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Characterization of Microwave Active Circuits using
the FDTD Method
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Abstract

In this paper, the extended FDTD is used for the analysis of microwave circuits including active elements.
Lumped elements such as R, L, C which are inserted into a microstrip line are analyzed with the FDTD lumped
element modeling. Parasitic capacitance and inductance could be obtained using network modeling and so it is
sure that FDTD lumped element modeling makes it possible to get more accurate data which include parasite
components. Moreover, a balanced mixer using two diodes that are modeled by an extended FDTD is designed
and the more exact characteristic of the mixer is acquired than in current circuit simulator.
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Table 1. Parasitic components in various cases.
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Position Parasite Resistor Capacitor Inductor
C, 84XI10°"° F 1L6x107" F 6.0Xx10°" F
Center G 9.0x10™ " F 90x10 " F 9.0x10°"° F
L, 85x10° " H 6.0x10° " H 6.0x107" H
C, 9.0x10°"° F 9.0x107" F 9.0x10°" F
End L, 1.5x10°" H 15x107" H 85x107" H
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resistor inserted into a microstrip line.

(a) 502 resistor inserted into the center
of a microstirp line

(b) 50@ resistor inserted into the end of

a microstirp line
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ot F 9] semi-implicit ¥HH-& o233tk

GG = AEAL S) ERG G k) (8)

m=]
714 Le egzolt A4 F 0 2
Yel7h AU A9 848 Maxwell A A2 T
g3t o

EXNi, 5, B =ENi,j, k)+—7 SH"VNG G R)

__dz(48* .
SoLAxAy mﬁzlEz(ly],k) (9)



JAYEE £k A44RE & FA AED
vlolg2AEY MZs a2 A EYh 42y
Z7heholl 10 nH Q€7 9490 & o vehd
= AEEE B8 FR5E I 5 Ak vbd
THAE Boe) 938 A4E B 18 5 ¢4 o
o 29 72 FDTD ¢ldy ndes yEYS 7y
2o 2lgt AaAFg vae Aol B
A duee] 34 FEER A4S FdH8 A
g Aoz o4 & 3k

34 CHoj2E RHEH

14*1@{6 (gl 1] (10}

A7A hie EIAF, ¢ AR A, Ve
thol 250 A A, b Bolzman 4, 1
g3 Te Lxolch A44% 299 dojo=rth 4
ARE A MR JHHY semi-implicit

Mg oldsted AYag vabd o3t 2o
VITRG = AR BN G L  + EXPY (1)

ojg ¥y A4HE Maxwell WAL papd &
# 7t
EV NG G Ry = B k)+v€f‘?><ﬂ””/z(i,j,k)
B 48 [—o(E + EDAx{2T}
“Teavdz Ile 11 (12)
2 (1238 B7] 94 Newton's methodE AME-8}
gon of WS B AHalv} 15 Vel ol2E &
£ WYANA FDTD thol 05 wg s 38 &
AT
B AA Alegt vlolazA2EY MEE 1Y 8
123
Ae 10, 54 02 mml 71HeR FLHAA
=005 mm, dy = 4z = 0.1 mm, AHFER}E
Zel wA a4k Eaige] el 4
B A%, golQEE (4dx, 234y, 504290 9
Atk AE FELA AUHUS g} ob@ri
FDTD theloz maEgd olfsle AdAS

i 2

}

= 4

1

L

o

FDTDE ol&8 nlolass $§ 29 &4

O3 8. 7] dolomrt AE vle]AZAEY
HE
Fig. B. Microstrip fine including a diode at the

>

center.

)
b4
3
= ;
2 i
® !
o i
® ;
= ',
—  FRYD
.80 ~--- Serenade
!
~STE L RN
a 10 20 30 40
Fregquency
{w)
29

©
A
@
)
E
«
m
N
=
- FDTD
.80 --- Sersnade
100
10 20 30 40
Freguerncy

J8 9. 3090 gel2urt AH9E A AdEAE
(2) el 25 on HH
{b) ol off AE

Fig. 9. Simulated scattering parameters of a diode
inserted into a microstrip line.
{a) Biased diode
{b) Unbiased diode

2 PR, MU £ ol fde ANE A
gl AbetAFe Aol AT 29 98 B9
o & vk dhelolart Al Tl 227} on FEIY



BEBHARSHE $13% 56 5R 20026 78

AS Tl REE B3 27} ol AFHZE T
Q&9 gyt AFHER 50 A 0 dBY 77t
T o] ST} off FHY ¢ vl EE AW
27t Hof AFAZE T8 dFES 97t AL
B2 S50 A 0 dBo] 7i7te AFAE BoFth

287 =Y

=
ol
ogt

2 Folldes & FolA ZdHE tdo]REE o
L3t ¢y EH/] IJ2E AAS H &8
FDTDE o4&t siMsiict. By EF7e ¢
£ 98 SWRo|Y ¥ W2 RF/LO ote|&# oA
< 47 913 3 dB FolBIE FFE e (907
= 180°) & A == 11 olA4te] YT single-ended
e AYY ERrleltk BY EVE IY
HA71Z2REHe AM Z5E AAS e SAE AT
gtk 3y EgUlel Ui sl J9 103 22
o2 4o B AsN AGEH ARrE A
FE gtk I3 102 vlo]aZ2AEY HEE 44
3 90° slo]BHIE AZFHY 278 tolER F
e 3y &§7loIth

4

IF &%

s

x

O
i

348 JoiLc

(@

RF &9

e ——

IF &

Lo g

(b)
J8 10. B8 &£37] J2
(@) ¥¥ £87] 329 £F tholo] 19
(b) BE &3] 32 Hux
Fig. 10. A balanced mixer.

(a) Block diagram of a balanced mixer

(b) Layout of a balanced mixer
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