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SPECIAL

Signal Processing Technology in the
Information and Communication Field

Since the 1990s, communication technology has rapidly advanced, and specifically, the digitization of broadcasting has greatly
accelerated the convergence of communication and broadcasting. This evolution has popularized broadcasting and video
playback on mobile terminals, leading to a tremendous increase in wireless communication demand. Our company has been
developing our business by utilizing GaN-HEMT and advanced signal processing technology to achieve high efficiency in high-
power amplifiers for mobile base stations in communication systems. This paper focuses on the digital and analog signal
processing technologies that form the basis of these communication systems, highlighting the currently widely used Orthogonal
Frequency Division Multiplexing (OFDM) system. It also describes the technological development of communication systems,

amplifiers, and GaN-HEMT models, along with future prospects.
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1. Introduction

Since the 1990s, the emergence of new services such
as text, music, movies, and high-definition video has led to
market expansion in both wired and wireless fields. These
services have been driven by technologies, such as asym-
metric digital subscriber line (ADSL), very high-speed
digital subscriber line (VDSL), power line communication
(PLC), fiber to the home (FTTH), and Wi-Fi, as well as by
3G, 4G, and 5G mobile phone services, and their evolution
is still continuing today."® Figure 1 illustrates the rela-
tionships between decades and transmission rates.
Sumitomo Electric Industries, Ltd. has commercialized
wired systems such as ADSL, VDSL, and FTTH and wire-
less components such as amplifier devices, conducting
business at both ends of the smile curve.

On the technical front, all communication systems
except FTTH use the orthogonal frequency-division multi-
plexing (OFDM) transmission technology. Sumitomo
Electric is the leader in the commercialized OFDM tech-
nology field conducting business across a wide range of
operations.

The company has achieved commercialization, minia-
turization, and cost reduction through the deep knowledge
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Fig. 1. Transmission rate trends over the past 30 years

gained from product development in both analog and
digital signal processing technology in OFDM systems.
The achievements to date include peak power control,
distortion compensation, error correction, and other digital
signal processing technologies, as well as accumulation of
technology for improving amplifier efficiency using digital
and analog signal processing technologies—typically,
load-modulated amplifiers in base stations—and technical
innovations in GaN high-electron-mobility transistors
(GaN-HEMTs*).

This paper focuses on the digital and analog signal
processing technologies that form the basis of these
communication systems, highlighting the currently widely
used OFDM system. It also describes the technological
development of communication systems, amplifiers, and
the GaN-HEMT model, along with future prospects.
Chapters 2 deals with digital signal processing. Chapter 3
explains load modulation in terms of analog signal
processing.

2. Communication Systems

2-1 Mobile phone system

Figure 2 shows the evolution of the mobile phone
system from the third generation, or from the 1990s to the
present. Up to 2G base stations, the all-in-one wireless base
station was the dominant architecture. Subsequently, the
wireless unit was separated, and the separated devices were
connected by high-speed digital optical transmission tech-
nology. In addition, as presented in Fig. 3, functional sepa-
ration allowed the wireless unit to be downsized and placed
immediately below the antenna, thereby reducing cable
loss between the antenna and amplifier. This created the
need for highly efficient amplifiers equipped with minimal
heat dissipation mechanisms. Moreover, the downsizing of
the wireless as above led to the development of carrier
aggregation and massive multiple-input and multi-
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Fig. 3. Example of radio unit placement

ple-output (MIMO) as key solutions to the growing
communication traffic. This trend resulted in a polarized
market, with a shift toward both high-power and low-power
wireless markets. Sumitomo Electric produces products in
the high-power segment of the market, providing
GaN-HEMTs that leverage the advantages of compound
semiconductors.

Figure 2 presents an outlook for technical development,
suggesting that the wireless unit will become smaller.® The
figure only shows the amplifier part, separating the digital
signal processing from the wireless unit. Considering the
integration of digital functions in base stations, it is reason-
able to anticipate the use of cloud computing and GPU-based
processing in Al-enabled base stations in the near future.

