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ABSTRACT

A novel millimeter wave MMIC active balanced tripler
with input driver amplifier has been developed using
GaAs PHEMT 0.25 micron technology. Frequency con-
version is realized using the high third harmonic currents
of an overdriven class A amplifier with output short cir-
cuits at the fundamental and higher order harmonics with
optimum load conductance at the third harmonic. Q-and
W-band MMIC triplers were developed and exhibited +12
and +5 dBm peak output powers respectively. A MMIC
W-band receiver was fabricated using the Q-band active
multiplier to drive a subharmonic mixer with 5-dB overall
conversion gain.

INTRODUCTION

Frequency multipliers are used extensively for trans-
mitters and receiving chains in modern systems [1-4].
The active multiplier has the advantage over the varactor
diode type for lower conversion loss and significant wider
bandwidth. Active multipliers have generally been con-
figured as X2 and provide good performance [5-6]. Many
system configurations require X3 multipliers and devel-
opments have been reported using varactor based MMICS
[7]. X3 multiplication has been reported for active X3
multipliers operating at pinchoff [8], where the odd har-
monic currents are relatively low. A need exists for an X3
multiplier with higher output third harmonic currents and
higher output power that can be integrated with other
MMIC functions.

ACTIVE X3 MULTIPLIER

The operation of a typical active multiplier requires
operating the transistor class C in order to enhance the
third harmonic currents. Figure 1 illustrates the Fourier
currents versus conduction angle for a transistor with con-
stant transconductance. As can be seen from this figure,
the optimum conduction angle is 80 degrees with a nor-
malized third harmonic current (A3) of 0.185. This cur-
rent is normalized to Imax = 1A, where Imax is the peak
to peak current. Operation in this mode requires a high
breakdown voltage device, and exhibits high harmonic
currents and high conversion loss.
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Figure 1. Fourier Currents vs. Conduction Angle

A new method of generating third harmonic power for
the millimeter wave frequencies is required. Biasing the
transistor class A results in high gain at the fundamental
and when overdriven, results in significant odd order har-
monics, like the desired third harmonic. Figure 2 illus-
trates the Fourier currents for a constant transconductance
device as well as the relative power at the third harmonic
compared to that obtained at the fundamental frequency as
a function of the overdrive angle. This angle represents
the number of degrees that the transistor is overdriven
through one cycle. It can be seen that for an overdrive
angle of 270 degrees, the power at the third harmonic is
5.6 dB below that of the fundamental.

For efiicient operation in this mode, a short circuit is
required across the output of the transistor at all frequen-
cies except for the third harmonic. Significant currents
are at the fundamental with low currents a the fifth har-
monic. Even order harmonics are low. Under these con-
ditions, the load conductance (GL) to be presented to the
transistor at the third harmonic is:

GL = 2A3 (Vmax - Vmin)/Imax, where:

Vmax = maximum load voltage
Vmin = transistor’s knee voltage
Imax = peak-to-peak transistor current
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Figure 2. Third Harmonic/Fundamental Power and Cur-
rent vs. Overdrive Angle

The RF power (P) generated at the third harmonic
with this load conductance is:

P = 2A3 (Imax) (Vmax - Vrnin)/8

The DC power required (Pdc) is:

Pdc = 0.5 AO (Vmax - Vmin) Imax F, where:

AO is the dc Fourier normalized current (0.5)
F = 1 + 2 Vmin/(Vmax - Vmin)

The efilciency, P/Pdc, (q) is:

q = A31(2AOF)

For full overdrive, with Vmin = O, the theoretical effi-
ciency is 0.167 for third harmonic power generation.

CIRCUIT DESCRIPTION

Q-band Balanced Tripler

The active balanced tripler circuit schematic is shown
in figure 3. A balanced multiplier has the advantages of 3
dB more output power, and also increased suppression of
other harmonics.

