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Design and Test of Monolithically Integrated 430 GHz Frequency Tripler
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Abstract A 430 GHz tripler circuit in the terahertz range, which consists of all parts of a tripler, has been designed
and fabricated on a 12 pm thick GaAs film substrate. A pair of two matched anti-parallel Schottky diodes without
application of direct current bias is used to realize series balanced tripler structure. One distinct advantage of the
balanced configuration is that it generates only odd harmonics, which simplifies the tripler analysis and optimization.
Harmonic nonlinear simulations and three-dimensional electromagnetic simulations are combined to simulate radio-
frequency performance of the entire tripler circuit accurately. The monolithically integrated 430 GHz tripler circuit is
mounted in a split waveguide block for test. It has produced a peak output power of 215.7 pW with 4.3% efficiency
at 430 GHz.
Key words  terahertz technology; frequency tripling; anti-parallel connection; monolithic integration; Schottky
barrier diodes
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Fig. 1 Schematic of frequency tripler planar circuit

M 2B B 5 S A A5 RO A
DR e A 0 EL T I A 25 4% B 3 AT T T LA 16 . A
T L Y B A7 L R L D RE 20 UL S

78 73 R FH = 4 o s 7 LA ) g A BT A 7 Sl
NESI e Tve 2 TR S AW 2 ¢ (T
LN P S TS T B AR A S AT R R T B .

0614035-2



2 R fhr R B

Fig. 2 Block diagram of the whole circuit
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Table 1 Planar Schottky diode parameters
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Fig. 3 Drawing of anti-parallel diode chip

e BRE 3 FT 7R RS 1) 45 RN A R B, =
A v, W A7 LB A ST B ) IR I AR S RO AL )
IHEAR R A 1 S ZH (BT S 8) 1 S4P, 54
M A B A B G SPICE 24! diodel N
diode2 (¥ W 45 1Y Wi S R ME S B0 ) M 25 B R
X FE BR 2 5 AL B 50 40 5 IR T R AR AR
(9 TAE AU S I S A 23 235 K6 (1) 52 ), 44) ol 7E K bk
22BN TH B A A 1Y o6 R A AR A L &L 4 FiR
Sk AT R AE ) 2 Y B A A AR R
7 FLH AR
2.2 K2k = &M A% it
2.2.1 ZAEIB ALK

A RS R AL e A o Dl T e A i
T2 B T S 30 R I R e A IR T R = A A L
A E T i e A e B R P R A R = A
Hh P I A T R A TR B

5 7R R = AS 0 #% # FN A5 A8 (F Ry 5 s A
PR ARSI ) . H R ) Hp BT Al X 45 4, AR
R f o BB ST 5 38 1 A R ) O I R A
XoF i 38 2k TR Y A R AR AR A TR TS U A A

0614035-3



ok I W ok
l — =y,
diode2 »1»- output
— back-short waveguide
- ) waveguide
+ ATTiTititiiltttdthhtT s ‘%
input output
S4P E-probg

diodel
4 T EES R D AN AR T

Fig. 4 Simulated structure and model of diode
O M T R I A X R A AR R B A A P D R
e A AT UCAR AU R DR B R AR, DRI
AR R A BT B BRI I R A
B AEE T i et U O = Uk I A A A AR
(3, ) DU TC H s BRIV AT it R B o S A7 A i D 9 A
YA AT, A 25 38 B [0 e P DA AR o A3 030 20003 1 L i
it e TR B,
2.2.2 =RMIEHRE R LG ERG A

AL R IS I A A X A g A
T HEITE 12 pm JBE 1Y GaAs WK . 7EAEZtEd

[E-probg
o low-pass|_, o o output —
filter ":E]- matching|

+ T T T ==~ ?

P=1f,

input
waveguide 774"77'

I 5 A A R H R A S5 4
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Fig. 6 Integrated simulation model of the tripler circuit

AT A A B 2 BT A I IR R A T
R R L I 7 L S T A R Y D0 AR S I U
S5 Y LB ) T R 48, A 0T 58 O3 75 I R B T
OG-S 2 N0 B G % S N T RN T = I ep O K
S5 25 A 2EL IR 43 53 ) ) = A i 0 LA A AT P
Gy 05 BARAL 2B AR 2 FL i o0 BT S TR G Y
S S Fok s SNBSS g i 2 B S
TR SPICE 28U R G A8 I 5840 5 1 i
G Rl 45 K49 %o L 373 52 0 1) 5 A R s B N4

FL, I HL Al 2 B8 43 5 43 B S B804 . I I 15 43
T L R R AT AR R B AR .

HL B2 TE v Ak B AR O A A S i
FEARAA . K I P AT 30E LR 5 mW B, B
AR AR AL 25 A& 7 BT s B R
3fo (o 3Bl o A ) L AE = A5 B RO
430 GHz R FE 5% i AR 143.3 GHz) B i {5 B3
KN 5.988%,

THE A HAS C MR ECHL B R, XA AR P

0614035-4



Efficiency /%
a [=2] | [ee]

'S
T

%320 340 360 380 400 420 440 460 480 500 520
3f, /GHz
K7 = A58 B RO R B4 R
Fig. 7 Simulated efficiency of tripler circuit
RORSARW, —BIEW T 45 A MBS
BRI LY o 25 L 25 R I P BELBR /N R R . AR
ML A5 S5 R T2 HAED T a2 450
ZER I ER R R BEL /N, 25 H S /NN R B B K,
15 ELZ Y 45 25 0 RACR 1 52 0 LG ER R H BELOR A5 22
PRI 7 B i 4 v 0 e PR IE 25 L 2R R A

3 B BN T AN A SR

TR 2% B B i e B R S 2 S A e B T 1R
FUIN T A ARER T T 2K ANAE SR BT U
(7] RS2 S A o 3 R 4 BB DIk 2 A HEL S 7E S b
BB A RAFIMERE . R R B TR S = AT
T HIVE RN HC AR T AR ) A0 B 3 e e AR T
NG A T BB B e I R R B R AR A
AT, B R R 2 AR X R o, LR B A R e
A bR 0 FH A3 R JBEOR 78 U 5 s 1A P BT, B AR T e T
% 2 0 R 2% W1 B 1) S T

Pl 8 FT 7 S F i ) =% A1 BEL 7 i, 5 A e 3T
B A . MK 55 U8 4 Ko 3B S 5 38 s
505 3 E B E B AF 5 KR HE B S i A A
G D I BHES D B BHES HE sh A i =
fiEiigs NI XT 430 GHz 02 5 k47 imik . %
FEP R AT 2R [ 2 5 mW B, 430 GHz =
5 W s M A5 SR an 1 9 R .

£ 430 GHz BiUFAL 3 T 50 7 42 B FA B 1) R
2% = AR P R 215.7 pWLRURN 4.3 %,
DR R 5 07 B8 SR A L A5CR A I T B o b DR IR
AR D &R AL Fr i 8 52 22 5 2) gLk Ak
LT TN S E O IR 2. A, =
505 R R B BTy Tl L B fl T DU T B R
LM T 77 P9 — /N BESR 10 M B 5 H B 7 A G SR
HEAT B A P B Tl 2 Al PSR, R IR T 5 R
& 1Y FE A PE R © 3k B[R] i AR R S EAKF

8 =AFmaR i &

Fig. 8 Frequency tripler test platform
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