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A Methodology for Realizing High Efficiency Class-J
in a Linear and Broadband PA
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Abstract—The design and implementation of a class-J mode
RF power amplifier is described. The experimental results in-
dicate the class-J mode’s potential in achieving high efficiency
across extensive bandwidth, while maintaining predistortable
levels of linearity. A commercially available 10 W GaN (gallium
nitride) high electron mobility transistor device was used in this
investigation, together with a combination of high power wave-
form measurements, active harmonic load–pull and theoretical
analysis of the class-J mode. Targeting a working bandwidth of
1.5–2.5 GHz an initial power amplifier (PA) design was based
on basic class-J theory and computer-aided design simulation.
This realized a 50% bandwidth with measured drain efficiency of
60%–70%. A second PA design iteration has realized near-rated
output power of 39 dBm and improved efficiency beyond the
original 2.5 GHz target, hence extending efficient PA operation
across a bandwidth of 1.4–2.6 GHz, centered at 2 GHz. This
second iteration made extensive use of active harmonic load–pull
and waveform measurements, and incorporated a novel design
methodology for achieving predistortable linearity. The class-J
amplifier has been found to be more realizable than conventional
class-AB modes, with a better compromise between power and
efficiency tradeoffs over a substantial RF bandwidth.

Index Terms—Broadband, class-J, high efficiency, power ampli-
fiers.

I. INTRODUCTION

P OWER AMPLIFIER (PA) design for wireless commu-
nication has, until recently, been focused on specified

RF bandwidths of 5% or lower, due mainly to the very tight
spectrum allocations. Future systems, including WiMax, 4G,
and beyond, will likely require larger bandwidths, not just
due to wider spectral allocations, but the base bandwidth of
the signals themselves which may well extend up to, and
ultimately exceed, 100 MHz. To date, other RF power am-
plifier (RFPA) applications, such as radar and environmental
climate monitoring (ECM) have not profited from advances in
power and efficiency due to their much wider RF bandwidth
requirements. Reported results on very high efficiency PAs,
typically operating above 75% efficiency, tend to rely heavily
upon precise multi-harmonic impedance terminations at the
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device-under-test (DUT) as well as very high levels of device
gain-compression. Both of these factors lead to narrowband
frequency performance limitations (less than 10%) and non-
linear operation, respectively. A newly presented, and much
discussed, mode of operation—class-J [1]—has shown the
theoretical potential of obtaining linear RFPAs that have the
same efficiency and linearity as conventional class-AB designs
but do not require a band-limiting transmission-line harmonic
short. The class-J mode uses second harmonic voltage enhance-
ment, as described by previous workers [1]–[5]. This technique
poses an immediate problem inasmuch as the device absorbs,
rather than generates, second harmonic power. Techniques such
as current waveform clipping [2], or wave-shaping the input
signal [3] have been proposed in an attempt to null the second
harmonic component. The class-J approach utilizes a phase
shift between the output current and voltage waveforms to
render the second harmonic termination into the purely reactive
regime. This enables significant possibilities into the realizable
bandwidth-efficiency performance of the class-J mode of PA
using GaN high electron mobility transistor (HEMT) power
transistors.

This paper follows on from research presented in [4] and de-
scribes some of the key results obtained in that work in which
design and realization of PA matching networks has yielded a
broadband amplifier operating at high efficiency. In addition,
application of a new theory [5], from which a furthering of the
novel broadband class-J design methodology has been made, is
presented and an enhanced PA design realized with increased
relative bandwidth-efficiency. This second and new design iter-
ation makes comprehensive use of active load–pull, or “wave-
form engineering” techniques, and uses a novel design method-
ology to achieve predistortable linearity [6], [7]. To our knowl-
edge, such a design has never before been attempted on an a
priori basis.

The high power measurement and characterization capability
at our facility [8] has been utilized in the development of this
broadband PA design methodology, demonstrating a new prac-
tical approach to handling the second harmonic loading problem
in broadband PA designs. Work such as in [9], which addresses
multi-octave high efficiency PA designs, use resistive second
harmonic loading within a portion of the specified bandwidth.
Hence (and appropriately), only fundamental load optimization
is considered viable in such cases. This paper presents research
enabling a good compromise in efficiency across bandwidths
below one octave.

Waveform and systematic load–pull measurement data has
been used in the development stage of the design procedure,
whilst also being used to analyze the extent to which optimum
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Fig. 1. Measured typical class-J waveforms on a 10 W GaN HEMT [4].

broadband high-efficiency operation has been achieved in this
mode. Measurements have been focused around a target sub-
octave bandwidth of 1.5–2.5 GHz.

