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Welcome to the First Issue of
MATTERQUEST
Every technology we admire begins with a material someone once
decided to understand more deeply. A better battery starts with a better
electrode. A brighter display begins with better control of light. An
electric vehicle depends on materials that store energy, carry current,
resist heat and survive millions of cycles. And sometimes, even a material
as familiar as diamond can still reveal a completely unexpected
behaviour.

That sense of surprise is exactly why MATTERQUEST exists.

This magazine is for the reader who wants to look beyond the headline
and ask: What is really happening inside the material? Why does this
discovery matter? And where could it lead next?

In every issue, we will follow important developments in materials
science, emerging technologies, research opportunities and the ideas
shaping tomorrow - but we will explain them in a way that is
scientifically careful, visually engaging and genuinely enjoyable to read.

This inaugural issue marks the beginning of that journey. I hope you
discover at least one idea here that makes you stop, think, and see
materials science a little differently.

This is Issue 01.

THE QUEST BEGINS HERE.
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INSIDE ISSUE 01
Seven stories. One question: what will matter next?

SEPTEMBER 2026

01
BREAKTHROUGH / DISCOVERY

Can Diamond Generate Electricity?
A century-old assumption meets an unexpected piezoelectric response.

02
EMERGING TECHNOLOGY · ENERGY

Beyond Lithium: Sodium-Ion Batteries
How abundant sodium is being explored for the next generation of energy storage.

03
MATERIALS BEHIND TECHNOLOGY

An Electric Vehicle Is a Materials Laboratory on Wheels
Battery materials, magnets, semiconductors, copper and lightweight structures.

04
TECHNOLOGY & INDUSTRY

TCL vs Samsung: Inside Modern TV Displays
Mini-LED, quantum dots and the materials engineering behind brighter screens.

05
PATENT WATCH

Inside a New Solid-State Battery Patent
What electrode architecture, insulation and mechanical support reveal about battery engineering.

06
RESEARCH OPPORTUNITIES

Prime Minister Professorship 2026
A concise guide to eligibility, application and what researchers should verify.

07
THE RESEARCHER'S DESK

Ideas · Papers · People · Practice
Five papers, research habits, Faraday's notebook lesson and a question for next month.

MATTERQUEST explores the materials behind scientific discovery

EXPLORE  •  UNDERSTAND  •  SHAPE TOMORROW
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A D V A N CE MA T E R I A L S LA B .CO M

B R E A K T H R O U G H  O F  T H E  M O N T H

Diamond Was Considered
Non-Piezoelectric for a Century.
Scientists Just Found an Exception.

An ultrathin polycrystalline diamond membrane can generate a measurable electrical response when 
bent - showing how grain boundaries can create behavior absent from an ideal crystal.

A polycrystalline diamond membrane under mechanical stress. Asymmetric grain boundaries can create charge separation, producing a repeatable voltage signal.

T HE D ISC O V ERY

Diamond is hard, chemically 
stable and thermally conductive, 
but its highly symmetric crystal 
structure means ordinary 
diamond is not expected to show 
conventional piezoelectricity.

Researchers led by scientists at 
the University of Hong Kong found 
that an ultrathin polycrystalline 
membrane behaves differently: 
when bent, it produces a 
repeatable electrical response.

~70 mV
reported at about 1.4% bending 

strain
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A D V A N CE MA T E R I A L S LA B .CO M

T H E  U N E X P E C T E D  C L U E

A Strange Movement Inside a Petri Dish

The experiment began with an observation that looked like simple static electricity.

The membrane flexed near a charged plastic Petri-dish lid, prompting the team to investigate its 
electromechanical response.

W H A T  T H E Y  N O T I C E D

The researchers were storing an extremely 
thin diamond membrane in a plastic Petri 
dish when they noticed it move and flex as 
the lid approached or moved away. Plastic 
readily accumulates static charge, so 
electrostatic attraction seemed the obvious 
explanation.

But the behavior persisted after steps were 
taken to reduce surface-charge effects. That 
suggested the response was not simply 
static charge sitting on the material.

“The surprise was not that diamond changed its crystal structure - it was that 
imperfections between tiny grains created a new electrical behavior.”

T H E  E X P E R I M E N T

The team bent the membranes while 
monitoring electrical output and 
comparing the response with control 
samples. At approximately 1.4% 
bending strain, the polycrystalline 
membrane produced roughly 70 
millivolts.

W H Y  R E P E A T A B I L I T Y  M A T T E R S

The signal appeared again and again 
during repeated bending. That 
repeatability connected the voltage to 
mechanical deformation rather than to 
a single accidental discharge.

~70 mV

E L E C T R I C A L  O U T P U T

at approximately
1.4% bending strain
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A D V A N CE MA T E R I A L S LA B .CO M

T H E  K E Y  D I F F E R E N C E

Why Polycrystalline Diamond Behaves Differently

The new behavior emerges at grain boundaries, where local atomic symmetry can differ from the ideal diamond 
lattice.

Single-crystal diamond has a continuous ordered lattice; polycrystalline diamond contains many grains and grain boundaries where local asymmetry can occur.

S I N G L E  C R Y S T A L

A perfect diamond crystal has a highly 
ordered, centrosymmetric atomic 
structure. That symmetry is why 
conventional diamond is not expected to 
display ordinary piezoelectricity. In the 
study, the single-crystal control showed 
no comparable measurable voltage 
under the tested conditions.

P O L Y C R Y S T A L L I N E  M E M B R A N E

The membrane contains many 
microscopic grains joined together. 
Where two grains meet, the atomic 
arrangement at the boundary can depart 
from the symmetry inside each crystal. 
Bending can then create a small 
redistribution of charge at these 
asymmetric regions.

WHAT IS A
GRAIN BOUNDARY?

