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As a 20 - 40 GHz Multiplier

Application Note # 50 - Rev A.l1

1.0 Introduction

This application note describes the use of the
HMMC-5040 configured as a harmonic fre-
guency multiplier. Properly configured the
HMMC-5040 will amplify harmonic responses
which fall in the 20 - 40 GHz passband of the cir-
cuit.

This application note provides information r

nal willbedsuppressed, but the harmonics which
are in band\(20 - 40 GHz) will be amplified at the
output. This feature makes the HMMC-5040 a
good choice for'many frequency multiplier appli-
cations in the 20 - 40 GHz band.

The HMMC-5040 becomes an effective multi-
plier through proper biasing of the first stage.
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Figure 1.
HMMC-5040 Gain

Many bias schemes may be used to generate and
amplify the desired harmonic response of the
HMMC-5040. Establishing the bias conditions
for multiplier operation depends on the applica-
tion details such as fundamental frequency,
desired multiple frequency, input drive condi-
tions, output signal level, suppression require-
ments, etc.

The next two sections of this application note
provide biasing information and typical mea-
sured performance data for the even harmonic
and the odd harmonic multiplier configurations.

The RF test circuit used for measurements in
this application note is shown in Figure 2.

53



A 50Q thru was used to measure path losses and
to make sure that the harmonic contribution
from the source was negligible.
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Figure 2.
HMMC-5040 Test Circuit

3.0 Even Harmonics

Doubler - When frequencies between 20 GHz

and 26 GHz are desired, the HMMC-5040 used
as a doubler will provide conversion gain up to
7 dB and second harmonic output power levels
greater than 20 dBm.

At doubled frequencies above 26 GHz the fu
mental frequency approaches the lower

Figure 3.
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ubler Operation

Figure 3 graphically shows the relationship of
the second harmonic power level to the funda-
mental power level of a HMMC-5040 biased as a
doubler in the 20 - 40 GHz range. For this plot,
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14 dBm is the input power level. Fourteen dBm
has been experimentally determined to provide
optimum conversion gain in most multiplier con-
figurations.

Configured as a doubler the HMMC-5040 pro-
vides maximum conversion gain and good funda-
mental suppression when multiplied output
frequencies between 20 GHZ%

desired.
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Figure 4.

Even Harmonic Operation

Even Harmonic Biasing - Even harmonics are
present when a waveform is not symmetrical.
Even harmonics can be increased by biasing the
first stage's operating point into a region where
the input signal's waveform symmetry is altered.
Two possibilities exist for this condition. The
first stage can be biased toward forward conduc-
tion or biased toward pinchoff. In both cases half
of the wave form is distorted, increasing even
harmonic content.

Biasing toward forward conduction is less effi-
cient than biasing toward pinchoff because drain
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current is higher, which results in increased
power dissipation, higher channel temperatures,
and the possibility of reliability problems. Bias-
ing toward pinchoff, on the other hand, increases
gate to drain voltage and if high RF drive levels
are used, the instantaneous drain to gate voltage
could exceed the maximum breakdown voltage
(-8 volts for the HMMC-5040). For example, with
an input drive level of 14 dBm the instantaneous
negative peak voltage is ~1.6 volts (using 50Q as
the input impedance). If the drain is biased to
4.5 volts and the gate is pinched off at -2 volts
the instantaneous gate to drain voltage = -8.1
volts.

When the channel of the first stage FET is
pinched off, only the positive half cycles of the
input wave are presented to the second stage.
This essentially results in the first stage becom-
ing a halfwave rectifier. Positive half waves are
always rich in even harmonics and the odd har-
monics are present only to the extent of other
distortion mechanisms.

Figure 5 illustrates biasing the first stage's oper-

ating point near pinchoff. A typical loadline i
drawn for illustration. When the FET is biased

signals, with harmonic frequencies falli

bandpass of the HMMC-50409, are amplifie
the second, third and fou ges.
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Independent sing of stage one and stage two
of the HMMC-5040 can be used as the means to
optimize frequency multiplier operation. For
most even harmonic multiplier applications it is
sufficient to bias the first stage's gate toward
pinchoff and normally bias the second, third, and
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fourth stages as a linear amplifier. The doubler
application described in Figures 3 and 4 was
biased in this manner. In this application, a sin-
gle drain voltage at 4.5 volts for all stages was
used. Two gate supplies were used: one for
stage one, set near pinchoff (Vy; ~ =-2.0 volts);
and one for stages 2, 3, and 4 whjch was adjusted
until the total drain current = 245 mA, specified
as typical for stage 2, 3, an
(141 contribution is low sinc
off).

rformance.
m%e signifi-

vided some sec-

applications. For example, coupling a 13 GHz
sseilfator to the HMMC-5040 configured as a tri-
pler has been employed, as a cost effective

eans of generating a 39 GHz signal.

Figure 6 is a plot of the HMMC-5040 tripled out-
put power over the 20 - 40 GHz band. The input
power is 14 dBm. The tripled output power
remains above 10 dBm to 39 GHz. The funda-
mental and second harmonic are also plotted to
show their relative power level as well, and need
to be rescaled on the frequency axis.
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Figure 6.
Tripler Output Power
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Odd Harmonic Biasing - A symmetrical
square wave contains only odd harmonics. A bal-
anced square wave can be approximated by clip-
ping a sufficiently large sine wave equally in the
positive and negative swings.
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Reducing the drain bias on the first stage (V1)

of the HMMC-5040 and providing a sufficiently
high input drive signal will result in the "clipped
sine wave" condition (a square wave approxi
tion) presented to the second stage of the cir,

the input RF wave is clipped as it reac

forward conducting region of the input
negative swinging portion of the in

sons:

1. Selection of the gate bias
affects the sy
wave and thusth i

input wave results in
this-stage and a corre-

reducing thie overall gain of the circuit
by lowering Vq;.

Complex bias schemes can be devised to opti-
mize odd harmonic content and suppress
unwanted multiples, but for many odd harmonic
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applications a very simple bias approach is suffi-
cient: All the drains are connected together
(Vg1,2:3:4) and all the gates are connected
together (Vg1,2,3,4)-

Since the first stage (Vq4) is biased down, the
full gain potential of stages 2,3 (the remain-
gain is not

s described above.
volt. Next the drain

levels were slightly different for each fre-
ency, the drain voltage varied from 2.3 to 3.5
volts and the gate voltage range was -0.6 to -0.8
volts.

5.0 Temperature Stability

Thermal performance was measured in odd and
even multiplier configurations. In all cases
power output was measured as a function of
input power, i.e., input power levels were 7 to 20
dBm in 1 dB steps. Measurements were made
at three different ambient temperatures: 4°C,
25°C, and 75°C. In all cases where output power
was greater than 0 dBm, amplitude variations
were better than 0.06 dB/°C. The best thermal
performance was in doubler configuration where
output power levels were above 20 dBm the ther-
mal performance was better than 0.03 dB/°C.

For additional information please contact your
local HP field sales office.
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