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In Situ Waveform Measurements within a Doherty
Power Amplifier under Operational Conditions

Steffen Probst, Student Member, IEEE, Eckhard Denicke, Student Member, IEEE, and Bernd Geck, Member, IEEE

Abstract—In this contribution a gallium nitride (GaN) based
1 GHz Doherty amplifier with in situ waveform measurement
capability is presented. With this measurement approach the high
frequency time domain voltages and currents can be measured
directly within the circuit. Therefore, directional couplers are
integrated into the output matching network of the carrier and
the peak amplifier. In contrast to other measurement techniques
for investigating amplifiers under laboratory conditions, with
this approach a more in-depth investigation of realized power
amplifiers can be carried out under operational conditions,
e.g., for tuning. Especially, it is possible to characterize the
interaction of the carrier and the peak amplifier. Hence, to
the best knowledge of the authors the load modulation of a
Doherty amplifier at the fundamental and the higher harmonics
is measured for the first time.

Index Terms—Doherty amplifier, high efficiency, in situ
measurements, inverse class F, load modulation, non-linear sys-
tems, power amplifier, time domain measurements.

I. INTRODUCTION

AMPLIFIER architectures are commonly complex circuits.
Normally an amplifier is characterized by measuring in-

put and output quantities and the direct current (DC) operation
point. However, in some instances these quantities do not
deliver enough knowledge to the developer about the grounds
on which the performance of the power amplifier is based.
Furthermore, knowledge about the high frequency voltages
and currents (waveforms) is important at all levels of the
design process, e.g., for the verification of the circuit design
and its compliance with the system requirements [1], [2].
Thus, to get an understanding of the electrical quantities
within the circuit of a power amplifier, in [3] a two-stage
GaN amplifier is presented, in which the high frequency
voltages in an interstage matching network are measured with
a calibrated high impedance probe. Therein, the effect of the
high frequency voltage waveform on the amplifier efficiency
is investigated. However, for a more in-depth investigation
of a power amplifier, the additional knowledge of the high
frequency current is necessary.

Moreover, [4] proposes an approach for optimizing the
efficiency of a silicon laterally diffused metal oxide semi-
conductor (Si-LDMOS) device under class F and inverse class
F condition by measuring the high frequency voltages and
currents using a sophisticated time domain load-pull system
[5].

Furthermore, a variety of publications exists about device
model extraction by means of calibrated measurement setups
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Fig. 1. Schematic of the in situ measurement setup.

under laboratory conditions [6]–[8]. [8] presents an interesting
setup, in which coupling networks are integrated into the
matching networks of an amplifier in order to extract param-
eters for creating a non-linear model of the device under test
(DUT). Regarding the topic of in-circuit measurements, in [9]
a calibration procedure for power level on-wafer large-signal
transistor characterization is described.

The aforementioned publications are of particular interest in
the predominant case of characterizing the non-linear behavior
of a device (e.g., a transistor) under laboratory conditions.
Furthermore, there are various publications on the field of
de-embedding techniques with the aim of generating e.g.,
a transistor model [10]–[14]. By means of de-embedding
techniques the transistor model provides knowledge to the
designer about the intrinsic voltages and currents at the current
source plane. Furthermore, a relationship between the intrinsic
and the external voltages and currents in the package plane of
the transistor model can be established.

In [15] calibrated measurements of the waveforms at the
internal nodes of monolithic microwave integrated circuits
(MMIC) with a large signal network analyzer (LSNA) and
high impedance probes are presented.

Another interesting technique is the usage of high resolution
microwave field probes [16]–[19]. The advantage of field
probes is the use of an oscilloscope being basic measurement
equipment in a test laboratory. However, using a probing setup
is challenging with regard to the probe positioning accuracy.
Additionally, the high resolution electrical field probe only
detects the voltage waveforms within the circuit.

