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Design of polarization-independent two-dimensional binary blazed grating

ZHU Jia—Chengl'z, ZHOU Jian—Kangl’z* , SHEN Wei-Min"?

(1. School of Optoelectronic Science and Engineering, Soochow University, Suzhou 215006, China;
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Abstract: In order to reduce imaging spectrometer’s polarization sensitivity and improve its quantitative measure-
ment accuracy of target’ s spectral radiance, a transmission polarization-independent two-dimensional binary
blazed grating was proposed. It consists of periodical groove units in both orthogonal directions and there contains
7 sub-periods within one groove unit. Duty cycles of sub-periods are independent in two orthogonal directions, so
that the effective index of both TE and TM polarizations can be modulated simultaneously, and the grating’ s po-
larization property can be optimized. Through extending the effective medium theory to the two-dimensional pat-
tern, a two-dimensional binary blazed grating with polarization-independent high efficiency on fused silica sub-
strate was designed for wavelength range from 0. 6 to 0. 8 wm. The grating periods in two orthogonal directions
are 3. 3 1pm and 0. 473 wm, respectively. Simulation results show that, for normal incident light, diffraction ef-
ficiencies of TE and TM polarizations at reference wavelength 0.7 wm are 78. 4% and 78. 3%, respectively.
Within wavelength range from 0. 6 to 0. 8 wm, diffraction efficiencies of TE and TM polarizations are both above
70% and the degree of polarization is below 2. 6%. Compared with one-dimensional binary blazed grating, the
two-dimensional grating has the advantages of high diffraction efficiency, low degree of polarization and easier
manufacture. It is expected to be used in grating-type imaging spectrometers.
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Introduction

Diffraction gratings are key elements of grating-type
imaging spectrometers. Their diffraction efficiency and
degree of polarization (DOP) directly affects the signal-
to-noise ratio (SNR) and radiometric error of imaging
spectrometers, respectively. When used in the field of
quantitative hyperspectral remote sensing, imaging spec-
trometers are expected to be polarization-independent to
ensure the measurement accuracy of target’ s spectral ra-
diance, since the light reflected by ground targets will be
significantly polarized after being scattered by atmo-
sphere .

Blazed gratings with saw-tooth grooves” can
achieve high diffraction efficiency at a particular diffrac-
tion order, but such gratings are generally polarization-
sensitive, and ideal saw-tooth grooves with small period-
ic structures are difficult to fabricate. Specially, saw-
tooth blazed gratings can be imitated by the equivalent bi-
nary gratings which can be manufactured with the litho-
graphic technologies such as laser direct writing ** and
electron-beam lithography . A binary blazed grating
consisting of one-dimensional (1D) or two-dimensional
(2D) subwavelength structures can modulate the effec-
tive index within one grating groove to imitate a saw-tooth
groove effectively.

Many researches have been done on binary blazed
gratings. In the early 1990s, Stork “’and Babin " de-
signed binary subwavelength zero-order gratings used as
anti-reflection layers with the effective medium theory.
Haidner """ and Nan " designed binary blazed gratings
with the form-birefringence theory to decrease the manu-
facture difficulty of saw-tooth gratings with ideal size and
profile, and high diffraction efficiency was achieved. In
2012, Wu et al. '™ presented a binary blazed grating
based on silicon substrate, used as a high-reflectivity res-
onance filter. These works are focused on 1D binary grat-
ings which can achieve high diffraction efficiencies but
remain birefringent and polarization sensitive.

Differently, binary gratings with 2D structures can
be optimized polarization independent. In 1992, Mota-
medi et al. "' proposed a 2D binary grating based on sili-
con substrate to obtain polarization-independent transmit-
tance. It was used as anti-reflection surface, not diffrac-
tive element. In 1998, Lalanne et al. " reported a 2D
binary blazed grating for He-Ne laser, in which the Ti02
grating layer was deposited upon a glass substrate. Its
diffraction efficiency was superior to that of saw-tooth
blazed gratings, and the DOP was quite low at the operat-
ing wavelength. Recently, Fraunhofer IOF in Jena has
reported a binary blazed grating for hyperspectral imag-
ers'” for the GAIA mission . This grating is composed
of 1D bars and 2D pillars, the 2D structures were de-
signed to reduce the difficulty of manufacture. It has
high efficiency but only works within a narrow spectral
band of 847 ~874 nm. Until now, there is no design
method and report on polarization-independent binary
blazed gratings used for imaging spectrometers. In order
to further improve the measuring accuracy of grating-type
imaging spectrometers, it is necessary to achieve blazed

gratings with high diffraction efficiency and low DOP.

