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TECHNICAL FEATURE

AMPLIFIER DESIGN USING A
/4 HiGH IMPEDANCE BIAS
LINE WITH A DEFECTED

GROUND STRUCTURE (DGS)

In this article, a new W4 bias line, combined with a dumbbell shaped defected
ground structure (DGS), is proposed to suppress harmonics in power amplifiers.
The proposed bias line maintains the required high impedance after the DGS is
inserted. while the width and length of the N4 bias line are broader and shorter
than those of conventional bias lines in power amplifiers. When the proposed bias
line is used in power amplifiers, the third as well as the second harmonics are
reduced because of the increased slow-wave effect of the proposed bias line over a
wide harmonic frequency band. The proposed bias line is applied to a power
amplifier for an IMT-2000 base station. It is shown that the reduction of the third
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harmonic component and the TProveeis us v « e p=: == p
point, power-added efficiency and IMD; are 26.5 dB, 0.45 dB, 9.1 percent and

4.4 dB, -respect-it:eify.

ecently, extensive research efforts on
photonic band gap (PBG) structures”
where periodic patterns are etched on
the ground plane of microstrip lines have
been conducted for microwave circuit applica-
tions.!~* The applications of PBG for power
amplifiers, filters and mixers have been re-
ported. A defected ground structure (DGS),
which is realized by etching a few dumbbell
shaped patterns in the ground plane of mi-
crostrip lines, has been pmpnscdﬁ Several ap-
plications to the design of directional cou-
plers, filters and power amplifiers using DGS
have been already reported .55 It is expected
that DGSs can be applied effectively in mi-
crowave circuits to utilize their advantages
over conventional PBGs.
In general, small signal amplifiers at UHF
use a chip inductor as an RF choke for bias.
3/4 transmission lines, terminated with chip

/,, capacitors or radial stubs, are also used as bias

lines.9 To minimize the interference hetween
bias and signal transmission lines, the differ-
ence between their characteristic impedances
should be as large as pnssibie. Therefore, K4

[Continued on page 82/
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transmission lines with very high im-
pedance are generally used.

In the case of high power ampli-
fiers, however, because the transistors
consume higher currents, the width
of the bias line should be much wider
than that for small si anal amplifiers to
avoid a voltage drop in the bias line
and other potentially catastrophic sit-
wations. It should be noted that the
broader the width of the bias line, the
lower its characteristic impedance.
Therefore, it is much more difficult
to achieve the necessary isolation be-
tween the bias circuit and signal
paths in high power amplifiers than
in small signal amplifiers, and the
pos:sibility of oscillation is much
greater. Additionally, when a capaci-
tively terminated A4 bias line is con-
nected to the signal path, the even
harmonic frequency components of
the fundamental are blocked, but the
odd harmonic components are trans-
mitted. This has been a serious prob-
lem as well. In addition, the proper
harmonic terminations arc necessary
in order to increase the efficiency of a
power amplifier.

TECHNICAL FEATURE

In this article, a new A/4 bias line
combined with a DGS is pr«:)posed.
The proposed bias line maintains the
required high characteristic imped-
ance, while its width is much broader
and its length shorter than those of
the conventional 3/4 bias line. Tt will
be shown that the third as well as the
second harmonic components are ef-
fectively suppressed when the pro-
posed bias line is used in a power ani-

pli fier.

DESIGN OF THE 1./4 HIGH
IMPEDANCE BIAS LINE
USING DGS

The etched DGS pattern under
the microstrip line produces the
equivalent of an inductance and an
increased characteristic impedance.
In the standard microstrip line, the
line width becomes extremely narrow
as the mquired line impedance in-
creases more and more. However, in
the microstrip line with DGS, be-
cause the additional inductance re-
sults in highly increased characteristic
impedauce, the line width is broader
than that of the standard microstrip

w3
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line for the same high characteristic
impedance. The broadened width of
the microstrip line can be considered
as an increased equivalent capaci-
tance, which plays a Jarge role in in-
creasing the phase constant and slow-
wave elfects. Therefore, it can be
summarized that DGS leads to a re-
duced cireuit size.

Figure 1 show the layout of a con-
ventional microstrip line and a mi-
crostrip line with DGS. The transmis-
sion properties and group delay, pre-
dicted by electromagnetic simulation
with Ansoft HFSS V6.0, are also
shown. The substrate is Rogers’ RT/
duroid 5880 with a dielectric constant
of 2.2. a thickness of 31 mils and met-
al thickness of 35 wm. The width of
the DGS microstrip line is much
broader than that of a conventional
50 Q microstrip line. The measured
results show that there is no transmis-
sion problem in the DGS microstrip

Fig. I Layouts and characteristics

of (a)a standard microstrip line,

(b) a DGS microstrip line and

(¢) the simulated Sz and group delay. v
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effect is observed as the frequency
increases.

