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Diffraction characteristics analysis of multi-depth phase
modulation grating in terahertz band
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Abstract: To meet the requirements of terahertz spectral imaging for wide spectral range, high efficiency and
real-time detection of spectrometers, a Multi-depth Phase Modulation Grating (MPMG) in terahertz band is
proposed. The phase modulation of incident light is realized by introducing optical path difference resulted
from the change of groove depth, so that different regions of reflecting terahertz wave front have different
phase information. Based on the analysis of the intensity distribution of the diffraction field of the MPMG,
the influence of grating parameters on the distribution of the diffraction field is discussed. The diffraction
characteristics of the MPMG are verified by experiments. The experiment results indicate that the measure-
ments of the Oth- and +1st-order diffraction efficiency at 0.5 and 0.34 THz obtained by experiment and simu-

lation are in good agreement. It suggests that Oth order diffraction of the MPMG has the ability of splitting light.
Key words: THz; multi-depth phase modulation grating; fraunhofer diffraction; field distribution
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1 Introduction

Due to the lack of active radiation sources and
beam-splitting devices with wide spectrum in tera-
hertz band, there are few kinds of spectral imaging
instruments in terahertz band. In particular, as the
key component of spectral imaging instrument, the
optical splitter directly affects the performance,
structural complexity, weight and volume of the in-
strument' . The existing optical splitters of visible
and infrared spectroscopic instruments include
prism, amplitude grating, acousto-optic tuned filter,
etc. However, these beam-splitting devices, which
are suitable for visible and infrared bands, cannot
meet the requirements of spectral detection and ima-
ging in terahertz band. Firstly, as a classical optical
splitter, the prism has the advantages of wide free
spectrum, simple structure, large amount of light,
high energy utilization and easy stray-light suppres-
sion. However, with the increase of the wavelength
in terahertz band, the penetration of electromagnet-
ic waves will increase and the dispersion of materi-
als will become extremely weak. This means that it
is no longer feasible to obtain fine spectra by mater-
ial dispersion in terahertz spectrum detection**),
Secondly, the beam splitting of amplitude grating
depends on the diffraction effect. However, the
spectral range of a single grating is limited by the
overlap of adjacent secondary diffraction spectra. In
order to improve the utilization of light energy, the
flare grating is adopted and the limited bandwidth of
its wavelength further reduces its free spectral ran-
ge. The terahertz bandwidth (30 pum~3 mm) is near-
ly 6000 times the visible bandwidth (0.38 pm~

doi: 10.3788/C0O.2019-0147

0.75 pm) and 100 times the infrared bandwidth
(0.75 um~30 pm)®*, This determines that the beam-
splitting devices in terahertz band must have a wide
free spectral range, so the flared grating and amp-
litude modulated grating are not applicable to tera-
hertz band. Finally, the acousto-optic tuned filter re-
lies on acousto-optic effect to realize diffraction,
and has the advantages of small volume, high crys-
tal diffraction rate and large field of view. However,
no acousto-optic crystal suitable for terahertz band
has been found in the published literature®'".

The weak-signal feature of terahertz detection
requires terahertz beam splitter with high energy ef-
ficiency. To meet the requirements of terahertz
spectral imaging for wide spectral range, high effi-
ciency and real-time detection of spectrometers, a
Multi-depth Phase Modulation Grating (MPMG) in
terahertz band is proposed in this paper?. The
phase modulation of incident light is realized by in-
troducing optical path difference resulted from the
change of groove depth, so that different regions of
reflecting terahertz wave front have different phase
information. The typical characteristic of MPMG is
that its Oth-order diffraction light carries the phase
information due to groove depth modulation and

therefore has the ability of splitting light.

2 Diffraction field distribution of
MPMG

The MPMG is composed of a series of grating
cells whose groove depths vary in an equal gradient.
The one-dimensional MPMG and two-dimensional

MPMG, whose structures are shown in Fig. 1(a) and
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Fig. 1(b) respectively, are both composed of four
grating cells. The groove depths of grating cells,
namely 4, h,, h; and Ay, vary in an equal gradient.
Each grating cell is composed of two pairs of crest
reflection planes and groove reflection planes paral-
lel to each other, as shown in Fig. 1(c). There is no
difference in performance between one-dimension-
al MPMG and two-dimensional MPMG, but the lat-
ter's structure is compact and conducive to the mini-

aturization of spectral instruments.