This work is focused on waveform measurements within
a realized amplifier circuit under operational conditions in
contrast to the characterization of solely an active device under
laboratory conditions. The measurement approach is of great
value e.g., for the verification of the design goals or for tuning
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a circuit after fabrication.
In contrast to the forecited publications, in [20], [21] the

high frequency voltages and additionally the currents are
measured within the circuit, i.e., with a directional coupler
embedded in the output matching network of a power am-
plifier under operational conditions. In this contribution the
authors show, that with the additional benefit of knowing the
waveforms it is possible and suitable to verify and optimize the
design in terms of, e.g., the impedance conditions, the power
and the efficiency. Therefore, a calibrated in situ measurement
approach is presented for waveform measurements within
a reference or calibration plane in a microstrip technology
circuit.

For demonstration purposes, a more complex power am-
plifier structure in contrast to [21], a Doherty amplifier is
used [22]. Doherty amplifiers have been published in several
variants regarding technology, frequency and power range
[23]–[30]. However, in these publications the load modulation,
on which the efficiency enhancement for the back-off range is
based, is not explicitly verified by measurements. With the in
situ waveform measurements introduced in this contribution,
the load modulation is measured at the fundamental and
the higher harmonics, which – to the best of the authors’
knowledge – has never been shown before. With the high
frequency voltages and currents the interaction of the carrier
and the peak amplifier is demonstrated.

This article is organized as follows. First, in Section II the
operational principle of the in situ waveform measurement
approach is introduced. Furthermore, the calibration procedure
for a reference plane in a microstrip technology circuit is
described. In order to verify the accuracy, setups for comparing
the in situ approach to direct measurements with an oscillo-
scope or a vector network analyzer (VNA) are introduced.
Subsequently in Section III, as an application of the in situ
waveform measurement approach, a complex amplifier circuit,
a 1 GHz Doherty amplifier, is used. This section describes
the design, realization, tuning after initial commissioning and
investigation of an inverted Doherty amplifier , based on two
inverse class F power amplifiers as carrier and peak amplifiers.
At last, this work is concluded in Section IV.

II. IN SITU WAVEFORM MEASUREMENTS

Using the high frequency voltages V (t) and currents I (t) in
time domain is a suitable approach for describing the behavior
of non-linear radio frequency (RF) circuits. Fig. 1 shows the
schematic of the measurement setup based on a sampling
oscilloscope and a directional coupler. In this contribution
the measurement setup is realized as a microstrip technology
circuit with a reference plane set to a position on a microstrip
line with a characteristic impedance of Z0 = 50 Ω. The direc-
tional coupler separates the incident and scattered waves of
the DUT. The coupled voltages V3 (t) and V4 (t) are measured
in time domain with the sampling oscilloscope. Herein, the
input reflection coefficient of the oscilloscope is assumed to
be negligible, which was affirmed by measurements over the
frequency range of 0.5 GHz to 6 GHz.
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Fig. 2. Schematic of the in situ measurement setup for the OSM calibration.
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Fig. 3. Signal flow graph of the error matrix E connected to the standards
ΓO,S,M.

A. Concept

To calculate V (t) and I (t) in the reference plane the
measurement setup has to be calibrated taking into account the
frequency response of the measurement setup (including the
directional coupler and cables). In this context, a TOSM (Thru,
Open, Short, Match) calibration procedure [5] is enhanced
by using calibration standards pre-characterized via the TRL
(Thru, Reflect, Line) method [31]. Therefore, the frequency of
the RF source is swept to the distinct frequency points, i.e.,
to the fundamental frequency f1 and to the considered higher
harmonics (up to 6f1) (cp. Fig. 2 for the calibration setup).
The four-port coupler can be defined by means of the four-port
/ two-port reduction [32] and thus can be described by a 2×2
error matrix E with coefficients exy for each frequency point,
which are shown in Fig. 3. The relationship between the a2-
and b2-waves in the calibration plane and the coupled waves
b3 and b4 emerge from the signal flow graph of E (compare
Fig. 3) as:

a2 = e11b2 + e10b4 , (1)

b2 =
b3 − e00b4

e01
. (2)

