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Abslkld -In this paper, a new b/4 bias transmission line 
that is added dumbbekbaped defect ground structure 
(DGS) on ground plane of the eonven‘ional h/4 bias 
transmission line is proposed. This DGS h/4 bias 
transmission line maintains high impednoce, but physical 
width is wider and length is shorter than that of the 
conventional bias line. If the proposed bias line is attached 
on slgnrl transmission line, this bias line can reduces the 
3r6 harmonic signal as well as the 2ti bsrmonic signal. 
When the proposed bias line is adopted in pnver amplifler 
on DIT-2000 basest&ion transmitting band, the 3” 
hammnic signal Is reduced about 26.5dB than the 
coavenuonal stmctwe. 

I. lNTRODUCTION 

Recently extensive research on photonic band Sap 
(PBG) shucture that periodic pattern is etched cm ground 
plane of microship line have been conducted for 
microwave frequency band circuit applications [I]. High 
efficiency amplifier, fdter, and mixer design using PBG are 
reported [2]-[4]. And defect gmund struchue (DGS) that 
one or more dumbbell-shaped ground paitem instead of 
complex periodic ground pattern is etched on ground plane 
of micro&p line have been also researched [S]. Directional 
coupler, filter and power amplifier design using DGS 
shucture are repotted [6]-[El. If PBG and DGS siiwchxe 
that some patterns are etched gmund plane of microstrip 
line can be used effectively, maybe there are many merits 
on microwave band circuit design. 

Microwave amplifier is a device to amplify signal on 
microwave band. Which uses DC bias power as signal 
amplifying energy and isolation between bias circuit and 
signal path is very impartant. Small signal amplifier in UHF 
band usually uses chip inductor as RF choke in signal 
transmission line. And also N4 transmission line that is 
terminated with chip capacitor or radial stub is used as bias 
line. To minimize interference of bias transmission line at 
signal transmission line, it is good choice that the 
difference of characteristic impalance between bias 
transmission line and signal transmission line makes as 
high as possible. So high bnpcdance A&bias transmission 

line is generally used. But in case of high power amplifier, 
transistor consumes much c-t, so the width of U-bias 
transmission line is much wider than that of small signal 
transistor to minimize voltage dmp in bias line. That means 
to reduce characteristic impedance value. So isolation 
between bias circuit and signal path in high power 
amplifier is difficult than small signal amplifier and there is 
much more possibility to oscillate. And when capacitive- 
taminated h/4 bias tiansmission line is connected at signal 
path, even harmonic frequency components of Ilhin 
signal path are blocked but odd harmonic frequency 
components of Uhpass away. 

In this paper, we propose a new DGS-type ZU4 bias 
transmission line that dumbbell-shaped ground plane of 
micro&p line is etched. This bias line maintains high 
characteristic impedance value, but width is much wider 
and length is shorter slightly than the conventional 
micmstrip h/4 bias transmission line. When the proposed 
bias line is used in amplifier design, the 3’ harmonic signal 
as well as the 2” harmonic signal on signal path can be 
reduced. 

11. U4 HIGH lMT’EDANCE BL4S TPANSE’AlSSlON LINE 
DESIGN USING DEFKT GROUND STRUm (DCS) 

Slight etching of ground plane that located jut below 
microstip lie is equivalent to increasing of serial 
inductance of transmission line impedance. For defect 
gmund micmstrip line maintains the specific characteristic 
impedance of the conventional microstrip line, width of 
microstip line must be wider. That is equivalent to 
increasing of shunt capacitance of transmission line 
impedance. Increasing of the equivalent series indtictance 
and shunt capacitance induces increasing of phase 
constant and slow-wave effect. So defect ground structure 
of transmission line can make circuit downsidng. Figure I 
show layout of DGS transmission line that is connected 
5fX2 microstrip line, simulation results of transfer 
characteristics and slow-wave factor. Where characteristic 
impedance of DGS transmission line is also 500 under 
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3.5GHz This circuit is anaIm with An& HFSS V. 6.0. 
The used PCB is RT/duroid 5880af Rogers with dielectric 
constant (Q of 2.2, and height (II) of 31miI. and copper 
thickness (t) of 10~. And cell p-en of DGS pattern 
are a==5mn~ b=lnrm, and g=O.5mm Width of DGS 
transmission line (c) is 4.76mm that is much wider than 
width of the conventional SOR micmship line (w=Z.38 wn). 
The simulated result shows that there is no problem in 
signal transmission and slowwave effect is perceptible as 
frequency increases. 
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Cc) 
Fig. 1 (a) Schematic of DGS hansmission line 

