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Novel Ka-band low-noise down-converter assembly
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Abstract: An efficient way to design a down-converter assembly for the Ka-band millimeter system is

presented, in which dielectric resonators (DR’s) are adopted in the Schottky barrier diode image recovery mixer

and the local oscillator (LO). DR structures guarantee high frequency stability with an acceptable volume. The

configurations of low noise amplifier, mixer and oscillator in the assembly are described and fabricated to

estimate the chain performance. According to the verification results, the assembly exhibits the noise figure of

less than 5 dB over 1 GHz frequency range, and the single-sideband phase noise (200 kHz offset from carrier

frequency) of —70 dBc/Hz. Utilizing the DR structure, the frequency stability of the local oscillator is less than

60 x 10 °/C.

Key words: down-converter; dielectric resonator; noise figure; conversion loss

While the integration trend of microwave circuits
extends to higher frequency, millimeter-wave circuits
still adopt cavity technology. As a simple exemplifica-
tion, the cavity millimeter-wave oscillator has high fre-
quency stability, but its volume cannot be accepted in
sensors. Although the integrated fin-line or microstrip
mm-wave oscillator has suitable size, its frequency sta-
bility cannot satisfy the requirements if no stabilized
frequency approach has been adopted.

Being an important microwave subsystem, the
down-converter assembly, including the local oscillator
(LO) and mixer, should be of rather small size and
possess proper performance to meet the requirements
for military purposes''.

With the dielectric resonator applying at Ka-band
frequency, it becomes a comprehensive consideration.
In this paper, a compact converter with a dielectric re-
sonator is developed. The main features in this assem-
bly are as follows'” :

1) Using a GaAs MMIC to design a 35 GHz low-
noise amplifier in order to reduce the entire noise fig-
ure and achieve the required RF power level.

2) Adopting a mixer with a Schottky barrier mixer
diode and a dielectric resonator. Considering a proper
structure, reasonable noise figure and conversion loss
are easily achieved.

3) Proposing a high-stabilized Ka-band oscillator
with a dielectric resonator. It is stabilized by a DR to
obtain greater frequency stability. The oscillator sup-
plies several adjustable portions to adjust and optimize
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the oscillator frequency and power level.

Combining the above parts, the assembly can
maintain a proper performance. The noise figure is less
than 5 dB over the interested frequency range.

1 Configurations

The Ka-band low-noise down-converter assembly
includes a low noise amplifier, local oscillator and
mixer. The assembly is fed with an RF input of 34. 8 to
35.6 GHz, thus generating an IF output of 200 to 400
MHz. The frequency of the local oscillator is 35.2
GHz.

In the system, the waveguide-to-MIC transition
adopts an E-field probe structure, which is presented in
Fig. 1(a). In the structure, a and c are the diameter and
length of the probe connected with the microstrip line,
respectively; b and d are the diameter and length of the
probe inserted into the wave-guide, respectively; 4 is

the distance between the probe and the wall of the
a
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Fig.1 Waveguide-to-MIC transition. (a) Schematic diagram;
(b) S,, parameter
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wave-guide. Applying the transition, Fig. 1(b) shows
that the insertion loss of a back-to-back cavity is about
1 dB. It means that the insertion loss of a single transi-
tion is about 0. 5 dB.

1.1 Low noise amplifier

To be low cost and low noise, the chosen device
is a GaAs MMIC LNA (HMC 263, Hittite) . Its typical
applicable frequency range is 24 to 36 GHz. Consider-
ing the feasibility and the possible parasitic suscep-
tances, the MMIC in chip form is chosen'” .

Three 100 pF bypass capacitors are placed 0. 5 mm
from the chip and the bonding wires adopt a 0. 076 mm
x0. 013 mm diameter ribbon bond, which is shown in
Fig.2(a).