I
Cell2 | Cell3 | Cell4
1 I

|
1

Fig. 1 Schematic diagram of MPMG. (a) 1D MPMG, (b)
2D MPMG, (c) grating cell

K1 MPMG R & K (a) — 4 MPMG, (b) — 4t MPMG
(c) YetETT
The grating cells are equivalent to a series of

planes staggered by different phase differences, as

shown in Fig. 2. When the beam is obliquely incid-
ent to the MPMG, the angle between the projection
of the wave vector k on the plant (x, z) and the vec-
tor k is v, and the angle between this projection and
the axis x is 6. The phase difference thereby intro-
duced to the crest reflection planes and groove re-

flection planes is:
41h

=—. Q)
Acosysinf

¢

When the terahertz wave is incident in the dir-
ection parallel to the paper, that is =0, the normal-
ized light intensity distribution after the MPMG dif-
fraction is shown in Eq. (2). The crest reflection
planes and groove reflection planes are considered

to be with the same width during calculation.
o[ klsi . o fkwsi
I(P,) = sinc’ (%nﬁ)smc ( wszlna)

) 2[nkdsina]
sin’ | ———

3 .
; cos kwsma+<p)' 2

i 2(kdsmaz) 2

sin 3

a and p represent the diffraction angle in the x
direction and the diffraction angle in the y direction
respectively; K is the wave vector; w is the width of
crest reflection planes and groove reflection planes;
[ is the grating length; and # is the number of crest

reflection plane and groove reflection plane pairs.
klsin kwsin
sincz( 5 A ) and sincz( W2 a) are used to

describe the rectangular aperture diffraction factor,

which has a maximum value in Oth-order diffrac-
. 2[nka’ sinoz]

s

——————— isused to describe the mul-
sint (kd sin a/)

tion;

2
tiple-beam interference factor. So the grating equa-

tion of MPMG is
dsina=mAd, d=w+c,m=0,+1,%£2,--- (3)

That is, the diffraction order distribution of the
grating only depends on the grating constant d.

When the diffraction light with the same order, the
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higher d corresponds to a larger diffraction angle.

kwsina + .
cos’ (TQD represents the modulation of

(a)

the additional phase introduced by groove depth on
diffraction field intensity.

Fig.2 (a) Reflection grating simulated as a plane transmission grating; (b) MPMG diffraction diagram
2 (a) MPMG SR8 T B YEH R () MPMG AT R K

3 Analysis of MPMG diffraction cha-
racteristics

As known from Eq. (3), the intensity distribu-

tion of diffraction field along the X-axis is related to

Oth order

1.0 —— ¢=n/2
@) n=4 \ —— g=n
gl wiA=2 —— =312
’ —— =21
=06}
+ _
g 04l Ist order 1st order
Z
02} /\
0 [ - F\

-04 -03 -02 0.1 0 0.1 02 03 04

o/rad
© 1.0 Oth order —— p=n/2
' n=12 = g=n /
w/A=2 —v= @=31/2
0.8 —— p=2n
g 0.6 |
g 04 +1st order —1st order
<)
4

-04 03 -02 -0.1 0 0.1
o/rad

02 03 04

the grating constant d (d=2w), the number of crest
reflection plane and trough reflection plane pairs
(n), and the groove depth (%). The Fig. 3 (color on-
line) depicts the distribution of Fraunhofer diffrac-
tion field along the X-axis under different design

parameter conditions. As can be seen from Figs. 3(a),

(b) 1.0T =8 Oth order :: (022/2
081 W —— Z:3T[/2
—— ¢=2n
& 06}
g +1st order —1st order
Z

