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ABSTRACT.

A Hicrovave Self-Oscillating Hixer

({SOM) functioning as a fregquency converter

with canvermsion gains up to 17dB im
reported. The S50M consiste of a L0GHz: £
gilicon bipolar Honolithic Hicrowave
Integrated Circuit (MMIC} and a Dielectric
Resonator (DR). It downconverts signals up

ta P9GHz with conversion gain. The highest
measured fregquency of ocecillation for a
microstrip packaged device was 10. 7GH=z.

INTR CT

Lovw cost, small size, reproducible
performance and multi-functional integration
are the degired attributes of the next
generation of microwave components. MHICa
are developing a8 A class of circuites that
can potentially fulfill these requirementsm
by displacing specific hybrid circuite and

subpystema. A simple S50H 18 presented that
megeta these goals.

Honolithic microvave feedback
amplifiers uaing a silicon bipolar
Darlington pair have been reported «ith
upable gain up to BGH=z [i1l. Bipolar

tranmimtor S0Me have long been used in radio
applicationm ag autodyne mixers [23.
Hicrowave diode S0Hs are used in Doppler
radar systema [3]. HMore recently, several
microwave S0Ma have been reported based on
GaAs technology. both wuwming weingle gate
[4,5]) and dual gate [6] MESFETe. Thise paper
presente a microwave 5S0M coneisting of a
eelf-biased, eililicon bipolar Darlington pair
HHIC and a DR. The operaticn and advantages
aof the Darlington palr as an amplifier-
mixer-omcillator will be discussed.

CIRCUIT CONFIGURATION.

Figure 1. ehava the achematic,
functional block diagram, and eguivaelent
circuit of the S0OH. Am an oecillator, the
HHIC provides current gain and the DR im the
frequency-determining element in the
feedback loop. For a given current gain of

the IC and & given intrineic @ of the
regonator, the amplitude and phase
Barkhausen criteria for omcillation are

matisfied by adjusting the coupling ratio
aof the transformera and the length of the
tranamission lines, regpectively; in
practice thie is weaeily accomplished by
properly placing the dielectric puck . The
firet advantage of uming a Darlington pair
over a @ingle tranmistor im that it has
current gain at higher frequencies , thus
eignificantly extending the upper limit of
the freguency of oscillation.
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When the circuit osmcillates, if a
signal i&s present at the input of the S0H
it mixes with +the local oscillator (LO)
signal. Trang8istor @1 in the Darlington pair
is the non-linear element that both limita
the amplitude of oscillation and generates
the freguency products. Transistor @z
operates aE a&an output amplifier. A
properly sized and biased Darlington pair
will have a lower reflection coefficient at
microvave frequencies than a single device,
facilitating the matching of the dewvice and
enabling operation over a broader freguency
band. Furthermore, the biss of Q@1 and Q2 are
et to independently contral the amplitude
of oscillation and the conversion gain. This
can offer advantages in noise figure and/or
distortion performance.

The circuit was simulated in
SPICE wging 8mall and large signal analyesis.
At microwave fregquencies it ie i1mperative
that the modelse used in the simulation be
accurate, if the analysis is to be of any
value. Special consideration was given to
the correct modeling of the high frequency
effects of the transistors and the parasgitic
elementa in the circuit .

The HMHIC wams fabricated using a

10GH= £ nitride self-aligning process
featuring interdigitated O0.75 micrometer
wide arsenic-doped emitters with 4
micrometer emitter +to emitter piltch, 2

micrometer thick local oxide isolation, ion
implantation, thin-£film polyailicon
registore and gold metallization. Since the
maximum frequency of oscillation (fyay! of a

bipolar transistor ia inveraely
proportional to the emitter width and to
the emitter to emitter pitch, submicrometer
photolithography was a key element in
obtaining a basic transimtor with & higher
than 20GHz fyay (where the Haximum Available

Gain equals OdB}). The extremely small die

gize (.3mm X .35mm) and the s=single bias
supply reguirement of the HHIC, allovae
compatibility with lowv-comt, standard
microwave transistor packages. Figure 2.

showse a microphotograph of the chip mounted
in &8 70 mil package.

