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Abstract

Among the space businesses of NEC, the business related to communications/broadcasting satellite transponder

equipment has achieved a large number of sales, even to the severe overseas satellite market, and its excellent

technology and reliability are highly evaluated by worldwide satellite manufacturers. NEC is attempting to expand this

business field by developing new devices and standardizing equipment while putting emphasis on areas with high

added value. This paper is intended to introduce the present status of transponder equipment as well as perspec-

tives for its future.
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1. Introduction

Our overseas sales of communications/broadcasting satel-
lite transponder equipment began with Intelsat-IV in the 1970s.
Since then, we have supplied equipment for various commu-
nications/broadcasting satellites around the world. The num-
ber of satellites for which we have supplied equipment up to
the present is over 150 ( Fig. 1).

With technical abilities and reliability that meet the strin-
gent requirements of commercial satellites, our equipment has
earned high evaluations from worldwide satellite manufactur-
ers, as well as a high share among them.
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Fig. 1 Satellites using NEC’s satellite transponder equipment
(Partially including TTC equipment).

This paper introduces the present status of transponder
equipment for the overseas market and perspectives for its fu-
ture.

2. Communications/Broadcasting Satellite Transponders

Fig. 2 shows a simplified configuration of the block dia-
gram of a communications/broadcasting satellite transponder.
The configuration of an actual satellite is much more com-
plex than this figure because multiple transponders are moun-
ted, switching between active and redundant pieces of
equipment is required in the case of failure and switching of
transmission paths is also necessary to provide various serv-
ices. The main functions of a transponder are 1) receiving a
faint signal from the ground; 2) amplifying it with low noise;
3) converting it to a frequency to be transmitted to the ground;
4) limiting bandwidth to prevent unnecessary signal emis-
sion; 5) amplifying power to a level for transmission to the
ground; 6) transmitting the signal to the ground.
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F|g. 2 Basic configuration of a communications/broadcasting

satellite transponder.
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Photo 1 Transponder of the Express-AM1 (Russia).

The transponder is generally organized by combining multi-
ple pieces of equipment, each of which provides one of the
above functions. When we refer to transponder equipment, we
mean these individual pieces of equipment.

NEC has achieved sales of large quantities of such equip-
ment, but, as well as individual pieces of equipment, the
corporation also has experience supplying whole transponder
systems to overseas satellite manufacturers, for example in the
cases of the Express-AM1 and the BSAT-2C ( Photo 1). In
the future, we will endeavor to supply whole transponder sys-
tems, because their added values are higher than those of
individual pieces of equipment.

3. Low-Noise Amplifier (LNA)

At present, one of the leading products among our trans-
ponder equipment is the low-noise amplifier (LNA). The LNA
is used to amplify a received faint signal with low noise and is
therefore required to have excellent noise and wideband char-
acteristics. The LNA is a single-function equipment with a
compact size and its specifications are not much dependent on
the specifications of individual satellites. As two to four LNAs
with the same specifications are often used in fixed communi-
cations on the C, Ku and Ka bands, we have developed a new

equipment called the Block LNA, which consists of a set of
four LNAs with standard specifications, and supply it to many
overseas satellite manufacturers ( Photo 2" ). The Block LNA
allows users to select any number of LNAs from 1 to 4 with-
out design change and can therefore meet user requirements
very flexibly. We have already supplied a total of 100 Block
LNA sets (corresponding to 400 LNA units) as of 2010.

The L-band LNA is used in mobile communications and it
sometimes happens that more than 100 LNA units are moun-
ted on a single satellite. We have therefore developed a com-
pact LNA by separating the peripheral circuitry, including the
power supply, as shown in Photo 3 . We have already sup-
plied more than 1,000 units of this model.

Current LNAs use the GaAs FET as an amplification de-
vice, but we are studying standardization and cost reduction
using MMICs as well as a device that can meet the increasing-
ly severe over power input requirements.

4. Frequency Converter

A frequency converter is used to convert the frequency of a

*I This photo shows the Ka-band model.

102



Special Issue on Space Systems

Fig. 3 Ku-band frequency converters (Left: Current model; Right:
Newly developed model).

received signal into a frequency for use in transmission to the
ground. For instance, the Ku-band frequency converter con-
verts signal frequency from the 14-GHz band to the 12-GHz
band. The main characteristics required for a frequency con-
verter include low spurious emissions, linearity and a stable
local frequency. Particularly in the case of frequency conver-
sion for satellite equipment, the input and output frequencies
are close, so reducing spurious emissions from the mixer be-
comes a key design issue. In addition, since frequencies often
vary due to satellites and communication channels, the manu-
facturing of frequency converters is characterized by high-mix,
low-volume production.

