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Abstract

An 18 to 26.5 GHz waveguide load-pull
system using active-load tuning cap-
able of measuring devices with high load
reflection coefficients has been design-
ed and constructed using standard wave-
guide components. The system and its
application to the large-signal charact-
erization of GaAs FETs and and amplifi-
ers at 26 GHz will be presented.

Introduction

In 1976, Takayama proposed a novel
method of making load-pull measurements
which does not require the use of an
output impedance tuner (l). This
method, which will here be termed the
‘Iactive-load!! method, uses two RF
signals applied to the test device: one
is the usual input drive signal, and one
is a signal applied to the output of the
device to create the reflected wave
which would otherwise come from an
impedance tuner. By adjusting phase and
amplitude of this second signal, in
principle any load impedance may be
synthesized without the need of a
physical tuner.

A major advantage of this method is that
the load reflection coefficient so
obtained is not limited in magnitude as
is the case for conventional tuners and
their associated loss. With a convent-
ional tuning scheme, for example, a
tuner with 2dB of combined tuner and
transmission line loss can produce a
maximum reflection coefficient of only
0.63. We have, in fact, found this to
be the most limiting factor in
implementing load-pull systems at freq-
uencies above 18 GHz. In this paper we
describe a waveguide load-pull system
covering 18 to 26.5 GHz built from

‘Ioff-the-shelfl! waveguide components
which utilizes the active-load tuning
technique to overcome this limitation,,
This load- pull system is integrated
with a network analyzer (HP8510/11) ancl
a controlling desktop computer to form
an easily-implemented high-performance
system which should be scalable with
presently-available hardware up to 60
GHz .

RF Test System

A block diagram of the load-pull system
is shown in Fig. 1. All transmission
elements up to the device under test anct
its associated bias circuitry are im-
plemented in waveguide using only
!Ioff-the-shelf!s components. A photo-
graph of the system is shown in Fig. 2,,
The active load is ‘Ituned;! by adjusting
the attenuator and phase shifter in the
output side of the system. Gain and
power are measured with two dual-channel
power meters, while the input reflection
coefficient and the load reflection co-
efficient are measured with the network
analyzer.

The system is configured primarily to
measure FETs mounted on sapphire o:r
alumina coplanar waveguide substrates,
although it is also useful in the
measurement of the large-signal perform-
ance of amplifiers. These substrates
are connected to the waveguide system by
means of a custom-designed fixture whiclh
holds the substrate and provides trans-
itions to APC-3.5 coaxial connectors.
This test fixture is then connected to
the waveguides by means of standard co-
axial-to-waveguide transitions. Biasing
of the FETs has been accomplished either
with commerically-available APC-3.5 26.5
GHz bias tees, or in some instances wi+ih
a custom-fabricated network built into a
coaxial-to-waveguide transition. This
later biasing approach is sometimes
necessary to avoid test device oscill-

453

0149-645 X/87/OOOO-0453$Ol .00 0 1987 IEEE 1987 IEEE MTT-S Digest



ations caused by high reflections from
the coaxial-to-waveguide transitions
which occur at frequencies below wave-
guide cutoff. To solve this problem, a
coaxial-to-waveguide transition was mod-
ified to become a simple frequency di-
plexer wherein an added coaxial low-pass
filter is used to both introduce bias
and also resistively terminate the
original coaxial port of the transition
at frequencies below waveguide cutoff.

Calibration

The calibration of a load-pull system is
similar to the calibration of a small-
signal S-parameter test system. For de-
vice measurements the calibration stan-
dards used with this system are an open
circuit, short circuit, a through stand-
ard, and low-reflection resistive term-
ination, all fabricated on sapphire co-
planar waveguide substrates. This al-
lows for calibration at the actual ref-
erence plane of the device under test
without the need for de-imbedding rou-
tines. All of these standards are used
to calibrate the network analyzer. The
short circuits and through are used to
set appropriate offsets into the dual-
channel power meters so that incident,
reflected, and net power can be read
directly for both the input and output
ports. (In principle, only one power me-
ter is required in a load-pull system
using a network analyzer, but in this
application four power meters (two dual-
channel units) have been used to provide
redundant information useful for evalu-
ating system accuracy.) The absolute
power level is measured at the point
where the test fixture is connected to
the bias network or coaxial-to-waveguide
transition, and is offset by one-
half the total test fixture insertion
loss so that input power is referenced
to the actual power at the input refer-
ence plane of the device. For amplifier
measurements the calibration is simpler
in that conventional APC-3.5 calibration
standards can be used.

Control and Data Acquisition

Since the active-load turning is accomp-
lished with a standard manually-control-
ed phase shifter and attenuator, it was
not feasible to fully automate the test
system. Nevertheless, since all of the
test instruments have either IEEE-488 or
HP-IL bus capability, it was possible to
use a desktop computer for control and
data acquisition. The computer is used
to control the source frequency and pow-
er level, the network analyzer response,
receive and store data from the voltmet-

ers, current meters, and power meters,
and to process and display the data and
results. once the output load has been
set, the computer controls the measure-
ment process and prints out in tabular
form input power, output power, power
gain, added power, drain and gate volt-
ages and current, and power-added effic-
iency; all over the desired range of in-
put power. A further output is a graph-
ical display of power gain as a function
of output power. When load-pull power
contours are desired, the incident input
power level is held constant and the
active load is changed manually by vary-
ing the phase shifter and attenuator.
An example of a run of data on this sys-
tem at 26 GHz is shown in Figs. 3, 4, &
5 for the case of a 0.3vGaAs MESFET with
a gate width of 350U. An example of a
measurement made on a single-stage test
amplifier with this system is shown in
Fig. 6. A corresponding small-signal
sweep made on a separate network analyz-
er system is shown in Fig. 7; the agree-
ment in gain as measured on the two sys-
tems is within 0.3dB.

Conclusion

A waveguide load-pull system using act-
ive-load tuning has been implemented in
the 18 to 26.5 GHz frequency band. such
an approach to load-pull systems is felt
to be necessary above 18 GHz where sys-
tem losses cause low performance with
more conventional schemes. This system
uses standard waveguide hardware and
should be scalable to 60 GHz when used
in conjunction with network analyzer
frequency enhancements described in the
literature (2).
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Fig. 1 Block diagram of 18-26.5 GHz
load-pull system with active-load tun-
ing.

Fig. 2 Photograph of load-pull system.
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Fig. 3 Example of GaAs FET (0.3Px 350P)
gain/power data at 26 GHz.
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Fig. 5 Example of GaAs FET (0.3ux 350v)
load-pull data at 26 GHz.
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Fig. 7 Small-signal-gain frequency

response of single-stage GaAs FET (0.3Px

750p) test amplifier.

Fig. 6 Example of gain/power data for
single-stage GaAs FET (0.3vx 750u) test
amplifier at 26 GHz.
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