For calculating the error coefficients three standards connected
successively to port 1 of the coupler are required, e.g., Open
(ΓO ≈ 1), Short (ΓS ≈ −1) and Match (ΓM ≈ 0) (cp. Fig.
2). The effective reflection coefficients Γ̃O,S,M of the standards
in the reference plane (cp. Fig. 2) are pre-determined with a
TRL calibrated VNA. From Fig. 3 the following equation in
its three states can be derived:

b3,O,S,M

b4,O,S,M
= e00 +

e10e01Γ̃O,S,M

1− e11Γ̃O,S,M
. (3)

With these three measurements the error coefficients e00, e11

and the product e10e01 are determined.
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Fig. 5. Signal flow graph of the error matrices E and S for the thru calibration.

In addition, it is required to separate the product of the
error coefficients e10e01, in order to calculate the a2- and b2-
waves (cp. (1) and (2)). Therefore, a thru calibration to the
reference plane is used. Fig. 4 exhibits the measurement setup
for the thru calibration and Fig. 5 shows the accompanying
signal flow graph with the error coefficients exy and the
scattering coefficients Sxy . The scattering coefficients Sxy of
the matrix S, which are pre-determined with a VNA, include
a measurement cable and the microstrip line to the reference
plane. Furthermore, the signal flow graph from Fig. 5 results
in:

a5

b4
=

e10S21

1− e11S11
. (4)

After the thru calibration all error coefficients are determined.
The measured coupling voltages V3 (t) and V4 (t) (which in the
calibration process are still mono-frequent for each frequency
point) are transformed by the fast Fourier transformation into
the frequency-domain quantities V3 (f) and V4 (f). The waves
can be calculated as follows for a discrete frequency point fn:

b3 (fn) = |V3 (fn)| exp [j 6 (V3 (fn))] /
√
Z0 , (5)

b4 (fn) = |V4 (fn)| exp [j 6 (V4 (fn))] /
√
Z0 . (6)

In (5) and (6) exp corresponds to the exponential function with
the Euler’s number as base. Furthermore, the complex voltage
V (fn) and current I (fn) can be determined considering (1),
(2), (5) and (6):

V (fn) = (a2 (fn) + b2 (fn)) ·
√
Z0 , (7)

I (fn) = (a2 (fn)− b2 (fn)) /
√
Z0 . (8)

The high frequency voltage V (t) and current I (t) in the
DUT’s reference plane in time domain are determined with

Fig. 6. Measurement setup for the in situ waveform measurement approach.

(7) and (8) for each frequency point as a Fourier series:

V (t) =

N∑
n=1

|V (fn) | · cos (2πnf1t+ 6 (V (fn))) , (9)

I (t) =

N∑
n=1

|I (fn) | · cos (2πnf1t+ 6 (I (fn))) . (10)

In (9) and (10) N corresponds to the number of considered
harmonics (herein up to 6f1). If a DC bias in the reference
plane of an actual DUT exists, this offset of V (t) and I(t)
has to be measured separately and has to be added to (9) and
(10).

B. Proof of concept

To determine the accuracy of the in situ measurement
approach a comparison between a direct measurement and the
in situ measurement with the coupler is conducted. For the
measurements the sampling oscilloscope Agilent 86100B with
module 86117B is used (compare Fig. 6). As signal source the
signal generator Agilent 4430C is utilized and synchronized
to the oscilloscope. At first, the in situ determined impedance
of a passive load in the reference plane is compared with a
VNA (Rohde & Schwarz ZVA24) measurement. Furthermore,
waveform and measured power are verified through direct
measurements in comparison to the in situ measurement
approach.