Up to the present we have achieved sales of about 2,000
frequency converters. The frequency converter is one of our
main equipment, as evidenced by the fact that we received or-
ders for four series of satellites in 2010.

Aiming at further increasing our share, we have changed our
equipment configuration from the connection of multiple sin-
gle-function modules in the past to the MCM (Multi-Chip
Module), which incorporates multiple functions in a single
module. The new compact frequency converter has succee-
ded in implementing a weight of about 60% of that of the
previous configuration ( Fig. 3 ).

In the future, we will promote standardized design in place
of the previous design method of dealing with individual spec-
ifications in order to reduce costs further.

5. Solid State Power Amplifier (SSPA)

The output power required for communications/broadcast-
ing satellites is on the order of tens to hundreds of watts.

Demands for the C or higher band and several tens of watts are
usually dealt with by electron tubes called traveling-wave tubes
(TWTs), while those for the C or lower band and tens of watts
are dealt with by solid state power amplifiers (SSPAs) using
semiconductor devices. The SSPA is superior to the TWT am-
plifier (TWTA) in reliability and linear characteristics but its
power efficiency and maximum output power are inferior.
Therefore, its use as a final-stage amplifier for communica-
tions/broadcasting satellites is limited.

Current SSPAs mainly use GaAs FET devices. However, as
the withstanding voltage of GaAs FETs is low, the maximum
output power of satellite-use devices is only around 10 W per
device. Meanwhile, the GaN FET, featuring high withstand-
ing voltage and high output power, has recently been devel-
oped as anew device and has already been put to practical use in
ground communications. A prototype GaN FET designed for
satellite mounting has already achieved an output power of
more than 20 W per device in the S band. We also plan to
evaluate it for use in SSPAs and then launch an SSPA using it
into the market. Since the GaN FET can improve SSPA pow-
er efficiency and maximum output power, it is expected that
the part of the market that had previously been monopolized
by the TWTA will be replaced by the SSPA, thereby leading
to the expansion of the SSPA market.

6. Traveling—Wave Tube Amplifier (TWTA)

The traveling-wave tube (TWT) is an RF signal amplifica-
tion device used by power amplifiers. It is used widely in
ground microwave communications systems and earth sta-
tions for satellite communications, as well as in satellite-borne
transponders.

Since RF amplifiers for satellite transponders require high
efficiency and high reliability, R&D of TWTs featuring high-
er efficiency than that of semiconductor chips has been con-
ducted actively since the mid-1980s.

The TWT is a kind of electron tube and is used to amplify
an RF signal by making use of the helix forming the RF cir-
cuit and the interaction of electron beams. Fig. 4 shows the
structure of a typical TWT for satellite use. The TWT can op-
erate on a wide frequency range, from the L band (1.5 GHz) to
the V band (60 GHz), and its main features are efficiency and
output power higher than those of semiconductor devices. As
a result of development emphasizing features required for sat-
ellite use, such as long life, high reliability, compact size and
light weight, the TWT has now become the core equipment for
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The slow-wave circuit is
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Fig. 4 Structure of a space-borne TWT.

satellite transponders. A considerable number of TWTs are
currently used on space-borne power amplifiers.

We are presently developing a TWT for use in new fields,
such as for ion engines and for the radar to be borne on the
ASNARO (Advanced Satellite with New system ARchitec-
ture for Observation). We will continue product development
by also eyeing supply for large communications/broadcasting
satellites in the future.

The antenna is the equipment characterizing each commu-
nications/broadcasting satellite's mission. Its functions in-
clude the formation of multibeams and contoured beams and
the tracking of aircraft or other satellites. At NEC, we pos-
sess advanced antenna technologies thanks to our experience
developing a large number of satellite-borne antennas, but
competition in the antenna market is still severe due to the
presence of many advanced overseas manufacturers. We there-
fore aim to accelerate market entry for antennas developed with
our original technologies and to emphasize the supply of whole
transponder systems including antennas. The antennas devel-
oped with our original technologies include the radial line slot
antenna and the mesh deployment antenna. Both of these an-
tennas are much lighter than previous parabolic antennas for
satellite use and can be supplied at lower cost. These anten-
nas, based on our original technologies, will be the tools of our
entry into overseas markets.
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The communications/broadcasting satellite market is expec-
ted to advance steadily, with about 20 satellites launched per
year. As increases in satellite size are increasing the number of
transponders per satellite, the market for communications/
broadcasting satellite-borne transponders is also expected to
expand, though the rise will be rather small. For the future, we
will attempt to increase our share in the satellite market by de-
veloping new devices and reducing prices through standardi-
zation. In addition, we should not limit our business in this field
to the sale of traditional individual pieces of equipment. We
will also release new types of equipment into the market, em-
phasizing the sale of transponder systems that give higher
added values than those of individual pieces of equipment, and
we will expand our overseas business with them.