0
-04 -03 -02 -0.1 0 0.1 02

03 04
o/rad
— = WA=2
@ 107 ns Oth order T h=4
_ —-— w/A=10
p=2m —— wiA=40

-0.05 0 0.05
o/rad

Fig. 3 Light intensity distributions along the x axis under different phase modulation conditions
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3(b) and 3(c), when only groove depth is variable,
the phase modulation introduced by groove depth
will enable the energy of diffraction field to shift
between level Oth- and +1st-order. When the phase
difference ¢ is 2, the energy of Fraunhofer diffrac-
tion field is all concentrated at the Oth-order; when
the phase difference ¢ is m, the energy of Fraunhofer
diffraction field is all concentrated at the +£1st-order;
when the phase difference ¢ is n/2 or 3n/2, the en-
ergy of Fraunhofer diffraction field is evenly distrib-
uted at the Oth- and +1st-order. The comparison of
Figs. 3(a), 3(b) and 3(c) show that, with the in-
crease of crest reflection plane and groove reflec-
tion plane pairs, the flare angle of each diffraction
order will decrease. The number of crest reflection
plane and trough reflection plane pairs is independ-
ent of the diffraction angle of each diffraction order.
When discussing the effect of the grating constant d
(d=2w) on diffraction field distribution, w/A is
chosen to avoid the influence of the introduced
wavelength. As can be seen from Fig. 3(d), with the
increase of w/A, the primary maximum angular
width and diffraction angle of each diffraction order
will decrease and the diffraction phenomenon will

become less obvious.

4 Testing of MPMG diffraction char-
acteristics

We established a set of experimental facilities
for evaluating the diffraction characteristics of MP-
MG in the laboratory, including a high-power THz
radiation source system, Fig. 4(a), a THz laser col-
limation and transmission system Fig. 4(b) and a
grating testing system, as shown in Fig. 4(c). In the
Fig. 4, the Lens 1 and Lens 2 constitute a set of
beam expanders that represent the collimation and
transmission path of the system; and the Lens 3,
Lens 4, MPMG and Lens 5 constitute the testing
light path of MPMG diffraction characteristics. In
the experiment, a tunable Optical Parametric Oscil-
lator (OPO) with the wavelength of 1 066-1 078 nm

and a 1 064 nm Nd:YAG laser were used to pro-
duce high-power THz radiation under difference fre-
quency effect!"), as shown in Fig. 4(a). The spot size
of the pumped laser beam is about 4 mm. This THz
laser beam produced by nonlinear difference fre-
quency effect is different from a visible or infrared
laser beam. Laser Gaussian beam can be treated as
parallel light under the following two conditions:
first, the radius of beam waist is much larger than
the laser wavelength; second, the wavefront radius
is much larger than the laser wavelength. Under the
former condition, the spot size will remain approx-
imately unchanged during the laser transmission;
under the latter condition, the laser wavefront can be
approximated to a plane. The wavelength of THz
laser is equivalent to the size of beam waist, and the
spot size of THz laser is approximately proportional
to the transmission distance!'*. The divergence angle
of self-made difference-frequency THz source ob-
tained through experimental measurement is 12°.
Therefore, in the experiment, a lens group was used
to collimate the THz beams in the optical path
shown in Fig. 4(b). The lens group is equivalent to a
set of beam expanders in the Fig. 4(c)"*"'?. After be-
ing collimated by the lens group, the divergence
angle of THz laser beam is 0.1°. The grating test
system consists of three high density polye thylene
lenses, a rectangular stop, a MPMG and a THz de-
tector, as shown in Fig. 4(e). The 1D MPMG used
in the experiment is composed of 8 grating cells,
each of which includes five pairs of crest planes and
groove planes. The MPMG parameters are given in
Table 1 and the MPMG picture is shown in Fig.
4(d). The THz detector used in the experiment is the
second generation of quasi-optical detector (2dl 12¢
LS 2500 A1) purchased from Advanced Compound
Semiconductor Technologies (ACST, Hanau, Ger-
many). The photosensitive surface of the detector is
encapsulated with a convergence mirror with a dia-
meter of 2 mm to achieve higher light-energy col-

lection efficiency, as shown in Fig. 4(f).
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Fig.4 (a) High-power THz radiation source system. (b) Laser collimation and transmission system. (c¢) Schematic of experi-
ment. (d) 1D MPMG. (e) Grating-testing system. (f) Photograph of the THz detector.