Device output parasitic de-embedding has been applied to the
waveforms captured at the calibrated measurement plane of the
device package in confirming class-J behavior from the output
voltage and current waveforms at the device plane [10].

II. CLASS-J MODE OF OPERATION

A. Class-J Harmonic Load Terminations

Cripps [1], who acknowledges some earlier work by Raab
[11] has described class-J, defined as a mode in which the
voltage has harmonic components which make it tend asymp-
totically towards a half-wave rectified sine-wave. This in
practice can be usefully approximated by a suitably phased
second harmonic component. The key difference between
class-J and more familiar class-A, AB and F modes, is the
requirement for a reactive component at the fundamental load.
The differentiation between class-J and class-E has been ex-
plained in detail in [1] and cited elsewhere in [12], and can
be considered the starting condition in each case. The starting
point in class-J design methodology is the linear class-B (or
“deep” class-AB) mode, where the output current waveform
is a classical reduced conduction angle sinusoid. As such,
the class-J amplifier can be expected to have the same linear
performance as a class-AB amplifier operating at the same
conduction angle. The starting point for a class-E mode (i.e.,
[13]), however, is to assume that the active device behaves as
an ideal switch. Thus any practical implementation of a class-E
design requires that the active device be “forced” into behaving
like a switch, and this usually involves the device being forced
to clip on the supply rails for a part of the RF cycle. This leads
to strongly nonlinear performance, albeit often with very high
efficiency.

The class-J voltage waveform is “engineered” by using ap-
propriate passive fundamental and second harmonic termina-
tions. In this way, a higher fundamental component can signifi-
cantly outweigh the loss in power implied by the reactive load,
a counter-intuitive result that has been discussed in detail else-
where [1]. A class-J design thus displays approximate half-wave
rectified sinusoidal output current and voltage waveforms, with
a phase overlap between the two (see Fig. 1). This mode of op-
eration lends itself very well to the process of waveform en-
gineering, as described previously by some of the current au-

TABLE I
IDEAL CLASS-J VOLTAGE WAVEFORM, ASSUMING TWO HARMONICS

TABLE II
CLASS-J (CURRENT GENERATOR)-PLANE LOAD TERMINATIONS

thors [8], [14]. Independent bias and drive control, and active
multi-harmonic load–pull are used to engineer the shape of the
current and voltage waveforms, respectively.

The class-J output voltage waveform—assuming two-har-
monics—is specified in Table I [1]. From this the fundamental
and second-harmonic impedances, as defined in (1) and (2), can
be found, thus defining the matching criteria. In order to opti-
mize efficiency, the GaN device requires some compromises
in setting the design values for the fundamental (“load-line”)
resistance, due to the potential walkout effect at RF of the dc
“knee”-voltage offset [15]

(1)

(2)

Ideal class-J theory assumes that there is no third-harmonic
component present in the voltage waveform, and hence
is assumed short. This required loading can usually be readily
approximated through the effect of the device output capaci-
tance within a PA matching network design, which thus has
the tendency to provide a short to all of the higher harmonics.
Fig. 1 illustrates measured waveforms with these harmonic ter-
minations, however in this measurement the third harmonic load
was allowed to be adjusted slightly in order to demonstrate op-
timum class-J waveforms and hence, high power and efficiency
(as specified in Table II). The bias point implemented here was
deep class–AB ( of ).

B. Waveform Engineering Very High Efficiency Class-J
Operation in a GaN HEMT

By applying the prescribed class-J impedance components
up to , through active load–pull, very high efficiency de-
vice operation has been measured at a fundamental frequency
of 1.8 GHz. The power sweep for this optimum emulated case
is shown in Fig. 2. This shows the output performance of the
DUT in a class-J loading configuration, operating with a bias
point in class-C.

In this separate attempt to demonstrate the very high effi-
ciency potential of class-J, this condition saw the conduction
angle reduced beyond the class-B starting point, to the detri-
ment of the device output power.

A peak drain efficiency of 83% has been measured in this state
with just below 10 W device output power and approximately
3.5 dB of gain compression. Note that even at the 6 dB power
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Fig. 2. Power sweep showing very high efficiency class-J operation at 1.8 GHz
[input unmatched, maximum available gain (MAG) shown] [4].

back-off point, the measured drain efficiency is still above 60%.
Device output power is however slightly less than was observed
for the same device type in an optimized class-F/class- PA
mode, within the same boundary conditions [14].

