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340 GHz frequency one stage quadrupler based on
Schottky varactors and CSMRs filter

JIANG Jun'?, LIU Jie'*, SHI Xiang-Yang'*, LU Bin'*, DENG Xian-Jin'?,
HAO Hai-Long', ZHANG Jian'*"
(1. Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang 621900, China;
2. Microsystem and Terahertz Research Center, China Academy of Engineering Physics, Chengdu 610200, China)

Abstract; High frequency and power source is most important for terahtz technology, and multipliers is
common electronic way. This quadrupler design is only one stage to avoid impedance mismatches be-
tween multipliers. A proposed Schottky diode model improves the accuracy of design, which has con-
sidered the behaviors of current voltage (I/V), capacitance voltage (C/V), plasma resonance, and
skin effect. Theoretical analysis was carried out by using harmonic balance simulations programs and
three-dimensional finite element simulation tools to find the optimum embedding impedance for a given
diode. Compact Suspended Microstrip Resonators (CSMRs) minimize the length/width ratio and make
short idlers at the 2nd and 3rd harmonics. The experiment shows: the quadupler works at 325 ~ 351
GHz and output power is above ImW between 334 GHz and 346 GHz, and the highest efficiency is
above 3% with input power of 100 mW.
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Fig. 1 Simulated efficiencies for different types
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Fig.2 (a)Measured and simulated I-V curves of di-
ode, (b) C-V simulation curve of diode model in
ADS
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Fig.6 Harmonic-Balance simulation in ADS

2.4 BRESH

H R TR AR U T 2, i) s T
R i —F A, FEE DR, B
A R RN A R AR D I M R AR R AR AE
fR o, VAR R DA T B, T R AR R TR
EP K P EL PR MR 7 D P, AL P A MG P A R R
PR AR 25 8 TAR RS 2 v i AR /), AT DL il
TEAR/INBYSE L, F R AR AR e 7 ok R SR 2200 9 LA R
JUASERA ) A — X TR R A A5 5 2%, R ke
BELP™ A A B P o 005 58—, A RV A M LU R 3l
Je M T A e 2 AR, 2 A e BRI R 5
= BT TN, mAE T S S BOURE S T
BAF ST A, AT R R, 1 7 5 55 DU, T iR 3 S5 1
N, PROA B AT AE- S EOH A S T RS AR A N U 2=
MRS R A, X A0S T 3 1 45 (R3S 5 38 0, 6 45
DS T2 7 A AR M 7 e ek — B A AR e R o)
JIT S iR, DT 7 R AR B 7

T RO P B AR ) B BT C H TR ATT Y
L% HESS ff S HAERATE 0.7 dB) ki &
YK R g i AR AR, AT LAA B K IR P R AT 3
AR, (R L ARS8 A R TR IR, (H 2 i A 24
A PR, FARAR AL MR R AR U TR AR BR T AR A
SELAAI  ARALIRIAEAE B | BT LURE A5 A i A M e 2
PO SR VNI DNIE S N L

V CNR =20 log,,(n) . (3)



218 AND) NI 3 36 %

F7 BB BAE R (a) AIRISR ) D)5 A5 sk
A, (b) 100 mW 4K 2l 2y 5 i Hh R BT 1 22 1k
Fig.7 Results of Harmonic-Balance simulation for effi-
ciency vs driver power (a), and efficiency vs output fre-
quency at 100 mW input (b)

