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ABSTRACT

A new multi-harmonic load-pull system based

on an active load tuning configuration is

presented. The system allows independent

load-tuning of an excitation signal and its

harmonics. Load-pull measurements on MESFET (NEC

71083) have been performed at the fundamental

(fO), second (2fO), and third (3fO) harmonics.

The resul ts show the importance of such

measurements in designing and modeling non

linear devices and circuits.

INTRODUCTION

The t rend towards better large-signal
modeling of active devices triggers the need for

simple and pertinent non-1 inear measurements.
Methods like load-pull using automatic tuners
[1], act ive load-pull [2]. harmonic load-pull

[3], and measurement of amplitude and phase of

harmonics [4], provide a good insight on non

linear elements in various models.

The present paper illustrates a new
characterization system to investigate harmonic
load-tuning using second and third harmonics of

the excitation signal with a wide-band six-port
network analyzer [5,6] in an act ive load-pull
configuration [7]. Constant output power P(fO)

contours were obtained in variable comp I ex
rL(fo) plane for chosen values of rL(2fO) and

rL(3fo). Similarly constant power contours for

P(2fO) were obtained in a variable complex

r~(fo) Plane with chosen and fixed values of
I’~(2fO) and I’L(3fO). In addition two other test

conditions of the total nine possible test

conditions for the fundamental, second and third
harmonics are presented. More harmonics could be

used by this test method by upgrading the
measurement system. Table I below indicates the

four tests presented in this paper.

TABLE I

Harmonic

Power

Harmonic Contour

Comp I ex
P I ane p~(fo) p~(2f~) ‘L(3fO)

‘L(fo) x x

‘1. (2fo) x

r, (3fa) x

Fixed values of rL in the non-test harmonic

plane were chosen and kept constant during the
measurements, such as to satisfy a given design

criteria (e.g. minimum or maximum power level at

a given harmonic). Experimental results were

found to be directly applicable to frequencY

multipliers and high power amplifier design.

MEASUREMENT SYSTEM

The experimental set-up for active load-pull

measurements is similar to the set-up used with

a dual six-port network analyzer. Each six-port

reflectometer SP1 and SP2 was calibrated
independent y for impedance and power flow

measurements over a 2-12 GHz frequency band. The

feasibility of a dual six-port network analyzer
in a load-pull system with an active single
frequency load-tuning configuration, has been
proved in a previous paper [4]. It is important

to notice that a six-port junction is a linear
network, thereby multi-frequency signals can be
hand I ed by a six-port junction; impedance
measurements at each frequency can be performed
us i ng appropriate dividing/filtering circuits
before power detection. Input excitation
frequency signal fo, second harmonic 2f0 and
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third harmonic 3f0 are injected simultaneously

at the input of the second six-port junction SP2

by means of a three-way power combiner as shown

in Figure 1. A variable attenuator and variable

phase shifter are inserted in the fundamental
branch (between the three-way power combiner and
the directional coupler DCI) to change the
simulated load impedance seen by the transistor

at fo. The second (third) harmonic branch
includes a frequency doubler (tripler) and

amplitude and phase controllers as required to

synthesize the desired second (third) harmonic
impedance to be seen by the microwave transistor

operating in a non linear mode. Three narrowband

isolators (one in each branch) are used to
facilitate independent harmonic impedance

tuning. At each detection port of SP2, the

multi-frequency signal is split in three parts

using a wideband three-way unequa I power

divider, three bandpass filters centered
respectively at fo, 2f0 and 3f0 are used to
recover selectively the signals at fo, at 2fo

and at 3f0, from the multi-frequency signal. The

output of these bandpass filters are connected

to three four-channel power meters as shown in

Figure 1. A high power amplifier is inserted at

the output of the microwave generator in order
to: a) saturate the MESFET (NEC 71083), b)

provide enough power for the frequency doubler

and frequency tripler, and c) allow the

simulation of any passive load at f. at the
output of the test transistor. A frequency

doubler and a frequency tripler should provide

sufficient harmonic power to permit the

simulation of any passive load at each harmonic
which might be seen by the MESFET. The bandwidth

of the branch phase/amplitude control Iers is
I owe r than the required six-port reflectometer

bandwidth. The gate of the MESFET is biased by
means of a T junction placed before the test
fixture. However, the T junction used to bias
the drain is placed at the output of port 3 of
SP2 because inside SP2, a DC connection is

available between Port 3 and its measuring port.
A block diagram of the measurement system for

mul ti -harmonic load pull is shown in Figure 1.
The extension of this measurement system to
investigate higher harmonics is straightforward

by adding more harmonic branches and by using

appropriate dividing/filtering circuits before
power detection.

EXPERIMENTAL RESULTS

Experimental measurements were performed on

a NEC 71083 MESFET operated in Class AB with a

driving input power level of 4 dBm at 2.4 GHz
and 3.6 GHz. Polarization voltages and current
are as follows: ‘d S

= 3 volts, ‘ds = 10 mA and
v=gs -.24 volts. The measurements include:

1) F’jn (fo): power input to the test
transistor obtained by SP1.

