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The Design and Fabrication of the Binary Optical Elements

ABSTRACT

In this paper, The design and fabrication of the binary
optical elements are developed because of the various application
prospects of the binary optical technology. The current research
situation of the binary optics in the world is reviewed. The
theory, design and manufacture of the binary optical elemenis are
discussed. Three new kinds of binary optical elements, including
multilevel phases Fresnel zone plate(FZP), the multilevel rhases
Talbot grating and the logical "Non" gate element based on the
"Talbot effect, are fabricated and measured. The efficiency of the
8 phase levels FZP is 67% and the ununiformity is below 30%; These
two parameters of the 9 phase levels Talbot grating is 50% and 17%.
The multilevel phases FZP is used in the following four systems:
the associate memory system, the multilevel imaging system, the
correcting astigmatism system of diode laser and the lenslet
grating system. The experiment results are agreed with the theory
analysis. The CCD sampling and storing instrument, which is a
potential tool for inspection of the binary optical elements, 1is
also made., Its working principles and hardware’s as well as
software’s functions are introduced.

Wang Xu (Optical Instruments)

Directed by: Yan Yingbai (Vice Professor)

Keywords: Binary Optics, Fresnel zone plate, Talbot effect, CCD
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Ml FEFAKEHRGCADEE (WXFLP. BAS)

10 DIM RR{SOO

20 PRINT  mamssdsm s s oo e i dok oo s o e e oo 25 sk i S e, o 0 e s sve i
30 PRINT "= This progras is used to design the Fresnel Zone Plate **
40 PRBINT 7 vrobwoskooboh s son s ook s oot o ke s oo o i s o0 oo 380 ok s e 5080 03 9h0 3 o ook 3o 7 3 e e b ey o, o 0
50 PRINT "~

60 PRINT "1. Piease input the wavelengthlum!:"

70 INPUT L
g0 PRINT ~
90 INPUT F
i00 PRINT "3, Please input the naxinmum radius{mm):"

110 INPUT R ,

120 PRINT "4, Please input the phase levels:”

130 INPUT N

140 M=R*R*N/(L+F1x1000

150 FF=F/Rx.5

160 NA=1/SQR{I+4=FF=FF)

170 V=L/(NA=N)

180 IF V<5 GOTO0 300

180 PRINT " e e e e ————— 14
200 PRINT "Flmmi=":F, "Rimmi="; B, "Vium) =" V. "NA=": NA o _
910 PRINT o o e e e e I i i
220 PRINT ™" . e
230 PRINT "The last mask’s radius values:”

240 PRINT *~

56 FOR I=1 TO M

280 RReD1=SOR O «F=2 ¢ 1000=N

270 PRINT "RC™01: =" RRBci);: "mm”,

220 NEXT I

290 GOT 330 R PR
300 PRINT "The N4 value is 1oo big for producing the FZPff;g .
310 PRINT "Please inpui the new parameters” R
320 GOTG 80 '

330 END

2, Please input.the focal lengthima):

Pine

i
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10

20

30

40

50

80

10

80

90

100
110
120
130
140
50
160
170
180
130
200
210
220
230
249
250
280
270
280
2490
300
310
320
330
340
359
360
370
380
390
100
410
420
{30
440

S

Mx2. BHiraBinEsBEaLBAAE (WKHULITU, BAS)

PRINT oot siosme soobosiosi siomiososie s i ok ok~ ok =mb ok sk o5 e e o e sh ok o ke i o s s s g oo e el 350 i o i b ok e s ok s e e #

PRINT " This program is used to plot the FZP’s phase profile ="

PRINT  f sostsrmesionr skt sto s siosioaio wosbo o sk o s o ko s s i oo ok e s oo o s e o ook ok e o o e sk oo e 7

PRIRT "~

PRINT "Please input the phase levels:”

INPUT L

DIK AC2800:

DIM Bei4001

IF L4 GOTO 150
IF L<4 GOTO 130

OPEN "C:FORO31.dat"

GOTO 160

OPEN "c:for27.dat”

