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Abstract—We present the RF characterization of silicon–ger-
manium heterojunction bipolar transistor (SiGe HBT) power
amplifiers (PA) under load mismatched conditions. Experimental
results demonstrate a strong dependence of a PA’s RF perfor-
mance on the phase of mismatched antenna loads. For a load
mismatch of voltage standing-wave ratio (VSWR) of 10 : 1, the
1-dB compressed RF output power ( 1 dB), transducer gain
( ), output third-order intercept point, and power-added effi-
ciency differ by 7.5 dBm, 8.1 dB, 8.3 dBm, and 15%, respectively,
between the optimal and worst phase conditions, for an SiGe HBT
PA biased at CC = 3 3 V, collector current CE = 400 mA,
and frequency of 1.88 GHz. At the optimal phase condition up
to VSWR of 10 : 1, the SiGe HBT PA maintains its linearity, RF
output power, gain, and efficiency close to that at a VSWR of
1 : 1. At all the nonoptimal phases, the deterioration in the RF
performance increases with the magnitude of load mismatches.
The nonlinear characteristic of a PA under load mismatches is due
to amplitude and phase-distortion mechanisms.

Index Terms—Antenna, distortion, linearity, load, mismatch,
phase, power amplifier (PA), SiGe HBT, voltage standing-wave
ratio (VSWR), wireless.

I. INTRODUCTION

MODERN MOBILE wireless standards like code division
multiple access (CDMA)-IS95 and wideband code di-

vision multiple access (W-CDMA) use nonconstant envelope
modulation schemes, and impose a stringent requirement on
the linearity of a power amplifier (PA) in a wireless system.
SiGe HBT-based technologies have become a viable solution
for high-frequency wireless PAs and transceivers because of
their high linearity, high current gain, low noise, and compat-
ibility with BiCMOS processes [1]–[3]. RF linearity character-
istics of SiGe HBTs are analyzed in detail using Volterra series
[4] and charge control theory [5], whereas the effect of load and
source impedances on phase distortion and linearity is analyzed
in [6]. The optimization of the input and output matching net-
work for linearity and efficiency in HBT PAs is further discussed
in [6]. However, the linearity of SiGe HBT PAs under load mis-
matches has not been studied.
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A wireless device encounters impedance mismatches at the
antenna due to signal reflections from the surrounding objects.
RF power is reflected back into a PA due to the antenna mis-
matches and degrades the PA’s linearity, RF output power, and
efficiency [7], [8]. Traditionally, an isolator is placed between
the PA and an antenna to protect the output power transistor from
large voltage/current swings and improve the PA linearity under
load mismatches. However, isolators are bulky and expensive for
handheld devices, as well as reduce the transmitted power level.
Hence, the goal is to develop isolatorless modules for linear PA
applications. Previous work on load mismatches has focused on
ruggedness of power transistors and control circuitry to protect
the transistor at large impedance mismatches [9], [10]. SiGe
HBTs are found to be rugged enough to handle large voltage
excursions caused by load mismatches [11], [12]. Circuit tech-
niqueshavebeen developed to improve the linearityofa PA under
antenna mismatches using drive-level adjustment [7], [13]. How-
ever, lowering the drive level reduces the output power necessary
for a communication link. Tuning circuits are placed between
the transceiver and an antenna so that the effective impedance
seen towards the antenna at the output of a transmitter is the
matched load (50 ), even when the actual antenna impedance is
mismatched. These impedance tuners are simple or T networks
with their elements tuned digitally, based on genetic algorithms
to achieve high-speed impedance tuning [14]–[17]. In order to
maximize the performance of a PA under antenna mismatches,
it is imperative to understand the RF output power, linearity,
transducer gain, power-added efficiency (PAE), and breakdown
voltage of a PA terminated with a mismatched load.

This paper presents a systematic analysis to understand the
effect of load impedance mismatches, on RF output power, lin-
earity, transducer gain, PAE, and breakdown voltage of an SiGe
HBT PA. At each load voltage standing-wave ratio (VSWR),
as the phase of the load reflection coefficient at the output of
a PA varies from 0 to 360 , the linearity, RF output power,
gain, and efficiency swing from the optimal values to worst
values. A performance identical to that of the matched condi-
tion is achieved at the optimal phase condition for load mis-
matches as large as 10 : 1. At all other phase conditions, the RF
performance degrades rapidly. The degradation in the RF per-
formance at the nonoptimal phases increases with a rise in the
magnitude of the VSWR. This phase dependence of PA perfor-
mance under impedance mismatches is pronounced at different
collector currents. A detailed investigation shows that the am-
plitude and phase-distortion mechanisms cause nonlinearities in
a PA under load mismatches.