According to the operating fre-
(!”e"(\ VATIONS ‘1](]\\"'\\ ave ¢ ff( wets Uf d
DGS microstrip line ean be applicable
to the capacitively terminated A/4 bias
line in power amplifiers. If the A/4
DGS bias line offers a high impedance

value, broader width and shorter

length than a conventional bias line,
and rejects the second and third har-

[FRAS RN blglli—l.lh, LI l]l.}\.\"lﬂf 'rl.llLlJllH'..ﬂ WL
be more stable and efficient.

Figure 2 shows the layout of the
pmpmpd capamh\rol termmated IVL!
DGS bias line connected to a 50 Q
signal transmission line. The charac-
teristic impedance of the A/4 DGS
bias line is 120 Q, and its width and
length at the 2.14 GHz operating fre-
quency of the power dmpllhel are
1.23 and 23.8 mm, respectively. Tt
should be noted that the width and

SWITCH TO CUR NEW VCOS!
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line are 0.41 and 25.1 min, respec-
tively. Thus, the width is three times
broader and the length is shorter.
Figure 3 shows the simulated and
measured results of a conventional
A/4 bias microstrip line connected to
a 50 Q signal line. On the other hand,
Figure 4 shows the simulated and
measured results of a A/4 DGS I)ma
line. The results show good agree-
ment in the characteristics at the ﬁin-
damental frequency band and
second harmonic band. But the chrn

2

A Fig. 2 Layout of a 34 DGS bias line

connected to a 50 Q microstrip line.
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A Fig. 4 Simulated and measured
characteristics of a W4 DGS bias line
connecied to a signal transmission line.
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the IMT-2000 base station transmitter
have been designed and fabricated to
operate at 2.11 to 2.17 GHz using the
FLL357TME power transistor. The
recommended bias conditions for class

acteristics at the third harmonic band
! are quite different. It is obvious that
| the third harmonic component is
” blocked by the A/4 DGS bias line,

while it nasses throueh when the con-
= 9] 842 %] 7 htm[2018-06-11 2% 10:17:46]

bias line. When the conventional A/4
bias microstrip line is used, the mea-
sured gain, return loss and 1dB com-
pression point (P1dB) of the conven-
tional PA are 12.8+0.1 dB. -21 dB and
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ventional 2/4 bias line is used.

AMPLIFIER DESIGN
AND MEASURED RESULTS

To show the validity of the pro-
posed 2/4 DGS bias line, two kinds of
power amplifiers that can be used for
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 RADIALL

AB operation of this device are Vy, =
10 V and I; = 0.6 Idss given by its data
sheet. Using a load-pull method, the
input and the output matching condi-
tions were obtained. The first power
amplifier uses a conventional A/4 bias
line, and the other the proposed DGS

>> 10 times quu:ker
to connect

3) ‘3-:- dBm 1eapectm*l3, I[ow-:’w'l
when the /4 DGS bias microstrip line
is used, the measured gain, return loss
and P1dB of the DGS PA are
13.35+0.07 dB, -21 dB and 35.78
dBm, respectively. Figure 5 shows the
measured results of the conventional
and DGS PAs. The transmission and
reflection characteristics of the DGS
PA are very similar to those of the con-
ventional PA.

Figure 6 shows the second and
third harmonic suppressions com-
pared to the fundamental signal of
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A Fig. 5 Measured S-parameters
of power amplifiers with conventional

and DGS bias lines.
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and third harmonics
are 40.07 and 56.06
dBe¢ below the fun-
damental. It is no-
ticeable that the
magnitudes of the
third  harmonic
components of the
DGS PA are quite
smaller than those

Figure 7 shows the harmonic sup-
pression of the two amplifiers for var-
ious carrier frequencies. The second:
harmonic supprexsi{ms are almost
equal for the two amplifiers, but the
third harmonic suppression of the
DGS PA is more than 15 dB higher
than for the conventional PA.

Figure 8 shows the measured out-
put power characteristics of the two-
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terminates the third

30 25 harmonic compo-
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A Fig. 7 Harmaonic suppression in the conventional

and DGS power amplifiers.

the conventional and DGS PAs. In
the case of the conventional PA, the
second and third harmonics are 39.21
and 29.55 dBc below the fundamen-
tal, respectively. However, in the case
of the DGS PA, the measured second

ventional PA with
the DGS PA. the
gain of the DGS PA
is 0.55 dB higher
and the third har-
monic signal level is reduced approxi-
mately 26.51 dB. Also. the P1dB is
0.45 dB higher than for the conven-
tional PA. These improvements are
caused by the suppression of harmon-
ic signals.

