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MMIC DI|WNCI|NUERTER
TRANSTATES SIGNATS
FllR DBS SYSIEMS
This unique eonfi,guration relies ort, a low-noise rnirer to

'0WNC0NVXBTEBS for di.

rcet broadeast'satellite (DB$ systems

include a wide range of 0aAs monolithic

nierowave integatd cinrits (Iil[Cs).
Most combine a low.noise anplifier
(l,NA) with an inagerq,oct filter to re
duee the noirse flgurc of the ar{ive mixen

However, by ineorporating a low-noise

nixer in a new configuration, the INA
and inagorqjec{ filtnr can h eliminatnd"

The new device rehieves a noise figure of
le,*s than 7 dB with nore than 50dB con

version gain conpued to r maxinun

nofue figure of 8 or I dB and convemion

gain 0f typicaly 32 dB in conventionrl de

sigs. It requiru haHthe cnnent and real

estatn of exirsting DBS downconvertnn,
In recent years, several authors

have presented GaAs MMICs that
implement varying portions of the

DBS low-noise block downconverter
(LNB) function.r€ Those downcon-
verters with an LNA, image-reject
filter, mixer, local oscillator (LO),
and intermediate-frequency (IF)
amplifier typically are aggressively
priced to meet the demands of this
high-volume consumer market.

By redesigning the basic DBS
LNB, however, it is possible to
achieve the same functionality in
about one-half the size of a tradition-
al DBS downconverter. The inclu-
sion of a low-noise mixer eliminates
the need for integrated low-noise

amplifier stages and the image-
reject filter. In traditional DBS LNB
architectures (Fig. 1, top), the down-
converter MMIC and two discrete
high-electron-mobility transistors
(HEMTs) are used to increase con-
version gain to more than 50 dB and
reduce overall noise figure to about 1
dB. Ttre RF path of the LNB consists
of four LNAs stages and two image-
reject filters. Two LNA stages and
one image-reject filter are included
on the MMIC to reduce the noise fig-
ure of the mixer to an acceptable
level.
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lbere are two main differences be-
treen the new design approach (tr'ig.
I, bottom) and the traditional LNB
anhitecture: two LNA stages and an
imege-reject frlter are eliminated
from the GaAs MMIC and the RF
path in the new design, while the LO
is implemented externally to the
GaAs MMIC downconverier. The
fu, difierence is achieved by using
a low-noise mixer that does not re--
quire preamplifiers to meet noise,
figure requirements. Additional IF
amplification is provided to boost the
total conversion gain to the desired
level; these gain stages are smaller
and more efficient in their use of cur-
rent than RF gain stages. As a re.
sult, the chip area and DC current
consumption are reduced by approxi-
mately 50 percent compared io the
GaAs MMICs used in the traditional
approach.

The external LO does,not reduce
the level of integration of the MMIC
but does offer several advantages:

1. There is more flexibilily in
architecture.

2. There is more flexibility in
layout.

- 3. A low-phase-noise process may
be used for the oscillator to meet the
requirements of new digltal systems.

The GaAs MMIC downconverter
is fabrieated with a GaAs MMIC pro-
cess from Fujitsu Limited (Kawisa-
ki,Japan) which features 0.6-pm
self-aligned depletion (D)-mode and
enhancement (Elmode GaAs field-
effect transistors (FETs) formed by
ion implantation on 4-in. wafers. ThL
process achieves typical transition
frequencies (fr) of better than 20
GHz at a drain voltage (VoJ of +B

VDC and 5Gpercent maximum drain
current. The E-mode threshold volt-
age is nominally +0.10 V. Resistors
are formed by selective ion implanta-
tion or thin-film metal. Capacitors
are metal-insulator-metal (MIM)
types with silicon-nitride dielectric
material.

GIRCUI DESIG]I
In the new downconverter eonfig-

uration (Fig.2), the low-noise mixer
is a single-balanced, gate-pumped
GaAs FET mixer that is described
in detail elsewhere.a Gate-pumped
mixers offer the lowest figure and
highest conversion gain among the
various active mixer topologies.s
Other popular FET-based active
mixers are dual-gate FETs and
drain-pumped FETs, although they
offer a noise figure of about 10 dB
and conversion gain of no more than
4 dB at X-band. In contrast, gate-

pumped mixers typically achieve b-
to-6-dB noise figure with more than
6-dB conversion gain.