GOTO 200

OPEN “c:for030.dat” FOR INPUT AS

FOR I=1 TO 2800
INPUT #1,AC])
NEXT 1

GOTO 230

FOR I=1 TO 1400
INPUT #1,A¢]:
NEXT 1

EPRINT *J2-
LPRINT *LOT
LPRINT "M200.200"
LPRINT *X1,120.28"
LPRINT "M200,200"
LPRINT "X0,150,7"
LPRINT "M150.12¢G"
READ (%

LPRINT P, C%
BaTA G

Y=120

FOR T=1 TG 28
X=T=120+155

LPRIRT "M": X570 7; ¥

READ A%
LPRINT *Pr.as
NEXT T

DATA 100,200,300r400~500.800,700.800»960,1000.i100»1200,1390,14001}500

FOR INPUT AS #1

FOR INPUT AS 21

#1

aTa 1600, 1700, 1800, 1800.2000,2100,2200,2300,2400,2500,2600,2700, 2800

i=90
FOR H=1 TO 7
Y=H=150+180

B 75
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150
460
470
480
480
500
510
520
530
540
550
560
537G
5890
390
800
610
620
630
640
520
66G
670
680
590
700
110

LPRINT "M8Q,";¥V:". ": X
READ Bs

LPRINT “P*.B¢

NEXT H

DATA 0.2,0.4,0.68.0.8,1.0,1.2,%.4
LPRINT "0~

LPRINT "J¢"

LPRINT "LO

LPRINT "H~®

LPRINT "M200,200"
X=200

FOR I={ T0 2800

H=X+1

IF A(I1)=90 GOTG 690

IF L<8 GOTO B30
Y=(ALT2H1.0531+700
GOTO 680

IF L<4 GOTO B50
¥=tAC1)+1.23=700

GGTE 680
¥=(AC(IY+.33=700
LPRINT *D*;X&1.5;"%,":¥
GOTD 8§90 RUN
LPRINT "D":X=«l.i5:%,":¥
NEXT 1

LPRINT ~JG*

ERD

AN

[}

76
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#inciude <{stdic.h:
finciude <graph.h:
#include <conia.h-
#inciude <math.h-
finclude <io.h>
tinclude <stdlib.h-
#include <process.h:
finclude <malloc.hi-
int port;
int pixel,line:
int bus[20501;
maini)
{ int cheice=0:chocse:
char chol;
void welcomet);
void patel
int MENUGint choosel:
welcome{i;
printf("Da vou have the DATA files(Y/MiTin™);
941T1: chol=getchti:
switchlchal?
! case 'Y' - gote PATHZ:
case 'y’ : goto PATHZ,
case 'K . poto PATHI:
case ‘n’ : goto PATHE:
default - goto WAITI:
PATHi1: _cliearscreen( GCLEARSCREENY:
note(d;
inaddress():
transmiti}:
PaTHZ: PIXEL<S:
AA. LIRE(}):
huituts:
LOOP: chaoice=MERU(choose ),

switchlchoice)

- { case 1’ : i gote Ak
case ‘2’ . ¢ _clearsoreen{ GULEARSCREEN::
peaki}:

while(tkbhitirr:
goto LOHP:
_clearsoreeni _GCLEARSCREENY:
printti;
Cowhitetikbhiton:

g to LGP

n
o
t
ad]
¢

case ‘4’ : | syvsiemi'copy data A"}
white(lkbhit());
goto LOOP::

S5 break:

I
'“\Q
b=
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default goto LOGP.
I

_setvideomode (_DEFAULTMODBE};

void welcome()

. -setvidecmode( VRES1§COLOR);
_setbkecolor(1%18};
_seteolor (37168);
_floodfi11(20,20,1716);
—setcolor (1%16):
_wrapon{ _GWRAPOFF);
_settextposition{4,31);
~outtext(” WELCOME! 3.
_settextpositiont(§,25);
—outtext{*This program is used ta"};
_settextposition(10,22);
_outtext{(“"process the CCD line scan data”):
_settextposition(18%,2%8);
~outtext("Designed by"}
_settextposition(17,25);
—outtext("Gptical Computing Group™);
-settextposition(19,22);
~outtext("Dept. of Precision Instruments”):
_selttextposition(Z1,27);
_6uttex€(”Tsinghua University®?:
_settextiposition(26,23);
_outtext{” Press any key to go an...”1;
whiletikbhit{1).
_clearscreen! _GCLEARSCREEM)