@) $1, S,, characteristics 
(c) SloMvave factor 

Slow-wave effkct of DGS transmission line according to 
operating frequency can be adopted to capacitive- 
terminated U4 bias hxnsmission line of power amplifier. If 
LXS X4 bias transmission line can support high 
impedance value, wider width, and shorter length than 
conventional bias line and reject the 2’ and 3” harmonic 
signals, power amplitier would be more stable and eficient. 
Figure 2 shows layout of DGS U4 bias transmission line 
connected on 5On signal transmission line. Where cell 
parameten of DGS pattern arc &mm b=3=3nrm, 8=wnuQ 
tidth of DGS transmission line (c) is 1.23mm Tbe 
characteristic impedance of DGS U4 bias transmission line 
is 1200 and U4 length at operating fresuency 2.14GHz is 
23.8mm But in case of the conventional ?/4 bias line, width 

Fig. 2 Layout of DGS N4 bias transmission line 

(b) 
Fig. 3 (a) Simulation result of the conventional U4 bias 

transmission line 
(b) Test result ofthe conventional N4 bias 

transmission line 
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conventional h/4 hias line. width k 0.41mm and length 1s 
25. I mm. Su width is enlnrged 3 times and length is shorter 
slightly. Figure 3 shop the bimulrtted sod te?.t results of 
the conventional h/4 bias lwwnission Ime that is 
connected signal lrarwnission line. Also Figure 4 shows 
the sirnuked and test results ol’VGS ?J4 bins transmission 
line. The simulated and lesl rebults show similar 
clrnractcristics on the dominstlt frequency and the 2’“’ 
harmonic Lieyuy~~sy. Bul the 3’” lwmonic tiquency 
characteristic is diffcrmt. Whereas the 3” hamwok 
freqUWlCy compuncnl of cowentional l/4 bins 
transmission line pass way. the 3”’ hamlonio liequency 
component uf DciS h/4 hiar transmission line can? pass 
away. 

(b) 
Fig.. 4 (a) Simulstion result ofIX3S ?J4 bier 

transmission line 
(b) Test result of DOS L/4 bias 

transmkion line 

III. AMPLIFIER IXSIGN AND TEST RESULTS 

To show validation of DGS h/4 bia transmivsiuo line, 
power emplitier that rien he operated in IMT-2000 
basestation transmitter is fabricated. Operating frequency 
is 2.1 I-2.17Cil-k and the used transistor is FLL357ME of 
Fujitsu. When the conventional )J4 bias transmission line 

is adopted. pin of febrisatad osrplifier is I3.S~O.141~ and 
return loss is ICII Ihun l7dB and IdB w~~!prassion point 
(PI-) is 35.33dBm. Figure S bhow transfer and rcllwtive 
characteristics. And ~1x1 shows frequency spectrum at 
35dBm, that input signal ic CW siynnl. linrmonic 
characteristics show that the signal dilkrerrcc bchvccn the 
dominant and the 2”” harmonic is 48dHc and bctwwn Ihe 
dominant and the 3” hnrmonic is 30.54dBc 

Figure 6 shows transfer end reflective chwwkristics of 
DGS h/4 bias transmirrion line. And also showa frequency 
spectrum et 35dBm. The gain of tibricatcd amplifier is 
13 4iO. I dB and return loss is less than -I 7dB and I dB 
comprcrsion point (Y,& is 35.78dBm. The transfer and 
reflcclive characteristics arc very similar those of the 
conventional hiar [inc. Harmonic charactcrirtics show that 
the signal difircncc berween the dominant and the 2” 
harmonic is 47dBc and between Ihe dominant and the 3ti 
harmonic is 44.48dBc. By comparing the ampliRcr using 
the conventional h/4 bias tronsniission line with the 
amplifier using DGS ;V4 bias tranrmissiun line, the 3’ 
harmonic signal level can he tzduccd about l4dU. 
Figure 7 shows pholoyraphs of the fabricated amplifier 

with DGS h/4 bias trwwnission lint 

Fig. 5 The febricslod nmpliticr chamctrristics using the 
conventional If4 bias trunvmission line 

6) %I. $1, 
(b) Harmonic characteristkr 
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Fig. 6 The fabricwtcd nmpliticr cbrzracteristics using the 
DGS AI4 bins truwnisaion line 

(a) sm. &I 
(b) Harmonic charactcrislicr 

IN (b) 
Fig. 7 Photographs of the t&ricated amplifier with DOS 

h/4 bias tmnsmitnion lint 
(a) Top view 
(b) Bottom view 

In this paper. we pwposr a new DGS-type h/4 biss 
transmission line the dunrbbcll-shtlped ground plant of 
microstrip line is ctchcd. This DGS-type h/4 bias 
transmission line maintains high imprdnnce and oftcrr 
wider width and shorter Irngth Also ull’ers +nal rcjcclion 
shamcteristic of the 3”’ harmonic: signal as well DS 2”” 
harmonic signal. When this DGS Xl4 hias trnnsmissirm 
line is adopted in power amplifier that cnn bc operated in 

IMT-2000 basestation transmitter. Ihl: transfer 
characteristic is similar that of the conventional N4 bias 
transmission line in operating band and the 2”” hntvnonic 

band. But the 3” harmonies signal rcdwed ahnut 14dB 
than the conventional power smplificr. We think that this 
bias line can bc used otbcr microwave circuit applicntions 
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