1) Impedance: As a reference the impedance in the calibra-
tion plane is directly measured with a TRL calibrated VNA
and obtained from the in situ measurement approach with the
directional coupler (cp. Fig. 7). The test board is identical
to the one of the calibration setup. Therefore, a verification
reflection termination ΓVerify is connected to the coupler, which
translates to the measured Γ̃verify in the reference plane and its
impedance ZΓ̃verify

. The results for the normalized impedance
ZΓ̃verify

/Z0 are presented in Fig. 8. The comparison between
both methods in a frequency range of 0.5 GHz to 6 GHz
shows a good agreement. For a more detailed comparison the
difference between both methods for magnitude and phase of
Γ̃Verify is presented in Fig. 9.

2) Waveform: Furthermore, in order to exhibit the accu-
racy of the waveform measurement, a test circuit is used,
which consists of two diodes, one connected in series to a
microstrip line and the other one connected to ground (cp.
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Fig. 10). At the left hand side of the circuit a directional
coupler is embedded, which is an exact reproduction of the
one on the calibration board. The RF source provides an
available source power of Pin = 6 dBm with a frequency of
f1 = 1 GHz. The resulting voltages V (t) in the reference
plane are calculated in MATLAB for the in situ measurement
approach (cp. (9)) as well as for a direct measurement with
the sampling oscilloscope directly connected to the test circuit
(using the pre-characterized cable of the thru calibration for
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the correction of the reference plane by means of S). A
comparison of the results in Fig. 11 shows a good agreement
of both measurements. The diodes clip and attenuate the input
signal. As a result of the non-linear behavior of the diodes the
signal contains higher harmonics. Thus, Fig. 11 indicates the
functionality of the in situ waveform measurement system for
the fundamental frequency and the higher harmonics.

3) Power: Additionally, a comparison of the in situ deter-
mined power and the measurement result of a power meter
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is made. Therefore, the calibration board, which consists of a
microstrip line and the directional coupler, is used (cp. Fig.
4). The power meter is connected to the board with the pre-
characterized cable of the thru calibration setup, whereas a
correction to the reference plane is made using S. A continuous
wave (CW) signal is used, which is swept in frequency
from 1 GHz to 6 GHz. The power is calculated with the
waveforms measured by the sampling oscilloscope and is
compared to the results of the power meter (cp. Fig. 13). The
measurements in this section demonstrated the functionality of
the in situ approach. The slight deviations between in situ and
comparison measurements might result from dynamic range
issues due to the coupler design with its low coupling factor
of −35 dB at the fundamental frequency f1 = 1 GHz and
of −25 dB at 6f1 = 6 GHz. Another fact, that may contribute
negatively to the measurement precision, could be the handling
of the measurement setup in terms of movements of the cables
after calibration. Additionally, small deviations between the
couplers of the calibration board and of the DUT may exist
due to the fabrication process.

In the next section the integration of the measurement
approach into the output matching network of a power am-
plifier is described.

III. APPLICATION IN A DOHERTY POWER AMPLIFIER

In this section initially a brief introduction to the theoret-
ical behavior of a Doherty amplifier is given. Furthermore,
the design and realization of an inverted Doherty amplifier
with embedded in situ measurement approach is described,
accompanied by measurement results.

A. Theory
The classical Doherty architecture according to [22] consists

of two single amplifiers, the carrier and the peak amplifier,
whereas the input signal is split with a power divider into
both of them. At the output both amplifiers are connected over
an impedance inverter to a common load. The performance
of the Doherty amplifier can be divided into two parts, the
low power and the high power range. In the low power range
only the carrier amplifier is active, because the input signal of
the peak amplifier is smaller than its threshold voltage, which
is defined by the bias point. In the high power range both
amplifiers are active. The efficiency of the Doherty amplifier
is investigated, e.g., in [28], [33]. In the high power range
the efficiency only varies by a small amount in dependence of
the back-off, whereas a slight efficiency drop exists dependent
on the load modulation of the carrier amplifier and the power
ratio of the carrier and the peak amplifier [33]. The theoretical
behavior of the amplifier load impedance over the normalized
input voltage is shown, e.g., in [27]. The optimal load of
the carrier amplifier decreases for increasing output power,
because the peak amplifier begins to amplify. In this case, for
maximal output power, both amplifiers have the same optimal
load impedance. This load modulation of the carrier amplifier
enhances the overall efficiency of the Doherty amplifier. In
consequence, due to the interaction of the two amplifiers
with their different optimal impedances for different back-
off states, the knowledge of the impedances within the circuit
(measurable with the proposed in situ approach) is of high
significance for the developer.

