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Design and implementation of THz —16 dB coupler for local oscillator signal
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Abstract: A -16 dB waveguide coupler for the Local Oscillator(L.O) signal in 400-500 GHz band is
developed in order to meet the application requirements of terahertz sideband-separating receivers,
mainly considering the weak coupling of LO signal, the high directivity of Radio Frequency(RF) signal and
current milling process accuracy. The characteristic of the coupling degree of the branch coupler is
analyzed. The design of a —16 dB waveguide coupler is conducted. The device is processed based on
Computer Numerical Control(CNC) technology and the result is discussed. The measured results of both
samples show that this coupler can work in 400-500 GHz band (factional bandwidth of 22.5%), obtaining
the coupling coefficient for the LO signal in —16~-17 dB, the directivity for RF signal of —1.2 dB, the
isolation degree better than =20 dB, and the return loss of each port better than —15 dB. The performance
is highly consistent with that of the simulations, which indicates that current CNC technology can meet the
high precision requirements for the fabrication of such high frequency waveguide coupler.
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Fig.4 Coupler for the local oscillator signals in 400-500 GHz band Fig.5 Simulated response of this LO coupler in 400-500 GHz band
Il 4 400~500 GHz S5 B AR 5 SR & RS Hy Pl Kl 5 400~500 GHz J5UBAR {5 H &5 A5 4 i i

3 #Hl&. XMEERITE

R TRIEEN CNC T 28k BR(EE 50 um)fE
400~500 GHz i B 55 ¥ & JE A & a8 (I 2 # B 4 S8 )
I T AR AL, R CNC 5 R %A f kA7
Tl . ARIEE 4 th gy AR SR AR, 4
M TEME, WK 6; py & padw e 5 Likitig
WA —30 RAXR E-T43 24 T 05 UCOR R 3 5 N
IHLYg), FHSE#E CNC T2, EHEAE B Xt Fr b 4t
HIl R A AR S5 A DL SR LA B 25k 45 o Horp, T
SRR /N SR AR 0.05 mm(50 pm), FHTHEHIH 2

MERRE /35 1.3 A1 4 b O S T FRfE UG-387 Fig.6 Processing diagram of this LO coupler in 400-500 GHz band
WS TR T % MRS, AT 2 kb [l 6 400~500 GHz AR Bt AR5 S Rl A A 45 A T8

BRI, ﬁﬁﬁlﬂﬁﬂﬂtﬁi I 2 b 11 2

Coupler

Fig.7 (a) actual measurement environment, (b) physical block of this coupler, (¢) internal photomicrograph

7 (2) MEE AR MISHNERSE; (b) MBI (o) WHBRMEEIR T

R ELRL b, BRI 7o) R G AR, SRR R/ 30 mmx25 mmx25 mm. FE TR il L X
R&SZVA24 K W45 3 M AL B AR 2500 SR it , XF 2 AR 24) BT T om0 S S50,
W B W8] 7(a) B 5E, R B - 5T -4 % (Through—Reflect-Line, TRL)J7 ¥ %)% % M #:4T 330~500 GHz 4l
By o, LLTH R B U 2% 14 (Device Under Test, DUT)#iy A F1f o O B9 FiR 2% . a) 78 2 AP R4l 68 FHbr e
R #1 BN W, LAY L < Through™ Mk REARSHE 5 b) K 48 6 b v 1 7 42 BN AL B -1, LS B “Reflect”
PERERCHE , FF LA UAY 7 U0 FH B P A B -2 ¢) 78 2 A9 R 1 18] {3 FHAR viE B F#2 #E S 4R B 3, LS “Line”
PEREMHE . Ir A3 38  FbR ifEF ¥ B R&SZV- WR02 &”/ﬁ%ﬁ%f\o Hk, ¥z A 258 T UG-387 1 24 24 il
P RELH b, WK 7(a); EAEEGRE, Ty ORI R, 28 B b H RS I B2 VT BC 7 28 (Matched
termination), %R E 51 AT R FE BT R&SZV-WRO02 ﬁ(ﬁﬁﬁ‘i‘iﬂ b BeJa, SEHUTA = H R E P S 28
PEREM L, BEAh, A T HRUE CNC HARFEIZ R M Bt T RS0l S i 25, &1 7(c) %8 T AR & 25 2038 40 1 2 il 1]



982 AMZBMFERFRERFER

¥19 %

A R bR R R E, ¥ KEYENCE VHX-2000 8084045, B o 3 0 il S NS HURS 7 R4, i RS o 38/
BRZE/NFE5 pm, BRI E ST R SF SR8 RS LR 1

B X A8 S8 L 2 PEREAE (LR 26854 T T S S8R, LSS Uk SE) REvE BOHO T — 301k, 400~500 GHz 4%
BN R LK 8. T E MM ISR | X Scll SO5 B 45 R 225, (FESRGAM T ) It B nER 8 .
K 8(a)2 i T 2 PFHEA 28 (R4 BE Sqy [PEREXT LU IR, B S8 b 2 BRAREF 1#F0 2800 R85 B e JE — 2, H 505 B
WG, ¥IFE-16~—17 dB Z[al; Fl-A B A Il 45 J A7 A /N I B2 3 D% (I <1 dB),  nJ A8 2 Fh sy H AN DG IE 5l i 1 2 b
W 7 R BEAE 2B, IR 8(b) ol LA . REME 1480 280077 ) e 507 S R AR — 2, fu3E Hms ks, (UFE
HEZ)-0.2~-0.3 dB MR ABFE, TE R FHM KL A S S KAERFETIR, R8T 9 4 /9% i ok F — 2
FEAS; B2, ZHAMMHIGE S mE KA T RN It RIEE 8(c), FEMF 1#H 2400 IR B B R AR IR R — 2L,
H5 05 B8R mEW A, RIZAG 38 A IR 5 0 15 514 15 22 18] % B3 3 7€ 400~500 GHz 45 Bt N4 +-20 dB.
AN, IR 8(d)fFH, T 1A R AR O BT R EOME F-15 dB, Wb PO Has R, EEFEHEEH D 2 (A
SEAMMCT B Ui 2 AN — S AR, % R AR R 2 e TR E OB B N T, A v AR A IR B R O
Wi E 3/4 BV IFEAL T-25 dB, S5 EPERE—3, PERem .

= o= |S3| coupling-sim
_14F ——|S31| coupling-1#Mea
= = = |3 coupling-2#Mea

=0 [S3| directivity-sim ——|5;,| directivity-1#Mea
= = = |54 directivity-2#Mea

-0.5

- Qe =@ == O = @ = Qr=m =0~ = Q= =0 e d

magnitude/dB
magnitude/dB
5

420 440 460 480

fIGHz

(a) performance comparison of the coupling

500 %00

magnitude/dB

440 460
fIGHz

420

(c) performance comparison of the isolation

500

magnitude/dB

420

440

460

480

fIGHz
(b) performance comparison of the directivity

500

= [S;| RL-Sim

s |85 & [Syq] Sim ——|S;;| RL-1#Meq

— |S53] & [Su| -1#Mea
1 1

420

440

460

fIGHz
(d) performance comparison of the return loss
Fig. 8 Performance comparison of the measured and simulated results of this LO coupler in 400-500 GHz band
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