void noeleld
char chol:
_zeteolar { (4716},
_settextwindow(2,2,10,25);
_wrapaon{ _GFRAPOFF),
_rectangle{_.GFILLINTERIOR, 1006, 30.200,801;
setcolort4%18}:
_setbkcolor (47163
_rectanglet GFILLINTERIOR, 110,40, 180.80),
_settextposition(T,151;
_outtext(” NOQTE ).
_settexivindow(15,1,25,50);
_settextocolor(14%16);
_settextposition(Z,1);
_outtexti{’Before using this programs you sheuldin™};
~outiext(” be sure to know\n®);
_outtextt"the address of the 8285 Parallei Portin”);
—outtext(” which you use to transmit your data.”):
_setbkeolor (5%16); '

g 80
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~rectanglel_

—rectangiel_

GFILLINTERIOR, 30,162,116, 1807,
GFILLINTERIOR, 187,162.277,180);

_setcolor (0%16):

~rectangle{_
_rectangle{_

GFILLINTERIOR, 24, 166,112, 1863,
GFILLINTERIOR, 200, 165,273, 1863,

~settextwindowi(20,1,50,503.
_settextposition(3,86);
_outtext(” [Yes]1™)
_settextposition(3,26 ),

_outtext(”

{Nad "),

-settextposition{4,6};

~outtext(" Continue”);

—settextposition{d,28);

—outtext(” Exit 7)
¥AI1TZ: chol=getch();
switch(cho)

1 case 'Y’ :break;
case 'y’ :break;
case ‘N’ :abort();
case ‘n’ :abort(}):
default :goto WAITY,

1
bl

_¢learscreen{ _GCLEARSCREEN) :

inaddress{)

{ char bufferl203, Address(103. *input,ch;

int psi;

buffer{03=20;

ERRORI: printf{"\n\n

Input the CONTROL Port Address: (GIBH)} *);

input=cgets{buffer);

i:h

do { ch=+*input+t,
if(chli=isspace{ch)) Address{itti=ch:

1
i

whilelch!=/\0");
iflbufferf1]==0) { port=1563: goto END: ]

port=0;

for(i=1; <=3, i+H»

{ p=pow(lf,

3-i);

- if (AddressLiJ(='F’ && Address[il:='4") ]
{ port+=(10tAddresslid-’A’)=p; break; )
if(AddressLid<='f’ && Addresslil>=‘a’")
{ portt=(10+address[il-‘a’)*p; break; }
if({Addresslil<="9" && Address[iJ»='0")
port+=(Addressli]-"0"}*p;
else {prinif("\n The input is wrong,Try again!i\n"}:
goto ERROR:: )

%
4

ENB: printf{“An

St

Address=%d \n ",port);

w g
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transmit()

i
i

int apors.byte,nunb.dat.i;
FILE %point;

char chol;

_clearscreent _GCLEARSCREEN):

printf{"\n Waiting! Data are being irans=zitted.

apor=port-3;

point=fopen("data”:"w")

byte=144;

outp(port;ﬁyte};

byte=3;

outp(port.byte};

numb=1;

do { byte=1;
outp(pori,bytel;
for(i=1;i¢<=20;iH7;
_byte=0;
outpiport,byte};
for(i=1; i<=100; i++);
byte=1;
outp{port,byte);
for(i=1; i<=80; i++;
dat=inplapor};
fprintf(point, "7dd\t’, dat);
numb++;

}

while(nunb<=8148};

fclosefpoint);

printf{"\n The transmission is finished! “n"}.

while(lkbhit())

WAIT3: cho3=getch(}:

PATHS:

PATH4:

PIXELO)
{

switch{chol3)

{ case 'Y’ : goto PATHS,
cage 'y’ : poto PATHI:
case 'N' : goto PATH4,
case ‘n’ : goto PATH4;
default : goto WAITS:

3

system("type data”);

if {getch()) getch();

int cho4sch:

-setvideomode (_VRES18COLOR) ;
_settextcolor(14%186},;
_settextwindow(3.:3,40,50);
_settextposition(4,26);
_outtext(”CCD pixel number:*};

"‘-.n");

”ﬁriﬁffi"ﬂé joé'want to show samﬁle data?(Y¥/Nise"):

5 82
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-settextposition(7,20);