Bl 4 (a) R IIRAEATIR AR SE; (b) WOLHEE S &SRS () IT7 % (d) —4E MPMG; (e) GRS (f) SRIIA 8 F

Tab.1 Parameters of 1D MPMG

R1 —4H MPMG 2%

Name of parameter  Value Name of parameter Value

N 8 n 5

w /mm 1 [ /mm 40

wl(°) 0 0/(°) 60

h/em

h{1} 0.163 5 h{5} 0.8175
h{2} 0.3270 h{6} 0.9810
h{3} 0.490 5 h{7} 1.144 5
hi{4} 0.654 0 h{8} 1.308 0

The test method is described below. After be-
ing collimated by the lens group, the 0.5 THz radi-
ation is parallelly incident to and diffracted by the
MPMG (6 = 60°, y = 0°). After being converged by
the THz lens, the diffracted waves at the Oth- and
+1st-order are detected by the THz detector in the
focal plane of the lens. A thin rectangular stop is
placed on the front surface of the MPMG to ensure
that only one cell is effectively illuminated by each
incident THz wave. By moving the detector in prop-
er order, the diffraction intensities at the Oth- and
+1st-order can be recorded. By repeating this opera-

tion for each grating cell, the intensities of all the
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grating cell at the Oth- and +1st-order can be ob-
tained. In order to eliminate the influence of laser
jitter on the measurement results, the measurement
results of multiple tests (20 measurements) are aver-
aged. By normalizing the measured data, the Oth-
and +l1st-order diffraction efficiencies of 8 grating
cells can be obtained.

By changing the OPO wavelength, the diffrac-
tion intensity of the 0.34 THz radiation wave in §
grating cells is measured. The theoretical simula-
, 0-order - = - Simulation for Cell 1
Y - - - Simulation for Cell 2
I} - = - Simulation for Cell 3
@\ - = - Simulation for Cell 4
- - Simulation for Cell 5

|f Al - Simulation for Cell 6
- Simulation for Cell 7

(@10

o
)

- - Simulation for Cell 8
® Measurement for Celll
1-order * Measurement for Celll
! @ Measurement for Celll
ﬂ Measurement for Celll
A\ @ Measurement for Celll
A Measurement for Celll
v
]

g
)

<
~

Norm intensity

<
to

Measurement for Celll
Measurement for Celll

S

0.6 0.7

Diffraction angle

tion curves and measurement results of diffraction
efficiencies of 0.5 THz and 0.34 THz radiation in
the grating cells are shown in Fig. 5. It can be seen
that the experimental results are in agreement with
the theoretical simulation results, that demonstrates
the diffraction characteristics of MPMG, that is, the
Oth-order diffracted light of MPMG -carries the
phase information and its diffraction intensity is

modulated by the phase introduced by groove depth.

1.0 10-order - = - Simulation for Cell 1
(b) - X - - - Simulation for Cell 2
09 r 1 === Simulation for Cell 3
i - = - Simulation for Cell 4
0.8r iy - - Simulation for Cell 5
> 0.7 F :f"i - = - Simulation for Cell 6
=7 ot - = - Simulation for Cell 7
06 - - - Simulation for Cell 8
205 V&) ® Measurement for Celll 1
= ¢l 1-order, * Measurement for Celll 2
g 041 & lll ) @ Measurement for Celll 3
) vfa % Measurement for Celll 4
Z03 (R ® Measurement for Celll 5
0.2 A  Measurement for Celll 6
’ ¥ Measurement for Celll 7
0.1 4 Measurement for Celll 8

0
-01 0 01 02 03 04 05 06
Diffraction angle

Fig. 5 Simulation and test results of Oth- and 1st-order diffraction efficiency for each grating cell at (a) 0.34 THz and (b) 0.5 THz
BES ettt 0 A 1| RATHRCR BTSSR (2) 0.34 THz (b) 0.5 THz

5 Conclusion

In this paper, a new MPMG in THz band,
which is composed of a series of grating cells, is
presented. The groove-depth gradients of these grat-
ing cells correspond to different positions of the
moving mirrors in the Fourier transform spectrum
system. The calculation results of Fraunhofer dif-
fraction field distribution and diffraction efficiency
of MPMG show that, the Oth-order diffracted light