Following this initial performance characterization of the
class-J mode, a linear 10 W broadband PA design was initiated,
with a goal of above 60% efficiency over the 50% bandwidth
of 1.5–2.5 GHz.

III. BROADBAND LINEAR CLASS-J PA DESIGN

A. Broadband Measurements and PA Realization

Active harmonic load–pull was initiated on the GaN tran-
sistor to be used in the design, using the three-harmonic active
load–pull setup [8]. This was carried out at several frequencies
between 1.5 and 2.3 GHz in order to begin the design stage
of the broadband class-J PA. The device was set in the same
state of gain compression (approximately P2 dB) in each class–J
measurement scenario. Working with device measurement data
at the calibrated package-plane (i.e., without output parasitic
de-embedding applied) the resulting load–pull sweep data was
used to map out the drain efficiency as a function of fundamental
load impedance on the Smith chart, with the second and third
harmonic impedances fixed according to the ideal class-J termi-
nations stated in Section II-A.

Fig. 3 shows the 70% drain efficiency contour obtained from
each fundamental load sweep, indicating the movement of the
optimum fundamental load for efficiency at the device package-
plane as a function of frequency. A corresponding output power
contour plot was extracted following the load–pull sweep which
provided a “target region” of load impedances for which to aim
a matching circuit design to provide a compromised class-J PA
output power and drain efficiency.

The original target frequency band was 1.5–2.5 GHz and in
designing a suitable matching network over this extended band-
width, some compromises have to be made. The initial strategy
on the first design iteration (presented in this section) was to
give higher priority to the fundamental impedance and allow
the second harmonic more latitude. This particular device has a
low output capacitance (approximately 1.5 pF) which at 2 GHz
is itself quite close to the optimum reactive termination at the
second harmonic. Thus the network itself mainly synthesizes
the required fundamental load over the extended bandwidth, but

Fig. 3. Measured load–pull data for GaN HEMT indicating load impedance
contour for 70% P2 dB drain efficiency between 1.5–2.3 GHz [4].

Fig. 4. Realized load matching network schematic [1].

Fig. 5. Realized class-J amplifier—output matched only.

through a shunt inductive stub increases the effective second
harmonic capacitive reactance for lower frequencies.

The output matching network schematic is shown in Fig. 4.
Although not a novel architecture in itself (variations of this
network are analyzed, for example, in [16]), this structure
was found, somewhat empiracally, to provide the broadband
fundamental and second harmonic loading required, enabling a
demonstration of the potential as a prototype PA for the emu-
lated broadband operation already carried out. For purposes of
comparison between the load–pull emulation and the realized
PA performance, the same 50- input impedance environment
was used.
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Fig. 6. P2 dB drain efficiency for device under load–pull, model-simulation and realized class-J PA (input unmatched) across a bandwidth of 1.2–2.5 GHz.

Fig. 7. Realized class-J PA output power and PA power gain (input unmatched, i.e., 50 ) at P2 dB across bandwidth of 1.2–2.5 GHz.

B. Realized Class-J Performance Results—Efficiency and
Output Power Versus Frequency

The first realized design iteration of the class-J amplifier is
shown in Fig. 5. Power sweeps over a 12 dB range were car-
ried out on the PA across a frequency range of 1.2–2.5 GHz.
Results of this sweep are shown in Figs. 6 and 7. The efficiency
performance at the P2 dB compression state is displayed; this
is customarily used as an “end-point” for useable high-end effi-
ciency performance in high peak-to-average ratio (PAR) linear
signal applications.

As seen in Fig. 6, the measured P2 dB drain efficiency for
the realized class-J amplifier is at a level of 60%–70% between
1.35 and 2.25 GHz; a 50% bandwidth about a center frequency
of 1.8 GHz. Within this bandwidth corresponding output power
from the amplifier is between 9 and 11.5 W.

A comparison between the realized PA results and simulated
efficiency from the nonlinear device model, set in the same
impedance environment, is also shown in Fig. 6.

C. Analysis of Measured PA Performance

The results from this realized class-J design show a wide
bandwidth of high efficiency operation; however the optimum
performance is not obtained all of the way to the top end of the
initially desired 1.5–2.5 GHz bandwidth, i.e., above 2.2 GHz,
efficiency and output power begin to roll off. Using the active
harmonic load–pull test setup to present the same impedance
environment as the PA (up to the second harmonic), a verifi-
cation of the expected performance could be ascertained, as in
Fig. 6, allowing for further investigation into the reasons for the
reduced performance, and hence indicate actions to take in order
to improve the high-end performance.

