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Improvement of Broadband Feedforward Amplifier
Using Photonic Bandgap

Jinho Yoon Student Member, IEEBNd Chulhun Sedviember, IEEE

Abstract—in this paper, the photonic bandgap, the predistor-
tion, and the secondary harmonic tuning are simultaneously em-
ployed in feedforward amplifier to maximize the power added effi-
ciency (PAE) and the operating bandwidth for in IMT-2000 band.
In this case, the secondary harmonic tuning and the predistortion
linearizer can cancel the second and the third harmonics, respec-
tively. The PBG prevented any more harmonics to appear over 6
GHz. The feedforward amplifier was improved 4%, and 15 dBc in
the PAE and the IMD(Intermodulation Distortion), respectively.

The operation bandwidth was achieved twice wider than the con- H""“"‘?“_i'f' Tusing
ventional feedforward amplifier. Fin diods pradsione
Index Terms—Amplifier, feedforward, harmonic tuning, PBG. @

|. INTRODUCTION

ODERN wireless communication systems are placint
new demands on power amplifiers. There is considerab
interest within the communication industry in producing high
power amplifiers with power efficiency. Feedforward linerariza-
tion has been shown to produce amplifiers with excellent lin-
earity [1]-[4]. However, its power efficiency is limited by the ®)
requirement for an error amplifier and compensating delay lingig. 1. Schematic of main amplifier with the PBG, the predistortion, and the
The combined use of feedforward and analogue predistortigigondary harmonic tuning. (@) Top view; (b) bottom view.
has good performance on the linearity and the power efficiency,
but thls method has some Comp'exity on the amp Circuits [5]amp||fler manufactured WIthOUt the PBG, the pl’edistortion and
Photonic band gap (PBG) structures are periodic structuredfi§ secondary harmonic tuning does not exceed 30% because
which certain bands of frequencies are not passed. The WDV input to 20 dBm for satisfying the characteristics of IMD
system needs very sharp filters to divide the wavelengths of off2 dBc on the simulation. Furthermore, the linear gain of the
tical signals and uses PBG filter. Now PBG structures are used@ually manufactured amplifier is 8 dB and it brings 3 dB of
improve radiation pattern antenna and increase power efficieri{enuation. As a result, it gains the maximum 30% PAE.
of high power amplifiers in the microwave and millimeter region Fig. 1 is the main amplifier with the PBG, the predistortion,
[6]-[8]. and the secondary harmonic tuning. Its size increases more than
In this paper, the photonic bandgap7 the predistortion, aﬁIMO times by PBG, but the importance of the size comes to rela-
the secondary harmonic tuning are simultaneously employedifgly decrease in case of application to feedforward. The PBG
feedforward amplifiers to maximize the power added efficiendjructure can be achieved in microstrip technology with the pe-

(PAE) and the operation bandwidth for the IMT-2000 band. riodic pattern in the ground plane and conductor microstrip line
having a width of 53 on the top plane by etching, as shown in

Fig. 1[8]. We proposed to fabricate two different PBG structures

] ) __inparallel on the ground plane to construct two stopband single
The designed and manufactured main amplifier is imjcrostrip plane. For achieving band-stop filter above 6 GHz,

IMT-2000 band. NE650 FET has been used and manufactukgd two periods of 15.5 and 10.3 mm were selected.

in order to operate the 4 W class after setting A class operationsig. 2 shows the simulation characteristics of output power

point in 8 V, 500 mA. The theoretical maximum PAE of highyf the main amplifier compared with the measurement ones. As

power FET is 45% and the linear gain of itis 11 dB and also theresult of the single carrier level of harmonic two-tone, it can

maximum input power of itis 26 dBm. But the PAE of the maifyet 31.8 dBm output at the 26 dBm input, but it has to be used

in 20—22 dBm input in order for IMD to exceed about 30 dBc.
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Fig. 2. Theoretical and measurement output power versus input power. Frequency(GHz)