B. Design and realization
Fig. 14 shows the schematic of the developed 1 GHz in-

verted Doherty amplifier, which was designed with Agilent
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Advanced Design System (ADS). To verify the performance
of the amplifier the input and output powers (Pin and Pout)
as well as the DC operating point (VC,GS, VC,DS, IC,DS, VP,GS,
VP,DS and IP,DS) are usually available for measurement with
basic laboratory equipment (red colored quantities in Fig. 14).
However, the load modulation effect of the Doherty amplifier
and the waveforms of the time domain signals at the transistors
can not be obtained from these quantities. To get a better
understanding of the interaction of the carrier and the peak
amplifier, directional couplers are integrated into the output
matching network of both amplifiers. The coupling factor is
dimensioned in order to minimize the influence on the circuit
from the fundamental frequency f1 up to the higher harmonics
including 6f1. With the couplers it is possible to measure the
high frequency voltages and currents in time domain in the
reference plane at the package of the transistor (VC(t), IC(t),
VP(t) and IP(t), green colored quantities in Fig. 14).

The carrier and the peak amplifier are designed as identical
inverse class F amplifiers similar to the design proposed
in [21]. The inverse class F operation mode (proper termi-
nation of all harmonics in the current source plane) was
verified by evaluating the intrinsic voltages and currents of the
manufacturer’s large-signal model (cp. [34]). The waveforms
are presented in Fig. 15. As a design restriction due to the
couplers, the harmonic terminations are positioned behind the
coupler in order to allow a reference plane at the transis-
tor package. The coupler design regarding its characteristic
impedance etc. should be customized regarding the require-
ments of the given device or matching network. The harmonic
terminations within the output matching network are shown in
Fig. 14. Due to the design of the chosen amplifiers with their
impedance behavior an inverted Doherty amplifier architecture
is used according to [25], [29]. Furthermore, the theoretical
waveforms of an inverse class F amplifier can be found in
[35].

In order to split the input signal for the carrier and the peak
amplifier a branch line coupler with uneven power division was
developed (cp. [36]). The uneven power division is beneficial
for biasing the peak amplifier in the B/C operation point in
order to deliver more power [37]. As impedance inverter a
3λ1/4-line is used. The load RL of the Doherty amplifier is
transformed with a simple matching network to the system
impedance of Z0 = 50 Ω.

Fig. 16 shows the realized inverted Doherty power amplifier
with embedded directional couplers. The power amplifier is

Fig. 16. Realized 1 GHz inverted Doherty amplifier.
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Fig. 17. Simulated and measured power added efficiency after the initial
commissioning.

designed on a Rogers RO4003 substrate (εr = 3.55, thickness
h = 508µm). The printed circuit board is mounted on an
aluminium plate to ensure stability, proper heat dissipation
and assembling of the transistors. The carrier and the peak
amplifier both use a 10 Watt GaN high electron mobil-
ity transistor (HEMT) from Cree (CGH40010F). Based on
experimental work, the gate bias voltage of the carrier am-
plifier is set to VC,GS = −2.75 V and for the peak amplifier to
VP,GS = −3.40 V. The DC supply for the drain bias voltage
for both amplifiers is VC,DS = VP,DS = 28 V. The fundamental
frequency is f1 = 1 GHz.