_outtext(” 1---258 g--—3512 ")
_settextposition(8,20).
_outtext(” 3-—1024 4-—--2048 "}

—settextcolor (15%16):
-settextposition(13,22);
_outiext{("Your choice(3}: ).
¥AIT4: chod=getch{};
' switch(chod)
{ sase '“r’: { pixel=1024;break;
case 1’ { pixel=258;break;
case ‘2’ : { pixel=512:break;
case "3’ { pixel=1024;break;
{

R I P

case "4’ . pixel=2048; break:
defauit : goto WAIT4,

1
I

—clearscreen(_GCLEARSCREEN) ;

LINEQO)
{ int totalline;
totalline=8182/pixel;
~setvideonode( _VRESI6COLOR)
~seteolor (15%18};
~settextwindow(3,1,40,35);
~settextposition(2,1};
printf{*There are %d lines data to be processed.”,totalline):
_settextposition(§,1};
ERRORZ: printf(” ¥hich line do you want toc process?\n"};
printf (" (1{=No.<=%d) :M\i{",totalline};
scanf ("Zd", &l ine);
if{line>totalline!!line<l)
{ printf("\n Input is wrong. try again!in");
goto ERROR2;
printf (*\n Line=%d\n":line):

huitu)

{ FILE xpoint;
int offset;
int pagesxsvrpotsisl;
point=fopen{”data®."r"};
offset=(line-1)txpixel+l;
fseek{point,offset: SEEK_SET),
tor(i=1;i<=pixel;i+t} fscanflpoint, "%d’,&buslil};
foloselpoint): ' '
while(lkbhit());
—setvideomode (_VRESI6COLOR);
page=0:
de { . _clearsereen(_GCLEARSCREEN);

_setecolor(15%16);
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_settexteolor (147167
_seteliprgn(0,10,600,300);
~setlinestyle(Oxff{);
_settexiwindow(20,1,40,80);
~settextposition(4,15);
_outtext{® PIXEL NUMBER *};
_settextiposition(10,2);

_outtext{” Press any key to next page...");
_rectapgle( GFILLINTERIOR,50,44,600,300);

_setcolor (8%16);

for(i=1; i<=10; i++}

{ _moveto(50%i+50,300);
_lineto(50%i+50,280};

_settextposition(l,6*xi+7)};

printf {(*%d”, pages500+i*50); }

-settextwindow(1,1,20,4);

for(i=1;i¢<=6; i+

{ _moveto(80,50*(i-1));
_lineto(B0,50%x{(i~1));
_settextposition(3xitl,2);
printf{"9d",250-(i-1)%50);

_setcolor (1%16};

for{i=1; 1¢=500; i ++}

{ pot=page*500+i;
if{pot=pixel) goto BB:
x=i+50;: y=800-buslpoil;
_setpixel{x,y): }

for{i=1; 1<=5; [++)

{for (i=1;i<=5;i++2;}

if (getch()) getch(}:

pagett:

¥
while(pot<pixel}:
BB. if (geteh()) getch();
_setvideomode (_DEFAULTMODE) ;

MENUCint choose)

{ —saetvideomode (_YRES16CQOLORY;
_settextcolor (147163;
_settextwindow(2,2,40,60);
~settextposition(4,23);

_outtext(” DATA PROCESSING MENU *);
_settextcolor {15%16);
_settextposition(7,18);

}

-outtext(” l-——————- PROCESS ANOTHER LINE ")

_settextposition(8,18);

_outtext(® 2-------PROCESS THE PEAK oF
_settextposition(11,18);
~euttexi(” 3-——-——- PRINT THE CURRENT LINE DATA *):
_settextpositihn(l3;18);

"),

_outtext(" 4-—-v-om SAVE THE SAMPLE DAT

7
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peak ()

_setiextposition{i5,18): :

_outtexti(” §5-——-—n EXIT TG BOS i F
_seiiextposition(20,20),

_ouitext(" YOUR CHOICE:").

choose=getche();

returni{choose};