Figure 3. Schematic of Balanced Tripler

As shown in figure 3, the input Ku-band signal is am-
plified in the first stage and feeds the tripier FETs 90 de-
grees out of phase. The fundamental leakage remains 90
degrees out of phase. The second and third harmonic are
180 degrees and 270 degrees out of phase respectively.
When combined in the output coupler only the third har-
monic signals are in phase. The fundamental harmonic is
180 degrees out of phase and cancels at the output.

The multiplier FET is a common source 200 pm device,

with a gate length of 0.25 ~m. The FET is biased at 1/2
Idss with a drain voltage of 5.0 volts. The output match
presents a short circuit at the fundamental and the second
harmonic. The matching network at the third harmonic a
high pass type. The input to the multiplier has a lowpass
matching at the fundamental frequency.

An output power of +18 dBm at Q-band was desired
and the theoretical drive required was +23.6 dBm, or 5.6
dB conversion loss. The input buffer amplifier drives the
multiplier FET, and reduces phase ripple at the multiplier
input. The buffer amplifier is self-biased, and wideband
matching was used at the input and output,

After completing the electrical design, two buffer am-
plifier/multipliers were laid out on the MMK2 chip. A
Lange coupler centered at Ku band was put at the input,
and a Q-band Lange coupler was put at the output. The
couplers give better than 15 dB return loss at the input and
output which lowers ripple over wideband operation.
Figure 4 shows the MMIC Q-band multiplier photograph.
The chip size is 60x60 roils.

Figure 4. Q-band Tripler

W-band Multiplier

A tripler was also designed to multiply from Ka band
to W-band. The same topology was used for the W-band
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as for the Q-band except the circuit was not balanced.
Figure 5 shows the MMIC W-band tripler photograph.
The chip size is 60x60 roils.

Figure 5. W-band Tripler

MEASURED MMIC PERFORMANCE

Figure 6 shows the output power of the Q-band tripler
versus output frequency. Also shown is the fundamental
and second harmonic leakage. The output power peaks at
+12.5 dBm with fundamental suppression of 40 dB below
the desired third harmonic output. This is equivalent to
60 dB of fundamental suppression showing the cancella-
tion of the fundamental at the tripler output. The second
harmonic suppression is 20 dB below the third harmonic
output. The driver amplifiers compressed lower than ex-
pected giving a lower than desired output power. The op-
erational bandwidth was over 9 GHz which is usable for
many wideband millimeter wave applications.

Figure’7 shows the output power for the W-band active
X3. Tlie peak power occurs at 99.5 GHz at +5.5 dBm.
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Figure 7. Output of W-band Tripler

APPLICATIONS OF MULTIPLIERS

MMIC multipliers offer a low cost simple approach to
working at millimeter wave frequencies. By using multi-
pliers at the input to devices, the need for special packag-
ing and special connectors is minimized. Figure 8 shows
the block diagram of a millimeter-wave W-band receiver
where the MMIC Q-band tripler is used to drive the LO
port of a W-band subharmonic mixer. The LO signal is
input at Ku frequencies and is tripled to Q-band. The
subharmonic mixer internally generates a W-band signal
to mix with the W-band input.

Ku-band Sub- W-band
AmDlifier harmonic LNA

Mixer
Ku-band
LO Input
+5 dBm

x3
~ultiplier k IF Output

Figure 8. Block Diagram of W-band Receiver with Q-
band Tripler

Figures 9 shows the performance of the receiver. The
IF is at 20 MHz and the conversion gain shows the wide-
band response of the Q-band tripler driving the mixer LO
port. Figure 10 is a photo of the receiver.
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Figure 6. Output of Q-band Tripler
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Figure 9. Measured Performance W-band Receiver with
Q-band Tripler

Figure 10. Photograph of W-band Receiver with Q-band
Tripler

CONCLUSIONS

A novel multiplier that uses class A overdriven opera-
tion has resulted in good tripler operation in the millimeter
wave. Both Q- and W-band MMICS with integral driver
amplifier were developed and fabricated with peak output
powers of 12- and 5-dBm power levels. A MMIC receiver
using the Q-band tripler to drive a subharmonic mixer
achieved an overall 5-dB conversion gain.
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