Section II describes the dependence of a PA’s RF parameters
on load impedance. Ruggedness of SiGe HBTs is further

0018-9480/$25.00 © 2007 IEEE



208 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 55, NO. 2, FEBRUARY 2007

TABLE I
REFLECTED POWER AND TRANSMISSION LOSS AT THE ANTENNA

Fig. 1. Block diagram of a PA output stage.

discussed in Section II. Section III shows the measured RF
performance of an SiGe HBT PA under load mismatches.
Section IV gives detailed analysis to illustrate the cause of
RF performance variation and its relation to the load-line
impedance. Time-domain analysis is presented to determine the
nonlinear mechanism under impedance mismatches. Finally,
the measured results of a commercially available SiGe PA
under load mismatches are outlined in Section V. In this paper,
the term “VSWR” always refers to “load VSWR.”

II. MISMATCH AT ANTENNA

A. Antenna Impedance

The input impedance of an antenna in a wireless communica-
tion device is affected by objects in its vicinity. Coupling of an
antenna’s radiated field with these surrounding objects changes
the antenna input impedance from its nominal value of 50
[18]. This causes an impedance mismatch between an antenna
and the transmission line (or matching networks) at its input.
Due to this impedance mismatch, RF power is reflected back
into a transmitter. As shown in Table I, the reflected power is
as high as 36% of the transmitted power and the transmission
loss through an antenna is 2 dB when its input impedance is
mismatched by a magnitude of VSWR of 4 : 1.

B. PA Performance

A PA is the key component determining the linearity, effi-
ciency, and power transmitted from the transmitter chain. Due
to antenna mismatches, the reflected power flows back directly
into a PA and affects its performance more significantly than the
losses in the antenna itself. Fig. 1 shows the output stage of a PA
connected to the load (antenna) . When the load impedance
(or load reflection coefficient ) alters, the effective impedance

(and reflection coefficient ) seen by the collector of a
transistor is changed by

(1)

where is the -parameters of the PA output matching net-
work, which is passive and reciprocal.

The load line of a transistor changes depending on the magni-
tude and phase of reflection coefficient at the collector [7].
Thus, the SiGe HBT is no longer terminated by the optimum
load-line matched impedance required to achieve op-
timal RF performance—maximum output power, PAE, and lin-
earity [19].

C. SiGe HBT Breakdown Voltage

Ruggedness of a transistor is a concern in PAs since large
voltages appear at the collector under load mismatches and can
result in damage to the HBTs. The maximum peak collector
voltage is expressed as

(2)

where is the dc-bias voltage.
At high collector voltages, the electric field is high and

avalanche breakdown occurs when the base current becomes
negative [20]. If the impedance of a bias circuit driving the
RF transistor is high (a current source applied at the base),
the collector–base breakdown current is fed back into the
base–emitter junction and the base–emitter voltage increases.
The collector current increases and breakdown occurs due to
thermal runaway. This occurs at the conventional .
If the impedance of a bias circuit driving the RF transistor is
low (a voltage source applied at the base), the collector–base
breakdown current is initially shunted by the external base
biasing resistor and breakdown occurs at a voltage higher than
the [12].

In linear SiGe HBT PAs, dc bias is usually applied through
high-impedance current mirror circuit and, hence, the bias
voltage should not exceed the . However, these transis-
tors are driven by low-impedance networks and, thus, peak RF
voltage swings well above , close to [11]. The
work in [11] demonstrated that the relevant breakdown voltage
for an SiGe HBT in a 0.5- m SiGe BiCMOS process (similar
to the one used for this work) is the voltage under emitter open
breakdown or base grounded breakdown
condition instead of the conventional lower open circuit condi-
tion of .

III. SIGE HBT PA—RESULTS AND DISCUSSION

A. Measurement Setup

On-wafer load–pull measurements are performed on an SiGe
HBT of emitter area m fabricated in an IBM
0.5- m SiGe BiCMOS process. Fig. 2 shows the transistor
formed by connecting 96 unit cells (0.5 m 20 m 2) in
parallel. A ballasting resistor of 3.86 is added in the emitter
of each unit cell for thermal stability.

