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Nanocomposite Thermoelectric 

Conversion Material

In response to the societal challenges that come 

with rising energy consumption, including the 

depletion of fossil fuels and global warming due 

to carbon dioxide (CO2) emissions, Hitachi has 

developed a thermoelectric conversion module 

that can recover energy from previously unused 

heat sources such as factory waste heat or vehi-

cle exhaust heat ranging from low temperatures 

of less than 200°C up to 500°C.

Hitachi has succeeded in giving a thin fi lm 

with a nanocomposite structure made of man-

ganese silicide (MnSi1.7) and silicon (Si) the low 

thermal conductivity (1 W/km or less) needed 

to provide the material performance for electri-

cal conversion with effi  ciencies of 5% or more 

for medium to high-temperature waste heat at 

500°C. It has also succeeded in synthesizing the 

material in bulk with a nanocomposite structure, 

the form in which it is used in the thermoelec-

tric conversion module*.

1 In the future, Hitachi hopes to obtain elec-

tric power from the waste heat of vehicles and 

engines by improving material performance 

and developing highly reliable thermoelectric 

conversion modules that can withstand high 

temperatures.

*  Th is work was supported by Future Pioneering Program “Research 
and Development of Th ermal Management and Technology” com-
missioned by New Energy and Industrial Technology Development 
Organization (NEDO) and Th erMAT.

Antiferromagnetic Spintronics 

with Low Power Consumption 

and High Switching Speed

Hitachi Cambridge Laboratory is researching 

antiferromagnetic spintronics against a back-

ground of interest in spintronics as a revolution-

ary next-generation device technology with low 

power consumption.

Because the theoretical upper limit on fre-

quency for antiferromagnets is in the terahertz 

(THz) range, which is higher than the gigahertz 

(GHz) range of ferromagnets, they have potential 
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uses for building devices capable of very high 

speeds. Joint research with the Czech Academy 

of Sciences, the University of Nottingham, and 

others has succeeded in demonstrating multi-

level switching of electrical pulses. Specifi cally, 

electrical resistance was successfully alternated 

between reproducible states with multiple lev-

els by applying three consecutive 50-ms elec-

trical pulses in a copper-manganese-arsenic 

(CuMnAs) device alternately in two directions.

Future work will aim to achieve high-speed 

multi-level switching for use as non-volatile 

programmable synapses for artifi cial neural 

networks. Research and development will also 

proceed in areas such as new sensing devices 

that utilize the high speed of antiferromagnets.

Automation Technology for Cancer 

Screening Using Nematodes

To facilitate the early detection of cancer by 

increasing the proportion of people screened, 

Hitachi is working on developing core tech-

nologies for next-generation cancer screening 

techniques that are easy to use on everyone.

Th e latest development is a system that uses 

nematodes (roundworms) to screen for can-

cer by taking advantage of an attribute of the 

worms whereby they are attracted to the smell 

of urine from cancer patients and repelled by 

that of healthy people (chemotaxis). Th e system 

automates each step of the screening process, 

with automatic dispensing, image acquisition, 
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and image analysis. It uses the brightness of 

light (luminance) as the basis for estimating 

the number of worms, eliminating the need to 

perform a visual count, which was how the data 

was acquired in the past. A quality assurance 

technique has also been established to ensure 

comprehensive cancer screening coverage, using 

the level of worm movement obtained by con-

tinuous automatic image acquisition and analy-

sis as an indicator.

In the future, Hitachi intends to contribute 

to the early detection of cancer through the 

practical implementation of nematode-based 

cancer screening, utilizing open innovation and 

undertaking joint research and development 

with Hirotsu Bio Science Inc.

Automated Cell Culture Equipment

Regenerative medicine is a new form of therapy 

based on the use of human tissue and other cells, 

and is recognized for its potential to provide 

cures for conditions that have been diffi  cult to 

treat in the past. For this purpose, Hitachi has 

developed closed-system automated cell cul-

ture equipment that can produce cells safely and 

with high quality and quantity.

