intermediate ^"^^TJL^ the final 

Figure 2(c). Where Hi had «^* ^J^ to reproduce Hint 
Hf needed.  Using the &  con3ugate light *0   <P« 
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i Int i In' 

and using Hint image light wave * 
. ^  reference  light used a plane wav 
int — •*=   We finally «^-«S* 

as the Hi object light fl=^- 

,,~„4-  „«pH  a plane wave  at 
The H 

perpendicular angle.  Its phase was 

obtained the final phase parameter of H^ 

.Therefore, 

(8) 

When <r—**" 
Substituting (7) in (8)' ffir-ffi« 

(9) 

Fig. 2:  Schematic for the Manufacture of MFMC-HOE by Recursive 

Design Technique. 

line 

(b) 

(pint   ,   ... 

^0  J^-4r 

K—-•; 
* int 

HTOC-HOE (H.) 
(c) 

Because the B, reference light is a perpendicularly entered 

equation (9), it can turn    *     ... hti_.   This ensures the 
^   miam-v imaae with even backlighting.  J-xixo 

^utelirtrin the multiple len.ee in the element image the 
objective fields on the same axis at the same trme. 

m,  USING MULTI-EOCAL ^GTH MUL^-CH^EL HOLOGHAPHIC OPTXCAL 
ELEMENTS TO SAMPLE 3D PARTICLE FIELDS 

i  -^,^1-5 in the use of multi-focal 
The principles and optical circuits m the us 

length multi-channel ^^^^^Z^^ 

anes A anl *• and B and B- are the conjugated planes of L   d 
,       i „ö a Matter the incoming light, ana we 

T    urn-Holes on plane A scati-ei un 
littered U,ht is Lussed on plane ,  h, lens LÄ, thus oftarnrng 



clear image of the particle on plane A' . Because the scattered 

light of this particle is a diffused spot on plane B, if is a 

diffused image on plane B'. By the same reasoning, particles on 

plane B only become distinct images on plane B'. In tests, the 

degree of clarity of particles on image planes can reflect the 

location of those particles in space. According to results by 

Thompson et al^, the background depth range of particles under 

illumination such as light is 0.2d2/A, where d is the diameter of 

the particle and X is the wavelength. Therefore, if planes A and 

B are ÜL>0.2d2A, then the clarity of the particles on planes A' and 

B' can be clearly divided. 

Fig. 3: Imaging Principles of MFMC-HOE with two Holographic Lenses 

piane o" 

parallel U-8ht 
L planeA planeB 

MPWC—HOE (LA and Lg) 

Fig. 4. Images of the Particles at Plane A 

(a). Image at A'.  (b). Image at B'. 

In our experiments, we used particle plate shift along a light 

axis to replace different cross, sections of particle fields to test 

the effectiveness of sampling by multi-focal length multi-channel 

holographic elements. The results of the test are shown in Figures 
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4 and 5. The holographic elements we used were composed of 

dichromic acid film. LA had a focal length of 90 mm and Lb had a 

focal length of 120 mm. 

Fig. 5.  Images of Particles Taken at Plant B' 

(a). Images at A'.  (b). Images at B' 

IV: CONCLUSIONS 

By using the holographic method, it is possible to superimpose 

holographic lenses with different focal lengths and different 

diffraction directions to make multi-focal length multi-channel 

holographic optical elements. These elements can image objects in 

space and different objective distances along the light axis on 

corresponding image planes, thus displaying a single 3D objective 

field into a number of two dimensional fields. This type of 

element can also be used in the reverse, that is, forming a three 

dimensional field from two dimensional fields on a number of 

individual image planes. 
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