Meanwhile, digital optical fibers connecting the base
station and the amplifier will require a wireless signal
transmission function to send wireless signals as digitized
binary data. Sumitomo Electric worked on developing
digital radio frequency (RF) technology as a means of
achieving the required functionality, which led to the
company receiving a research paper award in digital signal
processing in March 2024. In June of the same year, the
company developed a 1-bit digital/analog converter inte-
grated circuit (DAC IC) under a national research and
development project and demonstrated conversion of radio
signals into binary form. Figure 4 (a) illustrates OFDM
converted into 1-bit digital data; Fig. 4 (b) shows an output
transmission spectrum of 1-bit DAC (GlobalFoundries 45
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Fig. 4. Time waveform and power spectrum in 1-bit digital RF

nm CMOS, 0.4 x 0.7 mm?, 16 Gb/s). Despite handling a
1-bit signal, a very high adjacent channel leakage ratio was
achieved. Currently, development is underway for a broad-
band, high-signal-to-noise ratio (SNR) device to support
modulated signals targeting the sixth generation wireless
communication technology.
2-2 Convergence of telecommunications and

broadcasting

During the period from 2000 to 2010 period, the
broadcasting industry underwent a global transition to
digital formats. In Japan, terrestrial digital broadcasting
began in 2003, using the OFDM system, and terrestrial
analog broadcasting ceased in 2011. The digitization of
terrestrial broadcasting accelerated the convergence of tele-
communications and broadcasting. The founding of
YouTube in 2005 and the emergence of the smartphone in
2007 made the use of mobile phones to watch broadcast
programs and videos a part of everyday life, resulting in an
explosive growth of data communication demand.
2-3 Error correction code

Due to the growing demand for fast, high-definition
video playback, it became essential to enhance the speed of
wireless communication. In 2008, Sumitomo Electric
developed a 1 Gb/s OFDM system using 1024-quadrature
amplitude modulation (QAM). In addition, as a high-defi-
nition solution, it became necessary to use an error correc-
tion code to correct bit errors occurring on communication
channels. In 2009, the company developed a codec® that
used a 10 Gb/s low-density parity check (LDPC) code and
delivered a prototype codec to broadcasting stations. In
2010, together with the National Institute of Information
and Communications Technology (NICT), it studied an
LDPC codec® that eliminated the need for an analog to
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digital converter (ADC), as a solution for satellite commu-
nication. Subsequently, Sumitomo Electric developed a 140
Gb/s encoder and a 500 Gb/s decoder® in 2011. Presently,
LDPC technology, having undergone application-specific
standardization, is used in terrestrial digital broadcasting
and 4G mobile phones.

Meanwhile, in wired systems, demand for speed and
higher picture quality was even more intense than in wire-
less systems. As the market rapidly developed, Raptor
codes were developed as an improvement on LDPC codes
due to the need for advanced image compression tech-
nology and an erasure correction code to correct packet
losses occurring on the communication channel without the
need for retransmission. In 2002, Sumitomo Electric devel-
oped an Internet protocol-set top box (IP-STB)® equipped
with a Raptor code and began offering trial services.

2-4 OFDM transmission system

Figure 5 outlines the OFDM transmission system.
This method encodes transmission data on frequencies
(subcarriers fl, f2, . . ., fn) separated at certain frequency
intervals and transmits it as radio waves (time waveforms)
from the antenna. The inverse Fourier transform is used as
a signal processing technique to generate time waveforms
efficiently from frequency components. The receiver uses
the Fourier transform to extract frequency components
from time waveforms. Thus, data is transmitted from the
sending side to the receiving side using these signal
processing techniques.

Figure 6 shows a prototype of an OFDM-based vehi-
cle-to-roadside communication system developed in 1997
by Sumitomo Electric. A block diagram of the OFDM
system is given in (a), a field-programmable gate array
(FPGA) signal processing board in (b), and a vehi-
cle-to-roadside communication system in (c). The board
shown in (b) uses the reconfigurable features of FPGA to
integrate all functions of a control station, base station, and
mobile station on a single board. Vehicle-to-roadside
communication systems at the time were required to
perform simultaneous communications between roadside
units and multiple vehicles travelling at high speed on an
expressway. For this reason, the subcarrier switching
scheme of OFDM on a single-frequency network (SFN*?)
was adopted to quickly switch between communication
zones (software handover) in order to eliminate the need
for multiple types of synchronization processing. The result
was successful error-free operation demonstrated in a
communication experiment consisting of test driving at 180
km/h, which used an error correction function based on
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Fig. 5. Overview of OFDM transmission system

interleaving and Reed-Solomon codes to overcome the
received power falloff caused by high-speed movement.
This development allowed the company to implement all
functions” of the OFDM transmission system. Table 1
gives specifications of a vehicle-to-roadside communica-
tion system. At the time, a transmission rate of 2 Mb/s—
comparable to that of 3G mobile phones—was achieved.
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Fig. 6. OFDM-based vehicle-to-roadside communication system

Table 1. Specifications for Vehicle-Roadside Communication System

Modulation DQPSK-OFDM
Transmission frequency 5.8 GHz
Transmission rate 2.048 Mbps

Number of sub-carriers 12 24
between sub-earers 933 kHz 447 kHz
FFT symbol duration ts 10.7 psec 22.4 psec
Guard interval duration 3/32-ts 3/64 - ts

Signal Processing Technology in the Information and Communication Field


https://sumitomoelectric.com/technical-reviews/

SUMITOMO ELECTRIC TECHNICAL REVIEW

No. 101 - OCTOBER 2025

About 10 years later, the emergence of 4G mobile phones
based on the OFDM transmission scheme eliminated the
need for the above dedicated communication system, and
thanks to the high-speed communication functions depicted
in Fig. 1, it became possible to use a variety of applications
even when driving at high speeds.