Th e equipment can culture cells suitable for 

medical use thanks to its use of a fully closed 

system of fl uid supply tubes and culture vessels 

4

that provide excellent sterility. It is capable of 

culturing more than 109 cells at a time using up 

to ten culture vessels in parallel, each of which 

has a 500-cm2 culture area. Developed for use 

as general-purpose equipment that is suitable 

for use with a wide range of adherent cells 

(cells that grow on the culture surface), testing 

has also verifi ed its ability to culture induced 

pluripotent stem (iPS) cells in large quanti-

ties. Th e equipment can also be used for the 

initial diff erentiation process of producing iPS 

cell-derived neural progenitor cells, opening up 

the potential for the high-volume production 

of cells for regenerative medicine. Deliveries 

of the equipment to pharmaceutical companies 

commenced in 2017.

*   Part of this research was supported by the “Project Focused 
on Developing Key Evaluation Technology: Evaluation for 
Industrialization in the Field of Regenerative Medicine” of the 
Japan Agency for Medical Research and Development (AMED).

Quantum Computer Using 

Si-based Qubits

Quantum computers are attracting attention 

for off ering next-generation computing that 

achieves ultra-fast speeds. Hitachi Cambridge 

Laboratory is conducting exploratory research 

into new quantum computing technology 

involving quantum devices with isolated-dou-

ble-quantum-dot (IDQD) and complementary-

metal-oxide-semiconductor (CMOS) structures 

5

4  High-volume automated cell culture equipment
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that use Si, a material for which existing volume 

production processes are already available.

Th e latest work involves using simulations to 

design optimal parameters for device size, inter-

device capacitance, etc., and using the IDQD 

structure to build a prototype two-qubit cir-

cuit in collaboration with the Tokyo Institute 

of Technology and others. Th e work succeeded 

in observing, at 4.2 K, the quantum interaction 

due to the change in current for a single electron 

transistor (SET) sensor in the stability diagram.

Future work will include optimizing the 

device structure and utilizing the technology 

for quantum device control and multi-qubit 

prototypes.

Development of Technology for 

Implementing CMOS Ising Computer

As Hitachi’s Social Innovation Business will 

require the optimization of infrastructure sys-

tems in the future, technology for solving com-

binatorial optimization problems will become 

crucial.

For the effi  cient handling of combinatorial 

optimization problems, Hitachi has proposed 

using a CMOS Ising computer, which works on 

a new computing principle. An Ising computer 

is able to handle combinatorial optimization 

problems effi  ciently by using what is known as 

an Ising model, a simulated replication of the 
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such as the reasons behind solutions or their 

counterexamples. Accordingly, Hitachi devel-

oped the following techniques and verifi ed their 

eff ectiveness.

(1) A technique for interpreting relationships 

between events based on the syntactic structure 

of text

(2) A technique for distinguishing between 

evidence and counterexamples through the 

hierarchical combination of local syntactic 

characteristics 

(3) A technique for evidence recognition using 

deep learning with attention mechanisms

When provided with topics of discussion that 

required decisions to be made based on complex 

considerations, a prototype system that incor-

porated these techniques was able to present 

arguments for and against (Agree/Disagree) 

solutions by using collated sentences about the 

pros and cons of a solution from a variety of 

diff erent viewpoints.

In the future, Hitachi plans not only to 

enhance natural language interpretation tech-

niques for understanding the content of written 

text, but also to develop techniques for drawing 

on a mix of knowledge from written sources to 

generate new strategies and to assess their suit-

ability by collating the advantages and disad-

vantages, the costs versus the benefi ts, and so on.

behavior of magnetic materials. A fi rst-genera-

tion prototype with a 20,000-bit chip was fab-

ricated using a 65-nm process and its operation 

was confi rmed. A second-generation prototype 

was then built using a fi eld-programmable gate 

array (FPGA) of programmable circuit ele-

ments, and work proceeded on, not only the 

hardware, but also the software techniques that 

would be needed for the practical implemen-

tation of a CMOS Ising computer. A graph 

embedding technique was developed to pro-

vide a simple way to embed complex real-world 

problems into a regular hardware structure, and 

its ability to execute optimization problems on 

the Ising computer with faster speed than past 

techniques was demonstrated.

Strategy Debating AI

Hitachi is working on a technology that pro-

poses strategies and explains the grounds 

for them using newspaper articles and white 

papers. To develop strategies based on eviden-

tial information is essential for companies and 

public institutions. Th e goal of this research is 

to achieve an artifi cial intelligence (AI) that can 

debate strategies with humans. 