Imagine groups of perfectly 
ordered tiles meeting at different 
orientations. Inside each group the 
pattern is regular; at the interface, 
the patterns cannot match 
perfectly. That interface is 
analogous to a grain boundary.
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A D V A N CE MA T E R I A L S LA B .CO M

T H E  P E R F O R M A N C E

A Surprisingly Large Piezoelectric Voltage Response

82.2
mV·m/N

g₃₃ voltage coefficient

~5 µm
optimum membrane thickness

>7,000
bending cycles

~70 mV
at ~1.4% strain

H O W  T O  R E A D  T H E  N U M B E R

At an optimum membrane thickness of approximately 5 
micrometres, the researchers reported a piezoelectric 
voltage coefficient g₃₃ of about 82.2 mV·m/N. That value is 
higher than the reported voltage coefficients of several 
familiar piezoelectric materials.

But a high g coefficient does not automatically mean 
polycrystalline diamond is universally “more piezoelectric” 
than established materials such as barium titanate or PZT. 
The voltage coefficient also depends on dielectric 
permittivity; diamond’s relatively low dielectric constant 
helps produce a large voltage response.

W H Y  g ₃ ₃  M A T T E R S

The charge coefficient describes how much 
electrical charge a material produces under 
stress. The voltage coefficient describes how 
effectively that response appears as an electric 
field or voltage.

For sensors and energy harvesters, a large 
voltage response can be especially useful.

The laboratory result is promising, but it is still an early-stage materials discovery rather than a commercial device demonstration.

R E A L I T Y  C H E C K A measurable voltage does not yet establish scalable manufacturing, long-term device durability, 
integration readiness or independent replication.
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A D V A N CE MA T E R I A L S LA B .CO M

W H Y  I T  M A T T E R S

A Material That Could Sense - and Survive

D I A M O N D  A L R E A D Y  B R I N G S

Hardness
Thermal conductivity
Chemical stability
Harsh-environment 
resistance

Add an engineered electromechanical 
response, and the same material could 
become both a robust platform and an 
active sensing element.

Potential future directions include self-powered sensors, miniature electromechanical systems, energy harvesting and biomedical technologies.

A  B R O A D E R  M A T E R I A L S  P R I N C I P L E

Materials science has traditionally paid 
enormous attention to the ideal crystal -
the perfect repeating arrangement of 
atoms that defines a material’s 
fundamental structure. But real 
materials contain interfaces, defects, 
vacancies, surfaces and grain 
boundaries.

Increasingly, researchers are learning to 
use those “imperfections” deliberately. 
In this case, diamond did not violate the 
symmetry rules of physics; microscopic 
regions at asymmetric grain boundaries 
escaped the constraints that apply to 
an ideal single crystal.

T H E  T A K E A W A Y

Sometimes the next 
technology is not hidden inside 
a completely new material. 
Sometimes it is waiting inside 
a familiar one - at a boundary 
scientists have looked past for 
decades.

P R I M A R Y  S C I E N T I F I C  S O U R C E

Jixiang Jing et al., “Uncovering piezoelectric effect in polycrystalline diamond 
membranes,” Science Advances 12(12), eaea8318 (2026).

DOI 10.1126/sciadv.aea8318

DOI 10.1126/sciadv.aea8318

MATTERQUEST
REALITY CHECK

Early-stage result. Commercial 
translation still requires scale-up, 

integration, durability and independent 
replication.
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E M E R G I N G  T E C H N O L O G Y

The Sodium-Ion Battery
Is Leaving the Lab
Why 2026 may mark a turning point for a battery chemistry designed
not to replace lithium-ion everywhere, but to give the energy-storage
world another powerful option.

HARD-CARBON ANODE

Na

Na

Na

Na

Na

Na

ELECTROLYTE — Na⁺ IN TRANSIT LAYERED CATHODE

Na +

How a sodium-ion cell moves charge — sodium ions leave the hard-carbon anode, cross the electrolyte, and settle
into a layered cathode structure.

S

Lithium-ion batteries changed the modern world. They made smartphones
practical, helped laptops become portable and now power millions of electric
vehicles. But the next stage of the battery revolution may not belong to a single
chemistry. Sodium-ion batteries are emerging as one of the technologies that could
broaden the choices available to engineers.

odium is everywhere. It is present in seawater, minerals and, in chemical combination,
ordinary table salt. On the periodic table it sits in the same group as lithium, which means the
two elements share important chemical characteristics. That resemblance gives sodium a

remarkable possibility: sodium ions can also move back and forth between battery electrodes during
charging and discharging.
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The idea is not new. Scientists have studied
sodium-based rechargeable batteries for decades.
What has changed is the quality of the materials,
the understanding of their interfaces and the
engineering needed to manufacture the cells
consistently at large scale.

In 2026, those advances are beginning to
intersect with industrial deployment. CATL and
Changan announced a mass-production
passenger vehicle using sodium-ion batteries.

CATL has also announced large sodium-ion
energy-storage partnerships and says its first
commercial sodium-ion storage systems for
customers in China will begin delivery in
September.

That does not mean lithium-ion batteries are
about to disappear. The more interesting story is
almost the opposite: battery technology may be
entering an era in which different chemistries
are chosen for different jobs.

"The real question is no longer simply whether sodium-ion batteries
can work. It is where they can work well enough to become useful."
M AT T ER QU ES T  ·  ED I T OR I A L  P ER S P EC T I V E

01 T H E B A S IC  ID EA

A familiar battery
principle, with a different
ion
A rechargeable sodium-ion battery works
through a principle that will look familiar to
anyone who understands lithium-ion
technology. During charging, sodium ions travel
through the electrolyte from one electrode
toward the other while electrons move through

the external electrical circuit. During discharge,
the process reverses and electrical energy
becomes available to the device being powered.

But exchanging lithium for sodium is not as
simple as swapping one ingredient in a recipe.