FILE %streams *point;
int max[301, hatfwidth{301,airydianeteri303,pl303.DL30], threshold:
int MAXMUM, MINMUM, Hopt,Lopt, hhmax, hlmaxsEmax,Emin, is i is jsoffset;
float hmax,E, UNEVENNESS;
printf("Please input the threshold value:\t");
seanf ("%d”, &threshold);
point=fopen(”data”,"r");
of fset=(line-1)xpixel+l;
fseek(point,offset, SEEK_SET);
ferli=1; i<=pixel; i++} fscanf(point,"%d*,&buslil};
felose(point);
while(lkbhit(});
printf{"\n ¥aiting for finding the peak!:\n"}
j==0:
for(i=0;i<=30; i+H)
{maxLid=0; plid=0; DLi1=0; halfwidth{id=0; airydiameterlil=0;}
for(i=1:i<=pixel; i+i)
{ if (buslilrthreshold)
v if (busbi+lI<=buslil&&busli-11<busli)
{ 1f (busCi+Z2i<=busli+1]&&busli-2I<=busli-11)
{ if (busT 113 =busli+218&busli-3<=busli-23}
{ pLjl=i; wmax[j++I=buslil;

}
H
if (j==0)
iprintf("\n\n No Peak Found!‘\n\n®); .
printf("press any key to return DATA PROCESSING MENU...");
shile{!kbhit();
goto CC; }
MAXMUM=max{01;
Hopt=pL03:
HINMUM=max{01;
Lopt=pl03:
forti=1;i<=j-1;i+H)
Lif (maxCiI>MAXMUM) (HAXMUMemaxUild; Hopt=plLil;}
if (max{iI<MINMUM) (MINMUM=maxUil}: Lopt=pLil;} }
UNEVENNESS=1. 0x (MAXMUM-MINMUM),
UNEVENNESS=UNEVENNESS®100. 0/MAXMUN;
for{i=0; i<=j~1:i++}
{ DEid=(pLli+t13-pLid}*13;

hmax=0.5%maxli]:

=2
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E=0.133*maxli];

it=pLil;

do --ii;

while(busfiilrhmax);

himax=ii;

ii=plil:

do ——ii:

while(busliiI>E);

Emin=ii:

ii=plik:

do ++ii;

while(busLiilrhmax);

hhmax=ii;

ii=plil;

do ++ii;

whilefbusliil>E):

Emax=ii: .

halfwidthlid=(hhmax-himax)*13;

airydiameterfil=(Emax-Emin)*13;
}
stream=fopen("result”, "v1”);
for(i=0;i<=j-1;i+4}
{ fprintfistreams, " AdMtvtAd\ththdvtnt”spli Lhmaxl i3, BL1 33,

fprintf{stream, "%Zd\t\tZd\n" halfwidthlil,airvdianeterfid);
folose(stream);
printf{"\n\nPeak Spoti\tintemsity‘tbistance\tHalfwidth " tAirvdiameterin”};
system("type result”):
printf{"\n\n Peak Intensity Max=7d\t Peak Spot=7d\n",MAXMUM,Hopt};
printf("\n\p Peak Intensity Nin=%d\t Peak Spot=%d\n", MINHUM,Lopt);
srintf ("\n\n Current Line Unevenness (A7) =%f\n", UNEVENNESS):

. if (getchQY getch();
CC: :
print(}
{ int choice,offset, j; -
: ~setvideomode (_VRESI6COLOR);
BD: . _clearsoreen(_GCLEARSCREEN) :

_settextwindow(2,2,40,60);
~settextposition(4,25);
-settextcolor (14%16);

_cutiext(” PRINT MENU ")
~settextecolor (15%16);
-settextposition(7,20);

_opttext(” 1-———- TO THE SCREEN ),
_settextposition(9,20);

_outtext(” 2-———- .TO THE DISK A: "3
_settextposition(11,20);

_outtext(’ 3--——-- EXIT TO MAIN HENU*;
_settextposition{i14,22}.

_outtext(” YOUR CHOICE. ™),
choice=getche();

% 86

=



54 K % 23 B ¥ 3 A 46

swifch(choice)

{ case "1’ : { _clearscreen(_GCLEARSCREEN);
systen{"type resuit®);
while(tkbhit(}};
goto BD }

case ‘2’ :+ { _clearscreen(_GCLEARSCREEN),
system{"iype result>pra”);
while(lkbhit()};

goto DD: 1}
case ‘3’ . break;
default :  { printf(“\n INPUT IS WRONG '‘n”); goto DD;)

w 87
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