3 MRKER

340 GHz PUAEARSE ) n &l 8 iz, ik F il i ok
FHEUE D T B A5 4, LI 0.5 wm By A 5L K
S LM ATERY 25 (AR 16, K52 B R0 350 M 15
Rz 11, 03R4 A PR 4y, & e Al ] VDI-Erickson
PM4 3y 2 38 47 oy 2R, 3k 45 78 S 100 mW Al
200 mW DpRIR N, R +7 V, =R IFCE 5.
A ZE I 24 200 mW 3R Sfiff n] LIAS 2 i 4 mW, 24
URSH RGN, 2 350 mW AT LLEEF I R4 v 2T 7
mW , [ AR e 8 XU | F5c 28 0y 3 3 245 1 n ]
9 Fow, Ut g TAESB hy 325 ~351 GHz, 7F 334
~346 GHz IX[i], % th DK T 1 mW. 55 355
TSR ARG, T4 T LA 2, 8 1 b eIk
AR SR SR T R R e 0 A O 5K SEg
K WA T S0 Uk S AR ) B R S A 340
GHz 3dB 7@ uE I #% , M & B, 15 54 A0 L =22 i
WD AL 3 dB X FR52) R 340 GHz 2 HL !, AT
DL s S IR 5, 103045 ) v A0 3 A i
PRt 348 SR AT G X P 52 56 e 24T DLk B 2 Y
R ARfR S T AR AR R A5 H A S D 23 1 0 HA 1 I
5% 340 GHz U5 4nfel 10 fros , Hoha4s 1w
A~ PM4 I3 HF1—A~ 70 ~ 110 GHz TpRif, —4~ W
P B DU AEa g , W B AR AT W B 10 dB 7 i)
O, B — U8, DRI B ATh
10 dB HR4 S 8. 275 mW, B S B 0 5 2 3
82.75 mW.

340 GHz £ 80 mW 5K 5y 2y 2 T Il 1045 21 A6 1

B8 DU A s S 52 ) ]
Fig.8 Photograph and detail of quadrupler

Driver power 100mW
Driver power 200mW

Output/mW

330 340

Frequency/GHz

B9 DU AR 7EA [l BE Sl D5 i i 2 5

Fig. 9 Measured output power at frequencies be-
tween 310 GHz and 360 GHz with driving power at
100 mW and 200 mW

110 340 GHz PUREHI SR DR USRI A S, P &
Fig. 10 340 GHz quadrupler and S, testing platform

AR ATURCRE RN B S AR AN B 11 s, FIEL 9 A L,
BRI IBAT e A ER S — A B A TR
AN e, B LMK 2 0] 2 — 2 221, K D A4
it AR, 1 mW Al S SE. SN R EOTHRR
FHT W B2 10 dB 5E [l M 545 S8 10, B 52 5 D4R 14
10 dB 7 E M A T)R-10 dB 3473 5l o 2R3
B, P (4) TR R
10Preﬂen)
10P

nput

S, = dB( , (4)



2 14 H T AR R RN CSMRs B 2 . 340 GH DIATAER 21

HP P ogoa FBCHT-10 dB #5156, Py 9 A SE-10
dB H & IR

B 11 340 GHz PUAEHRAE 80 mW BRI il gk 4
Fig. 11 340 GHz quadrupler test relusts at 80 mW driver
power

4 Hig

¢ 144 340 GHz Pufissiigs 5 EAMEML TAESEAT
TXFEE, RS T PR AN SCHk, 32 2 R DA A5
A SCHR G D X L 25 SRR W, 78 300 GHz L) )
WBL AR R RR AL 5. SCUR 2RI RS TRk,
g ) i ISR — R, 4 ) R
B ) 350 mW i, e KT LAGK B 7 mW, 53X 58 42 1)
Phiz FI7E 670 GHz 38 {5 55 R 4iH, 24 679 GHz &%
TR AR PR HEA IR D) R, [l 1% DU A A 2 0F 5% T4,
W T —FlolE #5552 A9 CSMRs {1 3E 9% 25 45
P, T SE R 2 ~ 3 YRR I S i WEEE%J@EHEEE%

AT LE , S v L AR AR B P, R IR A e 23 T 20k
PFR RN HE— P FEAR. e PHP%%%TVE%BOb

325 ~351 GHz, 1F 334 ~346 GHz X [a], % 1 Th3& 1Y
KT 1 mW.

