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Abstrad This pape presents a 3-way Doherty amplifier
with predstorter(PD) for a repeater application. It is
implemented using three 60 vatts PEP silicon LDMOSFETSs
and tested using two-tone and one and two-carrier down-
link WCDMA dgnals. For the two-carrier down-link
WCDMA signal, the amplifier provides -49.1dBc adjacent-
channel-leakage-ratio(ACLR) and 103 % power-added
efficiency(PAE) at an output power 40 dBm which is an
improvemert of 8.5 Bc in linearity and 2 % in efficiency
compard to a similar class-AB amplifier.

. Introducton

Linearity is the nost important figure of rerit for the power
amplifiers of CDMA applicatins, such as 1S95, CDMZ2000,
WCDMA , and so on. There are marinearity boosting
techniques for exanple, feedforward, feedback, prewigion
technique [1] Among them the feedforwardtechniqueis still

consideredto be the most popular and the best performing

method. However, it also hamany drawbacks, such as
complexity; poor efficiency, andlarge size, which result in cost
problens. Recently digital FD anvplifier becones a very

importanttechnique On the other hand, an analog predistortion
technique is a low-costolution for the moderate performance

improvement. It is also sow-power consumption and simple
circuit configuration over the feedforwarr digital PD [2].
Therefore, for a repeater pstem which hasles gringent

linearity requirementand a small power handling than a base

station ystem the feedforward isot certainlynecesary.
Microwave Dohertyamplifier hasbeen originallyproposed to
improve the efficiency but it has been reported that the
efficiency and linearitycan beimprovedsimultaneoushy3]. To
enhance the performances, a rlead line topologyusing offset
line has been inplemented and a linearityenhancermnt
technique has been incorporated by canceling the
intermodulations from the carrien@ peaking amplifiers [3For
a mcrowave N-way Doherty anplifiers with one carrier
amplifier and N-1 peaking amplifig, it has been reported that 2-
way Dohertyanplifier can delivera highly enhancecfficiency
with some linearityimprovement, but 3-wagr 4-way Doherty
anplifiers improve nuch nore linearity significantly [4]. 3-way
Doherty anplifier has a smilar efficiency to 3-way clas-AB

anvplifier, but with significantly improved linearity Moreover,
thee Dohertyanplifiers are verysimple and easyo add other
linearization techniques, such as predistortion technique.

In this paper, we have introduced a microwave 3-Waerty
anplifier with predistorter targed for a cheap repeateyseem
with 10 watts average power and about -50 &B1.R aswell
as a repectable efficiency For the anplifier, the domnant
harmonic isIMD3; becaus IMD; and IMDs components have
been cancelled out simultaneously the Doherty operation.
Therefore, we could adopt a simpl€ 8rder predistorterThe
amplifier has been tested using one- and two-caddevyn-link
WCDMA signals having 8.6 dB peak-to-average rati6.1 %
CCDF and two-tone signals with 5 MHz or 10 MHz spacing.
The measired reslts have been copared with clasAB biased
amplifiers as their counterparts.

. Desgn and Inplemengtion
A. 3-way Doherty amplifier

The basic operationprinciple of the Dohertyamplifier has
been well described in the literature.[Tjhe core principle of
operation is a load modulation latv power levels bya peaking
amplifier. Fig. 1 shows awpeational diagram to explain the
load modulation mechanism dfie 3-wayDohertyamplifier.
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Fig. 1. Operational diagram tie 3-wayDohertyanplifier

In the figure, | andl, repreent the carrier apiifier and the
peaking arplifiers, respectivelyFrom the figure, equation (1) is
acquired. In this equation, ithe I, becones zero, the



transformed impedance. Ziewed from the current surce |
becones 3R, and if the } becomes two times of 1Z; becones
Ro.
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Therefore, for the 3-wapohertyanplifier, the loadimpedance
can be modulated fromyRo 3R, according to the value of |
But, in the actual irplementation of the 3-wayDoherty
anmplifier, the load nedulation does not occur propeiecause
of the power matching circuits #te anplifiers. Moreover, the
impedance viewed fronthe the common load to the current

becaus of two peaking arplifiers used to cancel the 1M of the
carrier anplifier. Therefore, thgeaking amplifiers of th&8-way
Doherty amplifier can be operated more linearlyithout
excessively generating higher order terms and the three
anmplifiers can be rare linear.

In thiscpaper, a 2.16Hz 3-way Doherty amplifier has been
implemented using three Motdatcs MRF21060 (60 watts PEP)
LDMOSFETSs. The inputs have been matched ge5R from
their source impedances 0f=3.547-j3.377 . But their load
impedances are aithed a little differentlyfrom 50  for the
optimized perfornance. The 50 loads are natched to
Z, c=2.841-j1.445 and £ p=2.602-j1.930 , the carrier and
peaking amplifiers, respectivelfig. 3 showsa photographof
the implemented 3-wayDohertyanvplifier.

source } is not open at a low power level where the peaking

amplifier is off. It has been perted that these problems can be

solved bythe phas offset lines[3].
On the other hand, the nonlinear output currernthefactive
devices can be expressed usliaglor series expansion by
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,where v; is an input voltage and@m,’s are the Nth-order

exapansiorcoefficientsof the nonlinear transconductance. The

third-order intermodulatiordistortion(IMD3) current is rainly
generated byhegmsv® of (2). The IMI} currents generated by
the carrier and peaking atifiers can be cancelledy selecting
proper gate biases ftie two amgifiers [4]. Fig. 2 presents the
large-signal third-order transconductamoefficient(gms) curve
through the gate bias level for general FETSs [5]
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Fig. 2. Large signal ggv.s. gate bias curve of general FETs

