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BROAD-BAND TRIPLER OF W-BAND
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Abstract: A W-band broadband frequency tripler was formed by anti-parallel Schottky-barrier diode pair. The input signal
was fed in by a WR-28 waveguide-to-microstrip transition, and the output signal was fed out by a reduced-height WR-10
waveguide. For the input power of 5dBm, the output power was 0. 81 + 1. 80dBm and the second harmonic rejection was
greater than 25dBc in the whole W-band. This tripler can be used to extend Ka-band signal source to W-band.
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wave signal sources and transceivers. It can be used to
extend the frequency range of microwave signal sources
up to millimeter-wave band while maintaining the per-
formances of the microwave signal sources, such as high
stability and low phase noise [’. In order to cover a full
waveguide bandwidth, Schottky-barrier diodes are used
to achieve broad band resistive frequency multipliers
(2] W-band signal source is widely used in communica-
tion, radar, guided missile and so on*’. The input sig-
nal of 25 ~36.7GHz can be extended to 75 ~ 110GHz by

a frequency multiplier and amplifier module.
1 Theory of tripler

The anti-parallel balanced circuit is shown in Fig-
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Fig.1 The balanced frequency tripler circuit
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urel. These two diodes present anti-parallel as to input
and output circuits™!.
The current-voltage ( I’V ) characteristic of the

Schottky barrier junction is

i =i[e” 1] (1)
i, =—i[e™ -1] (2)
where i, is the reversed saturation current; o = ;i?, y

where n is the ideality factor, a parameter that ac-

counts for the junction non-ideality. Henceforth, the
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Fig.2 W-band tripler architecture 2003 ———1— . . .
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Fig.3 W-band tripler structure
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input current can be derived as:

=i, —i, =2icosh(aV, -1) . (3)
Substituting V,, = V,cos(w,t) into (3), we get

i, =1, —i, = 2i,cosh[aV,cos(w,t) -1] , (4)

in

i

n

where w, is the input frequency.
Applying series expansion to (4)
=i[2,(aV,) -2] +4i,[,(aV,)cos2w,t
+L(aV,)cosAwt + -] (5)
where I is the first kind modified Bessel fuction.

Now, equation (5) implies that the total input

lin

current contains only even harmonics of the input fre-

quency.
Meanwhile, the output current can be obtained

as:

=i, +1i, = 2isinh(aV,) . (6)
Substituting V,, = V.cos(w,t) into (6), we get
. (1)

Equation (7) implies that the total output current con-

l’mu

iy = 4i,[1 (aV,)cosw,t + I, (aV,)cos3wt + -]
tains only the fundamental and odd harmonics. The e-

~ ven harmonics rejection depends on the uniformity of

the diodes and the symmetry of the circuits" .

F/GHz

Fig.4 The simulated results of lowpass filter
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2 Circuit design

The architecture of the tripler is shown in Fig. 2.
The input signal is fed in by a WR-28 waveguide-to-
microstrip transition. Then the signal is amplified by
Agilent s AMMC-5040 MMIC amplifier with about
20dBm output power. The radial line lowpass filter is
used to prevent third harmonics from returning to input

circuit. The tripler circuit can be seen in Fig. 3. Di-

_odes”two sides are laid on the microstrip line and chip

capacitors respectively. The third harmonics is fed out
by a reduced-height WR-10 waveguide, the rectilinear
way is employed in this reduced-height waveguide to
standard WR-10 waveguide transition because of its
simple structure which is suitable for project applica-
tion'”). Self-biasing circuit is composed of chip capaci-
tors and a self-biasing resistance.

Compared with conventional microstrip quarter
wavelength open resonant line, the radial line has the
following advantages *7' ; l

1. When low resistance resonant line is needed,
the width of microstrip. resonant line is increased,
which possibly leads to unexpected influence on the
lowpass filter. Whereas the radial lines input can be
made smaller, and its resonant performance will not be
influenced.

2. For the same resonant frequency, the radial
lines length is shorter than the conventional microstrip
resonant line.

3. The radial line has broader 3dB bandwidth
when it is used as resonant line.

The radial line lowpass filter was optimized by Ag-

ilents ADS Momentum, a commercially available 2. 5D
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Fig.5 Measured output power
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Fig.6 Measured spectrum at 90GHz
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method -of-moments simulator. The results are shown in
Figd.

The W-band tripler is simulated by using the har-
monic balance simulator based on diode’ s spice pa-
rameters. The optimal length of the b side of output re-
duced-height WR-10 waveguide is obtained by load
pull simulation. Meanwhile, the input matching circuit

is established by optimization.
3 Measured results

The measured output power of the tripler is shown
in Fig. 5. As mentioned above, the input Ka-band sig-
nal is amplified to about 20dBm, the corresponding
output power is 0. 81 + 1. 80dBm in the whole W-
band, which shows an excellent broad band perform-
ance. The input return loss is greater than 10dB. The
output spectrum of the tripler is measured by a micro-
wave spectrum analyzer and a harmonic mixer'®!. The
second harmonic rejection is greater than 25dBc in the
whole band. The measured output spectrum at 90GHz
is shown in Fig. 6. The photograph of the tripler is
shown in Fig.7, Fig.8 and Fig. 9.

4 Conclusion

8 Ka-band input

Fig.7 W-28 waveguide input port
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Fig.8 W-10 waveguide output port
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Fig.9 Inside of the tripler
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A W-band tripler with compact structure and
broadband performance is presented. It can be used to
extend the Ka-band signals to W-band. Furthermore,
by connecting a Ka-band doubler to this W-band trip-
ler, an input signal of 12. 5 ~18. 3GHz can be extend-
ed to W-band.
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