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SANTIBLAZING™ OF GRATINGS .
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A general property of ditfraction gratings i extablnhad pumericallysata certain values af the groovedepth s prating supporting

oniy two urderg avts like a plane mirror - the elicienes of the non-specelar arcker does ot exeeed B % i a lurge angular region.
This property is shown 19 be a direet conseguence of the reqipreaity treorent.

oqes [1] capable o deal with deep metal gratings
e .

J
21 allows the pradicuion of a qui
erty of the diftraction graling effh

The development of rigorous eloctromagnetic the-
i

craovedepth dopendence 15 3 quasipericdical func-
Goa for both TE and UM polarizations. [n g la
veuieal example of ihe zeroth and — ist orders effr-
ciencivs depeadznce 15 shown for a perfectiy con-

ing arating. The cateulations were performed by

bty
a computer code [3.4] based on the rigorous difler-

imental point of view is the existencs of the first
maximum of the — Ist order efficiency. This maxi-
mum, called “perfect blazing in Littrow mount’”
(3,6] or "Bragg ype anomaly™ [7] corresponds to
a zoro in the reroth order efficiency.

Less attention has been paid to the minimum in
e —lst order efficiency which occurs at high
groovedepth values. This is not astonishing, since. it
first, such a minimurm is undesirable for frating users.
aud secondly it is manifested at grooVeduepth vatues.
not casy Lo be obtdined experimentally, It was sur-
prising to find numericaily that for groovedepth to

t L. Mashey deceased suddenly on | March 1988.
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Fig. 1. Croovedepth Jependence of the O th {solid curve) and
~storder (dotted line) etficieney ofa pertectly conducting sine”
wsoidal grating in the —Fstorder Liteow mount. Afd=1.2636.
TM polartzation. .

period i/ d ratios corresponding to a zero in Littrow
mount. the efficiency of the first order does not ex-
ceed 0.1% in the entire region of angles of incidence
(fig. 2). Therefore a grating with a very high mod-
ulation depth bebaves like a plane mirror. Morcover,
this antiblazing™ ¢ffect appears to be a general
property of gratings and it isa direct consequence of
the reciprocity theorem:
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Fig. 2. The — Lst order efficiency as a function of a=sinf) for a
perfectly conducting sinusoidal geating. A/¢/= 1.2636, TM polarc-
ization, i/l =072, CV'=C =0, ("' =0.00754, C%=0.183.

[n the mith order Littrow mount- for given valucs
of 4 and d of the wavelength and groovespacing, the
particular value o" of a=sind (# being the angle of
incidence) is given by

2at=—mifd, =0, =, 2. (1)

Around this mount, if ), and aj, are the suth order
amplitudes in the two cases, mutually symmetrical
with respect to the mith order Littrow mount, i.c.

o et =20t

reciprocily thecrem { 1] gives a connection between

a,, and ay,;
m@ = fnan, - {2)

where §, =k (1-a2 ) a, =a+nii/dand k=2n/
#. Provided near Littrow mount no anomalics occur,
" .=f.a, can be expanded in a Taylor series:

b, =B+ B la—a " Y+ B (v —ah) (3

The odd members in (3) are omitted, due to the
symimetry {2) of &, with respect to o*, The mth or-
der efficiency n,, = | b, |2/ f.. can be represented as

Na=Ca+Clla—a Y +Ch(a—a Y +..,  (4)
where . !

w= B0 By Chi=Re(BL,B2)/8,
CL=12Re(BLE+ 182171 B
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Fig. 3. The same as in fig. 2 but Tor 2/#=0.74. TE polarization.
hid=07778. =20, = 0131, r=1210,
Cr= =25x10 C=226% 10"

and the overbar means complex conjugation,

The existence of a zero in Littrow mount requires
B%=0, l.e. C"=C?=0. Thus'in the angular depen-
dence of the efficiency the first non-zero term is pro-

portional to {e&r—a*}*. Since ¢ is not very big, the

efficiency is negligible in a farge angular interval.
This conclusion is valid for arbitrary polarization
and groove profile and in the next fow cxamples is
confirmed by rigorous numerical results. They cover
perfectly conducting gratings with sinusoidal (fig. 2
and fig. 3) and symmctrical triangular {fig. 4) pro-
files, TE (fig. 3 and fig. 4} and TM (fig. 2) polar-
tzation  and  two  different  wavelength values
(A/d=1.2636 1n fig. 2 and g 4 and 2/d=0.72 in
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Fig. 4. The same asin fig. 2 hut for symmetrical trianguiar profile
with i/ =084, ("= C =0, C'=0.152,
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fig. 3). The crosses correspond te numerical values.
calkeulated using rigorous method and the curves -
least square fit of eq. (4) with C"=¢C? =0, The val-
Lues of C*and €% are given in the figure captions. In
all of the cases a very good agreement is observed.
Real metal gratings need a separate analyvsis. The
corclusions concerning reciprocity theoren are still
valid, but the minimum value in the efficiency de-
pendence on the groovedspth in Littrow mount is
not a perfect zero. Atthough C¥and Cineq. (4) do
not vanish, the numerical caleulations show that they
remain negligible, thus the “antiblazing™ effect can
be observed for real metal gratings. 1oo (fig. 3).
The samie results are obtained for pertectly con-
1o, ducting gratings supporting more than two orders:
i although min{y_.) =0, the —2nd arder efficiency is
very small in a large angular domain, provided the
grocvedepth s suitably chosen (fig. 6).
I the groovedepth dependence of the zeroth order

Jdres . . .
sen- efficiency (fig. 1) of grating supporting twe propa-
8r0- galing orders there exists a zero, oo, corresponding
he 10 a perfeet blazing in the — Ist order, Unfortunatciy
| for grating users, the value of the zeroth order offi-
lion iency is much strongly influenced by the aneular de-
s i viation from Littrow mount than the results shown
-)vcr in figs. 26, thus perfeet blazing is obtained for rel-
o2 atively small interval of angles of incidence, Energy
ro- balance requires that
dare -
A Ho=1l—0_y. (3)
it
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Fig. 5. The —ist ordcr’cl'l'lcicncyasn funciion of ot for sinusoidal

atuminium geating (= 1.373+1 7.616}. 2 /d = 12636, TAL po-

-ofile larization,  I/d=0.679. C"=197x%10"",
’ Ci=1.3X 1073 CH=0.497, C*=2.23,
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Fag. 6. The —2nd erder elficieney as @ Tunction of ¢ for a sinu-
saidal perfectly conducting grating, J/d =0.6. TN polacizalion,
C'=00267. (T=0, (U=0.6, ChP=—107,
™ 35200, ’

If now n,{«") =0 then the substitution of (4) ex-
pressed for the — Ist order efficiency in the right hand
side of eq. (5) shows that the first non-zero member
in the expansion of y, in the vicinity of ab is pro-
portional to {a—at)*, Least square fitting (solid line
in fig. 7) confirms these considerations — the angular
dependence of the zeroth order cfficicncy is propor-
tional to the square of the deviation from Litirow
mount. provided the groovedepth corresponds 1o a
perfect blazing in Liltrow mount,

0.05

efiiciency

b

Fig. 7. The zeroth order efficiency as 2 Tunction of w for a sinu-
suidal perfectly conducting grating. 4/d=0.74. TE polarization.
hd=039.C°=0,. =372, (' = 165.
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