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A. STATEMENT OF THE PROBLEM STUDIED

This research focussed on the synthesis and fabrication in monolithic form of the circuit
functions required for a microwave communications receiver. This involves low-noise monol-
ithic amplifiers with wide dynamic range, variable-gain amplifiers, voltage-controlled oscillators
(VCOs) and phase-locked loops. The goal was to develop theoretical analysis and synthesis
procedures to derive optimum topologies for these functions and then to build and evaluate test

circunts in high-speed monolithic processes.

B. RESEARCH RESULTS

Our research into wideband monolithic amplifiers led to the synthesis of a new topology
(1] for maximum bandwidth matched-impedance monolithic amplifiers which allows realization
of optimum stage gain and bandwidth for a given process. Test circuits based on these princi-
ples were fabricated and characterized and performed close to the predicted performance.
Stage gain and bandwidth of 9.3 dB and 3.2 GHz respectively were realized in a packaged cir-
cuit using a 9 GHz Si bipolar monolithic technology.

Variable-gain amplifiers are also widely used in communication systems. Important
characteristics in this case are linearity and noise performance as the gain is varied. We dev-
ised and built a new monolithic variable-gain amplifier with optimum dynamic range [9]. The
test circuit measurements agreed well with the theoretical predictions and showed 25 dB max-
imum gain with 30 dB of gain-control range operating in the dc-1 GHz frequency range. The
circuit showed only 400 Q of equivalent input noise resistance and an output third-order inter-
cept of +13.5 dBm. New design techniques allowed realization of an extremely linear gain-

control characteristic with 20 MHz control bandwidth and extremely low temperature and sup-

ply voltage dependence. . o




Another circuit function of interest for high-frequency communication systems is power
amplification. Qur recent research has led to the synthesis of a new high-frequency Class AB
monolithic power amplifier topology [2] with high efficiency in the frequency range dc-1 GHz.
The topology has matched input and output impedances, and a monolithic test circuit based on
these results delivered +20 dBm at P_l gl0d 50 Q load while consuming 5S40 mW quiescent
power from a 12V supply.

The frequency response of high-frequency amplifiers can be improved significantly by the
use of inductive peaking elements. This is a well-established method in microwave hybrids and
GaAs monolithic circuits, but has not been reported successfully in Si monolithic circuits.
Based on theoretical investigations which predicted the possibility of realizing useful inductors
in standard Si technology, we designed and fabricated a number of test inductors and LC pas-
sive filters in the Si bipolar monolithic technology described previously [8]. Evaluation of these
elements gave measured Q values up to 8 in the GHz range, and measured self-resonant fre-
quencies up to 10 GHz. A test filter based on a S-pole LC Butterworth configuration gave
measured mid-band insertion loss and -3 dB frequency close to the design values of ~2.25 dB
and 880 MHz, respectively. The measured third-order intercept was in excess of the measure-
ment limit of +42 dBm. Theoretical and experimental evaluation of these elements show no
apparent problems of reproducibility or manufacturability. The availability of such components
in standard Si monolithic technology has wide implications for the realization of complex,
low-cost microwave communications and signal-processing functions.

The monolithic inductors described above were applied to the realization of low-noise
microwave monolithic bandpass amplifiers. A new bandpass amplifier configuration was dev-
ised and built in monolithic form (10]. The amplifier incorporated a 4 nH silicon integrated
inductor and realized a peak gain of S21 = 8 dB, noise figure of 6.4 dB, and a matched input

impedance of 50 Q in the frequency range 1-2 GHz. Important practical issues such as




substrate coupling mechanisms were also addressed.

Voltage-controlled oscillators (VCOs) are essential elements in communication systems
and have been another important element of our research program. This work yielded a new
temperature-stable monolithic VCO with a 5:1 highly-linear frequency deviation and capable of
operating from dc —250 MHz [4]. Design methods were devised to allow precision temperature
compensation of high-frequency signal paths in monolithic circuits. These were applied to the
realization of the VCO function and can be used in other applications.

We also investigated monolithic varactor-tuned LC oscillators and demonstrated a test
oscillator as part of a monolithic phase-locked loop (PLL) operating at 350 MHz (5,6].
Optimum methods of temperature compensation in varactor-tuned LC oscillators were inves-
gated and tested as part of this research. Our research into monolithic PLLs also extended to
investigations of methods of realizing the phase-detector function at high frequencies [7]. The
frequency limitations of some common structures were defined theoretically and optimum reali-
zations identified.

The realization of a high-performance monolithic receiver requires the use of a syn-
thesized local oscillator. Having investigated methods of VCO realization, we next turmned to
the problem of low-power high-frequency monolithic dividers. We derived general theoretical
results linking divider speed and power to technology parameters and circuit topology. We then
fabricated and tested a monolithic divide-by-2, 4, 8, 16 counter in a 9 GHz silicon bipolar
monolithic technology. This circuit operated as predicted from dc-3.4 GHz and allowed

verification of our theoretical results.
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