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Abstract—New MMIC’s have been developed for an ultra-
broadband FM video tuner in a multi-channel video distribution
system using optical fiber networks. The MMIC’s provide both
frequency synthesis and up-conversion. They are integrated on
two GaAs MMIC chips and one Si LSI chip. The chips are
mounted in a flat package to form a tunable block-up converter.
By combining the MMIC’s with currently available consumer
product type components, a low cost FM video tuner with a
2 GHz tuning bandwidth was achieved in hardware. Successful
tuning performance is obtained over the whole tuning frequency
range.

I. INTRODUCTION

ULTICHANNEL video distribution systems with more

than several tens of video signals through optical fiber
networks are emerging in commercial applications since opti-
cal fiber amplifiers, which can directly amplify optical signals
without conversion to electronic signals, have been devel-
oped [1]-[3]. In video distribution systems, analog frequency
division multiplexing (FDM) is still more economical than
digital techniques. The FDM optical transmission networks
have been introduced only as the super trunk lines and feeder
lines for CATV systems, but our goal is to construct all-
fiber video distribution systems, or fiber-to-the-home systems.
The systems can transmit many video signals because of the
high capacity of optical fibers. The FDM technique has two
types, one is AM-FDM and the other is FM-FDM. FM-FDM
optical transmission is less susceptible to nonlinear-distortion
disturbance during transmission than AM-FDM. However, in
all-fiber video distribution systems with more than several tens
of channels using FM-FDM transmission, each subscriber must
have an ultra broadband microwave tuner over about 2 GHz
because the FM format require wider bandwidth than the AM
format. Current FM-TV tuners do not have a large enough
bandwidth, for example, in satellite broadcasting (BS) FM
TV tuners have a 270-MHz bandwidth (8 channels) [4], [5].
In addition, commercial applications such as CATV systems
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require low cost tuners. One cost effective solution is to obtain
an ultra broadband tuner by combining currently available
consumer product type components and monolithic microwave
integrated circuits (MMIC’s) [6], [7].

This paper describes this ultrabroad and low cost FM-
TV tuner configuration and newly developed MMIC’s with
successful performances.

II. CONFIGURATION OF MULTI-CHANNEL FM TUNERS

The frequency range of the FM-TV signals distributed to
the subscribers in our multichannel video distribution system
is 0.5-2.4 GHz [7]. To select one channel from among this
broad frequency range, oscillators with a similarly broad
tuning range are required in the tuners. The ratio of the
tuning frequency range, Af, over the center oscillation
frequency, f,, is mainly determined and limited by the
characteristics of tuning components, such as varactors.
Therefore, to obtain a broad tuning frequency range, a
high f, is needed, i.e., the distributed signal ought to be
up-converted.

After the desired channel is selected, the signal in the
channel must be demodulated. At that time, if commercial
components can be used, the tuners become economical.

Accordingly, an FM tuner configuration is proposed as
shown in Fig. 1. The FM-FDM signal after O/E conversion
is up-converted to the Ku-band of 12.40-12.67 GHz, which
is equal to the BS TV receiver input frequency, so that the
commercially available BS TV receiver can be used. The
tuning range of a BS tuner in the BS receiver, however, has
only 8 FM-video channels while that of the multichannel video
distribution system has 50 channels. Therefore, the BS tuner
is linked to the frequency synthesizer of which output LO
frequency range is 10.1-12 GHz. The frequency synthesizer
selects one block, which contains 8 channels as shown in
Fig. 2, and the BS TV (uner selects the desired channel within
block and demodulated.

This tuner using a commercially available BS TV receiver
extends its tuning frequency range. The key circuit of the tuner
is the Ku-band synthesized up-converter. This consists of many
analog and digital elements. Therefore, applying the MMIC
technique to the synthesized up-converter reduces the number
of component parts and adjustment cost.