In the design concepts presented here, we are seek-
ing increase in diffraction efficiency and decrease in
DOP for a binary blazed grating with 2D structures. We
first discuss the general method for designing a binary
blazed grating with the effective medium theory """ in
Sect. 1. A 1D binary blazed grating is designed and its
birefringence and polarization-sensitivity are proved. We
then extend the effective medium theory to the 2D case in
Sect. 2, and the expression of effective index for 2D sub-
wavelength structure is derived. Method for designing a
2D binary blazed grating without birefringence is present-
ed and its diffraction characteristics are analyzed. Sect.
3 presents comparisons between the designed 1D and 2D
binary blazed gratings. Discussions about how pillar loca-
tions in sub-periods will influence diffraction characteris-
tics are shown as well. Summary and conclusions are giv-
en in Sect. 4.

1 Theory

The transition from a saw-tooth blazed grating to a
binary blazed grating is sketched in Fig. 1. Fig. 1(a) is
the ideal saw-tooth groove shape. The phase change of
the normal incident light through the groove is

A(D:27T(n2—n,)h//\ , (1)

where n, is the refractive index of the grating substrate,
n, is the refractive index of air, h is the height of the grat-
ing groove, and A is the wavelength. The blazed grating
has a linear phase modulation for the incident light from
0 to 21 within one grating period, as shown in Fig. 2
(b). This can be achieved by a saw-tooth groove in
which h changes linearly and can also be realized by a
rectangular groove whose refractive index n, changes lin-
early, as shown in Fig. 1 (¢). Its phase change shown
in Fig. 2(d). The periodic arrangement of this structure
is hard to achieve in recent manufacturing technology,
thus a manufacturable approximate structure is needed.
Concretely, as shown in Fig. 1(e), the grating groove is
discretized into several sub-periods, and refractive index
within each sub-period is uniform, satisfying

T o (2)
w1 :
where M is the number of sub-periods and m is the ordi-
nal of sub-period. The refractive index of different sub-
periods varies linearly from n, to n,. Such groove shape
can provide discrete and linear phase change for the nor-
mal incident light from O to 27, as shown in Fig. 1(f),
imitating the continuous phase change in Fig. 1 (b).
Then, by means of the effective medium theory, a 1D bi-
nary groove shape approximate to Fig. 1(e) is available,
as shown in Fig. 1(g). The effective index of each sub-
period is a function of the local fill-factor and also de-
pends on the polarization state of the light. Its phase
change can be optimized to the same as Fig. 2(f) within
one grating groove, as shown in Fig. 2(h). Through ex-
tending the effective medium theory to 2D pattern, the
2D binary blazed grating shown in Fig. 2(i) can be de-
signed, its diffraction characteristics will be determined

n(m)=n, +(m - 1)
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by materials and shapes of its pillars, detailedly dis-

cussed in Section 3.
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Fig. 1 Transition from a saw-tooth blazed grating to a binary

blazed grating with similar optical function (a) Saw-tooth groove
shape, (b) pPhase change of normal incident light transmitting
through (a), (c) rectangular groove with continuously-changed
refractive index, (d) phase change of (c) , (e) rectangular
groove with discretely-changed refractive index, (f) phase
change of (e), (g) 1D binary groove shape, (h) phase change
of (g), (i) 2D binary groove shape, (j) Phase change of (i)
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Fig. 2 Lateral view of sub-period in 1D binary blazed grating.
K2 —4E = eI R S MR &

A sub-period of 1D binary blazed grating is
sketched in Fig. 2. It has a width of d and a fill-factor of
f, and n_ is the effective index of this sub-period. Accord-
ing to the effective medium theory ", to meet the contin-
uous boundary conditions of electromagnetic fields, the

effective indexes must obey the following equations,

Td
v nz2 - n‘eTEztan(Tf\/ nz2 - neTE2 ) =
d
'\/neTEZ —nlztanh(ﬂT(l -f) neTEz_nlz) 5(3)

2
n,

d
F\/nzz - neTMztan(Tf\/nzz - neTM2 ) =
2
d
\/ neTMZ - n12 tanh(ﬂT (1-7) \ neTMz - nlz) 7(4)

where n,,; and n,;, are effective indexes of TE and TM po-
larization, respectively.

