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Study on RF characteristics of voltage-controlled artificial transmission line employing periodically

airayed diodes for application to highly miniaturized wireless communication systems

Soo-Jeong Kim' - Jeong-Hoon Kim’ - Jang-Hyeon Jeong® - Young Yun'

QoF B =F A= MMIC (Monolithic microwave integrated circuit)’doll 42l %43 F4 B4 Alx®loo] $82 93
F71Hez Hjgd toletE o] &3 APAlY WA Z(Voltage-controlled  Artificial Transmission Line Employing
Periodically Arrayed Diodes)®] RFSEA AT 2 gstict AF Ay} B il'%oﬂxi A orat= A Olzﬂoifﬂ AEAZE 32
o] &FS7IE A8l 71E9] nleolA i/\E‘j/] Ao 352%% el des BoFdnh a8 ﬁ% LR
T 7|EY nelar2EY ARG 58 ARE dEhlon, e B3 7189 dAE *ioﬂ H]OH AgtAleld A
2oA A yebwtth 28] AAolE AEHEY S EE closed-form WA S &k o] BAOR 3}1"45}935}.
FAo): MMIC, 41 B4 A28, F7]4 0% wige the] &=, RF

Abstract: In this paper, we studied the RF characteristics of a voltage-controlled artificial transmission line employing periodically arrayed di-
odes for application to highly miniaturized wireless communication systems on an MMIC (monolithic microwave integrated circuit).
According to the results, the novel voltage-controlled artificial transmission line employing periodically arrayed diodes exhibited a short wave
length, which was only 35.2% that of the conventional transmission line, owing to increasing capacitance. In addition, it's effective permittiv-
ity and effective propagation constant exhibited considerably higher values than those of the conventional transmission line. Furthermore, at-
tenuation constant of the voltage-controlled artificial transmission line was far higher than that of the conventional transmission line. Using
the closed-form equation, we theoretically analyzed the equivalent circuit of the voltage-controlled artificial transmission line.
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Figure 1: (a) A structure of microstrip line (b) A structure
of voltage-controlled artificial conventional transmission line
employing periodically arrayed diodes and (c) Its cross-sec-
tional view

Figure 1 ()= ASM 29} A g&5HSRE o] Fofxl 7]
o] mpolAR2~EY 25 YEhlaL lvh 123l Figure
1 (b), (©F ¥ =&oA Abeh= 714 thole = wjd S
o] 83k AdAolE HAEAFE (Artificial Transmission Line
Employing Periodically Arrayed Diodes, ©]3} PAD)2] # A+
Z9F XX T2 E UERH AL Itk Figure 1914 & 5 2l
5ol & =& PAD 729 AFHRE 7]Ee vhe| AR
2E] Fx9] % Wl tho]o el MR AAS 93t

of FAHow F5 2EQS WAL o] F& AE

o

ol A yojgsts A A418 A1E(2017.1)

H gzl gele=s AAsgi 2eja AAdE 77t
to] == HlohES Fato] A a5 dAH o] A
A9E sHEA €k Figue 1 @), (F S84 & = 3
=ol, 710 AEdRs AT A ApololA] Ay
She 714 AT CaE 7HA= W, 2 =itellA] A9t
Sk PAD 7 AFA R A, teleEs SR
ol 7hHe] 844 AEow tAE F donw, F714
&% At Co(Vin)7h UERAl Ftt. o] 27k AR = 1)
o] okl el A (1), @A & = ol ERFo] (oA
C,+ Cy(Viny 2 npH o] 719 mlo| A2 ~EY M=o Hlg|
cabgat A dujdse] SAE BolFAl "u][6].

A == ! 1)
" fVLe  FL(C+ (V)

I I
Z‘)E‘\/ C+C(V,) @

ol AelA o &= glEutel o, F714 thelo = A
T2 S, T AFAR TN EAEE &%
W ool thel e = o] gk A Cy(Viny7h F7HA o
EAGTE mEbA, 7B Bl 7SR Cyvingg X
Aeto 24 EAYVUXL 2,5 Aojd F glon, 7§
Co(Vin)7t 71 vk Fele) ASHzn 3 Ag7F 3

o1 e
A%E % 4 gk

=
Ca
=

3. PADT-Z A$A 29
g &2 53
Figure 2= PAD % A5AR9] 7Pkl sl ule}
WAsh= sl2o] &84 RS e 9dtk Figure 25 1
A & SRo] thol e QI7fE]E Ate] wstel] ulet v
2 Yeh A e, dE 59 025 Vv A 1 50 fFoE e}
B3, 05V A o 551F 075V D o 68fF 1V Y18
fF o2 Yepstt). QI7be = Zske] A7|7F S5 thel 2. =9t
S/ AEQl g3 ARE FTlshe Ao ® velduhi.

025 050 075  1.00
Voltage [V]

Figure 2: capacitance of voltage-controlled artificial trans-
mission line employing PAD
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Figure 3: Measured wavelengths of voltage-controlled artifi-
cial transmission line employing PAD and conventional one
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Figure 4: Effective propagation constant of voltage-controlled ar-
tificial transmission line employing PAD and conventional one

=TT ——conv.
s o s T I
I T R ) I B Bl (0
D00ttt AT ] =708V
w7 oy
N
1504ttt T —4— 1Y
@ T
sof N
0 - .. - - - H .. .

0 5 10 15 20 25 30 35 40 45
Frequency [GHz]

Figure 5: Effective permittivity of voltage-controlled artificial
transmission line employing PAD conventional one
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Figure 6: Attenuation constant of voltage-controlled artificial
transmission line employing PAD conventional one
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Table 1: Insertion loss of various transmission lines with
length of W4

Frequency Insertion loss with length of A/4 (dB)
(GHz) 025V 075V 1V Conv.
5 -1.899 -1.376) -1.100 -1.926
10 -0.518] -0.452 -0.494 -1.811
20 -0.088] -0.097 -0.272 -3.323
30 -0.092 -0.160) -0.275 -3.735
40 -0.143 -0.182 -0.286 -3.481
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Figure 7: Equivalent circuit of voltage-controlled artificial
transmission line employing PAD
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Figure 8: (a) Measured and calculated insertion loss of the
transmission line employing PAD at 0.25V (b) at 0.5V (c¢)
at 0.75V (d) at 1V
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