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Abstract — In this paper, 4 new 3.4 bias line that is added dumbbell-shaped defected ground structure] G5)
on ground plane of the conventional microstrip line is proposed. This bias line can contral harmonic frequesy
bands by slow-wave property of DGS. When the proposed bias line is adopted in the design of frequency
down-conversion drain mixer, the proposed bias line can suppress LO and RF signal level in IF-pont. By
adopting the proposcd bias line in maritime radar down-conversion mixer, the LO-to-1F and RF-to-IF isolton
characteristics are improved more than 17dB and 5dB, respectively. Also conversion gain is more improved

abeut 0.32dB than the conventional bias ling structure.

1. INTRODUCTION

Recently  extensive rescarches about  power
amplifier, filter, and mixer using photonic band gap
(PBG) structures that periodic pattems are etched ob
the ground plane of microstrip line have been
conducted for microwave frequency band[1]-[3]. But
it is very difficult to obtain the equivalent circuit of a
unit PBG clement and need too much simulation
times  to analysis,  Hence defected  ground
structure(DG3), which is realized by etching only a
fow dumbbell-shaped patterns insiead of complex
periodic patterns on the ground plane of microstrip
line, has also been rescarched. The DGS microstrp
line has a low loss slow-wave effect and rejection
band at a specific frequency range.  Several
applications 10 design a power amplifier, and filler
using DGS have been reported[4]-[7].

Microwave mixer uses a nonlinear component of
device 1o achicve frequency conversion of an input
signal, which is divided into active and passive
mixer. Usually passive mixer is made easily with
schottky diode but it has a conversion loss. Active
mixer using FET or HEMT has conversion gain

although the circuit structure is complex. In 28
mixer, DC biasing power is used as signal convr
energy and isolation between bias cirowit and da8
path is very important, Active mixer usually ussiy
bias line that is tenminated with chip cipaiic
radial stub as bias line, A drain mixer that inos®
LO signal imto the drain port of MESFET modizs
drain-source resistor(Ra) and trans-conduslme
with gate-source signal[8]. Drain mixer doesn’n
an input coupler as a gate mixer, because bl
and LO signals is injected into the gate and &
port, respectively. Injection of RF and LO g
into another port makes a good RF-10-LO G
characteristic. Drain mixer has less linearity &l
resistive mixer but drain mixer has a conversings
unlike resistive mixer. Bul because IF port is)
in drain port and LO signal level is much larguis
RF signal level, a low pass filter to isolate b
LO and IF port is neccssary and causes deera
conversion gain and enlarge the whole cireuit s
In this paper, we propose a new drain mive a3
DGS A4 bias line that is etched a dumbbell-heg
ground plane of microstrip line. Unlike converis
/4 bias line, when the proposed bias line is ma
the drain mixer design, the LO-to-IF and RFef
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garacteristics of the drain mixer can be
[githout any other circuits,

B LINE DESIGN UsING DGS

43 few dumb-bell shaped patterns on
that is located just below the microstrip
Biralent 10 the increase of serial inductance
piion line. For DGS microstrip line to
fthe characteristic  impedance of the
il microstrip line, the width of the DGS
iline must be broadened. This is equivalent
¢ of shunt capacitance of transmission
ging of the cquivalent series inductance
B pecitance induces increasing of phase
bind slow-wave cffect, So DGS microstrip
ke the circuil downsized. Figure 1 shows
B and clectrical characteristics of the
.- al microstrip line and the DGS microstrip
B measurement  results show  that  the
ol microstrip line and the DGS microstrip
i almiozt similar transmission characteristics
Willr But the slow-wave effect is observed
b o5 frequency increases in the DGS
o line. In other words, the slow-wave effect
| different a5 the  operating  frequency
2 The simulation and the used substrate of
0 line are RT/durotd 5880 of Rogers with
e constant of 2.2, thickness of 3 1mils, and
fickness of 10z, And cell parameters using
g one dumbbell-shape in figure 1 (b) are
Lbelmm, and g=0.5mm. The width of DGS
Beon liric (c=Wpas) 15 4.76mm that is much
ihan that of the conventional 3002 microstrip
= 138mm). The frequency characteristic of
(8 microstnip line ¢an be adjusted by tuning
aetors of DGS.
elw-wave cffcet of the DGS microstrip ling
e (o operating frequency can be applied to
fic-crminated A4 bias  transmission line.
i shows a layout of the DGS A4 bias ling
B on 5002 signal microstrip line. And cell
of DGS patterin are a=5.6mm, b=2mm,
e=w=]2mm and d=10.9mm. The
Berisiic impedance of a DGS A4 bias lne 18
B and the 244 length at operating frequency
7 i 13mm, but in ¢ase of the conventional A/4
Iee. the width is 0.4mm and the length is
gm. So the width is enlarged 3 times and the
bis shortened slightly.
3 shows measured results of the
mtional /4 bias line and the proposed DGS A/4