. . . - " . Fig. 3. Theoretical and measurement PAE versus frequency.
pared with the conventional main amplifier and additionally in- 9 duency

creased 3 dBc with PBG. It shows that the improvement of the

IMD results in increasing of the PAE because of the linearity im- 22 . Ay
pacted on the PAE. This predistortion linearizer utilizes a non- 2] ¥ \‘A’M‘“’“ﬁ )lfg»’; \\ ‘\;‘\
linearity of a series resistance of the diode. Series pin diode pro- %4 / /'J/" AV *
vide positive amplitude and negative phase deviations with the :En z:: ALK ¥ '\. *‘\‘_
increase of input power. 2 ] ;"“V N A ot
[ll. FEEDFORWARDDESIGN AND MEASUREMENT S 1 \'\"\;
18 .
The purpose of design is to get the characteristics of IMD '§_ 18] [ s HPA (Meas,)
above 60 dBc with the feedforward when IMD up to 30 dBc of g 47| - Predis.+Harmo.(Meas.)
. . . . — Y S i i
main amplifier. The input power was 20 dBm below without the :z_ 4__Predis tHarmo +PBG(Meas.) L
PBG, the predistortion, and the secondary harmonic tuning. But 8 ——
when the PBG, the predistortion, and the secondary harmonic 05 10 15 20 25 30
tuning are simultaneously employed, the characteristics of IMD Frequency(GHz)

of the main amplifier get to satisfy 30 dBc, although it adds
to about 26 dBm into the input. It is say that 6 dB back-off%
is not needed. As a result, the PAE increases. When only 20 HPA with PEG
dBm of input is employed, the IMD of feedforward amplifier N~ 0 o)
becomes 75 dBc with the PBG, the predsitortion, and the secon - petay
harmonic tuning. O
Fig. 3 shows the measured PAE of the feedforward power am
plifier. The PAE is, at most, 8% without the PBG, the predis-
tortion, and the secondary harmonic tuning, but it is increasec
upto 12% with the PBG, the predistortion and the secondary Ve Enase St prive Ame
harmonic tuning. Feedforward amplifier outputis 26 dBm to be
satisfied with IMD 70 dBc. In this case, the efficiency is 129419- 5. Block diagram of feedforward.
(total DC power 35.5 dBm for main amplifier, four drive ampli-
fiers, two variable phase shifters, three variable attenuators). Fig. 5 is the block diagram of feedforward. In the actual man-
Fig. 4 shows the measurement of 3-dB bandwidth with thdacture, four drive amplifiers with 10 dB gains, two variable
PBG, the predistortion, and the secondary harmonic tuningphiase shifters with S0phase shift, three variable attenuators
has 900 MHz of bandwidth centered on 2.13 GHz, in case of thdéth 15 dB attenuation, one 3 dB power divider, and three cou-
feedforward amplifier using only general power amplifier, but ipled line couplers are manufactured. The rigid cable is used for
shows that the bandwidth is decreased to 400 MHz, in casecoinciding the 6.2 ns of time delay of signal loop and error loop.
using only the predistortion and the secondary harmonic tunirigeedforward amplifiers are used only to cancel the thid®
Also, in case of using PBG simultaneously, the bandwid{{2f;- f2,2f-- f1) of the main amplifier without cancellation of
has been greater by two times, 1800 MHz. When only the piite main amplifier fundamental output power. In this case, the
distortion and the secondary harmonic tuning are employed, thain amplifier with the photonic bandgap, the predistortion and
bandwidth is decreased according to the change of frequertby secondary harmonic tuning can cancel the second harmonic
but the bandwidth and PAE are improved at the same time &+, 21), third, fourth. .. etc., therefore the third intermodu-
cause it can be compensated using PBG. lation (2f1-f2, 2 f2- f1) can be canceled, effectively.

Measurement of output power versus frequency.

Signal Loop Error Loop




452 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 11, NO. 11, NOVEMBER 2001

RFPwr monics of the feedforward amplifier. The PAE is up to 4% with
the PBG, the predistortion and the secondary harmonic tuning.
. 33 The PAE and the IMD were improved 4%, and 15 dBc in PAE
5 10 and IMD, respectively, in this paper. The operation bandwidth
> 0 was achieved two times wider than the conventional feedfor-
-0 ward amplifier.
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