In this paper, a binary blazed grating based on
fused silica substrate was designed for a fluorescence im-
aging spectrometer, which will measure the vegetation
fluorescence in the spectral range between 0. 6 and 0. 8
pm, and its spectral resolution is 2nm. The grating was
designed for normal incidence and blazed in the first dif-
fraction order, and its grating constant is 3. 31pum. We
first considered pure 1D structures to design this grating.
Taking manufactural feasibility and equivalent accuracy
into consideration, number of sub-periods within a grat-
ing period was optimized. We respectively discretized
one grating period into 3~11 sub-periods and solved their
groove shapes by using Eqs. 2-3. We then simulated the
diffraction of these gratings with different numbers of sub-
periods and calculated their diffraction efficiencies by fi-
nite element method. Their peak efficiencies of TE polar-
ization are shown in Fig. 3.
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As shown in Fig. 3, peak efficiency of the binary
blazed grating increases as the number of sub-periods in-
creases. When M is less than 6, the peak efficiency in-
creases rapidly and when M is greater than 8, the peak
efficiency increases slowly and tends to be stable. This is
because the more sub-periods the grating groove con-
tains, the higher accuracy of the binary blazed grating
equivalent to a saw-tooth blazed grating. When M reach-
es a certain number, the equivalent accuracy is high
enough, and more sub-periods will not increase its peak
efficiency anymore. On the other hand, the smallest bar
width will decrease as M increases, which will result in
more difficulty of fabrication process. Having these in
mind, we designed a 1D binary blazed grating containing
7 sub-periods within one grating groove. lts target refrac-
tive index and the fill-factor of each sub-period were
solved by Eqs. 2-3, respectively. Table 1 gives the fill-
factors, n,y, n.,y, and the target refractive index of the
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designed 1D grating.

Table 1 Fill-factor and effective index of each sub-—peri-
od in the designed 1D binary blazed grating
&1 —HTAREM P SN TR &SI MERETHE

m f N Ny Target
1 0. 000 1. 000 1. 000 1. 000
2 0. 126 1.083 1. 040 1.077
3 0.248 1.169 1.091 1.153
4 0. 386 1.251 1. 164 1.230
5 0.558 1.324 1.255 1.307
6 0.775 1.391 1. 349 1.383
7 1. 000 1. 460 1. 460 1. 460
1.0

> 0.8
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Fig. 4 Diffraction efficiency of the designed 1D binary blazed
grating
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From Table 1, n., is not equal to n,, in most situa-
tions, since shape of the subwavelength 1D structure can
be adjusted in only one direction with a single variate f,
and n is not equal to n,, when the incident light meets
the continuous boundary conditions for TE and TM polar-
ization simultaneously, i. e. Eqs. 3-4. This means that
the designed 1D binary blazed grating is mightily birefrin-
gent. Figure 4 shows its diffraction efficiencies. The av-
erage diffraction efficiency is below 70%, and the DOP is
above 5% over the spectral range. The DOP is defined as

N ~ M (5
N + Mru

DOP =

where 1, and 1, are diffraction efficiency of TE and TM
polarization, respectively. Depth of the groove has been
optimized for higher peak diffraction efficiency in the
spectral band, and the optimized depth is h=1.3 pm. As
can be calculated from Table 1, the smallest lateral bar
width is 59. 6 nm. Together with the required depth this
leads to an aspect ratio (structure height/width) of ap-
proximately 21. 8, which is still extremely difficult to re-
alize experimentally.