The Maury Microwave automatic tuner system (ATS) used
for on-wafer load–pull measurements is shown in Fig. 3. It con-
sists of an SiGe HBT as the device-under-test (DUT), a tuner
at the output (T2), and a tuner at the input (T1). The DUT
is placed on a Cascade Microwave probe station. The input
and output fixtures consist of low-loss 150- m-pitch microwave
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Fig. 2. Fabricated IBM SiGe HBT.

Fig. 3. Load–pull measurement setup for load mismatches.

probes and cables. Initially, the output fixture with the output
tuner T2 (tuned for maximum output power) serves as the output
matching network, and the input fixture with the input tuner T1
(tuned for maximum gain) serves as the input matching net-
work, thereby constituting a PA. The load impedance at the
output of tuner T2 is 50 . For mismatch measurements, the
ATS software automatically determines the effective impedance

by emulating the load impedance variations (assuming
the output matching network is fixed). This effective impedance

is due to the cascaded combination of the output matching
network and the load. Consequently, the output tuner T2 is di-
rectly tuned to synthesize the effective impedance , as seen
by the output of a DUT under varying load impedances. During
mismatch measurements, the output fixture and tuner T2 repre-
sent the cascaded combination of the output matching network
and the load.

Thus, load is varied to change the magnitude and phase of
and to create a specific impedance mismatch for this study. The
measured -parameters of each block (tuners, fixtures, direc-
tional couplers, bias tees, and isolators) in the load–pull system
are incorporated into the computer-controlled ATS software and
SiGe HBT is deembedded to set the reference planes at the col-
lector and base of a transistor. This facilitates the measurement
of the RF power at node A (collector of transistor). A constant
current (base current ) bias is applied to the base of an SiGe
HBT through a resistive type constant current source and input
bias tee, while the collector is biased at a supply voltage of 3.3 V
through an output bias tee.

TABLE II
LOAD-LINE MATCHED IMPEDANCE

TABLE III
SIGE HBT PA PERFORMANCE AT Z = 50 


An SiGe HBT, biased at mA, is matched at the
output to to achieve a maximum
RF output power and at the input to to
achieve a maximum transducer gain. This constitutes an SiGe
HBT PA whose load is initially set to a 50- matched con-
dition. Two-tone measurements are conducted to determine the
fundamental and third-order intermodulation component of the
RF output power at the output of a transistor (node A). Fur-
ther, the load is tuned for and

, respectively, and two-tone
measurements are carried out at phases of these in
steps of 30 . RF performance of this discrete SiGe HBT PA is
measured for all the above-mentioned load conditions at a fre-
quency GHz, a supply voltage V, and
collector bias currents and mA, re-
spectively. Impedance is same for all the collector currents
and the source tuner is fixed for all measurements. Impedance

changes with collector currents and the output
tuner is tuned for each . Table II shows the optimum load-
line matched impedance for different collector currents.

B. RF Performance— V, mA

Table III summarizes the measured RF performance of an
SiGe HBT PA, at 50- load , GHz, in class A
mode with V, and mA. The PAE is
reported at , while is the maximum value. RF output
power at 50- load termination is slightly lower than other re-
ported devices [21] due to a small series resistance at the base
resulting in lower effective beta.

The RF performance of an SiGe HBT PA, measured at
GHz, V, mA, and a load

mismatch magnitude of is shown in Fig. 4.
As seen from this figure, the , , PAE, and output third-
order intercept point (OIP3) vary with the phase of the load
reflection coefficient. The optimal , OIP3, , and PAE
occur at , which is referred as the optimal phase con-
dition. The worst degradation in , OIP3, , and PAE
occurs at , which is referred as the worst phase condi-
tion. swings from 23.5 to 16 dBm, OIP3 varies from 34.9
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Fig. 4. Measured RF output power (P ), OIP3, G , and PAE of an SiGe
HBT PA atVSWR = 10 : 1, f = 1:88GHz,V = 3:3V, I = 400mA.

Fig. 5. Measured IM3 of an SiGe HBT PA at VSWR = 10 : 1, f =
1:88 GHz, V = 3:3 V, I = 400 mA.

to 26.6 dBm, varies from 14.8 to 6.7 dB, while the PAE
changes from 17.5% to 2.63%.

