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ABSTRACT

Hybrid integrated downconverters which are pumped at half the frequency needed in a conven-
tional downconverter have shown a conversion loss of 3 dB and a SSB receiver noise figure of

6.7 dB at 50 GHz.

Each downconverter circult consists of a stripline conductor pattern, a
novel transition from wavegulde to stripline and a Schottky barrier diode pair.

The circuits

can be tuned over an RF bandwidth of 20 GHz, and they can be readily scaled to frequencies up

fo 100 GHz.
Introduction

A new subharmonically pumped downconverter has
shown a conversion loss and an RF bandwidth
which 1s superior to the performance of pre-

viously reported integrated convertersl’2
of conventional waveguide downconverters.
The converter has the following advantages:

and

1. The thin film stripline medium suppresses
waveguide modes at harmonics of the pump
frequency.

2. The mixer can be readily tuned for single
sideband or double sideband operation.

3. The pump frequency is half that needed
in conventional downconverters.

4., The circuit does not require a dec return
path.

5. Separation of the signal and pump fre-
quencies is readily obtained.

€. The local oscillator AM noise sidebands

are suppressed3.
Mixers have been buillt at 50 GHz and 100 GHz
by linearly scaling the circuit dimensions of
an optimized 5 GHz model.

Circuilt Description

A block diagram of the new circuilt is shown in
Fig. 1, and a detailled view of the stripline
conductor pattern is shown in Figures 2 and 3.

The circuit consists of a signal waveguide in-
put section, a waveguide-to-stripline transi-
tion, a stripline conductor pattern with a
pair of Schottky barrier dicdes, and a transi-
tion from the pump waveguide to the stripline.
The waveguide-to-stripline transition, illus-
trated in Figure 4, can be tuned such that the
converter can be operated either as a single
sideband or as a double sideband mixer by
adjusting the E-plane and H-plane waveguide
shorts.

The incoming signal is coupled to a pair of
beam-leaded diodes which are shunt mounted
with opposite polarities in the strip trans-
mission line. The diodes have a typical
serles resistance of 3.5 ohms, a zero bias
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capacitance of 0.06 pF and a breakdown voltage
of 7 V at a current of 10 pA. The corresponding
zero bias cutoff frequency is 760 GHz.

Two low=-pass filters are needed to separate
the signal frequency We the pump frequency

Wp = 1/2 (wS - w and the intermediate fre-

Tp)

quency w The filter which 1s adjacent to

Ir-°
the diode pair has g cutoff frequency of 33
GHz in order to reject the signal (47 to 67
GHz) while transmitting the pump (22.8 - 32.8
GHz) and the IF (1.4 GHz). The second low-
pass filter rejects the pump and transmits the
IF. The thin-film chromium-gold conductor
patterns are deposited on fused quartz sub-
strates using standard photolithographic
processing techniques.

Performance

The measured conversion loss and the single
sideband noise figure of the receilver includ-
ing a 3.7 dB IF noise contribution are shown

in Figure 5. A best conversion loss of 2.7

dB and a total SSB noise figure of 6.7 dB is
obtained at 50 GHz. The conversion loss is
determined by direct power measurements at 50
GHz and 1.4 GHz. The noise measurements are
made with both a calibrated waveguide noise
source and by standard hot-cold load technigues.
The agreement is within 0.4 dB. The mixer noise

ratio 1s given by4

F - LF
- SSB IF
N = 1+ == (1)

Where FSSB IF

the IF noise figure and L the conversion loss
of the mixer. The mixer noise ratio obtained
at 50 GHz for a local oscillator pump level of
+11 dBm 1is 1.17. The single sideband noige
figure and the conversion loss as a function of
frequency are plotted in Fig. 6. Each point
i1s obtained by adjusting the position of the
backshort in the pump waveguide for minimum
noise figure.

is the total SSB noise figure, F

The measured instantaneous IF bandwidth of the
mixer, tuned for optimum noise figure, 1s 40O
MHz for a total variation of 0.5 dB. The cir-
cuit is thus useful as a front end in digiltal
communication systems with modulation rates of
up to 300 Mbaud. The mixer also exhilbits

excellent pump-to-signal port isclation. The



pump frequency is ftotally suppressed since it
i1s below cutoff in the signal waveguide. The
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Figure 1: Block diagram of the receiver. The signal filter is a special transition from

wavegulde to stripline shown in Fig. 4.

pass filters and a pair of Schottky barrier diodes.
stripline from a wavegulde input as shown in Fig.
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The stripline circuit includes two low-
The pump 1is coupled to the
2.
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Figure 2: Top view and cross-sectional view
of stripline circuit with signal

and pump waveguide input ports. Figure 5: Total single sideband noise figure

including a 3.7 dB IF noise contri-
bution, and conversion loss of the
downconverter as a function of fre-
quency  from 47 to 67 GHz. The data
points are obtained by adjusting the
tunable shorts for optimum noise
figure at each frequency.
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Figure 3: Photograph of downconverter. The ; 151 7]
top cover of the housing i1s removed o
to show the conductor pattern on the g SSB NOISE
quartz substrate. Z 10} FIGURE
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Figure 6: Conversion loss and SSB noise figure
of the downconverter at 50 GHz as a
function of the pump power of the
subharmonic local oscillator. The
conversion loss at a pump power of
+11 dBm is 2.7 dB.
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Figure 4: Transition from signal waveguide to
stripline circuit with an E-plane
and an H-plane tunable short for
matching the signal and rejecting
the image frequency.
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