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Abstract—This paper explains the basic circuit configuration
of microwave Doherty amplifier and additional design methods
for wide bandwidth and high power applications. This paper also
presents the recent experimental results of our group using the
uneven power drive. Most of the previous works about microwave
Doherty amplifier have employed identical input drives. In this
works, two 1:1(2-way) and a 1:2(3-way) Doherty amplifiers are Offset Ao 900
implemented at 2.14GHz center frequency using LDMOS with ) Lines o
a peak envelope power of 180 watt and 285 watt, respectively.  --------seeommmmmmneeet Opt. Power
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Fig. 1. Equivalent load networks at a low-power operation for the 1:1(2-way)
|. INTRODUCTION Doherty amplifier with optimum power-matching circuits and offset lines.

¥,

linearity. The amplifiers are tested using WCDMA 4FA signal.

The performances of the 2-way Doherty amplifier are compared

with that of the comparable class AB amplifier and the Doherty 198
amplifier with even power drive. The performances of the 3-way Peaking
Doherty amplifier are compared with that of the comparable

class AB amplifier. The experimental results show the superior
performances of our Doherty amplifiers. LY

As the current wireless communication systems such as
CDMA-2000, WCDMA, OFDM and so on, are progressed
to increase a bandwidth, minimize the size, and save the cdéBg simple circuit configuration and improved efficiency. In
the thermal problem of the system and the linearity problethis section, we have explained some problems to apply the
for wideband applications become important. The design tedbeherty technique at the microwave frequency and proposed
nique of the power amplifiers with the high efficiency andnethods to solve them.
linearity across the wide bandwidth has become a hot issue. General microwave devices suited for power amplifiers
In this paper, we explain the basic circuit configuration dfave reactive parasitic components. Due to the components,
microwave Doherty amplifier and additional design methodise Doherty amplifier is faced with some serious problems
for wide bandwidth and high power applications. We hawghen the conventional load network is used. First, the output
summarized our recent works based on high power devigeswer from the carrier amplifier can leak into the peaking
with uneven power drive for the 1:1(2-way) and 1:2(3-wayamplifier port at a low power level. Second, the optimum
Doherty amplifiers tested using WCDMA 4FA signal. Thepower matching impedance becomes complex and the pure
implemented Doherty amplifiers show very good performanosistive load modulation cannot deliver the maximum power.
demonstrating that Doherty amplifier is a promising candidagnally, the ideal load modulation &Z,,; to Z,,; cannot be
for power amplifiers with wide bandwidth, high efficiency anéchieved.

linearity. To solve the problems, we have introduced an offset line
concept in our earlier works [1]- [3], [7]- [11]. Figure 1
Il. MICROWAVE DOHERTY AMPLIFIER shows the microwave version of the 1:1 Doherty amplifier.
The basic operation principles of the Doherty amplifier arEhe amplifier can delivers a maximum power due to the
well described in many articles [4]- [6]. From the paper, wpower matching circuits. For the peaking amplifier, the output
have seen that the advantages of the Doherty amplifier arg@edance seen at the output junction can be transformed



close to open by the proper length of offset line. Since the Carrier Amp.

output impedance of the active device is very low resistive }
and strongly capacitive one, it can be rotated to a high, fﬂ{[{
resistive value by the offset line. Thus, the leakage power—, | 1

to the peaking amplifier at a low-power operation can be Power
. . ivi i .
substantially reduced and the proper load modulation can be Peaking Amp } Output

i
guaranteed. L R,20 R, £90°
The N-way Doherty amplifier is basically paralleling the Offeat Lines B = Ry W2

one carrier amplifier and (N-1) peaking amplifiers, which is a

simple approach to acquire an (N-1) time larger sized peaking o o
amplifier with compared to the carrier amplifier. A schematgg;lezr'driv?;hemat'c diagram of the 2-way Doherty amplifier with uneven
diagram of the N-way Doherty amplifier is shown in Fig.

and its basic concept is very similar to that of 1:1 microwave Carrier Amp.

Doherty amplifier explained in the previous paragraph. In

the ideal cases, the peak efficiency points occur at 9.5 and
12dB power back-off points for the 3- and 4-way, respectively.

