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On-Chip Terahertz Demultiplexer and Grating Coupler Based on
Reverse Design
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Abstract  The traditional construction methods of terahertz demultiplexers and grating couplers need to be
calculated with the help of classical theory and experience, so their design flow is complex, and their performance
depends on the unit structure parameters. With the proposal and application of reverse design method, the device
structure that meets the functional requirements can be designed on a limited size substrate. Based on this, the
reverse design method is applied to the design of terahertz demultiplexer and grating coupler with dimensions of
3 mmX3 mmX 200 pm and 12 mm X 12 mm X 200 pm, respectively. The simulation results of finite-difference
time-Ddomain (FDTD) show that the terahertz demultiplexer can perfectly separate a beam of terahertz waves with
two frequencies from two ports, and the transmittance is more than 0.75 at 0.500 THz and 0.417 THz, and the
crosstalk between adjacent channels is less than —19 dB. The coupling efficiency of the terahertz grating coupler is
as high as 0.85 at 0.32 THz.
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Fig. 1 Flowchart diagram of reverse design method
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Fig. 2 Initial layout diagram of terahertz demultiplexer. (a) Initial three-dimensional structure; (b) top view of structure;

(¢) section view of waveguide structure
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Fig. 3 Optimized structure and electric field intensity distribution of terahertz demultiplexer. (a) Top view of device;

(b) electric field intensity diagram of 0.500 THz frequency for terahertz wave incident from Portl; (c) electric field

intensity diagram of 0.417 THz frequency for terahertz wave incident from Portl; (d) electric field intensity diagram

of 0.500 THz frequency for terahertz wave incident from Port2; (e) electric field intensity diagram of 0.417 THz

frequency for terahertz wave terahertz incident from Port3
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Fig. 4 Spectrum diagram of terahertz demultiplexer at two output ports. (a) Before bandwidth optimization;

(b) after bandwidth optimization

4 KRG CER A AL B A 45
ot
AR SCH R ) B T TR BR 2% OE R A
oL HIRE R E N 0. 32 THz WIEAS N TE 1Y
KAFZE WA BREIE DT LIRS 6 v

grating coupling arca
tapered waveguide
output waveguide

air

5 Rk 2% e IR & A% B W) A6 A R R A

(®)

W RHE AN A T S5 2R 2% U DA A 0 £ i s
S 2 AR SO R R 2L LR G . AR
PG 4 A48 53 3 Sk K 25 6 TR/ IS OGRS
A I HE IR BT R S B e = RS R
5Ca) T 7R s b 2% % 1 A% i J7 el AL 5 (b) frw

monitor

(a) S B = A S5 K 1] 5 (o) B3 AF B RFRLIET 5 (o) #5% 1F ) Xk ik 460 1T 1]

Fig. 5 Schematic of initial layout of terahertz grating coupler. (a) Three-dimensional structure diagram of device;

(b) top view of device; (c¢) symmetrical section view of device
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Fig. 6 Optimized structure of grating coupler. (a) Variation curve of objective function value with number of iterations;

(b) grating structure diagram after continuous optimization; (c) local magnification map after continuous

optimization; (d) local magnification map after discrete optimization
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Fig. 7 Discrete optimization structure and simulation results of grating coupler. (a) Optimized structure of terahertz

grating coupler; (b) electric field intensity distribution diagram
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