2 Design of 2D binary blazed grating

Principle of 2D binary blazed grating equivalent to a

saw-tooth blazed grating is similar to that of the 1D case
as discussed in section 2. Different from the 1D case, it
consists of 2D groove units periodically arranged in two
orthogonal directions, and its groove unit containing 7
sub-periods is shown in Fig. 5(a). This groove unit can
approximate to the structure in Fig. 1(c) through adjust-
ing the shape of 2D pillars in each sub-period and opti-
mizing their effective indexes for linear distribution. To
avoid extra energy loss and stray light, the additional pe-
riodic structure along y-axis needs to have a subwave-
length periodicity to prevent diffraction. In this paper,
the grating period along y-axis is d =0. 473 pm, and the
width of sub-period along x-axis is d,=0.4729 pm.
Sketch of a sub-period is shown in Fig. 5(b). Its dielec-
tric pillar is in the center of the sub-period. Its effective
index of TE and TM polarization, n . and n,, can be re-
spectively optimized by adjusting shape-factors f, along x-
axis and f, along y-axis. This provides the possibility of
designing a non-birefringent 2D binary blazed grating,
which means n,, = n,, for each sub-period with pre-
ferred shape-factors.
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Fig. 5 Top view of 2D binary blazed grating (a) Groove unit,

(b) sub-period of grating groove
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For 2D binary structures, whether the incident light
is TE or TM polarized, the electric and magnetic field
components are respectively perpendicular to its two lat-
eral boundaries. Having this in mind, we extended the
effective medium theory to the 2D case by means of the
theoretical analysis in Section 2. When the incident light
is TE polarized, its electric vector E is parallel to the yoz
plane. With the boundary condition for TE polarization,
we can first obtain the effective index n; of a 1D binary
structure with a fill-factor of f.. For the boundary parallel
to the xoz plane, this incident light can be seen as TM po-
larized. We then utilized the boundary condition for TM
polarization, obtaining the effective index n,; of this 2D
binary structure with shape-factors of f, and f,.

Similarly, if the incident light is TM polarized, the
magnetic vector H is parallel to the yoz plane. With the
boundary condition for TM polarization, we can first ob-
tain the effective index n, of a 1D binary structure with
a fill-factor of f.. Then, utilizing the boundary condition
for TE polarization, the effective index n,, of TM polar-
ization can be solved. With the above discussions, we
combined Eqgs. 3-4 to find out that n . and ng, of a 2D
binary structure should meet
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e

n,’ 7d, 7d,
l >V nxTEz - ncTEz tan(Tf;‘\/nxTEz - ncTE2 )= \/ncTE2 - n,2 tanh ( /\) (1 _f)')\/ ncT}z2 - nlz)

. (6)

Td, Td,
\V nyt = g’ tan(Tﬂ \/nz2 “ng’) = \/nmz2 -n’ tanh(T (I=f)/na® = n,*)

Td, md,
vV nxTMz - ncTM2 tan ( /\( fy\/nxTMZ - ncTM2 ) = \/ncTM2 - nlz tanh ( /\( (1 _f;) ncTMz - nlz)

2

(7)

n,

Different from the 1D case, shape of the 2D binary
structures can be optimized with the boundary conditions
for TE and TM polarizations simultaneously, and the ef-
fective indexes of both polarizations will be taken into
consideration during the design process. This makes it
more flexible in design than the 1D structure. Relation-
ship between the effective index of a 2D binary structure
and its shape-factors can be numerically solved by Egs.
6-7. The relationships at a reference wavelength of 0.7
pm are given in Fig. 6, based on fused silica substrate.
As shown in these figures, when f, and f, are both 0, ef-
fective indexes of TE and TM polarizations are both 1.
When f, and f, are both 1, effective indexes of TE and
TM polarizations are both 1. 46 (refraction index of fused
silica). Any effective index between 1 and 1.46 can be
obtained through adjusting f, and f.. Although effective
indexes of TE and TM polarizations have the same trend
with f, and f,, there is a clear difference between Fig. 6
(a) and (b), which means that n_, and n,, are not al-
ways equal at the same shape-factors. In order to visually
present their difference, we show a map of Ing.- ngyl in
Fig. 7. The boundary of /=1 or =1 in this figure corre-
sponds to the 1D case, where In .- n,,l changes signifi-
cantly. This proves the birefringence of 1D binary struc-
ture as well. There is an obvious zero-value area (curve)
in Fig. 7, which corresponds to suitable shape-factors
for n,; = n.,, meaning non-birefringent for the 2D pillars
with these shape-factors.