—— 3O Rl ——

e

1 3l

K25 W B (9 T AR A A P2 A /D, X
F TR BR 24 ST T2 B R S IR -5 b 2% 51 o 't

of MPMG carries the phase information and its dif-
fraction intensity is modulated by the phase intro-
duced by groove depth. We develop the MPMG
composed of eight grating cells and test its Oth- and
Ist-order diffraction efficiencies at 0.5 THz and
0.34 THz. The test results agree well with the simu-
lation results. Therefore, we believe that the Oth-or-
der diffracted light of MPMG carries the phase in-
formation and its diffraction intensity is modulated

by the phase introduced by groove depth.

wefFi = BTt R a8 . o ea ek
JAGRAR A ) S B, B A AR B TR RE | 45
MRS AR | B AR FRAEC H R, IO, 21
SR oA AT BB . IRIREH . At
PRI IR AR o SR, IXBE3E TR UL L Z0AME



612 A

13 %

BL o ARSI EAS BRI 2 R 2% I B T 1) 1R
W55 BAGX A R TR R o BB N 2 B 4
e R B OGS T | 25 MR
K, B AR &, 24 HOE S FMEI o8 4, SR
FERR 2% BE, B A 38, FR R 1Y) 28 1
RESESE, AR ARG AR B SS , I E WS
TR BOR BORS A1 14 77 2 R % PR
DR ORTE AT AT, 4R W A A 5 437 S 850 43
JEI), SR 52 AHABAT S R O 1 o B (1 FR i, o
Bt i B R, o T 4R SR AR A A 2R T
SR FH B DR A, DR K 4 58 A5 PR, 0k —
HARANT SN B IS . RBF2% (30 pm~
3 mm) [PAIBE T B2 1T UL (0.38 um~0.75 um) A4 Bz
HETE I 6 000 155, F24L40(0.75 pm~30 pum) i EE
A 8 1 100 fi5E8 IXHRE T R 2% I B ol
A A HL S T8 B OGS S L UL I R A
A1 1 180 1) B AN A B FH VR R 2% 10k B 1 43 e AR
o P U TR U I A K PR OGRS, ST 4

S, AL E I A FE 2 T A8 17 Sk 2 ) 5038
TG W B 1) 75 AR

v Bl KB RE R B 5545 5, B R K25
Iy ICER LR m AR R TR . B R 2%
TR eI | ROGRER R | SRR 4>
AR R, AR SO H — R 2% ST R AH G
(MPMG) 43 GA5 14012, 38 1 2 R VR BE A A8 b 5 A
JEREZE, SR A G AHT JE, A5 5 RKbh 2%
P AT A [ X 3k EL A S Rl A4S B o 1% MP-
MG HYSLAVERIEALE T, R TRIA I MPMG 2%
g ANE B, Ik MPMG ZHATHHEE
DAl

2 MPMG #947413% 5 H

MPMG  FH Al U 52 55 0 B AR A 1 — R 51 Al
HST Y, —4E MPMG. — 4k MPMG A9 2547~
BERESHAE 1a). 1(b) P, —#& ¥ 4 A6
FTCL L, SR TC AR R, | . by b SESEREEE
Ak, ST R TR X B AR AT B TO0, A S
AR, anfEl 1(c) s e — 4 AR AT —

AEAH LA EPERE b BT 22 5%, (2 " 4ERI A7 6
SRR, RO /A

R AT — RIS RIA 22 225 R
FNHYF-1HT, WA 2 Fes, 2MOERBEALS MPMG i,
W R KAE (o, 2) W T R S 7 1) (996 48w, 1
RRAE (x,2) P T R 5 x Bl S £ e, IO
S i LS AR AR AL 2200