F1 ESMEMITIESRIER

Table.1 Comparison with resemble works

Year Output Freq. Max Output Max Eff. Paper

1989 140 ~ 155 GHz 2.7 mW 10 % [6]

1979 589 GHz -1.6 uW 0.13 %o [5]

2015 332 ~345GHz 7 mW 4.2 % This work
Bigt

A RAE D E TR BT ST b i 7~ TR

JIT LA e KR 22 W w0 B9 35 BY R 58 1, A B A5 3]
FE E LR BF oY R B IR (“9737 1 %) No.
2015CB755406 137 5.

References

[1]Jones G A, Layer D H, Osenkowsky T G. National associa-
tion of broadcasters engineering handbook[ M]. Taylor and
Francis. ISBN 1136034102, 2007.

[2]Koenig S, Lopez-Diaz D, Antes J, et al. Wireless sub-THz
communication system with high data rate[ J]. Nature Pho-
tonics Letters. 2013: 1 —5.

[3]Armstrong C M. The truth about terahertz[ J].
IEEE. 2012, 49(9): 36 —41.

[4]Champlin K S. Cutoff frequency of submillimeter Schottky-
barrier diodes[ J]. IEEE Transactions on Microwave Theory
and Techniques, 1956,26 .31 —34.

[5]Takada T, Ohmori M. Frequency triplers and quadruplers
with GaAs Schottky-barrier diodes at 450 and 600 GHz[ J].
Microwave Theory and Techniques, IEEE Transactions on,
1979, 27, 519 —=523. .

[6]Tolmunen J T, Rdistinen A V. An efficient schottky varactor

Spectrum

frequency multiplier at millimeter waves part IlI: quadrupler
[J]. International Journal of Infrared and Millimeter
Waves, 1989, 10(4) :475 —504.

[7]Tolmunen J T. An efficient schottky varactor frequency mul-
tiplier at millimeter waves part IV quintupler[ J]. Interna-
tional Journal of Infrared and Millimeter Waves. 1989, 4
(10) :505 —518.

[8 ]Chester H P. Harmonic generation with ideal rectifiers[ J].
Proceedings of the IRE, 1959, pp:1738 —1740,.

[9]Aik Y T, Schlecht E, Lin R, et al. Electro-thermal model
for multi-anode Schottky diode multipliers[ J]. IEEE Trans-
actions on Teraheriz Science and Technology, 2012, 3(2) :
290 —298.

[10]Wang C, Lu B, Lin C X, ef al. 0.34-THz Wireless Link
Based on High-Order Modulation for Future Wireless Local
Area Network Applications[J]. IEEE Transactions on Ter-
ahertz Science and Technology, 2014, 4(1) .75 —85.

[11] JIANG Jun, ZHANG Jian, DENG Xian-Jin, et al. 340
GHz frequency multipler without matching circuit based on
Schottky diodes [ J]. Infrared and Laser Engineering ( ¥
Y, ol , XBBEHE, 5. 340 GHz BT 1 ek — B A R T
e L AT AR, £T 9D S5 T#8) 2014 43(12) : 4028 —
4034.

[12]Maas S A. Nonlinear microwave and RF circuits[ M]. Sec-
ond Edition ed. Boston London; ARTECH HOUSE, 2003 .
366 —371.

[13]JIANG Jun, HE Yue, WANG Cheng, et al. 0.67 THz
sub-harmonic mixer based on Schottky diode and hammer-
head filter[ J]. Journal of Infrared and millimeter Wawse
(5 ¥, 6T A, R, % . 3T Schouky — bg 45 A
Hammer-head JEJK %51 0. 67 THz —YRiEIIEf 4. £
INSE=AKIFEFR) ,2016,35(4) 418 —424.



	17hwx02 86
	17hwx02 87
	17hwx02 88
	17hwx02 89
	17hwx02 90
	17hwx02 91