2) PL (fo): the power delivered to I oad
impedance ZL (fo), obtained by SP2.

3) PL (n fo): the harmonic power delivered to

the harmonic I oad impedance ZL (n fo),
obtained by SP2.

4)

5)

6)

7)

8)

9)

I’in (fO): the large signal input reflection

coefficient, obtained by SP1.
r~ (fo): the reflection coefficient
associated with the load seen by the
transistor ZL (fO), obtained by Sp2.

rL (n fo): the reflection coefficinet
associated with the harmonic load seen by
the transistor ZL (n fo), obtained by SP2.

‘ds : the DC drain current measured by a
miliiameter.

v: the DC gate voltage measured by a
v~?tmeter.

Vd3: the DC drain voltage measured by a
vGitmeter,

[n this paper, only the second and third

harmonic loadings are investigated (n = 2 and

3). The input matching network is a mechanical
tuner with a given stub position to match the
source impedance to the transistor input
impedance for the input driving level of 4 dBm
(see Figure 1). The transistor NEC 71083 is
placed in an appropriate fixture and the
de-embedding is done using the TRL method [8].

Figure 2 shows conventional constant power

contours PL(fO) in r~(fo) plane where the value
of I’L(2fO) and rL(3fO) were set at .22 X53° and

.52 X113” respectively. The power-added

efficiency (na) contours corresponding

1 are obtained using the following

PL - Pin

na = 100%

PDC

where,

‘L : is the microwave power

to load (row)
Pin: is the microwave power

the transistor (row)

to Figure

equation:

(1)

delivered

input to

PDC: is the DC power-delivered to the

transistor (row)

PDC is calculated as follows:

‘DC = ‘ds ‘d S
(2)

Figure 4 shows constant power contours
P(2fo) in the l’L(fO) plane. It is seen that the

optimum load for frequency doubling lies in the
region rL = .9K70” (area of maximum power level
at 2fO), and the optimum load as an amplifier
lies in the region I’L = .5X20” (area of minimum
power at 2 fo). It is also seen that the I oad
for amplifier maximum efficiency given by Figure

3 corresponds to a mimimum power at the second
harmonic (Fig. 4) for the given bias test

conditions. Figure 5 shows constant power

contours PL(2fO) in the rL(2fO) plane for fixed
value of ~L(fO) and rL(3~O) respectively set at

.64 L-29 and .52 X113 . It is found that the
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maximum power level at the second harmonic lies
in the region .5 X-160”. Figure 6 shows
constant power contours PL(3fO) in the rL(3fO)
p I ane for fixeds value of r~(fo) and rL(2fO)

respectively set at .84 X29° and .21 X-1200. It
is to be noted that two operating frequency
points were chosen for fo, namely: 2.4 GHz and

3.6 GHz. The

(Pin =4dBm)

The exper
lie on quas

loading has I

input power, Pin is kept constant,
during all the above measurements.

mental points in Figures 5 and 6

-circles indicating that harmonic

ttle effect on harmonic generation
processes. However, harmonic impedances are
important in determining the harmonic power
coupled to the output circuit. Furthermore,
harmonic impedances are also important in

optimizing the efficiency of MESFET working on

an amplifier for a given and fixed output power.

It is expected that MESFET multi-harmonic

load-pull characterization permits an accurate

determination of the most important non linear

elements in MESFET models such as cg~, cd S
and

Id [9] by using appropriate non linear simulator
(e.g. harmonic balance) and optimizing routines.

c~

A new multi-harmonic load-pull method is

presented in this paper. It is seen that this

method can be very useful for designing non

linear circuits such as high power amplifiers or

frequency doublers. It provides the quantitative

data on the fundamental and harmonic I oad
impedances required to obtain a g i ven

performance from a MESFET. This information can

then be used to design the most suitable circuit
for high power amplifiers or for MESFET

frequency doublers. Furthermore, it is expected
that such multi-harmonic characterization could

be very useful for MESFET non linear modeling.
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Fiaure 1

Experimental block diagram of multi-harmonic
load-pull system.
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Fiaure 2 Fiaure 4

Constsnt power contours Pt(fO) expressed in dBm Constant power contours P(2fo) expressed in dBm
in the complex r~(fo) plane (f. = 3.6 GHz) in the complex r~(fo) plane (fO = 3.6 GHz)
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Fiaure 3

Power-added efficiency contours expressed as a

percentage in the complex r~(fo) pjane (fO = 3.6
Constant power

GHz )
in the camplex

-i
Fiaure 5

contours PL(2fO) expressed in dBm

rL(2fo) plane (f. = 3.6 GHz)

Fiaure 6

Constant power contours PL(3fO) expressed in
in the complex r~(3fO) plane (fO = 2.4 GHz).

Transistor NEC 71083

v =3V, Ids = 10 mA, Vg, = -0.24 V,

fd= 2.4 GHz, P.In = 4 dBm
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