Sodium ions are larger and heavier than lithium
ions. That changes how easily they can enter,
leave and move through the atomic structures of
electrode materials. Structures that work
beautifully for lithium do not necessarily
perform the same way when sodium is inserted
into them.

? MATTERQUEST Explainer — think of an electrode as a parking structure for ions. Lithium ions are
relatively small vehicles. Sodium ions need more room. A structure designed for lithium may not
provide the spacing, pathways or stability that sodium requires. Much of sodium-ion research is
therefore an exercise in redesigning the microscopic parking structure.
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I N S I D E  T H E  M AT E R I A L S  L A B O R AT O R Y

Four material systems that make a sodium-ion
cell possible

01
Hard-Carbon Anode
Its disordered structure and nanoscale pores can
accommodate sodium better than the graphite used in
conventional lithium-ion cells.

02
Cathode
Layered transition-metal oxides, polyanionic compounds
and Prussian-blue-type structures each offer a different
balance of capacity, voltage and stability.

03
Electrolyte
Must carry sodium ions efficiently while remaining
electrochemically stable — its reactions with electrode
surfaces shape safety and lifetime.

04
Interfaces
Performance is often decided at interfaces only
nanometres thick, engineered to control unwanted
reactions during cycling.

02 T H E MAT ER IA L S  C H A L L ENGE

Why graphite could not simply be copied from
lithium-ion batteries
One of lithium-ion technology's great successes is
graphite. Its layered carbon structure provides
an efficient host for lithium ions. Conventional
graphite, however, does not accommodate
sodium in the same straightforward manner
under typical sodium-ion battery conditions.

That pushed researchers toward other carbon
structures, especially hard carbon.

Hard carbon is not simply ordinary carbon
ground into a powder. Its atomic arrangement
contains disorder, defects, curved carbon layers
and pores. Those structural features can create
sites and spaces where sodium can be stored.

The precise way sodium occupies those
structures is still an active area of research.
Recent scientific reviews continue to examine
how pore architecture, defects, carbon-layer
spacing and surface chemistry determine
capacity and efficiency.

This is a useful reminder of what battery
innovation actually looks like. A commercial
battery does not emerge because one element on
the periodic table is abundant. It emerges when
scientists understand how ions interact with
solids, surfaces and liquids well enough for
millions of cells to behave predictably.
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03 WH Y  20 26  MAT T ER S

A year of unusually important industrial signals
Sodium-ion batteries have passed important technical milestones before. What makes 2026 notable
is the concentration of announcements connecting the chemistry with vehicles, factories, grid
storage and multi-gigawatt-hour supply plans.

M A N U FA C T U R ER - R EP OR T ED  TA R G ET

1 GWh
CATL says cumulative shipments of its sodium-ion energy-storage systems are expected to
reach 1 GWh by the end of 2026. This is a company projection and should not be interpreted as
independently verified installed capacity.

MATTERQUEST ·  SEPTEMB ER 2026 EMERGIN G TECHN OLOGY ·  4 OF 8

5 FEB R UAR Y 20 26

Passenger vehicle announcement
CATL and Changan announced what they described as the world's first mass-production passenger vehicle
equipped with sodium-ion batteries, intended to reach the market in mid-2026.

APR IL  20 26

A 60 GWh storage agreement
CATL and HyperStrong signed a three-year sodium-ion battery cooperation agreement covering 60 GWh of
energy-storage supply — an announced contractual partnership, not already-installed capacity.

21 APR IL  20 26

Manufacturing moves into focus
CATL said it had overcome engineering problems in large-scale sodium-ion manufacturing — moisture
control, hard-carbon gas generation, electrode production — with Naxtra reaching full-scale mass
production by end of 2026.

22 JUN E 20 26

Sodium-ion enters stationary storage
CATL unveiled its TENER sodium-ion energy-storage system and said cumulative sodium-ion storage
shipments were expected to reach 1 GWh by the end of 2026.

16 JULY 20 26

European deployment partnership
CATL and European energy-solutions company Alfen announced plans covering 5 GWh of sodium-ion
battery storage deployment in Europe.

S EPT EMB ER  20 26

First Chinese storage-system deliveries scheduled
CATL says its first sodium-ion energy-storage systems will begin customer delivery in China this month;
international deliveries are scheduled to begin in June 2027.
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04 S OD IU M V ER S U S  L IT H IU M

This is not a winner-takes-all battery race
Headlines often turn new technologies into
contests. Sodium versus lithium. One winner,
one loser.

Battery engineering is more complicated than
that.

Lithium-ion technologies have benefited from
decades of development, enormous
manufacturing scale and exceptionally strong
performance. High-energy lithium-ion
chemistries remain particularly attractive when

storing as much energy as possible in limited
mass and volume is essential.

Sodium-ion batteries approach the problem from
a different direction. Sodium resources are
widely distributed, and certain sodium-ion
material systems may reduce reliance on some
constrained lithium-ion supply chains. Sodium-
ion cells may also prove useful where maximum
energy density is less important than cost,
temperature behaviour, resource availability or
stationary operation.

QUESTION LITHIUM-ION SODIUM-ION

TECHNOLOGY MATURITY Highly mature, globally
manufactured at very large scale.

Earlier stage of commercialization,
with accelerating industrial activity.

ENERGY DENSITY Generally stronger, particularly
for high-energy cell chemistries.

Typically lower at present, although
performance is improving.

RESOURCE BASE Depends on lithium and, for some
chemistries, nickel and cobalt
supply chains.

Sodium is widely available; exact
requirements depend on cathode
chemistry.

ANODE MATERIAL Graphite is widely established. Hard carbon is currently a major
practical candidate.

LIKELY ROLE EVs, portable electronics, grid
storage and many high-
performance applications.

Stationary storage, selected mobility,
and situations favoring its material
advantages.