(3rd Harmeonic)

ampnuers. [OT THE SIS UL prowe
level, the gain of the DGS PA is (.43
to 0.76 dB higher than that of the
conventional PA. The P1dB of the
DGS PA is 0.45 dB higher. The im-
provements in gain and output power
result in the increase in p{:»\.'.-'er-udded
efficiency (PAE). The PAE of the
DGS PA is 0.5 to 9.14 percent higher
than that of the conventional PA. This
is caused by less current consumption
and the improved output power of
the DGS PA. Because the improve-
ment of PAE increases as the input
POWET grows, the proposed DGS bias
line is a good choice for power ampli-
fiers with high elficiency.

Figure 9 shows the measured
nonlinear characteristics in a two-
tone test. The frequencies of the two

@ microwave
: —— WITH DGS ==+ NO DGS
; — WITH DGS === NO DGS
37 30
35 /_,':"!" 70
To see one's work in print is the rightful reward of every creative ~ 33 Za S
: engineer and scientist. The editors of Microwave Journal invite you to - 2 31 A ; .='5°§
submit your technical manuscripts for consideration to be published in one =y ZEl A 10y
of our upcoming issues. Technical articles, application notes and tutorial 2 &l L4 ,_v:f ] 300
articles based on the monthly editorial themes are encouraged. Editorial 25 47" 20
themes include wireless, radar and antennas; RF components and systems; :3 3 ;u

test and measurement; amplifiers and oscillators;

-19 17 =15 =13 =11 -9 -7

A Fig. 8 Measured P, and PAE
of the power amplifiers with and without
DGS bias lines.

semiconductors and MMICs; commercial
applications; IVHS and ITS; dual
technologies; communications and PCN; &5
passive components; and control deyices, &
modulation and DSP. :

Design features should contain : - :

new and innovative technical ideas of e e 55
practical use and interest to our e : : : 50
predominantly engineering readers. A
Papers should be 14 to 16 double-

| spaced pages and contain 8 to 12 visual

| aids in the form of sketches, graphs, photographs or tables.

= 2] 8142 4)7.htm([2018-06-11 2% 10:17:46]

— WITH DGS --- NO DGS
— WITH DGS === NO DGS

+
i
(=]

T ..\
.
4

3 &

W

4

*

Py
.
3

-'.

.I_‘.d"'
Y
=]

]
s
|
IMD5: (dBe)

MD3 (dBC)

Woow

=)
1

w

=]




2
1
=
e

Papers should be submitted to the attention of the Techni:::al Editor
and will be reviewed promptly by our Editorial Review Bo&frd prior t?
acceptance. Articles outside of the monthy themes also will be considered.

' SEND ALL MATERIAL TO:
Microwave Journal
685 Canton Street

Norwood, MA 02062
(781) 769-9750 - Fax (781) 769-5037 * e-mail fbashore@mwjournal.com

*

25 5

20 20
22 23 24 25 26 27 28 29

Pout (dBm/TONE)
A Fig. 9 Measured intermodulation

products for the power amplifiers
with and without DGS bias lines.

[Continued on page 90)
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tones are 2137.5 and 2142.5 MHz.
| For the DGS PA, the improvements
| | obtained for IMD3 and IMD3 are
approximately 4.4 and 4.5 dB at P, =
29 dBm/tone. Figure 10 shows pho-
tographs of the fabricated amplifier
using the proposed A/4 DGS bias
line.

CONCLUSION
A A4 DGS microstrip bias line has
been proposed, which is realized by

9] 844 7.htm[2018-06-11 2.7 10:17:46]
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etching a dumbbell shaped pattern in
the ground plane of the bias line. The

DGS microstrip line offers broader

width and shorter length than the
conventional microstrip line having
the same characteristic impedance.
Additionally, it offers an increased
slow-wave effect over a wide harmon-
ic frequency band. When the DGS
microstrip line is applied to a A/4 bias
line, the A/4 DGS bias line provides
the required high impedance. It also

TURE
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A Fig. 10 The fabricated power amplifier
with a M4 DGS bias line; (a) top view
and (b) bottom view

offers a high rejection characteristic
for the third as well as second har-
monic components.

In this article, the proposed M4
DGS bias line has been used ina
power amplifier that can be operated
for an IMT-2000 base station trans-
mitter, The transmission and reflec-
tion characteristics are similar to
those of a power amplifier using the
conventional A/4 bias microstrip line.
However, the measured third har-
monic signal of the power amplifier
using the DGS bias line was lower by
more than 15 dB in the operating
band. The obtained improvement in
P1dB, PAE, IMD3 and IMD5 ob-
tained were 0.45 dB, 9.1 percent, 44

dB and 4.5 dB, respectively. It is ex- cUs
pected that the proposed DGS bias ;
line can be well used in other mi- cor

crowave circuits because of its simple

structure, potential role and excellent

applicability. W Cal
e ————— or'
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