4dmth

=—. (1
Acosysinf

¥

UM 2EBCFAT TR IT AL, Bl (g =0)
i}, 28 MPMG it 9 — AL i tss 2 A e k=
3 (2) P, T A 0SS i AR 5 5 v 1
Vi AR o

klsi kwsi

I(P,) = sinc’ Isinf sinc’ [ — 310
2 2
. ,| nkdsina
S 2 kwsina +
. cos’ 21,
- ( kdsina ) 2
sin 5

o OISR x J7 18] W RTS ARTE p J7 1h)
FIRT ST 0, K 2R I 2%, wois TOUS2 S5 T RIS Jz S5
TR T8 B, IR YEME R, ndfrm TOUS S 1 AR
S THT R X8

sinc? (klsinﬁ)ﬂ] sinc? (kw sincy)ﬁH TR L

2 2
S 2[nka’sincy}
. 2
T+, FHATHA Kl ————HF
. »[kdsina

Sin
R 2R T, i MPMG E@ﬁ‘ﬁ*ﬂﬁﬁ TR
dsina=mAd,d=w+c,m=0,£1,£2,---, (3)
B AT S 9 R 53 A AR Tl i %
dFSRARRI R ATHO GRS R
cos’ (1%‘”‘”)%@? A B A9
RS XA 55 S 580 P AT 1

3 MPMG #4744 oM

H1EC(3) Al A, AT x Bl A RT ST 3 o A 506
W Kd (d = 2w) o TS DAV S S ThT B %) 250



3 W]

YANG Qiu-jie, et al. : Diffraction characteristics analysis of multi-depth phase ------ 613

nlh B MTAE VR BE A 5. [ 3 ik T AR % 1HS
RN, RIRAR AT G x Wry s, A
& 3(a). 3(b). 3(c) AT LAE H: MAUA R AR 5
IF, ARG A B AR I8 i AT S A e R AR 0 9%
MR Z [FEFS; MANL2E p = 2nif, FRHR AT
S pheE 2 E DA 0 9L, M 2 = afif,
FHAR AT H 7 0 g 2 E P g, Y
@ =n/2,3n/20F, FRIR BTG I RE 350
TE 0 %A 1% . XF L&l 3(a). 3(b). 3(c) M LA
Hh 0052 S5 TR 52 S5 T ) %o il 22, 45437 S 2
YRI5 S /N, T00 S S5 1o RIS s 55 10T (R 6 B 5 4%
TS PR AT R /ANTE G o FETHE St & 21
d(d = 2w) XA R, T s A
PR AR, A Tw/a. BIE 3d) TUIAE B,
w/ AR, BT S DR TR 1) 1 S J3E /N, AT 53
PG AN B 35 1T Fow / VB, 45 AT S R B AT
SR

4 MPMG 947545 M m) 3%,

TESLIG 2 i3 T — B MPMG 17 5 4k
(Y S 00 hE . S TR L 4 v B 3 THz JR S5
4t (1# 4(a)) . THz SOGHE 1L R 40 (F 4(b))
FYEMm I R 5 (K 4(c) . K 4(c) 1, Lens 1.
Lens 2 B — Y W, HTFRRREMBELS
fE 55645 Lens 3. Lens 4, MPMG 5 Lens 5 ¥4 %,
MPMG FiT 5 et (I i . S il A <
4 1 066~1 078 nm iy 7] I 18 ¥ Ot #F (OPO) il
1 064 nm Nd:YAG ¥ 6 #% (1) 22 53 7= A= & ) R
THz 5551, WAl 4(a) Ui . IHHOEHR L BE
RS20 4 mme SRR AR LR M 22 RN 7 A 1Y
THz BOCHR S50 W ZLAMEOE R AR, X Tot
TG, AT DI A AT A T A B A I A 45
PR AR R T RO, IR A KT
WOLIA . HrE P IRAE RO G B rh, DR BE
KNSR, J5 2 A i DR 3506 i w3l 4ol ok
1. THz BOGRIER 5 RSHAE Y, HOBBER
/NS AL T AU RN, S e S e, 755
H il 2200 THz P88 & /UM 120, BRI, Segerh
{6 135 55 20 SR M . THz 6o, JGRE &l 4(b) fr
T, BRI TE IR IR 4 (o) hAFRCh — A1 AREE 1,

2B B )R, THz OGN &8 R 0.1°,
TR R GE 3 % BE R IR B
Hr . MPMG 1 THz R0 &% 418, N 4(e) s o
Sz E A9 1D MPMG H 8 AN YGHl 2R T6 48 %,
B YO R TT AL 5 X T i A 1. MPMG (1)
SHNFE 1 PR, BAWE 4(d) BiR, SEg il
HE) THz #R %5 J& M\ Advanced Compound Semi-
conductor Technologies (ACST, Hanau, Germany)
W 3K 9 55 — AR ME DG 2 800 2% (2d1 12¢ LS 2500
A, SR EHOCHIM B A HAR N 2 mm Y2 H
e, DS = O GREICER R, WAl 4(f) s .