C. Initial commissioning and tuning

For the first commissioning, the Doherty power amplifier
was characterized in terms of the input and output quantities
and the DC operation point. The power added efficiency (PAE)
is obtained from the simulated and measured input and output
power (Pin and Pout), which is depicted over the back-off range
in Fig. 17. Obviously, the measured PAE is lower than the
simulated one. However, with the knowledge of only the input
and output quantities, it would be cumbersome to tune the
efficiency of the amplifier, due to the fact that the efficiency
depends on many design parameters, i.e., especially on the
impedance terminations of all harmonics. Advantageously, by
means of the in situ measurement approach it is possible to



7

0.2 0.5 1.0 2.0 5.0

-0.2j

0.2j

-0.5j

0.5j

-1.0j

1.0j

-2.0j

2.0j

-5.0j

5.0j

 sim. 

 meas. inital commissioning 

 meas. after tuning 

Z / Z
0

Z
P
 (f

1
)

Z
C
 (f

1
)

Z
P
 (3f

1
)

Z
C
 (3f

1
)

Z
P
 (2f

1
)

Z
C
 (2f

1
)

tune C
C,DS

CC,DS

tune

Fig. 18. Simulated and measured normalized impedance terminations at high
power for f1, 2f1 and 3f1 (0 dB back-off) after the initial commissioning
and after the tuning process.
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Fig. 19. Simulated and measured power added efficiency and gain after tuning.

verify the impedance terminations of the carrier and the peak
amplifier.

Before the actual in situ measurement is conducted, the
calibration procedure of the time domain waveform measure-
ment setup is carried out with the described calibration board
at the fundamental frequency and the higher harmonics (cp.
Section II), after which the voltage and current waveforms
are determined in the reference planes of the amplifiers.
Additionally, with the measured waveforms the impedance
terminations for both inverse class F amplifiers are calculated
at the fundamental frequency and the higher harmonics. Fig.
18 shows the simulated and measured normalized impedance
terminations of f1, 2f1 and 3f1 at high power (0 dB back-off)
for the carrier and the peak amplifier after initial commission-
ing. For the fundamental frequency and the second harmonic,
the measurement results agree sufficiently with the simulation
results in the reference plane at the package of the transistor.
However, the measured third harmonic termination of the
carrier amplifier deviates clearly from the simulation. Thus,
this indicates that the carrier amplifier’s matching network
(cp. Fig 14) of the higher harmonics might be imperfect.
Within the matching network the capacitance CC,DS consists
of three capacitors. The position of the capacitors is essential
for the termination of the fundamental and the higher har-
monics as seen from the current source plane [21]. Hence, a
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Fig. 20. Simulated and measured output power Pout after tuning.
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Fig. 21. Simulated and measured waveforms in the reference plane of the
peak amplifier for Pout,max = 42.2 dBm after tuning.

deficient positioning of the capacitors due to the fabrication
process and the manual placement may lead to a degraded
performance. Thus, the capacitors were moved (cp. Fig. 18),
while monitoring the impedance termination until a satisfying
match between measurement and simulation was achieved.
Consequently, the knowledge of the harmonic terminations
assists the developer to tune the amplifier in order to meet
the specifications and to match simulation and measurement.

After the tuning process, the harmonic terminations of
the finalized inverted Doherty amplifier were measured once
again. The results are depicted in Fig. 18. Obviously, the third
harmonic termination of the carrier amplifier ZC(3f1) is tuned
to the range of the measured third harmonic termination of
the peak amplifier ZP (3f1). Furthermore, the gain G and
the PAE are presented in Fig. 19. The PAE progression in
dependence of the back-off indicates the functioning of the
load modulation. Additionally, the output power Pout was
measured and compared with the simulation (cp. Fig. 20).

Moreover, the in situ measurement of the high frequency
voltages and currents enables a comfortable way to further
investigate the interaction of both amplifiers in detail as shown
in the following.

