
he design of base station transmitters continues to be driven by 
the need to accommodate the linearity and efý ciency required by 

higher-order modulation schemes. The goal of achieving high linearity 
has been aided by analog and digital predistortion and feed-forward 
linearization techniques. It can be argued that the most important goal  
is to maintain this linearity while delivering the highest possible ef-
ý ciency. This is because when compared to other base station subsys-
tems, the transmitter accounts for a high percentage of overall power 
consumption, so reductions achieved through increased efý ciency can 
lower electricity costs and minimize cooling requirements. To achieve 
this goal, designers are increasingly turning to ampliý ers based on the 
Doherty architecture. To see why this ampliý er architecture has risen 
in stature, it is important to understand its characteristics and their 
possibilities when realized in an actual ampliý er.

The Doherty ampliý er is hardly a household word among design 
engineers unless they are directly involved in ampliý er design. It is also 
not a brand new concept, since it was ý rst described by W.H. Doherty 
of Bell Telephone Laboratories, then a part of Western Electric, in 
1936. Doherty created his ampliý er design while looking for ways to 
improve traveling-wave tube ampliý er (TWTA) performance. 

Dohertyôs research produced an ampliý er architecture that delivers 
very high power-added efý ciency with input signals that have high 
peak-to-average ratios (PARs). In 1936, and for many succeeding years, 
there were few signal types that possessed these characteristics, since 
the modulation schemes employed in communication systems were 
AM and FM. Today, virtually every current and proposed wireless 
system produces high-PAR signals, including WCDMA, CDMA2000, 
and any system employing orthogonal frequency division multiplex-
ing (OFDM), such as WiMAX and the upcoming long-term evolution 
(LTE) enhancement to the UMTS wireless standard.

The Dohertyôs inherent strengths are making it appealing when 
wireless base station manufacturers and wireless service providers are 
searching for ways to increase efý ciency and lower operating expenses. 
As a result, over only a few years, the Doherty ampliý er has become 
the ampliý er architecture of choice for new base station transmitters. 
When properly designed, it can deliver efý ciency increases of 11% to 
14% when compared to standard parallel class AB ampliý ers tradition-
ally used in these transmitters.

The classic Doherty ampliý er (Figure 1) consists of two ampliý ers: 
a carrier ampliý er biased to operate in class AB mode and a peaking 
ampliý er biased to operate in class C mode. A power divider splits the 
input signal equally to each ampliý er with a 90  difference in phase. 
After ampliý cation, the signals are recombined with a power combiner. 
Both ampliý ers operate during the peaks of the input signal and are each 
presented with the load impedance that enables maximum power output. 

As the input signal decreases in power, the class C peaking amp turns off 
and only the class AB carrier operates. At these lower powers, the class 
AB carrier ampliý er is presented with a modulated load impedance that 
enables higher efý ciency and gain. The overall result is an ampliý er that 
provides an extremely efý cient solution for the complex modulation 
schemes employed in current and emerging wireless systems.

Desirable though it may be for its exceptional efý ciency, the linear-
ity and output power of the Doherty architecture are slightly less than 
exhibited by a dual class AB ampliý er. Recent advancements in analog 
and digital predistortion and feed-forward linearization techniques can 
dramatically reduce the Dohertyôs distortion, and careful device and 
ampliý er design can minimize the reduction in linearity. What remains 
is to create RF power transistors that can accommodate the require-
ments of both the carrier and peaking ampliý ers.

A good example of the Doherty architecture is demonstrated by a 
900 MHz ampliý er created at Freescale Semiconductor (Figure 2). 
This ampliý er was designed for maximum power, efý ciency, and gain 
with minimum variation across the 869 MHz to 894 MHz band under 
WCMDA operation. The ampliý er was designed using a new output-
matched LDMOS RF power transistor, the MRFE6S9205H.

The output matching of this transistor has been optimized for use 
in Doherty ampliý ers. The transistor exhibits low Q and nearly twice 
the load impedance for maximum output power compared to the non-
output matched case. This increased output terminal impedance and 
low Q enable excellent broadband performance in a Doherty ampliý er 
with decreased sensitivity to load variation. The transistor is capable 
of delivering peak output power in excess of 250 W into a load imped-