RETTEEEAARN: 0.5 THZ fRSTE B T,
SEAT AEFE] MPMG (6= 60°, y=0°) I, 3-8 MPMG
i, At 4 THz BEIL R G, fE BB Vi
- THz BRI 38 % 0 90 =1 G437 5 ok 047 ke
W 7E MPMG 1Y I 2% 0 — MR AR 2 £
M, AR OB I A —A e AT THz A
RUCHBIERSE o 3 AR RS S AR A B A, Tk T
0 ZURE1 RINATHSRIE . X e T EE it
PR, 1530 T T AR ITHY 0 Z0F | 9GREE . h
T IH BRSO E S 2 SRR, SR 22
RTINS 25 R AT T3, g2 aue 20 Ik
DU B~ XA . T DU i R4 7 0 — LA 3,
AR 3] 8 AL ITHY 0 B Fi=1 BYAi S 350%

AR OPO B, MK T 8 At oT
XF 0.34 THz 48 it 35 O AT 56 OG5 o DGl B oo Xt
0.5 THz. 0.34 THz &5 AT SRR BB ALt 2k
L R ANE 5 s, HEL S AT, Sl
LR AP LE RANRT &, UEH] T MPMG 94T
SRV, B MPMG )R 94 5 A A AL B,
AT SR B F AR TR | A AL 1

5 % #®

ARG T —Fh THz P BB MPMG, &
H — FR AR T A AR, XM T AR TR A
J& 5837 AR 2R G0 S BRI AN [ 7 AR X
N XF MPMG fY I HRI 2% 437 5 37 43 A R 59 5%
RATHE R, MPMG W HAT A AL
S, HAT SR B ARG | AR MO R . B, F
il T 8 AN M BT 41 B B9 MPMG, X H: 7E



614 P 13 %

0.5 THz. 0.34 THz F P F—R AT HRCR T MPMG AT 9 e MO ., FLAT o
TR, 45 R SEIEE R A8, Bk nr A, FH RIS A B AR ]

S 3CHk:

[1] ZHANG CH M, LI Q W, YAN Q L, ef al.. High throughput static channeled interference imaging spectropolarimeter
based on a Savart polariscope [J1. Optics Express, 2016, 24(20): 23314-23332.

[2] LUOYC,LIUX X, HAYTON D J, et al.. Fourier phase grating for THz multi-beam local oscillators [C]. Proceedings
of the 26th International Symposium on Space Terahertz Technology, International Symposium on Space Terahertz
Technology, 2015: 77-78.

[3] MIRZAEI B, SILVA J R G, LUO Y C, et al.. Efficiency of multi-beam Fourier phase gratings at 1.4 THz[J]. Optics
Express, 2017, 25(6): 6581-6588.

[4] WANGL, GE SH J, HU W, et al.. Tunable reflective liquid crystal terahertz waveplates[J]. Optical Materials Express,
2017, 7(6): 2023-2029.

[5] YANGIJ, XIATY,JING SH CH, et al.. Electrically tunable reflective terahertz phase shifter based on liquid crystal[J].
Journal of Infrared, Millimeter, and Terahertz Waves, 2018, 39(5): 439-446.

[6] HALL R T, VRABEC D, DOWLING J M. A high-resolution, far infrared double-beam Lamellar grating inter-
ferometer[J]. Applied Optics, 1966, 5(7): 1147-1158.

[7]  MANZARDO O, MICHAELY R, SCHADELIN F, et al.. Miniature lamellar grating interferometer based on silicon
technology [J]. Optics Letters, 2004, 29(13): 1437-1439.

[8] YU H B, ZHOU G Y, SIONG C F, et al.. An electromagnetically driven lamellar grating based Fourier transform
microspectrometer [J]. Journal of Micromechanics and Microengineering, 2008, 18(5): 055016.

(9] &de, FAFAL, TR, F OUHPRTE GRS I SR R RERIR (], F B4, 2019, 12(4): 741-752.