The load–pull results—in which the fundamental and second
harmonic load impedances were presented to the device—high-
lights the same trend in device drain efficiency, in particular the
drop in efficiency above 2.2 GHz.

By introducing refinements in the basic class-J theory [5]
into the design approach, a new enhanced design was made,
aimed not only at improving the high-end efficiency and
output power, but also addressing linearity, and potentially,
predistortability.

IV. CLASS-J LINEARITY AND CLIPPING ANALYSIS

A. Wider Bandwidth Potential of the Class-J Mode

As shown in [5], the “class-J mode” encompasses a con-
tinuum of high efficiency performance modes, each with a
reactively terminated second harmonic load. The fundamental
load has to have a corresponding reactive component in order
to maintain a “positive-definite,” or non-zero-crossing voltage
waveform. This continuum applies for second harmonic capac-
itive reactance terminations up to the short-circuit condition for
class-B, and extends beyond this point towards what is denoted
as the class-J* mode [5], i.e., the conjugates of the class-J loads
in (1) and (2).

It is therefore possible to utilize this “design-space” to im-
plement an amplifier which has comparable efficiency, power
and linearity performance as is regularly obtained using con-
ventional class-AB design methodology, but retains almost con-
stant performance over a substantially extended bandwidth. To
our knowledge, such a design has never before been attempted
on an a priori basis.
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B. Use of “Clipping Contours” for Quasi-Linear Design

The device output voltage, , in a class-J PA can be written
in the form [5]

(3)

where in this case , and and denote the real and quadra-
ture voltage components, respectively.

If the minimum value of approaches the device “knee”
at any point in the RF cycle, the device current will start

to “clip,” resulting in highly nonlinear behavior. Such clipping
will clearly cause gain compression, or AM–AM distortion, and
if there is a significant phase angle between the fundamental
components of current and voltage it is, in addition, a primary
cause of AM–PM distortion. These strongly nonlinear effects
not only cause spectral distortion but can also lead to increasing
problems when attempting to linearize the device using input
signal predistortion.

It is therefore of much relevance to examine the parametric
dependency of the “zero-crossing” behavior of the voltage
expression in (3). Even with the convenient approximation,

, this is a mathematical problem of some complexity
which we have analyzed in more detail elsewhere [5]. But
for the present purpose it is possible to transform the clipping
expression into a more simple graphical representation. If
we assume that the current waveform remains a classical re-
duced-conduction-angle class-AB form, the voltage parameters

, , and in (3) can be considered to be directly pro-
portional to the corresponding impedances at the fundamental
and second harmonic. With knowledge of the impedance
environment, and the assumed current waveform, (3) can be
evaluated to determine whether it has a positive or negative
value. Fig. 8(a) and (b) show how this calculation can be plotted
on an impedance plane; in this case, we vary the fundamental
impedance (hence, the and value) across the entire
Smith Chart plane, for specific fixed values of (hence,

). The shaded portions indicate the clipping regions where
the voltage expression crosses zero at some point in the cycle.

The shaded regions, as shown in Fig. 8(a) and (b), thus pro-
vide a design guide as to load conditions that should be avoided
in the circuit design process. The line which delineates the clip-
ping region is called the “clipping contour.” This contour in
effect shows the impedance conditions for which the voltage
“grazes” zero. However, the choice of fundamental impedance
will also determine the final power and efficiency. In principle,
if the real part of the fundamental impedance is maintained at a
constant value, equal to the device “load-line” resistance, max-
imum power and efficiency will be maintained [corresponding
to a fixed value of in (3)]. This constant maximum efficiency
contour is also plotted (dotted traces) in Fig. 8(a) and (b). In
practice, of course, the only allowable maximum efficiency con-
dition will be the one that sits on the “clipping contour,” which
can be seen to be a singular point in each case.

Fig. 9 shows how the clipping contour changes as the value
of second harmonic reactance is varied over the class-J range.
It is of interest to note that in practice, although the clipping
process will change the assumed current waveform, and as such

Fig. 8. (a) Class-B “clipping contour” (solid trace) indicating fundamental
loads for “zero-grazing” condition, with “clipping region” shaded. 78.5%
efficiency contour (dotted trace) also shown, indicating an optimum load for
linearity and efficiency. (b) Class-J “clipping contour” (solid trace) indicating
fundamental loads for “zero-grazing” condition, shaded “clipping region”
and optimum load for class-J linearity and efficiency.