The measured S,, parameter is presented in Fig. 2
(b), in which the flatness of the gain is satisfactory in
the range of 34. 8 to 35.7 GHz. The test results of the
LNA present a gain of 13 dB and a noise figure of 2 dB
at around 35 GHz.
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Fig.2 LNA chip. (a) Bonding structure; (b) S,, parameter
1.2 Mixer
An image frequency recovery mixer with DR con-
figuration is adopted, in which DR’s are close to the di-
odes'*™' . The Ka-band image frequency recovery mixer
with DR’s is shown in Fig. 3.
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Fig.3 Layout of mixer-LO assembly

The key point is that the distance between the
center of DR and diode should be 1/2 wavelength in
order to obtain the maximum output power level.
Meanwhile, the certain distance / between DR and the
closer microstrip line must be constant in order to ob-

tain the expected attenuation value at the image fre-
quency. In the design, the distance [ is set as 0.5
mm'

In the verification, the input signal is 35. 6 GHz,
the local oscillator frequency 35.2 GHz, and the image
frequency 34.8 GHz; consequentially, the output IF
signal is 400 MHz.

The conversion loss and noise figure of the mixer
are presented in Fig.4. The conversion loss is about
-5 dB, and the noise figure is about —4. 8 dB.
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Fig.4 Conversion loss and noise figure of mixer. (a) Con-
version loss; (b) Noise figure
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Meanwhile, in Fig.5, around wanted frequency
(offset frequency 1 GHz), the isolation between LO-RF
is about 20 dB. Fig. 6 presents the spurious at IF resul-
ting from the RF input at image frequency, the power
level is —20 dBm (In the case, the power level of RF
input is 0 dBm).
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Fig. 6 IF resulting from image frequency (VBW, RBW =

100 kHz)
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1.3 Local oscillator

The local oscillator requires high frequency stabil-
ity and low phase noise"”’. The configuration of the LO
is also shown in Fig. 3. The DRO circuit is designed to
stress specifically mounting DR structure to realize a
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high Q factor'™.

It is desirable to separate the two processes of tun-
ing (adjustment of signal frequency) and matching
(adjustment of the impedance presented by the circuit
to the microwave diode).

The tuning network, generally consisting of two
open-ended stubs, provides a reactive impedance com-
ponent across the diode terminals. Adjustment of this
reactive component, by trimming off the stub lengths,
serves to adjust the frequency of the signal: the oscilla-
tion occurs at the frequency at which the susceptances
of the diode and that of the outside circuit just cancel
each other out'’.

The remaining real part of the generator imped-
ance is different from that of the line impedance, cho-
sen at the value of 50 (). Then, a certain transformer is
necessary to connect the generator with the load. The
reactively terminated coupled line here behaves as an
adjustable transformer, which can be adjusted by modi-
fying the electrical length of the matching stub.

The diode is located at the T-junction, fitting in a
hole drilled through the substrate between the upper
conductor and the ground plane. The lengths of the two
open-ended stubs s, and s, are adjusted for oscillation
at the design frequency of 35. 2 GHz.

A half-wavelength section of line between the di-
ode and the coupler input severs to avoid interference
between the stubs. The length of stub 6, is adjusted for
appropriate output power' "

As shown in Fig. 7(a), the output power level of
the oscillator is 5 dBm. The frequency stability of LO is
less than 60 x10°/C.

Fig.7(b) presents the phase noise of —70 dBc/Hz
at 200 kHz offset from the carrier frequency. Some spuri-
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Fig.7 Frequency spectrum and phase noise of LO. (a)
Frequency spectrum (VBW, RBW =3 MHz); (b) Phase noise

ousness is observed, but the levels are rather low,
which will not overly influence the performance.

2 Assembly

Combining the above validated parts, the entire
down-converter is assembled. After verification and
calibration, a conversion loss of less than —5 dB is
obtained, shown in Fig. 8.
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Fig.8 Conversion loss of down-converter

3 Conclusion

A down-converter assembly at Ka-band is devel-
oped using the MIC technology replacing the cavity
structure. As a result, a novel mixer with DR’s
achieves rather low noise figure and conversion loss.
A local oscillator with DR’s obtains low frequency
drift and low phase noise. The converter assembly can
be used in the ongoing research of a millimeter-wave
Sensor.
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