The single-balanced, gate-pumped
mixer consists of a 180-deg.-hybrid,
two matched common-source FETs,
and lowpass filters. The single-bal-
anced mixer is somewhat more com-
plex than a single-ended mixer, but it
offers excellent LO-to-RF isolation
and virtual RF and IF ground points
on the surface ofthe chip. Thelatter
are used to achieve good perfor-
mance and stability without via
holes. The 180-deg. hybrid was cho-
sen over a 90,deg. hybrid because it
offers better.Lo-toRF isolation and
low sensitivity to mismatches at the
RF/LO ports of the gate-pumped
mixers. Area on the GaAs MMICtan
be conserved by using a passive 1g0-
deg. hybrid exteraal to the MMIC. A
ratrace-t5rye hybrid was chosen for
its performance and ease of fabrica-
tion. The ports are "folded,, in order
to simplify the connections into and
out of the MMIC.

The gate-pumped GaAs FET mix-
er consists of a highpass input-
matching circuit, an E-mode FET
biased at pinchoff, and a lowpass fil-
ter on the drain to short the LO sig-
nal and to pass the IF signal. Th1
highpass input-matching circuit is
implemented entirely with bond
wires within the package. This cir-
cuit provides very-low loss and can
be designed to match the downcon-
verter to any frequency range with-

t
3.Ite packaged MMIC
i$ mounled into a tesl
lirlure thal includes a
lolded ralrace hybrid.r

z I l rGl dounG0nyeder Gonligulalion, lhe low-noise mirer is a single+aralrceo, gate-pumpedEtsEl*sign.
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in 6 to 18 GHz. Compared to a D-
mode gate-pumped mixer, it offers
lower noise figure, higher conversion
gain, and single-supply bias opera-
tion Tlpical per{ormance at X-band
includes a noise figure of 5 to 6 dB
and conversion gain of7 dB at a bias
of +6 V and 5 mA.

fire single-balanced mixer gener-
ates two IF signals that are 180 deg.
out ofphase. In conventional single-
balanced mixers, the signals are
combined with an additional 180deg.
hybrid coupler or balun on the IF
port. These components are physi-
cally large and relatively expensive.
In tlte new downconverter, however,
the signals are combined in the IF
amplifier, which consists of five
stages-two differential stages, one
difierential-to-single-ended convert-
er, and two single-ended stages. All
of the stages are self-biased to allow
single-supply operation; they em-
ploy resistive loads to minimize the
chip area. Gate widths were opti-
mizsd to provide the best balance
between noise figure, bandwidth,

output pov/er, and DC current con-
sumption. The IF amplifier provides
about 30-dB gain from 950 to 2050
MHz with a noise figure of approxi-
mately 6 dB.

The downconverter was designed
with both small- and large-signal
(harmonic-balance) circuit-simula-
tion tools. Nonlinear models were
developed for both the D-mode and
E-mode FETs, and were used to sim-
ulate conversion gain for the full
downconverter. The predicted con-
version gain is better than 35 dB
over an RF frequency range of 10.7

to 11.8 GHz. Predicted LO-to-RF
isolation is'22 dB and predicted LO-
to-IF isolation is 36 dB.

IIIEASURED RESUHS
To compare actual measurements

to these simulated results, a down-
converter MMIC was assembled into
a single-layer ceramic package
sealed with epoxy. The packaged
MMIC was then mounted into a test
fixture that included the folded
ratrace hybrid (Fig. 3). The printed-
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circuit board (PCB) has a dielectric
constant of 2.17 and is 20 mils thick.
The folded ratrace hybrid does re-
quire one crossover in the LO path,
which is accomplished by means of a
chip resistor. The resistor also im-
proves the mixey's LO-port VSWR.

The packaged MMIC was evaluat-
ed for a variety of DBS frequency
bands, including Astra Enhanced
(10.7 to 11.8 GHz), Astra Universal
(10.? to 12.75 GHz), and DirecTV
(12.2 to 12.7 GHz). Figure 4 shows
the measurements for the Astra
Universal band with the MMIC
biased at +6 VDC and 63 mA. Maxi-
mum noise figure is 8.5 dB while the
conversion gain is better than 34 dB
with +3 dBm LO. Gain flatness is less
than +1 dB. The minimum third-
order intercept point was +19 dBm
and the RF return loss is typically
better than 8 dB. LO-to-RF and LO-
to-IF leakages are typically -25 dBm
at 10.6 GHz.

As these measurements show, the
novel GaAs MMIC downconverter
provides the performance necessary
for modern DBS systems. Since it
employs a simple architecture com-
pared to traditional DBS downcon-
verter circuits, it is well-suited for
high-volume, cost-driven markets
such as DBS. Its small size and low
power consumption can translate
into cost savings for both designers
and end users over wide frequency
ranges. oo

Note
Edmr Camugo is curently employed by Hewlett-

Prckard Co.,31?5 Bowen Ave., Santa Clm, CA 95054.
w2.
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