Based on the above discussions and analyses, we
have designed a polarization-independent 2D binary
blazed grating for normal incident light with the same
specifications as the 1D grating presented in Sec. 1. Ta-
ble 2 gives its shape-factors and the effective index of
each sub-period, calculated by Eqs. 6-7. Tts 2D pillars
are in the center of each sub-period. Their shape-fac-
tors, f, and f;, were optimized for meeting n . = n,,, and
they are different except when m=1 or 7. Effective index-
es are consistent well with the target refractive indexes
because of the high equivalent precision of the 2D struc-
ture with two adjustable variates. Diffraction characteris-
tics of this grating were simulated by the finite element
analysis software COMSOL. Its groove depth was opti-
mized for reaching the highest diffraction efficiency. We
swept its groove depth in the software to obtain the depen-
dence of average diffraction efficiency at 0. 7 pm with its
groove depth h. The result is shown in Fig. 8. The opti-
mized groove depth is at about A=1. 33 wm, and groove
structures of this 2D binary blazed grating are shown in

n Td, Td,
12 \ n22 - nxTMz tan(fo \/n22 - nxTMz )= \/rkTM2 - n12 tanh(T (1 _f;c)\/ n,mw2 - nlz)

0
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Fig. 6 Relationship between effective index of a 2D binary
structure and its shape-factors, f, and f,, at a reference wave-
length of 0. 7 um (a) n.y, (b) 1.y, v
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Fig. 9. This grating contains 1D bars and 2D pillars, for
the last sub-period of its groove unit is full of dielectric.
The lateral width of the smallest structure calculated from
Table 2 is 0. 142 pwm. Thus, the highest aspect ratio is
reduced from 21. 8 in the 1D case to only 9.4 in the 2D
case leading to much easier to fabrication process. Figs.
10 (a-b) show the simulated near field distributions in
this 2D binary blazed grating. The transmitted TE- and
TM-polarized wavefronts are clearly deflected by the
same angle, exhibiting the polarization-independent
phase control. The simulation results show that, at the
reference wavelength 0. 7wm, diffraction efficiencies of
TE and TM polarizations are 78. 4% and 78. 3%, respec-
tively. Its DOP is negligible at this wavelength, only
0.1%. As shown in Fig. 11, diffraction efficiencies of
TE and TM polarizations over the wavelength range of 0. 6
~0. 8 wm are both above 70%, and the maximum DOP is
2.6% at 0. 8 pm. It has higher efficiency and lower DOP
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Fig. 7 Change of |n,.- 1., relative to shape-factors. The zero-
value area (curve) corresponds to suitable shape-factors for 7., =
ng,, meaning non-birefringent for the 2D pillars with these
shape-factors

7 |neTE - neTM|FfJE AR H F 19 A8 ALt £, 1] v 22 IX sk
(TR X0 T 38 TR R F T neTE = neTM, 3 B IR —
HEREIR S5 K 2 TE ST ST

than the designed 1D grating.

Table 2 Shape—factor and effective index of each sub-

period in the designed 2D binary blazed grating
R2 ZHZ TN RS T AR E F I E R
%

Fig. 9 Groove structures of the designed 2D binary blazed grat-
ing

Ko 4k JuINRDCHMEIE 45

m /. f) Nty Nern Target
1 0. 000 0. 000 1. 000 . 000 1. 000
2 0.502 0.301 1.077 077 1.077 Fig. 10 Near field distributions of the designed 2D binary
blazed grating under (a) TE-polarized, and (b) TM-polarized il-
3 0.595 0.497 1.153 . 152 1. 153 luminati
uminations.
4 0.712 0.651 1.230 231 1.230 K10 4k — JoINREHME VL300 4 K (a) y TE 38 6 A 5T,
5 0.822  0.795 1.307 307 1.307 (6) 7 T™M R RIS
6 0.921 0.918 1.383 . 383 1.383 0
7 1. 000 1.000 1. 460 . 460 1. 460 '
0.8 o 806
S =0
g 06t /'/ -\ S04
g /. L] §
: \ %
= 0.4f F/ ' 502 ——TE
g |/ \ —-T™
13} i . " 0.0
£ -/ \ 060 065 070 0.5 0.80
A 02 AN Wavelength/um
Fig. 11  Diffraction efficiency of the designed 2D binary blazed
0.0 0‘ 5 0 15 20 grating. The efficiencies of TE and TM polarizations over the
’ T ' ' wavelength range are both above 70%. The DOP is negligible at

