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Diffraction from Oblique
Gratings
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Oblique Grating
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Direct Lattice Vectors fl and 52

ref 7 For a hexagonal grating, the direct
- lattice vectors are
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Incident Wave

e S sSss. wave vector k..

> \k\ - \HE?HQS gl \‘\ =0

S SseesSses sinfcosgda,
SeeceseSSS Ko = kol | +sin@singa,

at | +cosfa,

Wave polarization does not impact the

directions of the diffraction orders.

ef — Let there be an incident wave with
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Tangential & Normal Components of Einc
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The incident wave vector can be
decomposed into tangential .
and normal k,, ;,, components.

— — —

kinc = k

t,inc + n,inc
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Tangential Component I_c)t,inc

It is only the tangential component
of the incident wave vector that
determines the directions of the
diffraction orders.
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k. =l +k

nc t,inc n,inc
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Reciprocal Lattice Vectors ﬂ and 72

The reciprocal lattice vectors 71
and T, are calculated from the
direct lattice vectors t; and £,.

tl,xt2,y - tZ,xtl,y _t2,x
tl,th,y - t2,xt1,y tl x
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Tangential Components of Diffraction Orders

The tangential components are the
same for both the reflected and
transmitted diffraction orders.
They are expanded about Et_inc in

integer multiples of 71 and 72.

kl(pJCI):kt,inc _pﬁ _q]?Z

Diffraction Order (p, q)
p=-o,..,-3,-2,—-1,0,+1,+2,43,...+
q=->,..,-3,-2,—-1,0,+1,42,43,... 4+
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Normal Components of Reflected Waves

The normal components of the
diffraction orders are calculated
from the dispersion relation. For
the reflected waves, this is

2

k(p.q)

The square-root can become imaginary

Imaginary l:n‘ref indicates diffraction orders
that are cutoff and evanescent.
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Overall Reflected Diffraction Orders

== | The normal components of the
g diffraction orders are calculated
from the dispersion relation. For
the reflected waves, this is

kn,ref (p’ q) = _&n \/(konref )2 N

The square-root can become imaginary

Imaginary l_c)n,ref indicates diffraction orders
that are cutoff and evanescent.
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Normal Components of Transmitted Waves

51 EMPossible

The normal components of the
diffraction orders are calculated
from the dispersion relation. For
the transmitted waves, this is

2

k(p.q)

o (P0) = (b1, )

The square-root can become imaginary

Imaginary En‘tm indicates diffraction orders
that are cutoff and evanescent.
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Overall Transmitted Diffraction Orders

The normal components of the
diffraction orders are calculated
from the dispersion relation. For
the transmitted waves, this is

‘2

k(p.q)

The square-root can become imaginary

Imaginary En,tm indicates diffraction orders
that are cutoff and evanescent.
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Comparison of Reflected & Transmitted

Assuming Ny, > Npef, there will be
more transmitted waves and they
will have smaller angle.
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Summary of Calculating Direction of Diffraction
Orders

Step 1 — Calculate lattice vectors Step 4 — Calculate tangential components of diffraction orders
=2 =2 I _ 7 ol 7
tl ' tz : kt(pfq)_kl,inc_p]-{_qTZ
po_ 2m | b Fo_2m  |Th D=y =3,-2,-1,0, 41,42, 43,...+ 0
1 2
fatay ~hdby | e fatoy ~hhy | s q=—0,..,-3,-2,-1,0,41,42,43,... + 0

Step 2 — Calculate incident wave vector Step 5 — Calculate normal components of diffraction orders
k =k . (sinOcosga +sinOsinga. +cosda = 2 2 |57 2
inc 0 rcf( ¢ x ¢ y z) kn.ref (p,q) = —a“\/(konl_et_) _|kt (p’q)|
BN - 2
Step 3 — Extract tangential component Ky im (p, q) =a, \/(kontm )2 - |kt (p,q)|

Kine = Ko (sin Ocosga, +sinfsinga, )
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