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Abstraci— In this paper, the harmonics suppressed band-pass
matching network for high efficiency power amplifier (PA) that
can provide operating band impedance matching as well as
suppressed ount-of-band signals simultaneously is proposed. The
proposed harmeonics suppressed band-pass matching network
consists of a coupled line, a 4/2 length open stub, and a 4/6 length
bias line terminated with a bypass capacitor for drain bias. For
an experimental validation, the PA with the proposed output
harmeonics suppressed band-pass matching network was designed
and fabricated at the 2.14 GHz (WCDMA band). The
measurement results show that the ountput power and drain
efficiency at saturation point are 42,7 dBm and 712%,
respectively. Compared with reference class F! PA, the proposed
PA has more sharp out-of-band suppression characteristic.

Keywords—band-pass, harmornics suppression, high efficieny,
matching network, power amplifiers;

L

Since the start of the wireless communication service, the
service providers must trangmit the signal within the allocated
frequency band so as not to affect the other communication
gystemn. In order to satisfy these characteristics, the band-pass
filter (BPF) of the transmitter and receiver front-end has
become an essential compenent. In  the conventional
commrmunication system, the power amplifier (PA) and the BPF
were independently designed with 50 £ reference impedance
and connected in series. As a result, the insertion loss of the
BPF to satisfy frequency limited air-interface regulation of the
communication standard increases the cutput power level of
the PA. Therefore, the efficiency of the overall system is
reduced due to the increase of the insertion loss of the BPF.

In order to overcome these problems, design techniques for
PAs with band-pass characteristics have been reported. [1]
presented a co-design method of BPF and PA. The designed
cavity BPF satisfied the cutput impedance matching with low
mgertion loss and sharp band-pass characteristics due to the
high Q factor. However, this paper did not consider harmeoenic
characteristics to obtain high efficiency characteristics of PA.
In [2], the couple-line impedance transformer was used for the
impedance matching and DC-block. But, it also didn't consider
harmonics termination for the high efficiency characteristics.
[3] proposed the frequency band selective matching network
for high efficiency PA. It considered fundamental impedance
matching, harmenics suppression, and
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Fig. 1. Proposed harmonics suppressed band-pass matching network.

band-pass characteristics, simultanscusly. However, this circuit
could cover only pesitive reactance area of load impedance.

Many techniques have been introduced to cobtain high
efficiency characteristics of PAs [4]-[10]. One commeon feature
of such high efficiency PAs is to match harmenic compenents
to reactive points. Therefore, a new harmonics suppressed
band-pass matching network is required to obtain impedance
matching, high efficiency with harmonics suppression, and
band-pass characteristics, simultansously.

In this paper, harmonics suppressed band-pass matching
network (HSBMN) for high efficiency PA is presented. The
proposed HSBMN provides pass-band impedance matching,
band-pass and harmonics termination characteristics with
single circuit. The theoretical analysis of the proposed HSBMN
and experimental results of the PA with the HSBMN are
provided.

I1. HARMONICS SUPPRESSED BAND-PASS MATCHING NETWORK

Fig. 1 show the structures of the proposed HSBMN. The
HSBMN congists of a parallel coupled line with electrical
length &, &2 open stub (stub 1) at fundamental frequency (%)
and 3/2 bias line (stub 2) at 3/ terminated with a bypass
capacitor. The lead termination impedance Z; is 50 £ and Zs is
a conjugate impedance of optimum load point (Z,,) of PA
obtained by lead-pull measurement. From the reference plane,
each input impedance Zi.s and Zgw . at the f; are described ag

Z:Z33 . Z2ZJR

= ) (1)
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Fig. 2. S-parameter characteristics according to Z; with normalized frequency

TABIEL SIMULATION PARAMETERS
Zao [€2] Zoe [Q] Z [@2] 2 [Q] 8 [degree] | Sy [dB]
60 106.06 413 90 89.44 -30

where 7, is characteristic impedance of bias line. 4 and £ in
Egs. (1) and (2) are expressed as

Anloet 2o (3a) gL =20 | (3b)
2 2

where 7. and Zg, are even and odd impedances of coupled line,
respectively. For the matching condition at 5, Zeuwee and Zpaq
must be a conjugate impedance relation. Therefore, when the
Zo, Zys, and return loss (S1)) are selected by designer, Zo. and Z;
can be obtained as follows.

r(1+S“|f:fD)
(1—S11|f:fn)

X :ZOQ+ZUO , (5)

)

r—1 r—1
where » and S1; are impedance transforming ratio of Z; and Z,,;

(Z1/Zopn) and the predefined return loss value, respectively.
Finally, & of the coupled line can be obtained by solving Eq.

(6)-

cot’ @+acot’ @+bcot@+c=0 , (6)
where
AX (z;-F)
B S Ta), b=l 7h),
(Az—BZ) (7a) (AZ—Bz) (7b)
Y72 2
c:——X 1 (7¢), X':—Zszzz‘lf. (7d)
A(4-B) Z2+ 723
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Fig. 3. Tendencies of Z,, Z,, and # accroding to Z,.
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Fig. 4. Tendencies of Z,, Z,, and # accroding to Z,.