However, the ideal efficiency can not be achieved due to the

R, 26

R, £90°

ROCD GC

R,090° +8. -6, R,c 90"

. . . . N-way
linearity consideration [7]. Inout | Uneven Peakite Amp.(1)
The carrier and peaking amplifiers have different operatin Power Output

classes. The peaking amplifier is normally biased at deep class puider
AB, B or C mode, while the bias of the carrier amplifier is
set to normal class AB mode. The Doherty amplifier with
this biasing strategy can deliver a high efficiency due to
the low average bias current and efficient asymmetric power Peaking Amp.(N-1)

combination using the load modulation scheme. Additionally,

the late gain expansion of the class B or C peaking amplifiig. 3. Schematic diagram of the N-way Doherty amplifier with uneven
can compensate for the gain compression of the class Rg'er drive.

carrier amplifier. Due to the gain expansion and compression

characteristics, the linear operation of the Doherty amplifi%
can be achieved [2], [3], [7]

R,090 +6. -6,

hould be appropriately designed to have low load impedances
for better linearity. Because of the low bias point of the
peaking amplifier, the power matching circuit of the peaking
I1l. ADVANCED DESIGNMETHODS OFDOHERTY amplifier should be designed to have lower load impedance
AMPLIFIER than that of the carrier amplifier. Moreover, the matching

The Dohertv amplifier usually has two amplifiers with iden(_:ircuits of both amplifiers should be individually optimized to
y amp y P hance the IM cancellation over whole power ranges across

tical size devices, matching circuits, and input drives. Becautré wideband signals [3]
the peaking amplifier has been biased lower than the carrl hird, the bias circuit should be designed to minimize the

amplifier, the current level of the peaking amplifier at the . L .
maximum input drive can not reach to the maximum allowab[8eM°"Y effect [13] - [15] The linearizing techniques chused
the harmonic cancellation such as Doherty amplifier and

current level. Thus, the load impedances of both amplifie . . .
P P are restricted to a low cancellation limit because the

can not be fully modulated to the optimized impedarcg,;, . .
and they are larger than the optimum values. As a resdiiemory effe_ct_brmgs abo_ut th_e d_|fferent lower and upper
s&)unous emissions. The bias circuit should be prevented the

the conventional Doherty amplifier is heavily saturated, a . ; . L
&rgquency dispersion of envelope impedance to minimize the

it degrades linearity and produces far less power. It is arn morv effect. To red the memory effect. the bi ircuit
difficult to improve the linearity of Doherty amplifier across a emory €fiect. 10 reduce the memory eflect, the bias circu
wide bandwidth due to the memory effect. Therefore, we prBS- opt|_m|zed using a quarter-wave bias line and deqoupllng
pose the following three design methods for wide bandwidtfAPactors for each frequency. The tantalum capacitors are

. . . - . serted within a quarter-wave bias line for the short at
high linearity, and high power applications; First, the uneve'EI . . .
power drive, applying more power to the peaking amplifie‘* e envelope frequencies. Additionally, the biases of both

can open the peaking amplifier fully and modulate proper&mplmers are properly adjusted to maintain the optimized

the load impedances to the optimum values. Therefore, tréearlty and efficiency.

amplifiers with uneven power drive operate more linearly and

produce more power than that with an identical input power V- | MPLEMENTATION AND EXPERIMENTAL RESULTS

drive, so called the even drive. Figs. 2 and 3 show schematid=ig. 4 shows a schematic diagram of the implemented 2-
diagrams of the 1:1(2-way) microwave Doherty amplifier withvay Doherty amplifier with uneven power drive. The 2.14

the uneven power drive and the N-way Doherty amplifier wittHz Doherty amplifier is implemented using Freescale’s
the uneven power drive. Second, due to the improper loBRF5P21180 LDMOSFET. The uneven power drive is imple-

modulation, the power matching circuits of both amplifiermented using an Anaren’s 1A1305-5(5 dB directional coupler)
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Fig. 4. A photograph of the 2-way Doherty amplifier with uneven power 40 42 44 46 48 50
drive.
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Fig. 6. Two-tone measurement results of the 2-way Doherty amplifier with
even and uneven power drives.
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which delivers 4 dB more input power to the peaking amplifier -42
than the carrier amplifier. The individual matching of the
Doherty amplifier is further optimized to achieve high effi-
ciency and linearity at 25 W(44 dBm) average output power.
In the experiments, the suitable offset lineSi®4° , and the _ T
. . . . Fig. 7. Measured ACLR performance of the 2-way Doherty amplifier with

transformed output impedance is 502 Quiescent biases for even and uneven power drives and class AB push-pull amplifier for WCDMA
the carrier amplifier and peaking amplifier are setl{9 = 4FA signal.
3.938 V(1.1 A) and/p = 1.713 V atVpp = 27 V, respectively.