GAO X, LI SH H, MA Q L, et al.. Development of grating-based precise displacement measurement technology [J].
Chinese Optics, 2019, 12(4): 741-752. (in Chinese)

(10 sR&K, & &k, Rabk, 5. (RINES 2 QU G i B R 22 A S AR D). F BSR4, 2019, 12(4): 791-803.
ZHANG M, LV ] G, LIANG J Q, et al.. Error analysis and fabrication of low-stepped mirrors[J]. Chinese Optics, 2019,
12(4): 791-803. (in Chinese)

(1] R 3, EREK, AT, . S2RE1T 50T 0 /IME” FHARKRINEEAR 1], B 565, 2019, 12(4): 853-865.

WU Y F, WANG Y I, SUN H J, et al.. LSS-target detection in complex sky backgrounds[J]. Chinese Optics, 2019,
12(4): 853-865. (in Chinese)

(12]  F BAF I BB AR 25 50T, — TP 2% — 4T ARG PIE, CN106125176B[P]. 2018-06-26.

Shanghai Institute of Technical Physics of the Chinese Academy of Sciences, CAS. Terahertz one-dimensional stereo
phase grating: CN, CN106125176B[P]. 2018-06-26. (in Chinese)

[13] HUANG J G, HUANG ZH M, TONG J CH, et al.. Intensive terahertz emission from GaSe¢;Sg09 under collinear
difference frequency generation[J]. Applied Physics Letters, 2013, 103(8): 081104.

[14] YANG Q J, HE ZH P, SHU R. Lens design and verification used for terahertz space transmission[J]. Journal of
Infrared and Millimeter Waves, 2017, 36(5): 519-525.

[15] HUANG Z M, HUANG J G, GAO Y Q, et al.. High-resolution terahertz spectrometer with up to 110 m single-pass
base[C]. Proceedings of 2016 IEEE International Conference on Infrared, Millimeter, and Terahertz Waves, IEEE,
2016: 1-2.

[16] XIAO ZHY, YANG Q J, HUANG J G, et al.. Terahertz communication windows and their point-to-point transmission
verification[J]. Applied Optics, 2018, 57(27): 7673-7680.


https://doi.org/10.1364/OE.24.023314
https://doi.org/10.1364/OME.7.002023
https://doi.org/10.1364/AO.5.001147
https://doi.org/10.1088/0960-1317/18/5/055016
https://doi.org/10.3788/co.20191204.0741
https://doi.org/10.3788/co.20191204.0791
https://doi.org/10.3788/co.20191204.0853
https://doi.org/10.11972/j.issn.1001-9014.2017.05.002
https://doi.org/10.11972/j.issn.1001-9014.2017.05.002

3 YANG Qiu-jie, et al. : Diffraction characteristics analysis of multi-depth phase ------ 615

EEE N

He Zhiping (1977 —), male, born in
Xinyu City, Jiangxi Province. Ph.D.

Yang Qiujie (1988—), male, born in
Gongyi City, Henan province. Ph.D.
He is now an assistant researcher at He is now a researcher and doctoral
Shanghai Institute of Technical Phys- supervisor of Shanghai Institute of
ics, and mainly engaged in THz spec- Technical Physics. He is mainly en-

tral imaging research. E-mail: yqj gaged in the research of photoelec-

“488112gxx@163.com tric detection and imaging, focusing
WA (1988—), 5, WYL LA, 1 on the spectral imaging detection
+, BhBRWF 5 51, 2017 4F T o E Bl 2 technology oriented to lunar and deep
Be K2z KM 26, T2 MNEF space exploration applications and
THz 5t 3 & 14 J7 18 #9 BF 5¢ o E-mail: the spaceborne active and passive
yqj488112gxx@163.com composite optical technology. E-mail:

hzping@mail.sitp.ac.cn

&P (1977—), B LVEH RN,
o, WESE B, A 0, 2009 AF T A
FEL B 27 o AR A5 11 2 Ao, SRS A
3R O i I 5 R, R AR ) ] Bk
R B 23 00 g Y 016 15 AR R D
ANV EI LB 27V R D e x5 N
5% . E-mail: hzping@mail.sitp.ac.cn