R EA L I T Y  C H EC K

Sodium-ion is not automatically "better" or "cheaper."

Abundant sodium resources are an important advantage, but the price of a finished battery depends on
much more than the abundance of one element. Cathode composition, hard-carbon production,
electrolyte chemistry, factory yield, cycle life, system design and manufacturing scale all contribute to
cost.

The same caution applies to safety. Some sodium-ion chemistries may offer attractive safety
characteristics, but battery safety must be evaluated at the cell, pack and system level rather than
inferred simply from the name of the chemistry.
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05 WH AT  MA NU FA C T U R ER S  A R E C L A IMING

Promising numbers — but attribution matters
CATL reports an energy density of up to 175
Wh/kg for its Naxtra sodium-ion battery. The
company also reports strong low-temperature
performance, including more than 90 percent
capacity retention at −40°C for its passenger-
vehicle sodium-ion technology.

Those figures are significant because cold
weather is a major challenge for electrochemical
batteries. Slower ion transport, increased
resistance and altered interfacial reactions can
reduce available power and capacity as
temperature falls.

But there is an important journalistic distinction.
These performance figures come from CATL and
should therefore be described as manufacturer-
reported specifications. They are not the same
thing as a broad independent comparison
showing that every sodium-ion cell will
outperform every lithium-ion battery in cold
climates.

MATTERQUEST will maintain that distinction
because emerging technologies are easiest to
misunderstand precisely when the science is
moving quickly.

06 WH ER E S OD IU M- ION MAY  FIT

The grid may be one of its most important proving
grounds
An electric car carries its battery everywhere it
goes. Every kilogram matters. A stationary
battery sitting beside a solar farm or electricity
substation faces a different set of constraints.

That difference matters enormously.

If a stationary system can tolerate somewhat
lower energy density in exchange for attractive
economics, long life, favourable operating
characteristics or more diversified raw materials,
sodium-ion chemistry becomes easier to
consider.

Grid storage is therefore emerging as one of the
most consequential arenas for sodium-ion

deployment. Renewable electricity is variable:
solar panels stop generating at night, and wind
output changes with weather. Large batteries can
absorb electricity when supply is abundant and
return it when demand rises.

But sodium-ion is not restricted to stationary
storage. Changan and CATL's passenger-vehicle
work shows that companies are also examining
mobility applications. The most successful
applications may ultimately depend on matching
the chemistry to the job rather than forcing
every battery to maximize the same metric.
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07 T H E D EEP ER  MAT ER IA L S - S C IENC E L ES S ON

A battery is not defined by one element
Calling something a "sodium-ion battery" can
make the technology sound deceptively simple.
In reality, its behaviour emerges from an entire
materials system.

Change the cathode crystal structure and the
voltage may change. Modify the pore
distribution of hard carbon and sodium storage
can change. Alter the electrolyte and the
chemistry of the electrode surface can change.
Adjust a coating only a few nanometres thick
and cycle life may change.

This is why commercializing a new battery
chemistry can take years even after a laboratory
cell has demonstrated promising capacity.

Scientists must understand materials. Engineers
must convert those materials into electrodes.
Factories must manufacture millions of cells with
extremely small variations. The sodium-ion story
of 2026 is therefore not simply a story about
sodium — it is a story about what happens when
materials science finally becomes
manufacturable technology.

T H E  M AT T E R Q U E S T  V I E W

The future of batteries may look more like a
toolbox than a throne
For years, the battery conversation has revolved
around making lithium-ion cells better: more
energy, faster charging, longer life and lower
cost. That work will continue.

Sodium-ion adds another possibility. Its most
important contribution may not be defeating
lithium-ion technology — it may be allowing
engineers to stop asking one battery chemistry
to solve every energy-storage problem.

High-energy lithium-ion cells could remain
indispensable where weight and space dominate.
Lithium iron phosphate may continue to thrive
where durability and cost are important. Sodium-
ion could develop its own territory in stationary
storage, cold-climate operation and selected
mobility applications.

If the industrial plans announced during 2026 translate into reliable
products at scale, this year may eventually be remembered not as the
moment sodium replaced lithium, but as the moment the modern
battery industry began seriously moving beyond a one-chemistry
mindset.
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E D I T O R I A L  S O U R C E S  &  F U R T H E R  R E A D I N G

Where this feature's facts and figures come from
MATTERQUEST distinguishes peer-reviewed scientific literature from manufacturer
announcements. Commercial performance and deployment figures attributed to CATL are
company-reported unless stated otherwise.

PRIMARY INDUSTRY SOURCE · FEBRUARY 2026

CATL & Changan — announcement of the mass-
production sodium-ion passenger vehicle and reported
Naxtra performance specifications.

PEER- REVIEWED SCIENCE · JOURNAL  OF POWER
SOURCES · 2026

Critical review of material design and interfacial
chemistry in next-generation sodium-ion battery
technology. Journal of Power Sources 663, 238584.

PRIMARY INDUSTRY SOURCE · APRIL  2026

CATL — Super Technology Day announcement
describing Naxtra manufacturing development and the
company's end-of-2026 full-scale production target.

PEER- REVIEWED SCIENCE · ACS APPL IED ENERGY
MATERIAL S · 2026

Review of sodium-ion cathode materials, including
layered transition-metal oxides, polyanionic
compounds and Prussian-blue analogues.

PRIMARY INDUSTRY SOURCE · APRIL /MAY 2026

CATL & HyperStrong — three-year cooperation
agreement covering 60 GWh of sodium-ion batteries for
energy storage.

PEER- REVIEWED SCIENCE · MATERIAL S CHEMISTRY ·
2026

Review of hard-carbon anodes for sodium-ion batteries,
covering sodium-storage mechanisms, microstructure
engineering and practical design challenges.