Fig. 8 Dependence of diffraction efficiency at 0. 7 um with the

groove depth 4 of the designed 2D binary blazed grating
B8 4 T IGINREEHME 0. 7 pm b AT 5 5 R 5 R TR 1 06
EX

In the 2D binary blazed grating designed above, its
pillars are in the center of each sub-periods. According
to the effective medium theory, there is no relationship
between the effective index of a sub-period and the loca-
tion of its dielectric pillar, but the pillar locations can
have influence on diffraction characteristics of this 2D bi-
nary grating. Six groove units with different pillar loca-

0. 7 um and the maximum DOP is 2. 6% at 0. 8§ um

B 4 — I RDGHMIT I R0% . TE A TM e R 253 525
RAEY B N 5 T 70%, 76 0. 7 wm b 4R 13 AT 2008, ok
i 54 0. 8 pm b1 2. 6%

tions are shown in Fig. 12. In these figures, (a) and
(b) respectively shows two limiting locations and (c)
shows random locations in the y direction. While (d)
and (e) respectively shows two limiting locations and
(e) shows random locations in the x direction. To demon-
strate how pillar locations will influence the diffraction ef-
ficiency of 2D binary blazed grating, we simulated the
diffraction characteristics of six gratings with the same
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shape factors in Table 2 but different pillar locations in
Fig. 12. By optimization and simulation, main charac-
teristics of these gratings are given in Table 3, including
the peak diffraction efficiency, DOP at 0.7 pm, the
maximum DOP in the wavelength range of 0. 6~0. 8 pm,
and the optimized groove depth h.

z X z  x
| (@) YT;@
z_x z_ x
YT; 1 (C)
z X z, X
) LH | yT;
Fig. 12 Different locations of 2D pillars in sub-periods of a

groove unit (a) at the top, (b) at the bottom, and (c) at random
locations in each sub-period along y-axis and in the center along
x-axis, (d) on the left side, (e) on the right side, and (f) at ran-
dom locations in each sub-period along x-axis and in the center
along y-axis

K12 R ITR AT R A e R A5 B 7 AN [l A
(a), (b), (¢)7E x J7 [ T3 F 9 e B AE y J7 i) 23 513 T
Ui, S M AL o (d) , Ce) , () 7E y J5 [ A T JE 3 rhoc (5
T8 x J7 61 73 ST 26000, A R LA

Table 3 Main characteristics of six gratings with differ-
ent pillar locations as shown in Fig. 12.
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Locatios Peak efficieny hore Max DOP h/pm
0.7 pm

(a) 78. 4% 0.1% 2.6% 1.33
(b) 78. 4% 0.1% 2.6% 1.33
(¢) 78.3% 0.1% 2.5% 1.33
(d) 79.5% 0. 1% 4.2% 1.45
(e) 73.2% 0.2% 2.2% 1.19
(f) Floating in a range between data of (d) and (e)

From data in Table 3, we found out that pillar loca-
tions in the y direction have negligible influence on dif-
fraction characteristics, for diffraction efficiencies and
DOP of gratings containing groove units (a) , (b) and
(¢) are almost equal. These data are also equal to those
of the designed 2D grating with pillars located in the cen-
ter of its sub-periods. Conversely, gratings containing
groove units (d), (e) and (f) show different characteris-
tics. This means that pillar locations in the x direction
have significant influence on diffraction characteristics
and groove depth as well. The grating with groove unit
(d) shows higher efficiency, higher DOP, and larger h
than the designed grating shown in Fig. 9, while (e)
shows lower efficiency, lower DOP, and smaller h. The
simulation results also show that, if pillars have random
locations in each sub-period, the grating’s peak efficien-
cy will vary between 73.2% and 79. 5%, and its maxi-

mum DOP may be in a range between 2. 2% and 4. 2%.