Fig. 2 shows the simulated S-parameters according to Z;
with the nommalized frequency (i = 2.14 GHz). Used
parameters in simulation are listed in Table 1. The passband
bandwidth and frequency selectivity characteristics are
changed to narrower and sharper while maintaining a 30 dB
return loss magnitude at the f, and the minimum out-of-band
suppression characteristic is also improved as Z; decreases.
Therefore, the proposed HSBMN can control pass-band
bandwidth and frequency selectivity characteristics. In addition,
the 2f; and 3/ harmonic suppression characteristics are well
maintained.

To help design procedures of HSBMN, the tendencies
between design parameters are shows in the Figs. 3 and 4. Fig.
3 shows 7, Zp., and & variations according to Zp, in conditions
of Z; =50 Q, 7Z; = 60 Q,and Zy = 10 Q. As 7y, decreases, all
parameters values are decreased. Therefore, with smaller Zg,,
HSBMN would be realized with smaller size, and narrower
bandwidth and better frequency selective characteristics can be
obtained. As shown in Fig. 4, 71 and Z. are not much variated
but 4 is reduced as Z decreases.

The design parameters should be selected in the ranges of
realizable values using Figs. 3 and 4 for the specific PCB. In
addition, the proposed HSBMN is physically isolated between
input and output ports by the coupled line. Therefore, it does
not need additional DC-blocking capacitors.
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Fig. 6. Measured gain, drain effiency, power added efficiency results of the
reference PA and proposed PA with HSBMN.
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Fig.7. 5, comparison between reference PA and proposed PA with HSBMN.

[IL. PA design with HSBMN

For an experimental validation, the PA with HSBMN was
designed using a 10 W GaN HEMT transistor (CGH40010)
from Weolfspeed for the WCDMA downlink band (f; = 2.14
GHz). The selected bias conditions were Fpp =28 V, Vgs= -
2.75 V, and Ipp = 200 mA. And simulated Z is 16.5+ j14.7 O
with power added efficiency (PAE) of 72.8 % and saturation
cutput power of 42.3 dBm. The input matching impedances of
PA at fy and 2f are chosen 2.8 + j0.35 2 and 2 + j110 Q by
source-pull simulation result.
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Fig. 8. Photographs of fabricated (a) reference PA and (b) proposed PA with
HSBMN.

The output matching networks of the PA were realized with
general trangmisgion line matching network and the proposed
HSBMN. The reference PA was designed inverse class F
technique in [7] with same impedance points and transmission
line output matching network for the performance comparison.
The used PCB was RT/Duriod 5880 substrate from Rogers,
Inc., with dielectric constant (g,) of 2.2 and thickness (%) of 31
mils.

Fig. 5 show the measured input impedance of the propesed
HSBMN leoking from Zs in Fig. 1. The input impedance of the
proposed HSBMN is well matched with the optimum lead
impedance. Moreover, the impedances at 24 and 3/ are quasi-
open-circuited and quasi-short-circuited, respectively, which
can provide high efficiency characteristics in the PA design.

Fig. 6 shows the measured gaing drain efficiency (DE) and
PAE performances of two PAs at £ according to the cutput
powers. The measurement results show that the output power,
DE and PAE of the PA with HSBMN are 42.5 dBm, 71.3%,
and 68.7%, respectively, at the saturation point. The output
power, DE, and PAE of reference PA are 42.3 dBm, 72.2%,
and 69%, respectively. As shown in the results, it can be seen
that the proposed HSBMN hag similar efficiency and cutput
power characteristics compared with the conventional high
efficiency power amplifier.

The measured return loss and small signal gain of both PAs
are around 10.92 dB and 1726 dB at fo. Fig. 7 shows
comparigson of the measured small-signal gain responses of
both PAs. The signal attenuations of PA with HSBMN at 2/



and 3/ are 35.7 dB and 30.12 dB, respectively. The difference
between fo and out-of-band gains is more than 27.8 dB. In
addition, the 55.3 dB and 46.2 dB differences between the f
and the out-of-band gains are obtained at around 0.5f (1.07
GHz) and 1.5f; (3.21 GHz), respectively. Therefore, it prove
that the proposed HSBMN can provide similar efficiency and
output power characteristics as the conventional high efficiency
power amplifier and good harmonics suppressed band-pass
characteristics.

Fig. 8 shows photographs of the fabricated both PAs. Each
circuit size are 75 * 50 mm? (reference PA) and 63 * 55 mm?
(PA with HSBMN). The circuit size of PA with HSBMN can
be minimized by bending of shunt open stub (stub 1).

IV. CONCLUSION

In this paper, the harmonics suppressed band-pass matching
network for high efficiency power amplifier is described. The
power amplifier with the harmonics suppressed band-pass
matching network provides selective pass-band and out-of-
band suppression characteristics while high efficiency and
output power characteristic are maintamed due to the 2 and
3" harmonics suppression, simultaneously. If the proposed
circuits are used not only in the output matching network but
also in the input matching network, the harmonics suppressed
band-pass characteristics can be enhanced. The designed power
amplifier also can reduce the burden of the RF transmitting
band pass filter. As a results, overall system efficiency will be
improved.
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