Fig. 9. “clipping contours” indicating optimum fundamental load
for efficiency, as second harmonic load impedance is varied between the class-B
and class-J conditions.

the power and efficiency can no longer be simply related to the
value of in (3), the continuation of the maximum efficiency
condition into the “clipping region” can often be observed in
practice. The plots in Figs. 8 and 9 define a design method-
ology for obtaining the best efficiency without forcing the de-
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Fig. 10. Measured effect of the real component of second harmonic load on
class-J output power and efficiency.

vice output voltage to “graze” zero and thus display highly non-
linear, clipped behavior. To the best of our knowledge, this is
the first time such a methodology has been defined for high ef-
ficiency RFPAs, and is proposed as an essential element in the
design process for broader-band, high-efficiency PA design.

C. Practical Verification of Class-J Mode in High Power
Devices—Effect of Second Harmonic (LP Measurements)

Since for a broadband PA design—and especially PAs cov-
ering octave bandwidths—the high-end fundamental impedance
tends towards the second harmonic impedance at the low-end of
the band, it was necessary to observe the effect that a non-ideal
(i.e., not purely reactive) second harmonic load impedance has
on class-J efficiency [17]. This was carried out with a fixed fun-
damental load of ( -plane), fixed third harmonic
impedance of 50 (package-plane) and for a device bias con-
dition of 100 mA (deep AB, approximately 5% ).

The results in Fig. 10 show a 10% decrease in efficiency, and
almost 0.5 dB reduction in output power as the magnitude of
the second harmonic load impedance is varied from 1 to 0 at the

-plane. Although at first glance this result shows substantial
degradation in performance, there is also the indication that the
transition between the fundamental load and second harmonic
load impedance across an octave bandwidth can be implemented
in such a way as to not dramatically degrade the efficiency per-
formance of a class-J PA operating across this frequency range,
for example; a second harmonic reflection coefficient of magni-
tude 0.5 would suggest just 5% drop in efficiency and 0.25 dB
drop in output power, whilst still being a suitable fundamental
load for this device if combined with a reactive impedance com-
ponent.

D. Practical Verification of Class-J Mode in High Power
Devices—Improved Class-J Design Space LP Results

By following investigations in [5] and simulation findings in
Section IV-B the second harmonic load impedance was varied
between 165 and 105 at the -plane (done so through
the use of output parasitic de-embedding), with magnitude 0.95
in each case. The optimum fundamental load for peak efficiency
was targeted. The results of this are shown in Fig. 11, and have
been carried out at a fundamental frequency of 1.8 GHz.

Fig. 11. Mapping the optimum (top 2%) efficiency contour as a function of
changing second harmonic load impedance— -plane impedances shown.

Fig. 12. (Right) Second iteration of class-J output matching compared with
(left) first initial design, showing fundamental (solid line) and second harmonic
(dotted line) load impedances between fundamental bandwidth of 1.2–2.6 GHz.

Fig. 13. Improved realized class-J amplifier.

The measured results in Fig. 11 show reasonable agreement
with the theoretical analysis of class-J and the proposed “de-
sign space” for continuous high efficiency performance, as the
second harmonic and fundamental load impedances are allowed
to vary away from the class-B case. Since the same theory can be
applied to the “complimentary” class-J* mode, corresponding
to inductive second harmonic terminations, the potential for a
broadband high efficiency PA is clear.

V. ENHANCED DESIGN FOLLOWING EXTENDED THEORY

A. Redesigning the Class-J Output Matching Network

Using the analysis found/developed in the previous section,
an iteration of the initial matching network, using the same
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Fig. 14. Prediction and measurement of PA efficiency performance with enhanced output matching, compared with first class-J PA design performance.

Fig. 15. Broadband measurement of PA output power performance with enhanced output matching, compared with first class-J PA design iteration.

Fig. 16. Broadband measurement of PA performance with enhanced output matching, and broadband input matching.

architecture as previous (see Fig. 4), was made in line with
the intention of “moving” the fundamental loads that were en-
croaching on the “clipping,” or nonlinear region of the Smith
Chart, and more precise placement of the second harmonic load,
in particular regards to the phase. This second design iteration is
shown by the s-parameters of Fig. 12, giving a comparison with
the first output matching design.