bias line that is connected to signal microstrip line.
The measurement results show that higher order
harmonic  bands are moved lower than the
conventional A/4 bias line due to the slow-wave
effect, For example, the transfer characteristic (33}
of the conventional A/4 bias line at 7.7GHz is ~1dB,
hence most of the signal is passed, But that of the
proposed DGS W4 bias line at 7.7GHz is -17.9dB,
henee the signals cannot pass.

I.MixER DESIGN AND MEASURE RESULTS

To see the usefulness of the proposed DGS W4
bias line, we fabricated the drain mixer using the
conventional A4 bias line and with the proposed
DGS A4 bias line. The RF frequency band of
fabricated down-conversion mixer is 9.2~9.3GHz,
the maritime radar band, The LO frequency is
7.7GHz and the IF frequency band is 1.5~1.6GHz.
The used transistor is FHX35LG of the Fujitsu and
the bias condition of a HEMT iz V. =-0.5F
Vo=0.5F which is fabricated necar the knee voltage.
Figure 4 shows the structure of the fabricated mixer.
When injected LO and RF signals are 6dBm and -
30dBm, the conversion gan of the drain mixer with
conventional A/4 bias line is 0.4dB and LO and
RF signal levels at IF port are the -44.28dBm and -
76.9dBm, respectively, 3-stage stepped-impedance
low pass filter is used in IF stage to suppress
strong LO signal, Figure 5 shows frequency
characteristic of the fabricated drain mixer with the
/4 bias line. Figure 6 is a characteristic of the drain
mixer with the proposed DGS 3/4 bias line. The cell
clements of the DGS microstrip line tuned the
harmonic band to suppress LO and RF signal
frequency band. The conversion gain is 0.71dB, LO
and RF signal level at IF port are <61.36dBm and
less than -82dBm. Comparing with drain mixer
using the conventional /4 bias line, the conversion
eain increased 0.3dB and the improved isolation
characteristic of LO-to-IF and RF-to-1F are 17413
and 5dB, respectively. The conversion  gain
improvement is caused by LO and RF signal
termination effects.

Consequently, if we use the DGS 174 bias line, we
can reduce the stages of the low pass filter for
suppression of the LO signal and then increase
conversion gain due to reduction of insertion loss of
the low-pass filter and shorten the whole eircuit size,
Figure 7 shows a conversion gain and level of the
LD signal at IF port in the case of changing LO
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input signal level. In case of the DGS A/4 bias line, for Planar Circuits,” [EEE Microwgie ol

conversion gain is increased about 0.2-0.7dB and Grided Wave Letvers, Yol 10, No. 4, pp 131

the attenuation characteristic of the LO output signal Apr. 2000

increased 16~1%4B. [3] C. 8. Kim, I 8. Lim, 1. 8. Park, D. Al 338
Table 1 summarizes signal levels at IF port when MNam, “A 10dB Branch Line Coupler Uis

RF signal is changed in 9.2~9,3GHz that LO and RF Defected  Ground  Structure,”  Fy

signal levels are 6dBm and —30dBm, respectively, Microwave Conference Digest, pp.68-71, 208

The results are almost same in frequency band. I. 5. Lim, H. 8. Kim, I. 8. Kim, ]. FtLP
Ahn, S, MNam, “A Power Amplifier

Efficicncy Improved Using Defected
Structure,” JEEE  Microwave and W
Components Letters, Vol.11, No.d, ppi| 70
Apr. 2001, 1
Y. C. Jeong, S. G. Jeong, J. $. Lim, S. ¥am,
New Method to Suppress Harmonies wsing 14
Bias Linc Combined by Defecled Geon
Structure  in Power  Amplifiers”

4, CONCLUSION

The DGS 274 bias line offers the slow-wave effect
and it is possible to tune band reject characteristic by
adjusting the cell parameters of DGS. In the design
of the drain mixer, the DGS 3/4 bias line operates as
an open circuit in the IF band, but short circuit in LO
and RF bands. So isolation characteristics of LO-to-
IF and RF-to-IF are improved and a high conversion
gain 15 obtained,

S0 if we use the applied DGS A/4 bias line, we
can reduce the stages of the low pass filter for the
suppression of LO signal, with this result we can
take the increase of conversion gain and shorten the
whole circuit size.

House,
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(b} Measured result of the DGS 2/4 bias line,
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