0018-9480/95%04.00 © 1995 IEEE



NAKAGAWA et al.: MMIC'S FOR TUNERS IN MULTICHANNEL VIDEO DISTRIBUTION SYSTEMS

1687

FM-FDM signal
0.5-2.4 GHz 1.0|5-1.32 GHz
Optical
R BS BS |||
-D-é, O/E converter tuner
“,
Optical fiber Ex B
amplifier Local oscillator 12.40-12.67 GHz

Synthesized
up-converter

signal
10.1-12.0 GHz
Fig. 1. Multichannel FM tuner.
1 2 N 7
(a) Ch1l __________________ - éh % ——
05GHz & 26852MHz — U5 24GHz Frequency

(b)
38.36 MHz

Fig. 2. Frequency arrangement of FM-FDM signal: (a) block arrangement;
(b) channel arrangement.

1. DESIGN AND PERFORMANCE OF MMIC’s

The newly developed MMIC synthesized up-converter con-
figuration is shown in Fig. 3. In this configuration, six analog
circuits are integrated onto two GaAs chips and three digital
circuits are integrated onto one Si chip as follows:

Chip 1: Local MMIC
Analog circuit 1: Voltage-controlled oscillator (VCO)
Analog circuit 2: Buffer amplifier
Analog circuit 3: Dual output amplifier
Chip 2: Converter MMIC
Analog circuit 4: Mixer
Analog circuit 5: IF amplifier
Analog circuit 6: Switch
Chip 3: Si LSI
Digital circuit 1: +4 frequency divider
Digital circuit 2: Programmable divider
Digital circuit 3: Exclusive-OR (EXOR)

In each GaAs MMIC, a uniplanar configuration {8] is used to
reduce chip size. The fabrication process of GaAs MMIC’s is
0.3 pm advanced self-aligned gate FET s with an asymmetric
nt layer [9] and that of Si LSIs is super self-aligned process
technology [10].

A. Local MMIC

The circuit configuration of the local MMIC chip is shown
in Fig. 4. The VCO is an FET oscillator with a series feedback
circuit which includes a varactor diode. The VCO consists of
only monolithically integrated elements and does not need any
external resonators. The VCO output frequency required in
the multichannel video distribution system is broad, between
10.1 and 12 GHz. In addition, taking the fabrication process
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Fig. 3. An MMIC synthesized up-converter.

variation and temperature dependence into account, the tuning
frequency range needs to be about 2.5 GHz. Then a dual VCO
configuration is adopted, which has two VCOs with different
frequency ranges and are selected by switching the supply
voltage.

The buffer amplifiers are placed between the VCO output
terminal and a combining node to prevent interference be-
tween two VCO’s. The measured gain is 7.5 = 0.5 dB for
10-12 GHz.

The dual output amplifier has two output ports. One is t0
feed the mixer with a local oscillator signal and the other
provides the input to the phase-locked loop. The measured
gain is 8.0 + 1.0 dB for 10-12 GH=.

A photograph of the local MMIC is shown in Fig. 5. The
chip size is 2.0 x 2.5 mm. The measured tuning performance
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Fig. 4. Local MMIC circuit diagram.

Fig. 5. Chip photograph of a local MMIC.

of the local MMIC is shown in Fig. 6. By varying the control
voltage from 0 to —3 V, the oscillation frequency of the low
frequency region VCO varies from 9.8-11.5 GHz and that of
the high frequency region VCO varies from 11.0-12.7 GHz.
Even if the tuning voltage range of the VCO’s is extended
to over 3 V, the oscillation frequency range does not become
wider. This is because the varactors operate at the reverse
voltage, or 0 or less, and at —3 V, the change of the oscillation
frequency is saturated. The dual VCO’s cover the frequency
range that is required. The output power is +7.0 £ 2.0 dBm.
The measured phase noise is —95 dBc¢/Hz at 1-MHz offset
from the carrier.
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B. Converter MMIC

The circuit configuration of the converter MMIC chip is
shown in Fig. 7. The mixer is a balanced mixer using a
lumped-element balun. The frequency range of the interme-
diate frequency (IF) signal input to the mixer is 0.5-2.4 GHz
from the O/E converter. This broad frequency range degrades
the mixer performance because the conversion loss is large in
a high frequency region. The IF amplifier compensates for the
frequency dependence of the mixer. '

The IF amplifier consists of three FET stages. The first and
second stage FET’s are loaded with a capacitor and a low
resistor in parallel with a high resistor at the source terminal
to make the gain larger in the high frequency region than in
the low frequency region; as a result, it compensates for the
frequency dependence of the mixer conversion loss. The third
stage FET provides two signals of equal amplitude and a 180°
phase difference at drain and source terminals to drive the
balanced mixer.