PRIMARY INDUSTRY SOURCE · JUNE 2026

CATL — TENER Sodium Energy Storage System
announcement, including planned September 2026
deliveries in China and expected cumulative shipments
of 1 GWh by year-end.

PRIMARY INDUSTRY SOURCE · JULY 2026

CATL & Alfen — announced 5 GWh sodium-ion battery-
storage partnership for deployment in Europe.
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T E C H N O L O G Y  &  I N D U S T R Y

The Battle for
the Living Room
How Samsung and TCL are turning the television market into a contest
of brighter backlights, smarter pixels, quantum dots and increasingly
sophisticated materials.

Samsung and TCL's flagship displays — two visions of how light, color and materials should define the modern
television.

There is a quiet technological battle taking place in millions of living rooms. You can see it whenever
a television produces a black night sky, a burst of sunlight, or a field of intensely saturated color.

For years, Samsung has been one of the defining names of the global television industry. Now TCL is
closing the distance. What makes this contest interesting to MATTERQUEST is that the rivalry is not
simply about brand names or screen sizes — deep inside these televisions is a story about
semiconductors, nanoscale particles, organic emitters and the control of light.

17%
Samsung share of global TV
shipments, Q1 2026

14%
TCL share of global TV shipments,
Q1 2026

#1
TCL's brief rank by monthly global
shipments, Dec 2025
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01 A  C H A NGING IND U S T R Y

The old leader has a new challenger
Samsung remains the world's largest television
brand by global shipments in the latest quarterly
figures available for this story. In Q1 2026,
Counterpoint Research placed Samsung at about
17% of global shipments.

TCL followed at approximately 14%. That gap
may look small on paper, but the direction of
travel is what has caught the industry's attention.

TCL has expanded rapidly, particularly in large-
screen and Mini-LED televisions.

Then came a symbolic moment. In December
2025, TCL briefly moved ahead of Samsung in
monthly worldwide TV shipments. It did not
mean Samsung had lost its overall market crown,
but it demonstrated that the competitive
landscape had changed.

"The television race is no longer simply about making a larger
screen. It is about controlling light more precisely, more efficiently
and at an increasingly affordable price."
M AT T ER QU ES T  ·  ED I T OR I A L  P ER S P EC T I V E

02 T WO S T R AT EGIES

Samsung and TCL are
attacking the same
problem from different
directions

A modern television has to perform several
difficult tasks simultaneously. It needs bright
highlights, deep dark regions, accurate colors,
low reflections, acceptable power consumption
and a screen that survives thousands of hours of
operation.

Samsung and TCL are both trying to solve these
problems, but their best-known television
technologies illustrate different engineering
approaches.

SAMSUNG

Control the Pixel

Samsung's premium portfolio spans QD-
OLED, Neo QLED Mini-LED and Micro-LED.
QD-OLED pairs a blue OLED light-producing
layer with a quantum-dot color-conversion
layer — because OLED pixels generate their
own light, dark pixels can switch off entirely,
producing extremely deep blacks.
Sophisticated image processing and anti-
glare technology round out the picture
viewers actually see in a room.

TCL

Control the Backlight

TCL has become particularly aggressive in
Mini-LED and quantum-dot LCD televisions.
Rather than making every pixel self-
emitting, thousands of extremely small LEDs
form a highly segmented backlight behind
the LCD panel — divided into many
independently controlled zones, so one
region can stay brilliant while its neighbor
goes much darker.
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HOW A QUANTUM-DOT MINI-LED TELEVISION CREATES COLOR

Mini-LED Backlight
Tiny LEDs generate intense
light behind the panel, zone
by zone.

→ Quantum-Dot Layer
Nanoscale semiconductor
particles produce highly
controlled colors.

→ LCD + Optical Layers
Liquid crystals and films
determine how much light
reaches each pixel.

03 T C L  A ND  T H E B R IGH T NES S  R A C E

Twenty thousand zones — why that number matters
TCL's X11L provides a striking example of how far
Mini-LED engineering has progressed. On the 98-

inch version, TCL specifies a 20,000-level local
dimming system.

20,000 independently controlled dimming zones
on the 98-inch TCL X11L

Imagine a conventional backlight as a large lamp
sitting behind the television. Brightening one
area tends to brighten its surroundings as well.

Now divide that lamp into thousands upon
thousands of individually controlled regions. The
television gains much finer control over where
light is produced. A star can be bright while the
surrounding night sky remains relatively dark.

More zones do not automatically guarantee a
perfect picture. Optical design, algorithms, the
LCD panel itself and the way light spreads
between neighboring zones all matter. But the
growing zone count reveals an important
engineering trend: light is being controlled on
ever-smaller spatial scales.
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04 T H E MAT ER IA L S  S C IENC E

The television is really a stack of engineered materials
A common mistake is to describe modern televisions as if one miracle material creates the picture.
In reality, their performance emerges from a carefully designed stack of materials, interfaces and
optical structures.

01
Semiconductor LEDs
Compound-semiconductor diodes
provide efficient light sources;
shrinking them allows finer backlight
control.

02
Quantum Dots
Semiconductor nanocrystals whose
optical behavior is tuned through
composition, structure and size.

03
Organic Emitters
Thin organic semiconductor layers
that emit light when excited —
enabling true pixel-level black.

04
Liquid Crystals
Molecules that act as tiny electrically
controlled valves, regulating
backlight per pixel.

05
Optical Films
Polarizers, diffusers and reflective
films shape light so more useful
photons reach the viewer.

06
Surface Engineering
Anti-reflection structures modify
how ambient light interacts with the
screen surface.

05 S A MS U NG QD - OL ED

When a blue OLED meets a quantum dot
Samsung Display's commercial QD-OLED
architecture demonstrates another elegant way
of controlling photons.

At the rear is a blue self-emitting OLED layer.
Above it sits a quantum-dot color-conversion
structure. In appropriate subpixels, the quantum
dots absorb blue photons and convert their
energy into other colors.