We optimize the bias circuit to minimize the memory effect
and improve the linearity and efficiency. The drain bias circuMRF6P21190 LDMOSFETSs. The 95W power cell of the push-
is incorporated by a quarter-wave line and several decouplipgll configuration has been used as a carrier amplifier, and the
capacitors with 10 pF for the RF and 22 uF, 10 uF, 1 uF, 1 néther device’s two 95W power cells have been used as peaking
150 nF for the envelope frequency. The tantalum capacitors@aplifiers in sequence. Hybrid couplers améhttenuator at
uF, 1 uF) located within a quarter-wave bias line are especiathe input of the carrier amplifier are employed to create the
important to minimize the memory effect, while the impedanagneven power drive, and the suitable offset line8&5°.
at the RF is reduced by these capacitors. Thus, we haMee optimized quiescent bias pointes of the amplifier are
optimized the bias circuit along with the matching circui2.1A, 0.29A, and 0.12A, respectively. We also optimize the
considering these effects. As a result, the bias circuit beconigas circuit to minimize the memory effect and improve the
an active matching circuit. For the performance comparisdinearity. The 3-way Doherty amplifier is optimized to satisfy
in terms of power drive, we also fabricate Doherty amplifiethe high linearity characteristic without extra linearization
with even power drive, and the amplifier is optimized usingircuits while maintaining the drain efficiency.
the individual matching and bias circuit to get the linearity Fig. 6 shows the measured IMD3 of the 2-way Doherty
and efficiency as high as possible. amplifier with even and uneven power drives for a two-tone

Fig. 5 shows a schematic diagram of the implemented 8ignal. We measure a peak envelope power(PEP) using two-
way Doherty amplifier with uneven power drive. The 2.14one signal with 1 MHz tone spacing. The PEP of the amplifier
GHz Doherty amplifier is implemented using Freescaleigith uneven drive is improved by 15 W, from 165 W to 180 W,
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V. CONCLUSIONS

In this paper, we explain the basic circuit configuration of
microwave Doherty amplifier and additional design methods
for wide bandwidth and high power applications. We have
implemented two 1:1(2-way) and a 1:2(3-way) high power
Doherty amplifiers with uneven power drive at 2.14GHz using
Freescale’s MRF5P21180 and MRF5P21190 LDMOSFETS,
respectively. The 2-way Doherty amplifier has ACLR of -41
dBc and the drain efficiency of 3% at average output power
of 44 dBm, and the 3-way Doherty has ACLR of -52.5 dBc
and fair efficiency at average output power of 42 dBm.

These experimental results clearly demonstrate the superior
performance of the microwave Doherty amplifier. It is clearly
show that the microwave Doherty amplifier technique is a
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36 38 40 42 44 46 promising candidate for power amplifiers of base station or
Average Output Power [dBm] repeater systems.
Fig. 8. Measured drain efficiency of the 2-way Doherty amplifier with even ACKNOWLEDGEMENT
and uneven power drives and class AB push-pull amplifier for WCDMA 4FA . . .
signal. This work is supported by KD Center of Wave Electronics
Co., LTD and Brain Korea 21 project of the ministry of
27 education in Korea.
{—®— Class AB (5MH2) e
-301 —o— Class AB (10MHz) e REFERENCES
-33+ Doherty (5MH2) ///D [1] Y. Yang, J. Yi, Y. Y. Woo, and B. Kim, “Optimum Design for Linearity
1—°— Doherty (10MHz) // /. and Efficiency of Microwave Doherty Amplifier Using a New Load
= -36_ //:/ e Matching Technique,”Microwave Journal Vol. 44, No. 12, pp. 20-36,
M -39 » / Dec. 2001.
o /_//E/ [2] B. Kim, Y. Yang, J. Yi, J. Nam, Y. Y. Woo, and J. Cha, “Efficiency
d -42 e Enhancement of Linear Power Amplifier Using Load Modulation Tech-
1 T " A/ nique,” Int. Symp. on Microwave and Optical Technology Djmp. 505-
(@] -45 — 5 Y/ 508, June 2001.
< -48- E‘Ef/D’{ /' [3] J. Kim, J. Cha, I. Kim, and B. Kim, “Optimum Operation of
. Qﬁ:{:\ / Asymmetrical-Cells-Based Linear Doherty Power Amplifiers-Uneven
-51 Power Drive and Power Matching EEE Trans. Microwave Theory Tech.
; >\A/<./ Vol. 53, No. 5, pp. 1802 - 1809, May, 2005.
-54 [4] F. H. Raab, “Efficiency of Doherty RF Power-Amplifier Systemi&EE
A Trans. BroadcastingVol. BC-33, No. 3, pp. 77-83, Sept. 1987.
-57 i i i i i i [5] W. H. Doherty, “A New High Efficiency Power Amplifier for Modulated
36 38 40 42 44 46 48 Waves,” Proc. IRE, Vol. 24, No. 9, pp. 1163-1182, 1936.
Average Output Power [dBm] [6] S. C. Cripps, “RF Power Amplifiers for Wireless Communications,”