Authors' Profiles

KOJIMA Masanobu

Manager

RF System Group

Space Engineering Division

NEC TOSHIBA Space Systems, Ltd.

YAMASA Yasuhiko

Manager

RF Sensor Payload Group

Space Engineering Division

NEC TOSHIBA Space Systems, Ltd.

SUZUKI Wakou
Senior Manager
Engineering Department
Microwave Tubes Division
NETCOMSEC Co., Ltd.



Information about the NEC Technical Journal

Thank you for reading the paper.

If you are interested in the NEC Technical Journal, you can also read other papers on our website.

Link to NEC Technical Journal website

Japanese

\

Vol.6 No.1 Space Systems

Space Solutions for a Better Society

Remarks for Special Issue on Space Systems

The Business of Space: Our Vision and Roadmap
NEC Tackles the Global Business of Space Solutions

<> Papers for Special Issue

Progress with the implementation of NEC’s Roadmap

Fusion of Space Technologies and IT/Network Technologies

Strategies aimed at the Entry of Space Systems Business Enterprise to the Global Market
Promotion of Service Oriented Businesses for Space Utilization

Development of the ASNARO, an Advanced Space System

Technologies/Products supporting roadmap implementation (Satellites/Space station)
Development of the Japanese Experiment Module (JEM), KIBO for the International Space Station
Development of the Venus Climate Orbiter PLANET-C (AKATSUKI)

Development of Small Solar Power Sail Demonstrator IKAROS

Development of the KAGUYA (SELENE), a Lunar Orbital Spacecraft

Development of the Earth Observation Satellite “DAICHI” (ALOS)

Development of the Wideband InterNetworking Satellite WINDS (KIZUNA)

Small SAR Satellite Technology Promotes Dissemination of a Comprehensive Space Utilization System

Technologies/Products supporting roadmap implementation (Satellite ground system)
Ground Systems Supporting Satellite Operations
Data Processing System for Advance of Earth Observation Data

Technologies/Products supporting roadmap implementation (Satellite Bus)
NEXTAR Standard Platform for Quick Startup of Remote Sensing Operations
Standard Components of Satellite-borne Equipment

Technologies/Products supporting roadmap implementation (Communication)
Communications Technologies Supporting Satellite Communications
Satellite Transponder Equipment in Active Worldwide Use

Technologies/Products supporting roadmap implementation (Observation sensors)
Optical Sensor Technology Supporting the Greenhouse Gases Observing Satellite (GOSAT, or IBUKI)
Radio Frequency Sensor Technology for Global Rain and Cloud Observation

SAR Image Processing Technologies are Improving Remote Sensing Data

An Industrial Waste Monitoring System Based On the Use of Satellite Images

Technologies/Products supporting roadmap implementation (Fundamental technologies)
Fundamental Space-Supporting Technologies and Their Development Process

Element Technologies for Trajectory Design for Lunar/Planetary Exploration

Development of a Radiation-Hardened POL DC/DC Converter for Space Applications

Qualification Situation and Future Deployment of PWBs for Space Development Use

Technologies/Products supporting roadmap implementation (Guidance control computer)
Guidance Control Computer for Launch Vehicle

Asteroid probe MUSES-C (HAYABUSA)
Results Achieved from the Development and Operation of the Asteroid Probe MUSES-C (HAYABUSA)

<& NEC Information

NEWS

2010 C&C Prizes Ceremony

NEC C&C Foundation 25th Anniversary Memorial Award

S—— N o

NEC Technical Journal

Space Systems

[ ———

\Vol.6 No.1

April, 2011

Special Issue TOP



http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110101.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110102.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110103.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110104.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110105.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110106.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110107.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110108.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110109.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110110.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110111.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110112.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110113.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110114.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110115.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110116.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110117.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110118.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110119.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110120.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110121.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110122.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110123.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110124.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110125.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110126.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110127.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110128.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110129.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110130.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/110131.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/news.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/pdf/news.pdf?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/g1101pa.html?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/g11/n01/g1101pa.html?fromPDF_E0601
http://jpn.nec.com/techrep/journal/index.html?fromPDF_E0601
http://www.nec.com/en/global/techrep/journal/index.html?fromPDF_E0601