For the 3-way Doherty amplifier, which has two peaking
anplifiers, the biasof the carrieranplifier is fixed at clas-AB
or clas-A mode and the bias of the peakinganplifiers are
adjuged to haveperfectiM D3 cancellation. Generallythe biass
of the peaking apiifiers are a deep clasAB mode. For the 3-
way Doherty anplifier, the biaspoint of the peakin@amplifier
for perfect IMD; cancellation ishigher than that of 2-waga®

Fig. 3. Photograph of the ingshented 3-wapohertyamplifier

Fromfig. 3, it is seen that theutput matchings of the carrier and
peaking amlifiers are smewhat different to improve the
linearity maximally. The design process including tloéfset
lines is presentedin our previous works [3][4]. In this
experiment, the offset lines of 50with 0.012 length are used
for both the carrier and peaking amplifiers.
G
B. Predistorter
G

As shown in the experimentalstdts of the following section,
the anplifier performance is sligtly off the target, so we have
enployed a predi®rter. Fg. 4 represntsthe schengtic diagram
of the inplemented predistorterThere are two pathi the
predistorter. The upper pathliepresents the fundamental
component path and the lower path represents Iife
component path. The IMgenerator consists of 90° Hyd,
Schottky diodes, and series Rf@assive network with a short
microstrip delay line. The input signal applied to the IM
generatoris split into 0° and -90° ports of the 3dB bmd
coupler.The Schottkydiodes at 0° port generate JMerm and
then reflect the IMandfundamentaterms into the IN and ISO
ports. At the -90° port, the incident signalaiso reflectedinto
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IN and I1SO ports byhe passivaetworkreflector. The reflected 3 <0 A
fundamentak f 0° and -90° port lled out at th 3 AGLRofClass AB A F.
undamentatermso and - ports are cancelled out at the .|| 4 Ac|RofDoheny /q“ A
ISO port. Accordinglythe IM; terms can be made on the lower | ACLR of PD+Dohe o ® 7=
path. The implemented predistoerter generates thib ; with a -40+ .ﬂ.ﬂ.ﬂ.\./o/ /‘ ]2
2dBc/dBmdope according to the output power.[2] = ] ././°/ A 1.
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Fig. 4. Schematic diagram tife inplemented predistorter R\
g g e P 1| —®— ACLRof Class AB ;&%)
.35 | —A— ACLR of Doherty vyl
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The perfornance of the 3-wayDoherty anplifier with 3 sl ././'\./ // ] 2a_
predigorter hasbeen comared vith that of a corparable clas k=1 o P >/‘5_' 20%
AB amplifier using two-tonesignals(5 MHz, 10 MHZ spacing) % 501a A A A IA/AHA/A /' //D' 16&
and one-carrier down-linkVCDMA signal and two-carrier with < { D.//D-/ S
10 MHz spacing. In this experiments, the quiescerain 551 oOn 1%
. . age 4 ——n
currentsof the carrierand peaking amplifiers are set to 700 mA oo /D//.D/-/ 18
at Vpp=28 V for the clasAB cas. For the 3-way Doherty o g —®— PAEOfClassAB|] ,
. . . . o 1o— == —O0— PAE of Doherty
anplifier, the quiesent drain currentylc of the carrier amlifier - — 0
is setto 820 mA at Wp=28 V but those {p) of the peaking 82 34 36 38 40 42 44 46
amplifiers are set to 270 mA apy=28 V repectively. Pout [dBm]
Fig. 5 shows the measured ACLRs and PAEs of the class-AB, (b)

3-way Doherty, and 3-wayDohertywith predistorterFig. 5(a)is Fig. 5. Measired ACLRsand FAE.S' of the clas AB, th? 3-way
for one-carrier WCDMA signal and 5(b) is fdawo-carrier Doherty, andthe 3-way Doherty with PD. (a) one-carrier down-

WCDMA signal with 10 MHz spacing. For the one-carrier link WCDMA signal (b) two-carrier down-link WCDMA signal
WCDMA signal, the ACLRs of the 3-waloherty and the 3-

way Doherty with predistorter are improved @bout10 dB at '
anoutputpower40 dBm and the PAEs are improved slightly ~ Doherty and the 3-wayohertywith PD at an output powei0

about 2 % at the same output powEor the two-carrier dBm. (a) one-carrier down-linW/CDMA signal (b) two-carrier
WCDMA signal, ACLRs of the 3-wapoherty andthe 3-way  down-link WCDMA signal

Table . Measired performncesof the clas AB, the 3-way

Dohertywith predistorterareimprovedby 6.8 dB and 8.5 dB at (@)
an output power 40 dBm, respectiveiind the improvement of ACLR[dBC] PAE[%]
the PAEs is siiitar to the one-carier case. Test results for one- Class AB -40 8.2
and two-carrier down-link WCDMA signals have been Doherty 501 104
summaized in Table_ and . As segn_byTabIes the ACLR Dohertywith PD 51 104
and PAE are more improved lmpmbining the 3-waypoherty (b)
anplifier with the predistorter.
ACLR[dB(] PAE[%]
Class AB -40.6 8.2
Doherty -47.4 10.3

Dohertywith PD -49.1 10.3







	Welcome
	Hub Page
	Table of Contents Entry of this Manuscript
	Brief Author Index
	Detailed Author Index
	Author Affiliations Index
	---------------------------------------
	Abstract Book
	Abstract Card for this Manuscript
	---------------------------------------
	Next Manuscript
	Preceding Manuscript
	---------------------------------------
	Previous View
	---------------------------------------
	New Search
	Next Search Hit
	Previous Search Hit
	Search Results
	---------------------------------------
	Also By Jeonghyeon Cha
	Also By Jangheon Kim