The result combines two important technologies:
OLED provides the self-emitting light source,

while quantum dots help generate highly pure
colors.

This is an important distinction. The quantum
dots in today's commercial QD-OLED television
do not themselves replace the OLED light source.
Samsung Display is researching
electroluminescent quantum-dot displays in
which quantum-dot pixels could eventually emit
directly under electrical excitation — but that
represents a different, next-generation
architecture.

nm Quantum dots are so small that changing their dimensions and structure changes the way they
interact with light — one of the most beautiful examples of nanoscale materials science entering
an ordinary consumer product.
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06 T H E FOR GOT T EN ENEMY

Sometimes the brightest light is the one you don't want
Television engineering is not only about
producing light. It is also about controlling the
unwanted light that arrives from windows,
ceiling lamps and other objects in the room.

Samsung's current premium televisions
therefore emphasize Glare Free and other anti-
reflection technologies. Instead of describing
this as magically "canceling" every reflection, the

more accurate picture is surface engineering
designed to reduce distracting reflected light
reaching the viewer.

This illustrates an important principle of optical
engineering: a display can appear better not only
by creating more useful photons, but also by
controlling the unwanted ones.

07 AT  A  GL A NC E

Two approaches to the premium television

FEATURE SAMSUNG QD-OLED APPROACH TCL SQD / MINI-LED APPROACH

LIGHT GENERATION Self-emitting blue OLED layer Dense LED backlight behind an LCD
panel

COLOR Quantum-dot color conversion Quantum-dot-enhanced wide-color
architecture

DARK SCENES Pixels can switch off individually Backlight zones are independently
dimmed

MAIN MATERIALS STORY Organic emitters + quantum dots
+ optical surface engineering

Semiconductor LEDs + quantum dots
+ liquid crystals + optical films

ENGINEERING PHILOSOPHY Fine control at the individual-
pixel level

Increasingly fine control of a very
powerful segmented backlight

"The real competition is not Samsung versus TCL. It is one
engineering solution versus another — and materials science makes
both possible."
M AT T ER QU ES T  ·  I S S U E 0 1
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T H E  M AT T E R Q U E S T  V E R D I C T

So who is winning?

There is no universal winner because the technologies optimize different things. The more
interesting winner may ultimately be the viewer.

Why TCL matters

TCL is pushing extremely sophisticated Mini-LED
and quantum-dot technology into increasingly
large televisions, intensifying competition over
performance and price.

Why Samsung matters

Samsung continues to push self-emitting displays,
sophisticated image processing and optical
surface engineering while developing future
quantum-dot display architectures.

And behind both strategies sits the same quiet revolution. Materials once discussed mainly in
semiconductor laboratories, nanotechnology papers and optics journals now determine what an
ordinary family sees when they switch on a television.

That may be the most remarkable part of the story: the
materials science revolution is already sitting in our

living room.

MATTERQUEST Editorial Note: Market-share figures in this feature refer to global TV shipment share rather than revenue share.
Shipment rankings can change between months and quarters. Product brightness, dimming-zone counts and other performance
specifications can also vary by model, screen size, region and measurement procedure. Manufacturer performance figures should
therefore be interpreted as model-specific specifications rather than universal characteristics of an entire brand.

EDI TORI AL  SOURCES

Counterpoint Research — Global TV Market Share, Q1 2026 · Counterpoint Research — TCL Takes Top Position in December 2025 Global TV
Shipments · Samsung Display — QD-OLED Technology · Samsung Electronics — Glare Free OLED Technology · TCL — X11L SQD-Mini LED
Technology
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PAT E N T  WAT C H  ·  N E W  B AT T E R Y  PAT E N T  2 0 2 6

The Cell Architecture That Could
Help Advance Solid-State Batteries
A recently published battery-device patent draws attention to an often-
overlooked part of the solid-state battery race: how electrodes,
insulating components and ion-conducting layers are assembled into a
stable and safe cell.

A solid-state cell's promise starts with its materials — cathode, solid electrolyte, anode — but its safety and
manufacturability depend on how those layers are physically assembled.

T H E S T OR Y
The next generation of batteries may depend not only on discovering better
materials, but on learning how to assemble those materials into mechanically
stable, electrically safe and manufacturable devices.
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PAT ENT  S NA P S H OT

PATENT

CN224248833U

PUBL I CATI ON DATE

May 15, 2026

TI TL E

Battery Device and
Electrical
Equipment

J URI SDI CTI ON

China

DOCUMENT TYPE

Utility Model

TECHNOL OGY AREA

Battery architecture
· Energy storage ·
Solid-state-
compatible cell
design

View Original Patent Record ↗

01
Why it caught our attention

The patent brings focus to the engineering
architecture surrounding advanced
battery materials — an increasingly
important part of the path from
laboratory concepts to practical cells.

W H Y  M AT T E R Q U E S T  I S  WAT C H I N G  I T

Better Materials Are Only Half the Battery Story

W hen we hear about the race to develop
solid-state batteries, attention usually
goes to the materials: a new solid

electrolyte, a lithium-metal anode, a high-
capacity cathode or a material promising faster
ion transport.

But discovering better materials is only part of
the challenge.

Those materials eventually have to become a
battery cell.

Electrodes must remain properly positioned.
Positive and negative components must remain
electrically isolated. Ion-conducting layers must
maintain effective contact. The complete

assembly must tolerate manufacturing stresses
and repeated operation without compromising
safety.

That engineering challenge is what makes
CN224248833U interesting. Published in China on
May 15, 2026, the utility model concerns a
battery device and associated electrical
equipment. Its significance is therefore not a
claim that somebody has invented the definitive
solid-state battery — rather, it offers a window
into the less glamorous but essential engineering
problems that must be solved as advanced
battery technologies move toward practical
devices.