Artech House In¢.1999.
Y. Yang, J. Cha, B. Shin, and B. Kim, “A Fully Matched N-way Doherty
Amplifier with Optimized Linearity,”|IEEE Trans. Microwave Theory and
Tech, Vol. 51, No. 3, pp. 986-993, March 2003.
[8] Y. Yang, J. Cha, B. Shin, and B. Kim, “A Microwave Doherty Amplifier
Employing Envelope Tracking Technique for High Efficiency and Lin-
. . . rity,” IEEE Microwave and Wirel mponents L . 13, No.
compared to the even case. This result implies that the Dohertygfpgf 370_372,052pé2%§3.d eless Components Leftef. 13, No
amplifier with uneven power drive generates full power fror®] J. Cha, Y. Yang, B. Shin, and B. Kim, “An Adaptive Bias Controlled
both amplifiers. Power Amplifier with a Load-Modulated Combining Scheme for High
. Efficiency and Linearity,” [IEEE MTT-S Int. Microwave Sympovol. 1,
Fig. 7 shows the measured ACLR’s of the 2-way Doherty pp. 81-84, June 2003.
amplifier for the even and uneven cases, and class AB pufi§] J. Cha, J. Kim, B. Kim, J. S. Lee, and S. H. Kim, “Highly Efficient

e e ; Power Amplifier for CDMA Base Stations Using Doherty Configuration,”
pull amplifier. the ACLR of the Doherty amplifier with uneven | == r"c 2o o Sympap. 553-556, June 2004.

drive is improved by 3 dB compared to the Doherty amplifigia] B. Shin, J. Cha, J. Kim, Y. Y. Woo, J. Yi, and B. Kim, “Linear Power
with even drive at the average output power of 44 dBm. Fig. Amplifier based on 3-Way Doherty Amplifier with PredistortelEEE

8 shows the drain efficiencies of the 2-way Doherty amplifief., MITS Int. Microwave sg%%ﬂzlp- 20272080, June 23?;5 power High

with even and uneven power drive, and class AB push-pull "Efficiency UMTS Amplifier using a Novel Doherty Configuration,”
amplifier for WCDMA 4FA signal. The drain efficiency of RAWCON03 proceedingpp.329-332, Aug. 10-13, 2003.

: : : [13] J. Vuolevi and T. Rahkonen, *“Distortion in RF Power Amplifiers,”
uneven case is slightly improved over the even case. Artech House In¢.2003.

Fig. 9 shows the measured ACLR’s of the 3-way Doherty4] A. Khanifar, N. Maslennikov, and B. Vassilakis, “Bias circuit topologies
amplifier with uneven drive and class AB amplifier. In compar- for minimization of RF amplifier memory effects,Microwave Confer-
. . . . . ence, 33rd European\Vol. 3, pp. 1349-1352, Oct. 2003.
'S_OH_V_V'th the_CIaSS AB amplifier, the Doherty amplifier deIIVerﬁ5] J. Brinkhoff and A. E. Parker, “Effect of baseband impedance on FET
significantly improved ACLR performance, by 9.5 dB at the intermodulation,”|EEE Trans. Microwave Theory and Teckol. 51, No.

average output power of 42 dBm. 3, pp. 1045-1051, Mar. 2003.

Fig. 9. Measured ACLR performance of the 3-way Doherty amplifier an[g]
class AB amplifier for WCDMA 4FA signal.