The third-order intermodulation (IM3) distortion ratio over
the RF output power at for the same bias con-
dition is shown in Fig. 5. IM3 varies with for all the output
power levels. Highest IM3 occurs at and lowest at

, where linearity is the best. IM3 differs by 18 dBc
between the optimal and worst phase conditions at

for output power levels up to 20 dBm.
Fig. 6 shows the measured RF output power ,

transducer gain, PAE, and OIP3 of an SiGe HBT PA with
varying VSWR at the worst phase condition and the optimal
phase condition, respectively. At the nonoptimal phases of

, the RF output power , transducer gain, PAE, and
OIP3 drop rapidly as the magnitude of increases. How-
ever, at the optimal phase condition, these four performance
parameters have values close to that of the 50- load termina-
tion. Define (optimal phase)—OIP3 (worst
phase); (optimal phase)— (worst
phase); (optimal phase)— (worst phase);

Fig. 6. Measured RF output power (P ), OIP3, G , and PAE of an SiGe
HBT PA with magnitude of load mismatch, at optimal (� = 180 ), and worst
(� = 0 ) phases, f = 1:88 GHz, V = 3:3 V, I = 400 mA.

Fig. 7. Measured IM3 of an SiGe HBT PA at different VSWRs, at optimal
(� = 180 ), and worst (� = 0 ) phases, f = 1:88 Hz, V = 3:3 V,
I = 400 mA.

(optimal phase)—PAE (worst phase). ,
, , and increase as VSWR rises.

IM3 over the RF output power for different VSWRs, at the
optimal and worst phase condition, is shown in Fig. 7. For all
the output power levels, the IM3 increases with at all the
phases of other than the optimal phase, where it is close to
the 50- matched condition.

C. RF Performance as Function of

The RF performance of an SiGe HBT PA as a function of
is shown in Fig. 8(a) and (b). Under load mismatches,

RF performance of a PA at each varies with phases of
load reflection coefficient, similar to the class A bias condition

mA . The optimum performance and the worst
degradation occur at and , respectively,
for and mA, as compared to
and , respectively, for mA. This is because
the optimum load-line matched impedance changes
with collector currents, becoming more inductive as is
decreased. As collector current varies from mA
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(a)

(b)

Fig. 8. (a) Measured OIP3 and G of an SiGe HBT PA with magnitude of
mismatch as a function of I at f = 1:88 GHz, V = 3:3V. (b) Measured
P and PAE of an SiGe HBT PA with magnitude of mismatch as a function
of I at f = 1:88 GHz, V = 3:3 V.

to mA, increases from 14.5% to 27.5%,
whereas decreases by 8 dB at a load VSWR of 10 : 1.

and decrease by 1 and 1.6 dBm, respec-
tively, as changes from 400 to 200 mA at the same load
VSWR. However, as is decreased from 200 to 100 mA,
both and increase by 2.5 dBm.

Fig. 9 shows the IM3 distortion ratio with varying at
for an SiGe HBT PA. It is seen that the

absolute value of IM3 decreases with increase in for all the
phases of at all the RF output power levels. Difference be-
tween the optimal and worst phase IM3 is 18 dBc for

mA, and this difference further decreases with decrease in
, exhibiting a smaller difference at mA. As the

collector current reduces, the SiGe HBT approaches towards
class B mode, where it is highly nonlinear and the effect of ter-
minating load impedance on linearity is less as compared to that
at higher collector currents

Fig. 9. Measured IM3 of an SiGe HBT PA as a function of I at VSWR =

10 : 1, optimal and worst phases, f = 1:88 GHz, V = 3:3 V.

Fig. 10. Smith chart showing load–pull contours, and the VSWR
circles and Z circles for an SiGe HBT PA at load mismatches of
VSWR = 4 : 1; 10 : 1; and all phases.

Finally, during measurements, the SiGe HBT did not break
down and survived load mismatches up to , as
evident from the work in [11].

IV. PERFORMANCE ANALYSIS

Measurement results in Section III demonstrate the effect of
load mismatches on the RF performance of an SiGe HBT PA.
System-level analysis is provided here to understand the effect
of load changes on the PA’s RF output power, transducer gain,
PAE, and linearity. Further, time-domain analysis is used to in-
vestigate the linearity behavior under load mismatches.