To propose strategies, the computer needs 

to interpret the meaning contained in text data 

from diverse sources and, from them, automati-

cally collect and classify evidential information 

7
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Decentralized Cooperative System 

that Responds Quickly to Changing 

Circumstances by Mimicking 

Interactions between Animals 

Engaged in Collective Behavior

Along with advances in the Internet of Th ings 

(IoT), social infrastructure systems such as those 

for electric power, transportation, and distribu-

tion have become increasingly large and com-

plex over recent years. In the case of regional 

power system infrastructure, for example, which 

is made up of a large number of power plants 

and substations, the current practice is to use 

centralized control systems in which a control 

center handles the aggregation and calcula-

tion of data such as electric power generation 

capacity and sends out instructions to individual 

sites about how to transmit and distribute power. 

However, as operation becomes more complex 

due to the wider adoption of smart grids (next-

generation power transmission networks) and 

the introduction of electricity market liberal-

ization, the use of centralized control systems 

for system-wide optimization will impose very 

large computational loads, potentially making 

real-time performance impractical.

8 Hitachi has been looking at the collective 

behavior of animals as a way of resolving this 

problem. Each individual in a fl ock of birds or a 

shoal of fi sh, for example, determines its direc-

tion and speed through interactions (collision 

avoidance, alignment, and aggregation) between 

itself and its neighbors. Th rough the ongoing 

repetition of these interactions, animals are able 

to retain an orderly and regimented formation, 

with the ability to change direction as a single 

entity and to exhibit coordinated group behav-

ior. Th at is, through each individual’s interac-

tions with its neighbors, this collective behavior 

of animals gives a group the appearance of act-

ing like a single entity despite lacking any leader 

(analogous to the control center in a social infra-

structure system) keeping track of the overall 

situation of the group.

Taking note of this, Hitachi has developed 

a decentralized cooperative system made up of 

a large number of sub-systems that draws on 

the same principles of interaction as between 

animals engaged in collective behavior, without 

the need for a leader. Th e overall decentralized 

cooperative system corresponds to a fl ock, shoal, 

or herd of animals, while each sub-system cor-

responds to an individual bird, fi sh, or other 
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8.1  Flowchart of production volume optimization using the decentralized cooperative system
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between the interconnected factories, the pro-

duction management systems generate pro-

duction plans by exchanging requests such that 

production is increased at sites where effi  ciency 

is high and reduced at sites where effi  ciency is 

low. Th e number of factories in the simulation 

was varied between 16 and 1,024 and their col-

lective profi tability was determined. Th e results 

indicated that the profi tability would be the 

same as that achieved using centralized control. 

When a prototype environment simulating 16 

factories was created, the amount of electric 

power supplied to the factories varied, and the 

resulting changes in profi tability were mea-

sured, it was found that profi tability equivalent 

to that of centralized control could be achieved 

50-times faster (see Figure 8.2). Th is fl exibility 

to handle the addition and removal of sub-sys-

tems and to adapt quickly to changes in circum-

stances means that the decentralized cooperative 

system also has potential applications in areas 

like supply chains and distribution systems as 

well as in production management systems.

In the future, Hitachi plans to contribute to 

the realization of Society 5.0 by further develop-

ing this technology, including through the use 

of AI and open innovation, so as to build social 

infrastructure systems that are able to operate 

autonomously and in harmony with humans 

and the environment.

animal. Whereas a centralized control system 

has a control center to aggregate all of the 

data in a single location and handle the calcu-

lations needed for system-wide optimization, 

the process of optimization in a decentral-

ized cooperative system is distributed across 

the individual sub-systems. Each sub-system 

exchanges the necessary data with its neighbors 

such that system-wide optimization is achieved 

through the ongoing repetition of this process 

(see Figure 8.1). Th is signifi cantly reduces the 

communication overhead associated with cen-

tralized data collection and the computational 

load of optimization, enabling real-time per-

formance to be maintained even as the number 

of devices being controlled increases or in the 

event of unexpected changes in circumstances.

Th e system works by executing algorithms 

on the sub-systems that perform the following 

repetitive operations.

(1) Exchange data with other connected 

sub-systems.

(2) Based on this data, request other sub-sys-

tems to act in harmony.

(3) Execute the action requested by the greatest 

number of other sub-systems.

To test the eff ectiveness of the system, Hitachi 

has built a simulator that replicates a large group 

of factories, each of which is equipped with a 

production management system. Based on 

the exchange of data on production effi  ciency 

Factory (PC) Interaction

8.2  Prototype decentralized cooperative system