The dielectric resonator is made
of a low logs, temperature stable and high
permittivity ceramic material. Due to these
characteristice, a conveniently sized and
high @ resonator can be realized in the
frequency range of 46GHz to 40GH=.

oo
Figure 3. SO0M board showing the HNIC, DR
and bias.
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EXFERIMENTAL RESULTS.

An experimental prototype wvas
fabricated using a 31 mil thick, epoxy-glass
{FR4) board {(dielectric conetant = 4.8). The
HMIC was packaged in a 70 mil, microstrip
ceramic package and mounted on the board as=
shown in Figure 3. Plated through-holes
directly under the two ground leade on the
package WETE used to agsure proper
grounding.

Using a DR with @ resonant
frequency of 5.15GHz, a dielectric constant
of 37 and an unleaded @ of 7,000, a
televimion receive only (TVRO!) downconverter
was realized, the input band from 3.7GHz to
4.2GHz, being converted to the O0.95GHz to
1.45GHz IF band. With the MHIC biaged at
3%mA and BV (from a 15V power supply and a
200o0hm resistor), it exhibite AdB conversion
gain, 13dB S5B noise figure, input and
output VSWHe better than 2.5:1, B8dBm output
compresgion point, 17.5dBEm two-tone third-
order intercept point, &and in-band single-
tone intermodulation suppression greater
than 70dBc (for a -2Z20dBm input signall.
Figure 4. showve the excellent agreement
between the measured and gimulated
conversion gain. The S0M, being & two-port
escillator, exhibite a large LO frequency
component at the RF and IF portse; filters
are required, whenever LO suppreassion is
demired.

With the same dielectric puck, an
RF signal was downconverted +to 70MHz with
17dB of conversion gain, and & 1GHz signal
wvag upconverted to 6.15GHz with 2dB of
convergeion gain. Using a DR with & resonant
frequency of 6.4GH=z, a SGHz signal waa
translated to 2.606Hz with 3dB of gain.

At 10.706GHz, a DR with a dielectric
conetant of 29 was used to obtain an
unloaded @ of 10,000. In this case, a 9GH=z
input 8ignal was downconverted to 1.7GH=z
vith OdB of conversion gain, and a 12.35GHz
signal was tranalated to 1.8GHz with 4dB of
lomg. The ocscillator frequency apectrum is
ghown in Figure 5. Further improvements can
be expected at these wvery high frequencies
by using a lesa losesy glass-teflon board.

SUHHARY AND CONCLUSIONS.

A microwave Self-Oscillating Mixer
functioning as &8 frequency converter has
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Figure 1. Schematic {(a), functional block
diagram (bl, and equivalent eircuit (c) of

SOn.
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been presented. Itae mode of operation has
been explained and ite most significant
experimental resulte have been given. The
excellent agreement between mweasured and
gimulated data is attributed to the detailed
modeling of the transistors and the
paragitic elements in the circuit.

The S0N, being a two-port
oecillator, can be uaed in other
applications auch as tranemission-type
injection-locked oscillatore and as Doppler
radar detectora.

Silicon bipolar tranesistors with
0.5 micrometer emitter width, 2 micrometers
emitter-emitter pitch, and fyay greater than

3A5GHz have already been reported [7]. This
promisea even higher frequencies of
oecillation and higher fregquencies where
convereion gain is achievable. Advances 1in
dielectric resonatorse are aleo continuing,
with DR oscillators now operating 4in the
millimeter fregquency range.

iz
[dBl &7

— EEOEUT
=--= glouloted

[+] T T T T T
oy 1.0 1.1 1.2 1.3 1.4 1.5
IF Fraguency [GHz]

Figure 4. Measured and eimulated performance
of the SON as a TYRO downconverter
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