In the same way as previous, this improved design, following
extended theoretical-based analysis, was used to predict the per-
formance that could be expected from the PA by using active
load–pull. These results showed improvement in efficiency at
the higher frequency end of the bandwidth of operation as de-
sired, above 2.2 GHz, and as shown in Fig. 14.

B. Measured PA Performance Following Improved Output
Matching Network Design

In characterizing the second realized PA, power sweeps were
again conducted at 100 MHz frequency spacing and the effi-
ciency at P2 dB (2 dB gain compression point) was recorded,
along with the output power and amplifier gain. These sets of
results are displayed also in Figs. 14 and 15, along with the first

design iteration results for comparison. Measured P2 dB output
power, as in Fig. 15, indicates the flat characteristic associated
with this broadband design, at a value of 39.5 0.5 dBm (ap-
proximately 9–10 W). The improvement in drain efficiency of
the second iteration PA is evident in Fig. 14 between 2.3 and 2.6
GHz, with up to 8% improvement obtained at 2.5 GHz.

Fig. 13 shows the improved class-J amplifier.

VI. INPUT MATCHING AND AFFECT ON PA PERFORMANCE

For comparison purposes the PA was measured with the
same input impedance as the device was measured during the
load–pull design stage; with a broadband 50 impedance and
not for best gain.

Following the performance characterization in the previous
sections attention turned to improving the input match across
the frequency band of 1.4–2.6 GHz and hence improve power-
added efficiency (PAE). The applied input matching resulted in
the PA performance shown in Fig. 16, including PAE. Here, gain
of between 10.2–12.2 dB across the bandwidth of 1.4–2.7 GHz
has been observed and hence has resulted in an improved PAE
of more than 50% across the same bandwidth.
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Fig. 17. Broadband PA linearity (with broadband input matching) characterized under stimulus of 5 MHz BW, 8.51 dB PAR, WCDMA signal.

Fig. 18. Input matched class-J PA performance with a power-swept 5 MHz
BW, WCDMA signal at center frequency of 2.0 GHz.

Fig. 19. Output spectrum from class-J PA, measuring ACP for a 3.84 MHz
WCDMA signal at center frequency 2.0 GHz, and at 40% average efficiency.

VII. PA LINEARITY AND ACPR CHARACTERISTICS

Very high efficiency PAs can be prone to very nonlinear char-
acteristics which present users with a difficult, if not impossible,
task of predistorting the PAs to meet communication system
standards. ACPR, without any form of predistortion, was mea-
sured across the frequency range of 1.3–2.7 GHz and results
in Fig. 17 show average power, efficiency, and gain as well as
worst-case upper and lower channel ACPR with drive power
sufficient to cause 2 dB peak compression. At a CF (center-fre-
quency) of 2.0 GHz, the same PA characteristics are plotted
in Fig. 18 for a range of drive powers, while Fig. 19 shows a
captured spectrum at an average efficiency of 40% at the same
CF. The modulated signal applied, in order to characterize the
PA linearity, was a WCDMA signal of 3.84 MHz signal band-
width and 8.51 dB PAR. ACPR of close to –30 dBc has been
measured between 1.7–2.7 GHz, decreasing to approximately
–25 dBc below 1.7 GHz; this at the same time as the PA oper-
ating at more than 30% average efficiency.

The relative symmetry of the upper and lower ACP sidebands
in Fig. 19 implies minimal memory effects and good potential
for predistortability using techniques such as those presented in
[6] and [7]. We attribute this excellent “raw” linearity perfor-
mance to the design methodology described in Section IV-B.

VIII. CONCLUSION

A fully realized class-J amplifier has demonstrated high effi-
ciency operation across a substantial bandwidth. Following on
from a previous paper, further newly presented theory of class-J
as a broadband mode has been applied in improving an initial
output matching network design. Load–pull results and simula-
tion analysis have justified these changes and enabled a second
design and fabrication of an output matching network which has
shown improved efficiency performance with frequency. The
use of active harmonic load–pull and waveform measurement
capability has shown, throughout this research, to be a pow-
erful tool in developing real PA designs using theory specific
to the class-J mode of operation. Efficient PA performance has
been measured across a bandwidth of 1.4–2.6 GHz (60% band-
width, centered at 2 GHz) whilst showing ACPR of approxi-
mately 25–30 dBc across the entirety of this bandwidth at the
measured P2 dB compression level.
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