A. Load-Line Impedance and Load–Pull Contours

The measured impedance seen by the collector of a
transistor under matched and mismatched load is plotted on a
Smith chart in Fig. 10. Fig. 10 shows the load–pull contours,

circles, and VSWR circles. The load–pull contours for
RF output power and OIP3 are shown in Fig. 10, whereas
and the PAE contours closely overlap with the power contours.

is the load-line matched
impedance, determined through load–pull measurements,
for an SiGe HBT mA V under a
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matched 50- load. This impedance point is the center of the
oval-shaped load–pull contours, and the power (or OIP3) drops
by 1 dBm for each contour from its center. As the normalized
load reflection coefficient is varied through all the phase
angles at VSWR of 4 : 1 and 10 : 1 (shown by VSWR circles
at the center), the corresponding transformed impedance
is represented by the smaller circles towards the left of the
Smith chart. The inner smaller circle (denoted by ) represents

at VSWR of 4 : 1 and outer smaller circle (denoted by )
represents at VSWR of 10 : 1, for all values of . At the
center of the smaller circles is . It is seen that since

is a small value, the circles compress towards
the left edge of the Smith chart occupying a smaller area.

It is observed from the load–pull power measurements that
there is a on each circle, which corresponds to the
optimal phase condition. is
the for the VSWR of 4 : 1. for the VSWR
of 10 : 1 also occurs at the same point in this case. As seen
from Fig. 10, and are very close to

and, hence, the SiGe HBT is capable of deliv-
ering the RF output power , transducer gain, PAE, and
OIP3 corresponding to that of the 50- case at all the
impedance points up to a VSWR of 10 : 1.

For each circle, at all other values (or phases of )
other than its , the RF output power , OIP3, gain,
and PAE degrade as moves away from its . The worst
degradation in the RF performance for the SiGe HBT PA occurs
at impedances and for
a VSWR of 4 : 1 and 10 : 1, respectively. As evident from the

contours in Fig. 10, these impedances points are the farthest
(at 180 offset) from its , and collector voltage swing at
these points is high. Hence, the power drop at these points is
the maximum. For larger magnitudes of , the circles are
spread out, as seen for in Fig. 10. As a
result, the impedance at the nonoptimal phases of moves
further away from its on each circle and collector
voltage excursions are still larger. This causes the increasing
drop in RF output power , OIP3, gain, and PAE with
an increase in the magnitude of load mismatch.

depends on the phase shift through the output matching
network and the load , as determined through (1). Since the
elements of the output matching network (or output tuner) are
fixed, the phase of at which is the same for
each load VSWR. In this case, occurs at for
each load VSWR and the RF performance is optimum at this
phase of for all load VSWRs. Similarly, the worst degrada-
tion occurs at the same phase of for each load VSWR. As the
collector current decreases, becomes inductive and
the load–pull contours are oriented at an axial symmetry along
150 30 phase of . Hence, the optimal performance is at
a load reflection phase of and the worst degradation
is at .

Impedance depends on the output matching network of
a PA, and the varying load impedance. For a PA, the output
matching network is not unique and it may vary from one
implementation to another. If the output matching network
is changed, then the phase of the load reflection coefficient
at which RF performance is optimum (or worst) is relatively

shifted depending on the phase shift through a matching net-
work.

B. Linearity

Time-domain analysis is performed to further analyze the lin-
earity phenomena of an SiGe HBT PA under load mismatches.
The nonlinear characteristics in a PA produce amplitude and
phase distortions. If the RF input power is large, the SiGe HBT
saturates and causes voltage clipping at positive and nega-
tive peaks of the modulated output waveform. This results in
amplitude modulation to amplitude modulation (AM–AM) dis-
tortion—compression of the transfer characteristic as the drive
level is increased. Amplitude modulation to phase modulation
(AM–PM) is the change in phase of the transfer characteristic as
the drive level is increased [22]. Consider a two-tone envelope
signal applied to the input of an SiGe HBT given by

(3)

The RF output voltage at the collector is distorted and is rep-
resented as [19]

where

(4)

is the peak voltage amplitude of output envelope signal.
is the peak magnitude of the AM–PM phase shift occurring

at the positive or negative amplitude peaks of the modulated
output voltage waveform [19]. is assumed to be small, and

radians. This phase shift depends on the nonlinear output
and base–collector capacitance of an HBT and the matching
impedance at the collector. Analysis in [6] shows the strong
dependence of the phase shift on the impedance .