2-5 Digital RF

Figure 7 outlines signal processing based on 1-bit
bandpass delta-sigma modulation.® Transmitted I and Q
signals are converted into binary form through quadrature
modulation and 1-bit bandpass delta-sigma modulation.
This digitally converted binary data contains modulated
waves as depicted in Fig. 4 (a). By removing out-of-band
frequency components, conventional modulated waveforms
can be regenerated and transmitted as a high-frequency
radio signal via an amplifier and antenna. This transmitted
signal is equivalent to the signal output through a high-fre-
quency analog circuit. In summary, digital RF technology
enables the functionality of a high-frequency analog circuit
to be implemented through digital signal processing—
eliminating the need for analog circuitry—and facilitates
full digitization of wireless devices.

In general, high-frequency analog circuits must be
designed and configured differently for specific frequency
bands, requiring ongoing development by human resources
and capital investment in high-frequency engineering.
Consequently, such circuits follow a scrap-and-build devel-
opment model, which is capital-intensive and inefficient. In
contrast, digital RF technology follows a build-up develop-
ment model with higher investment efficiency, wherein
high-frequency solutions can be developed according to
scaling laws via parallel processing.

As wireless communication networks expand across
land, sea, and air—encompassing both terrestrial and
non-terrestrial domains—future communication services
are expected to offer seamless global connectivity. A
variety of wireless platforms are anticipated to converge,
including existing terrestrial base stations, satellite commu-
nication systems, high-altitude platform stations (HAPSs),
and unmanned aerial vehicles (drones). Digital RF tech-
nology is expected to play a key role in these systems, as it
is largely agnostic to modulation schemes and frequency
bands, making it suitable for use with general-purpose
wireless devices.
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3. Devices

3-1 Outphasing amplifier

This section discusses load modulation technologies
for high-efficiency amplifiers and large-signal model tech-
nologies for amplifiers at base stations, as a representative
application of digital and analog signal processing tech-
nology. In particular, this report focuses on load control
from the perspective of analog signal processing.

The rapid growth of communication demand is
creating a need for high-power and high-efficiency base
station amplifiers. In particular, to reduce the size and cost
of a radio unit, there is strong market demand for broad-
band amplifiers using GaN-HEMTs that support multiple
frequency bands. Sumitomo Electric is the global leader in
GaN-HEMT technology. Base station amplifiers must
simultaneously communicate with multiple terminals,
dynamically control transmission power to compensate for
path loss, and efficiently amplify OFDM signals with large
power fluctuations. Specifically, they must maintain high
efficiency over a power range from peak to approximately
one-tenth of peak power. Given these requirements, base
station amplifiers typically adopt a dual-amplifier architec-
ture for load modulation, since a single amplifier cannot
operate efficiently across such a wide power range.

Figure 8 shows an outphasing amplifier as an example
of load modulation. By controlling the power and phase of
the outputs from two amplifiers, the effective load imped-
ance seen by each amplifier is dynamically varied, enabling
high efficiency across a wide output power range. This type
of load modulation involves analog (or continuous) signal
processing of quantities such as power, phase, current, and
voltage.

The detailed example is shown in Fig. 8, where a
two-input signal source varies the effective load impedance
Z based on a load multiplication factor R, which depends
on the amplitude ratio and phase difference between input
signals I, and L. The resulting RF output characteristics are
shown in Fig. 9. By adjusting the effective load, the ampli-
fier can operate under near-optimal loading conditions at
different output power levels, thereby maintaining high
efficiency even at low power. In practical implementations,
matching networks are embedded within the amplifiers, as
shown in Fig. 10, and the output power from the two
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Fig. 8. Configuration of outphasing amplifier
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Fig. 10. Circuit configuration of the outphasing amplifier

amplifiers is combined using a Chireix power combiner.
This combiner consists of an impedance transformer and
two reactive compensators (+jB) that offset the reactance
caused by input phase differences.

An outphasing amplifier is generally challenging to
design and control, as the two amplifiers interact while
performing load modulation. However, control can be
achieved by deriving analytical solutions® to simultaneous
equations for optimal load conditions at both back-off and
saturated power levels. This can also be interpreted as a
method of manipulating the trajectory of the load locus
from start to finish.