⚡
T HE  K E Y  I D E A

Better battery materials alone are not enough. They must be assembled into a cell that
remains mechanically stable, electrically isolated and electrochemically functional
throughout operation.
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E N G I N E E R I N G  C H A L L E N G E

The Problem Behind the Patent

Imagine looking inside a battery cell.

At its heart is an electrode assembly containing
positive and negative electrochemical
components separated so that ions can move
through the cell while direct electronic contact
between opposite electrodes is prevented.

That arrangement sounds straightforward. In a
real battery, however, the components do not
exist in a perfectly static laboratory diagram.

They experience forces during manufacturing
and assembly. They can encounter vibration and
mechanical loading. Temperature changes can

produce expansion and contraction, while
electrochemical cycling can introduce further
dimensional and interfacial changes.

If parts of an electrode assembly shift, tilt or lose
their intended positioning, the consequences
can become serious. Insulation may be
compromised, local stresses may develop, and
unwanted electrical contact can increase the risk
of internal short circuits.

The patent addresses this broader cell-
architecture problem, including the relationship
between the electrode assembly, housing,
terminals and insulating components.

"The innovation story is not simply about what the battery is made
from. It is also about how the battery is physically put together."
M AT T ER QU ES T  ·  ED I T OR I A L  P ER S P EC T I V E

Mechanical support and electrical insulation become critical when electrode assemblies are integrated into practical battery
hardware.
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S O L I D - S TAT E  C O N N E C T I O N

Where Solid-State Technology Enters the Picture
This is where the story becomes particularly
interesting for materials scientists.

In a conventional lithium-ion cell, a porous
separator physically prevents the positive and
negative electrodes from touching, while an

electrolyte provides the medium through which
lithium ions travel.

A solid-state architecture can change that
arrangement.

CATHODE → SOLID ELECTROLYTE → ANODE

A suitable solid electrolyte can act as an ion-
conducting medium while also contributing to
the physical separation of the electrodes.

That sounds like an elegant solution. But
replacing a liquid-containing electrolyte system
with solid components introduces another

difficult problem: solid materials must maintain
effective interfaces with other solid materials.

Tiny gaps, loss of contact, mechanical
deformation and interfacial instability can all
influence how effectively ions cross these
boundaries.

The solid-state battery challenge is no longer only "Can we discover a better solid
electrolyte?" It is also "Can we build an entire cell around it that remains stable,
safe and functional?"

That is why battery-architecture patents deserve attention alongside spectacular new materials
discoveries.

W H Y  I T  M AT T E R S

The Solid-State Battery Race Is Becoming an
Engineering Race
Solid-state batteries are often presented through headline numbers: higher energy density, longer
electric-vehicle range, faster charging or improved safety. Those targets are important. But between
a promising laboratory material and a commercially manufactured battery lies an enormous
engineering challenge.
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Can the layers remain correctly positioned? Can reliable ionic pathways be maintained?

Can electrodes remain electrically isolated where
required?

Can solid-solid interfaces survive repeated cycling?

Can the cell tolerate mechanical and thermal
stresses?

Can millions of cells be manufactured reliably?

F R O M  L A B O R AT O R Y  T O  T E C H N O L O G Y

From Materials Discovery to Device Engineering
For materials scientists, CN224248833U illustrates a useful shift in perspective. Battery development
can be thought of as several interconnected levels.

MATERIALS Solid electrolytes · Cathodes · Anodes · Interfacial materials

↓

INTERFACES Ion transport · Contact stability · Chemical compatibility · Mechanical integrity

↓

CELL
ARCHITECTURE Electrode positioning · Insulation · Mechanical support · Packaging

↓

MANUFACTURING Repeatability · Scalability · Quality control · Cost

↓

COMMERCIAL
BATTERY

A complete device meeting performance, safety, manufacturing and economic
requirements.

A breakthrough at the first level does not automatically guarantee success at the last. That is one
reason the global battery patent landscape is so interesting: intellectual-property activity can reveal
where companies and inventors believe the remaining engineering bottlenecks lie.
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T H E  B I G G E R  P I C T U R E

A Technology Moving Beyond the Search for a "Miracle
Material"
Solid-state battery research is increasingly
extending beyond the search for a single
"miracle material."

Researchers and manufacturers are
simultaneously investigating solid-electrolyte
chemistry, electrode/electrolyte interfaces,
lithium-metal compatibility, mechanical
pressure, manufacturing processes and complete
cell architectures.

This is exactly what we should expect from a
technology moving from materials discovery
toward device engineering.

CN224248833U should therefore be viewed
within this larger technological landscape. It
does not, by itself, demonstrate that a
commercially ready solid-state battery has
arrived. Nor should it be interpreted as a patent
covering only an all-solid-state battery.

Its value for Patent Watch is subtler — and
scientifically more interesting. It reminds us that
the future of batteries may depend just as much
on how advanced materials are integrated as on
the discovery of the materials themselves.

MAT T ER QU ES T  V ER D IC T ★★★★☆

Worth Watching
The most interesting aspect of this patent is not a headline-grabbing new battery chemistry. It is
the engineering problem underneath it.

Moving solid-state batteries from promising laboratory materials to dependable devices will
require advances in mechanical support, electrical isolation, interface control and cell

architecture alongside improvements in solid electrolytes and electrodes.

The next battery revolution will not be won by materials chemistry alone. It will be
won when materials, interfaces and engineering finally work together.

TECHNOLOGY READINESS

Engineering Development
POTENTIAL IMPACT

★★★★☆
COMMERCIAL SIGNIFICANCE

Worth Watching
MATTERQUEST WATCH

Architecture + Solid-State
Compatibility

Why we selected it: MATTERQUEST Patent Watch does not treat every newly published patent as a technological breakthrough. We
select patents that reveal an interesting direction in materials science or engineering and examine what they actually tell us.