The magnitude of each of the fundamental components, and
the magnitude of each of the IM3 components of RF output
voltage at the collector of an SiGe HBT are represented by (5)
and (6), respectively, as follows:

(5)

(6)

where and are the first- and third-order distortion terms
due to AM–AM nonlinearities. The phase shift is the contribu-
tion from the AM–PM distortion. Thus, the amplitude and phase
distortion affects the IM3 products significantly and increases
the IM3 levels. It is difficult to measure the individual contri-
butions of the two distortion phenomena to the IM3. Hence, the
phase distortion at output of a PA is plotted to illustrate that the
AM–PM is contributing to the nonlinearities under load mis-
matches up to . Fig. 11 shows the mea-
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Fig. 11. Measured phase distortion of an SiGe HBT PA at 50 
, optimal (� =
180 ) and worst (� = 0 ) phases at VSWR of 4 : 1 and 10 : 1, f = 1:88 GHz,
V = 3:3 V, I = 400 mA.

sured phase distortion at the output of an SiGe HBT PA as a
function of the RF output power for the 50- load condition,
and the optimal and worst phase conditions at a load VSWR
of 4 : 1 and 10 : 1, respectively. At the optimal phase condition
up to , the phase distortion is almost zero at

dBm, but at the worst phase condition, there is a sig-
nificant amount of phase distortion of 3 at dBm for

and further increases as seen for
. The phase distortion is dominant at all other phases of

, except at the optimal phase. This causes a reduction in fun-
damental RF output power and an increase in IM3 levels over
the phase of . Thus, time-domain analysis quantifies that the
degradation in linearity under load mismatches is due to ampli-
tude (voltage clipping), as well as phase distortion.

V. WIRELESS PA—RESULTS

The effect of load mismatches is experimentally demon-
strated on a commercially available SiGe PA circuit at frequency

GHz and V. Input and output matching
networks are a part of this PA circuit, and a tuner (T2) is used
only to vary the load impedance. RF performance is measured
at the load , rather than at the collector as in the previous
sections. SiGe PA at a frequency of 2.4 GHz and 3.3-V supply
voltage has similar characteristics at with the

varying from 18 to 13 dBm; OIP3 swinging from 29 to
22.3 dBm, and varies by 4 dB. Fig. 12 shows the measured
RF output power , transducer gain, PAE, and OIP3 of
the PA with varying VSWR (magnitude of ) at the worst
phase condition and the optimal phase condition, respectively.
The optimal performance occurs at , and the worst
degradation occurs at due to a different matching
network than the one used in Section III. As the magnitude
of load mismatch increases, the RF output power ,
OIP3, and at the worst phase condition decreases for the
PA. However, at the optimal phase condition, the RF output
power , OIP3, and remains close to that of the
50- condition up to a VSWR of 6 : 1. PAE reduces drastically
with impedance mismatch at all the phases. This experiment
on the PA circuit illustrates that the PA circuit’s response to

Fig. 12. Measured RF output power (P ), OIP3, G , and PAE of an SiGe
PA with magnitude of mismatch, optimal (� = 150 ), and worst (� = �30 )
phases, f = 2:4 GHz, V = 3:3 V.

load mismatches is analogous to that of a hybrid SiGe HBT PA
analyzed in Section IV. The only small deviation is in the PAE
performance. The optimum selected for an SiGe
HBT used in the PA circuit, and the matching network, are the
possible causes of the minor deviation in PAE performance.

VI. CONCLUSION

Characterization of an SiGe HBT PA under load mismatches
empowers the development of circuit techniques to improve the
PA RF performance, and provides insight for isolatorless linear
PA modules. It has been found that the RF output power, lin-
earity, efficiency, and transducer gain of an SiGe HBT PA is
heavily dependent on the phase of load. RF performance of a
PA under severe impedance mismatches (up to VSWR of 10 : 1)
stays close to that at 50 , at an optimum phase of load reflec-
tion coefficient, whereas it degrades at all other phases. The de-
terioration in the RF performance at the nonoptimal phases in-
creases with a rise in the magnitude of load VSWR. Time-do-
main analysis demonstrates that the AM–AM and AM–PM dis-
tortion mechanisms cause linearity degradation under load mis-
matches.
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