The switch is of a single-pole double-throw (SPDT) config-
uration and it bypasses the FM-FDM signal to the BS tuner
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Fig. 7.  Converter MMIC circuit diagram.

Fig. 8. Chip photograph of a converter MMIC.

when the frequency of the FM-FDM signal corresponds with
the BS tuners input (1.05-1.32 GHz). The measured insertion
loss is 3.0 dB and the isolation is 27 dB at 1.5 GHz.

A photograph of the converter MMIC is shown in Fig. 8.
The chip size is 1.5 x 2.5 mm. The measured conversion loss
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Fig. 9. Conversion loss versus IF input frequency of the converter MMIC.

of the converter MMIC is shown in Fig. 9. The conversion
loss is below 10 dB for 0.5-2.4 GHz. The two-tone third order
intermodulation product (IM) is —40 dBc at an input level of
—10 dBm/tone.

C. Si LSI

The one-fourth divider is a regenerative divider which
is suitable for a high frequency circuit [10], [11]. The
programmable divider consists of a -+4/+5 dual-modulus
prescaler, a 4-bit programmable counter, and a 2-bit swallow
counter. The EXOR is used as the phase detector because
the EXOR bhas a large detector gain constant. and the
phase noise within the phase-locking loop bandwidth is low
[121.

The chip size of the Si LSI is 3.0 x 3.0 mm. The measured
frequency response of the Si LSI is shown in Fig. 10. This
performance is determined by the one-fourth divider.-
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Fig. 10. Si LSI frequency response.

MMIC synthesized up-converter integrated in a flat package.

Fig. 11.
IV. PERFORMANCE OF SYNTHESIZED UP-CONVERTER

All chips are mounted in a flat package as shown in Fig. 11.
From the left side, they are the converter MMIC, the local
MMIC, and the Si LSI. The package size is 23 x 11 mm.

The phase-locking loop is formed using the local MMIC, the
Si LSI, and an external loop filter. The measured phase noise
performance is shown in Fig. 12. The phase noise is less than
—85 dBc/Hz for 1 kHz—10 MHz offset from the carrier. Up-
converting performance is the same as the case where only
the converter MMIC is measured.

V. PERFORMANCE OF MULTICHANNEL FM TUNER

The new configuration in hardware of a multichannel FM
tuner shown in Fig. 1 was achieved by combining the MMIC
synthesized up-converter with the BS receiver. Successful
tuning performance has been obtained over about 2 GHz as
shown in Fig. 13. A good weighted SNR of more than 50 dB
is obtained over the whole tuning bandwidth.

VI. CONCLUSIQN

A new MMIC synthesized up-converter has been developed
for use in ultra-broadband FM video tuners for a multichannel
video distribution systems. The components of the converter
are integrated onto two GaAs MMIC chips and a Si LSI chip.
These chips are mounted in a 23 x 11 mm flat package.
The phase noise of the frequency synthesizer is less than
-85 dBc/Hz for 1 kHz-10 MHz offset from the carrier.
The conversion loss of the up-converter is below 10 dB for
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0.5-2.4 GHz. The third order IM is —40 dBc at an input
level of —10 dBm. By combining the MMIC synthesized
up-converter with a commercially available BS receiver, a
low cost FM video tuner with 2-GHz tuning bandwidth was
achieved in hardware. Successful tuning performance with a
weighted SNR of more than 50 dB is obtained over the whole
tuning frequency range.
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