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Amplitude vector analytics of binary optical
element fabrication errors

Tan Suqing, Zhou Jin, Gao Wengqi
( Department of Physics, Nanjing University)

Abstract: T his paper analyses the fabrication errors of binary optical elements exerting an influence
on diffraction efficiency through amplitude vector analytics. In terms of the fourlevel element, the analyt-
ical formula about the diffraction efficiency, aim error and the error of etching depth is deduced and dis-

cussed. This method has the universal sense for 2™-level binary optical elements.

Key words: amplitude vector method binary optical element fabrication errors diffraction efft

ciency

80

[3~5]

2T N=2,4,8...2"n=1,2,3..) ,

/2" ! ( on= 1 ) , ,



20 4
2
1 ) ,
n , T
binarylevel 4 ? }\
————— e uask
o0 il . 1% A,
*diors 7 i N=2
phase depth b
four-level A, 4
“(}2 g, " — sk 4, A,A" N=4 1
w_ood,, 81% A,
3W/24Ad BT /4T 23T, 4T 1% A4,
phase depth a b
Fig. 1 Structure of binary-level and fourlever grating without
errors a—surfacerelief b—+ 1 order amplitude vector
N=2"=2=4, N . n
2 2
Ad 1, Ad | (>0 ,< 0
8= (T d1) Ady; )
Ad 2,
Ad>, ) b,
. ?(x)
mask
mask —
000 b bET/AT/2T/2+b3T/4EhT
/2 d, *
31r/2:+‘ft‘
phase delplhz 62
Fig.2 Structure of surface relief Fig.3 + 1 order
andphase in a perod amplitude vector
6
R [6] ,
N A m X em
[0, b] A1= 2R sinB ¢=B
[ b, b+ T/ 4] Ar= 2R ®r= 2B+ /4
As= 2Rsin(T/ 4- B) ®3= B 311/4

[b+ T/4,T/2)

309

di= N2(n- 1),

, n
T/2

d2= dil 2,
N=2,N=4

+ 1

b= (W d1)

2
+ 1

n b
61,

( )
fi= - W2- &
O2= 2= 2B+ W/ 4
O3= ®- W2- &



310

1996 8
[T/2,b+ T/2] A 4= 2R sinB ¢,= By T 4= @- 3T/2- §- &
[T/2+ b, b+ 3T/4] As= 2R Ps= 2B+ 5 4 0s= %= 2B+ 5W 4
[ b+ 3T/4,T)] A= 2R sin(IW 4- B) Pe= B+ 77/ 4 = P%— 3T/ 2—- &- &
JB= b T, , ,
6 6
A = (m=zlA mCOSGm) 1+ (”ElAm,SjIlem,)j (1)

6 6
A%= (2 Ancost)’+ (2 ApsinG, )’

= [A1(cosO1 + cos04) + A 2( cosO2+ cosOs)+ A3(cosO3+ cos96)]2
+ [A(sin0;+ sin04) + Ao(sinO+ sinBs)+ As3(sin0z+ sine())]2
: 04= 01— &1, O0s= 02— 61, 06= 03— &
A%= [A1[cosOi + cos(01— &)] + AofcosOr+ cos(02— 6)]+ As[cosBs+ cos(03— &)]}?
+ {A[sin01+ sin(0,— &)+ Aasin@r+ sin(0,— )]+ Asz[sin03+ sin( 03— &)]})>

?

A% = 16R%cos’( 61/2) [2+ sinB2— 2 2sin(2B+ 82/2)sin(W 4+ 8/2)] (2)

+1
N,= A% (2MR)>

= (4/JT2) cosz( 81/2)[2+ sinGr= 2 2sin(2B+ &/2)sin(TW 4+ 62/2)] (3)
(3) n
0.8
0.6
0.4
1. . BZ0, 8= 0, &= 0, 0-2
(3) T : 0" 0.05 0.10 0.15 0.20 0.256/T
M= (8/ T[Z) [ 1- Sin( ZB)] (4) Fig. 4 Relation of diffraction efficiency and aim
,B=(b/T)m, B o T/ 4
( b0 V4 ),
n, 81% 0 4
0.8 .
"P.G W iiniteg, R /2 2. ) B= 0, 61 Z0, & #
._Tr/3 """'":':'::.'.. R Owés 0, (3) 0,
. Tr/’61 .
32 Nei= (8/T)cos ( 81/2)cos ( &/ 2) (5)

Fig. 5 Relation of diffraction efficiency and

depth etching error



20 4 311

& 5 ( 5)
& & cos( 6/2) =~1- /8, (5)
Moo= (8/T) (1= [( &/2)%+ (&/2)7]) (6)
8 & , 1 6, &
3. , (B, 61, 62)
, (3)
() B8, & . (3) :
M= (4T)[2- 4B- 2B&- 1/2( &+ &)] (7)
B, 61, & , 48 >
, B &1, 6
(2) & (3) 51
, &
6 6= 0 0= 0 (B &)
Fig.6 Reation of diffraction effciency both aim 7 B, & , Ly &
at error and depth etched error &,
6, 7
., & , B
, N- &> Nz ,
& ( &= 6,=0, 62
>0 ),
7 I /3-TI60 7/6 w32 6
Fig. 7 Reation of diffraction effciency and
depth etched emor &,
( ) ;
: 1. s 1- sin2B ( B=bW T,
b , T ) 2 )
3. ,
; 8 , &

2”



20 5 Vol. 20, No. 5
1996 10 LARER T ECHNOL OCY October, 1996

EEH 4BL KXEE Fxux
( , ,430074)

Detection of laser— induced plasma for high— power
laser beam welding

Tang Xichui, Zhu H aihong, Zhu Gudg u, Li Jiarong
(National Engineering Research Center for Laser Processing, HUST)

Abstract: The paper systematically summarizes the four kinds of characteristic signals as acoustics,
light , electricity, heat etc. , for laser induced plasma in high-pow er laser beam welding, also summarizes
the overseas experimental methods and research status on detection of plasma signals, at last, analyses the
future development in this respect.
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