Moreover, we compared three 2D gratings with dif-
ferent pillar locations as shown in Fig. 5(a), Fig. 12(d-
e), for their average diffraction efficiencies and DOPs.
Figure 13 gives their diffraction efficiencies and DOPs
for normal incident light. From this figure, the grating
with pillar locations on the left side in each sub-period
has the highest diffraction efficiency and the highest DOP
as well. As pillars move to the right side, its diffraction
efficiency decreases as well as its DOP. When pillars are
located in the center of sub-periods, its diffraction effi-
ciency remains high, only a small amount lower than the
case with pillars on the left side. Its DOP is greatly re-
duced and arrives at the same level as the case with pil-
lars on the right side. This means that it can reach a bal-
ance between high efficiency and low DOP.
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Fig. 13  Diffraction efficiencies and DOPs of the 2D binary
blazed gratings with different pillar locations. The upper three
curves refer to diffraction efficiencies of three gratings with differ-
ent locations of 2D pillars along x-axis, and the lower three
curves refer to their DOPs
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3 Comparisons and discussions

In this paper, the 1D binary blazed grating designed
utilizing the boundary condition for TE polarization is bi-
refringent. Phase change of the incident light with differ-
ent polarizations transmitting through this grating will be
significantly different, which causes polarization-sensi-
tive diffraction. In contrast, the 2D binary blazed grating
was designed non-birefringent with the consideration of
boundary conditions for TE and TM polarizations, in
which case its effective indexes for different polarizations
can be modulated simultaneously. Therefore, the 2D bi-
nary blazed grating can be optimized polarization-inde-
pendent at the reference wavelength. Meanwhile, 2D bi-
nary blazed grating is more flexible in design than 1D bi-
nary blazed grating, which makes that the effective index
of 2D binary structure matches the target refractive index
much better. Thus, it deserves higher diffraction effi-
ciency. Moreover, the approach of using 2D pillars in-
stead of 1D bars leads to a considerably larger lateral
width, which greatly relaxes the demands on the fabrica-
tion process.

In the 2D binary blazed grating, locations of dielec-
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tric pillars in the y direction have negligible influence on
diffraction characteristics. This is because the subwave-
length periodic structures in the y direction make the
grating layer homogeneous along y-axis no matter where
the pillar is in each sub-period in this direction. Differ-
ently, pillar locations in the x direction have significant
influence on the grating’ s diffraction characteristics and
groove depth. The 2D grating with pillars on the left side
of each sub-period has the highest diffraction efficiency,
DOP and groove depth. These characteristics will be de-
creasing as pillars moving to the right side of each sub-pe-
riod. Through simulation, when pillars are in the center
of each sub-period, the grating will show high diffraction
efficiency and low DOP and appropriate groove depth,
which is a preferred solution for practical applications.

4 Conclusions

A transmission polarization-independent 2D binary
blazed grating for imaging spectrometer was proposed in
this paper. We provide detailed information on the de-
sign method applying effective medium theory on the 1D
and extension on the 2D case. A 2D binary blazed grat-
ing with periods of 3. 31um along x-axis and 0. 473pm
along y-axis was optimized and analyzed. Results show
that, this grating is polarization-independent at the refer-
ence wavelength, and the DOP remains low over the
wavelength range of 0. 6~0. 8 wm. We discussed the pil-
lar locations of this 2D grating and pointed that pillar lo-
cations in the x direction have influence on its diffraction
efficiency and DOP. The 2D binary blazed grating can
reach high efficiency and low DOP when its dielectric pil-
lars are located in the center of each sub-period. Com-
pared to the 1D grating, the 2D design has higher diffrac-
tion efficiency and lower DOP, and higher feasibility for
manufacture. It is a good solution approach for designing
polarization-optimized imaging spectrometers, and it has
broad application prospects in the field of quantitative hy-
perspectral remote sensing or in other spectral detection
fields requesting high accuracy and sensitivity.
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