D. In situ measurement results of the finalized amplifier

Fig. 21 shows the simulated and measured high frequency
voltage and current at the reference plane of the peak amplifier
over time for the maximal output power Pout,max = 42.2 dBm,
which delivers further insight into the efficiency behavior of
the transistor. This results can be used e.g., for calculating
the de-embedded waveforms at the intrinsic sources [10]–[12],
which might be valuable at higher frequencies.

The interaction of the carrier and the peak amplifier can
be described by the fundamental high frequency voltages and
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Fig. 22. Simulated and measured magnitudes of the voltages and currents at
fundamental frequency f1 for the carrier and the peak amplifier after tuning.

currents [25], [33]. Hence, Fig. 22 shows the relationship
of the magnitude of the high frequency voltages (|VC(f1)|,
|VP(f1)|) and currents (|IC(f1)|, |IP(f1)|) at f1 in the reference
plane of the carrier and the peak amplifier over the normalized
output power Pout/Pout,max. In the high power range both
amplifiers are active and the current of the carrier amplifier
increases, while the voltage is approximately constant, which
results in the high efficiency in this range. In general, a
satisfying agreement between simulation and measurement
exists. However, there is still some potential for improving
the load modulation with help of the in situ measurements in
a proceeding development process.

Furthermore, Fig. 23 shows the simulated and measured
load modulation at the reference plane of the carrier and
the peak amplifier for the inverted Doherty amplifier over
the output power Pout. At the fundamental frequency f1 the
impedance ZC(f1) as seen from the carrier amplifier is almost
constant for low output power (LP), which corresponds to the
operation of a single amplifier without load modulation. In
the high output power range (HP) the impedances ZC(f1) and
ZP (f1) of both amplifiers nearly converge to the same value.
Thus, the function of the load modulation for this inverted
Doherty amplifier is confirmed.

Fig. 23 additionally shows the impedance terminations for
the second (ZC(2f1), ZP (2f1)) and third (ZC(3f1), ZP (3f1))
harmonic as seen from the carrier and the peak amplifier over
the output power Pout. In theory, the second harmonic should
be terminated as an Open in the current source plane, which
is approximately satisfied here in the transistor package plane
as well for ZC(2f1) over the whole power range, whereas
ZP (2f1) is arbitrary in the low power range for the non-
operational peak amplifier. In theory, the third harmonic should
be terminated as a Short in the current source plane, which is
approximately met here likewise in the package plane for the
whole power range of both amplifiers (ZC(3f1), ZP (3f1)).
The peak amplifier shows a slightly more fluctuating behavior
in its non-operational state as expected.

Obviously, the influence of the deficiently placed capacitors
on the termination of the third harmonic has been fixed
sufficiently.
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Fig. 23. Simulated and measured normalized impedance terminations during
the load modulation for f1, 2f1 and 3f1 after tuning.

IV. CONCLUSION

In this contribution a calibrated in situ waveform measure-
ment approach is presented, which is embedded into the output
matching networks of the carrier and the peak amplifiers
of a 1 GHz inverted Doherty power amplifier. The in situ
approach offers the chance to get further knowledge of the high
frequency voltage and current waveforms within the circuit.
With this knowledge, e.g., the power, impedance conditions
and efficiency under operational conditions can be investigated
in detail, e.g., for tuning. In situ measurements are of particular
advantage for complex amplifier topologies, such as shown
with the Doherty amplifier. The in situ approach is verified
by various comparisons to other direct measurement methods
with a sampling oscilloscope or a VNA. Future research may
include enhancing the measurement approach by adapting a
contactless measurement concept omitting circuit integrated
couplers (cp. [38]). Furthermore, to the best knowledge of the
authors, the load modulation of a Doherty power amplifier
in conjunction with the interaction of its carrier and its peak
amplifier is verified by measurements at the fundamental and
the higher harmonics for the first time.
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