Figure 11 shows an automated design tool, and Fig. 12
presents a sample design. This tool enables users to
generate matching networks and Chireix combiners at a
target frequency via a user-friendly GUI, by inputting the
optimal load values at saturated and back-oft power levels
for both the Doherty and the above-described outphasing
amplifiers. The reduction in design time enabled by this
automation allows engineers to focus on key challenges
such as improving efficiency, expanding bandwidth, and
minimizing distortion. Shortening the design cycle and
concentrating on core performance factors are essential for
revitalizing the amplifier market. In this context, the
company is actively promoting collaboration with external
partners.(10:1D
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3-2 Load-modulated balanced amplifier (LMBA)
Figure 13 presents the efficiency characteristics of a
broadband LMBA,"» developed as an advanced example
of the latest load-modulated amplifier. High efficiency was
achieved by selecting optimal load conditions at both satu-
rated and back-off power levels, similar to the approach
used in outphasing and Doherty amplifiers. To realize
broadband performance in the 3.4-4.2 GHz range, this
design optimized the load across the entire load locus—
including the beginning, end, and intermediate points—
selected appropriate resonance frequencies considering
both fundamental and harmonic components, and derived
the load frequency transfer function. By analyzing this
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Fig. 13. Measurement results of wideband LMBA

transfer function together with composite right/left-handed
(CRLH) transmission line characteristics,'® we achieved
wider-bandwidth operation required for next-generation
amplifiers.
3-3 Large-signal amplifier model

Amplifier circuit design can be nearly automated by
selecting the optimal load and deriving analytical expres-
sions for passive circuits. However, in the high-frequency
domain, layout design must also consider electromagnetic
effects, including parasitic capacitance and inductance.
Furthermore, as described above, designing high-efficiency
amplifiers involves nonlinear circuits including both funda-
mental and harmonic components make a large-signal tran-
sistor model essential. Sumitomo Electric is developing a
high-precision large-signal model that incorporates detailed
transistor structures and physical parameters, and has
designed various amplifiers based on this modeling approach.
Such large-signal models will play a crucial role not only
in the development of load-modulated amplifiers but also
in supplying optimized GaN-HEMTs tailored to market
needs. Moreover, even in applications where load modula-
tion is not required, market-specific large-signal models
can be employed to optimize GaN-HEMTs accordingly.

4. Conclusion

Research and development efforts will need to be
tailored to various markets. In particular, the emergence of
today’s computational capabilities and large language
models have enabled compact and high-efficiency products
to be developed in a short period of time. Meanwhile, the
fundamental technologies described in this paper—specifi-
cally, the base technologies such as OFDM and signal
processing, as well as GaN-HEMT optimization using
large-signal models—have steadily found applications in
cutting-edge digital and analog domains. It is essential to
adapt flexibly to evolving market conditions and
persistently pursue development with a forward-looking
perspective.

5. Future Prospects

The OFDM transmission system described in this
paper is increasingly being applied to various wireless
communication networks—on land, at sea, and in the
sky—as part of next-generation terrestrial and non-terres-
trial architectures. For example, direct communication
between low Earth orbit (LEO) satellites and mobile
phones is becoming a reality.

In parallel, studies on new modulation systems are
underway for use in diverse communication environments.
To enhance transmission rates for fast-moving platforms
such as satellites and drones, researchers are focusing on
controlling delay spread and Doppler spread, which are crit-
ical transmission channel characteristics. Traditionally,
digital signal processing has been considered unable to
control these two physical quantities originating from the
communication environment. However, based on an analogy
to the relationship between position and momentum in the
uncertainty principle of quantum mechanics, it has been
shown that when channel characteristics are viewed as a
probabilistic process, the Heisenberg transform can be used
to minimize the joint uncertainty of these quantities.

Finally, to implement these capabilities in communi-
cation systems, research is being conducted to enhance the
Fourier transform and OFDM framework, and to integrate
them with the Heisenberg-domain approach. Additional
research topics include reducing peak power and inte-
grating wireless communication with sensing functional-
ities. The core OFDM technologies discussed in this paper
are expected to remain foundational and widely applicable
in future wireless communication systems.
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Technical Terms

* 1 GaN-HEMT: A high-electron-mobility transistor
(HEMT) is a field-effect transistor composed of
compound semiconductor heterojunctions.
GaN-HEMTs excel in high-frequency and low-noise
characteristics.

SFN: An acronym for single-frequency network. A
SEN transmits data from multiple locations using the
same frequency. In the case of OFDM, the receiving
side receives the data correctly if it is within a certain
reasonable timeframe.

*2
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