A patent is evidence of an invention or claimed technical approach — not evidence by itself of commercial readiness, mass production
or proven market performance.

MATTERQUEST ·  SEPTEMB ER 2026 PATEN T WATCH ·  6 OF 6



M AT T E R Q U E S T ISSUE 01 · SEPTEMBER 2026

PAT E N T  WAT C H  ·  E D I T O R 'S  N O T E

Why we selected it: MATTERQUEST Patent Watch does not treat every newly published patent as a technological breakthrough. We
select patents that reveal an interesting direction in materials science or engineering and examine what they actually tell us.

A patent is evidence of an invention or claimed technical approach — not evidence by itself of commercial readiness, mass
production or proven market performance.

Patent Watch
Tracking the ideas moving materials science from the laboratory toward

tomorrow's technologies.

M AT T ER QU ES T  ·  EX P L OR I N G  W H AT 'S  N EX T  I N  M AT ER I A L S  S C I EN C E
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CAREER & OPPORTUNITIES PRIME MINISTER PROFESSORSHIP 

2026

A RARE RESEARCH-LEADERSHIP OPPORTUNITY

Prime Minister

Professorship
A five-year ANRF programme designed to bring distinguished scientific 

experience into institutions seeking to strengthen their research and 

innovation ecosystem.

2026 CALL OPEN Deadline: 15 October 2026 · 5:00 PM IST

RESEARCH

LEADERSHIP

Mentoring · collaboration

institution building

₹2.5 Lakh
Monthly fellowship

₹24 Lakh
Research grant / year

5 Years
Programme tenure

55+
Minimum age

Not another senior faculty 

appointment

India's Prime Minister Professorship, administered by the Anusandhan

National Research Foundation (ANRF), is built around research leadership, 

mentoring and institution building.

The central question is larger than what the professor will personally 

publish. It is whether the host institution can become scientifically stronger 

because that experience was brought into its research ecosystem.

THE QUESTION

THAT MATTERS

“How will the host 

institution become 

stronger because I was 

here?”

Who can apply?

RETIRED ACADEMICS & 

SCIENTISTS

Superannuated or retired faculty and 

scientists with distinguished records.

OVERSEAS RESEARCHERS

Eligible NRIs, PIOs and OCIs 

prepared to take up the position in 

India.

INDUSTRY & PROFESSORS 

OF PRACTICE

Experienced professionals with 

strong research and innovation 

achievements.

Eligibility essentials: at least 55 years old · no upper age limit specified · full-time commitment · relocation to an eligible host 

institution.
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CAREER & OPPORTUNITIES APPLICATION ROADMAP

How the Opportunity Works
A proposal-based selection process - not a written competitive examination.

NO COMPETITIVE EXAM LISTED ANRF describes proposal submission and evaluation by a designated 

selection committee.

The five-step route

01

Career record

02

Eligible host

03

Five-year 

proposal

04

Committee 

review

05

Award + 

relocation

What makes a proposal compelling?

THE MENTOR

A distinguished record and sustained contributions to 

research or innovation.

THE INSTITUTION

Departments capable of benefiting meaningfully 

from mentoring and research development.

THE APPROACH

A scientifically meaningful, innovative and credible 

five-year plan.

THE IMPACT

A realistic path toward stronger research quality, 

collaboration and innovation capability.

What the award provides

₹30 LAKH / YEAR
consolidated fellowship

₹24 LAKH / YEAR
research grant

₹1 LAKH / YEAR
institutional overhead

IMPORTANT  |  The research grant supports research activity; it is not additional personal salary.

FOR EARLY-CAREER READERS The long-term lesson: build expertise, but also learn how to build people, 

research groups and scientific ecosystems.
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CLOSING DESK

The Researcher's Desk

Research is more than the result that eventually appears in a journal. It is the notebook filled with 

crossed-out ideas, the experiment repeated one more time, the paper discovered at the right moment, 

and the question that refuses to disappear.

Ideas · Papers · People · Practice
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Curiosity Is Part of the Method
A student-facing page about failed experiments, careful notebooks and the habit of asking better questions.

THOUGHT FOR THE RESEARCHER

“A failed experiment has not wasted your day if it has eliminated one wrong 

explanation.”
— MATTERQUEST Editorial Desk

Scientist's Note: Michael Faraday
Faraday's scientific notebooks preserved experiments, observations, diagrams and developing ideas across 

his career. That discipline still matters in a modern materials laboratory.

Record what happened - not merely what you expected. A note about sample colour, surface condition, 

electrode preparation, humidity or sintering history may later explain why an experiment refuses to 

reproduce.
YOUR LAB NOTEBOOK IS PART OF THE EXPERIMENT.

5 Papers Worth Your Attention

Selected for scientific interest, educational value and relevance to materials research.

01 FERROELECTRICS & ENERGY STORAGE

Nanofiber-like Polar Configurations 

Enable Ultrahigh Energy Storage

Nature Communications · 23 July 2026

High-entropy NaNbO₃-based relaxor ferroelectrics 

reached ~19.3 J cm⁻³ recoverable energy density with 

~95.2% efficiency.

TAKEAWAY  Control how polarization is organized - not 

only how large it is.

02 TOPOLOGICAL FERROELECTRICS

Topological Piezoelectricity in Bulk 

Ferroelectrics

Nature Materials · 14 July 2026

Bulk PMN-PT vortex structures were linked with enhanced 

macroscopic piezoelectric behaviour, pointing toward 

topological polarization engineering.

TAKEAWAY  Future functional materials may be designed 

by arranging polarization.
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Three More Ideas to Carry Forward
Hybrid ferroelectrics, sodium solid electrolytes and quantum batteries - three very different research directions.

03 EDITOR'S LITERATURE PICK

Alkaline Earth Metal-Based Perovskite Ferroelectrics

Nature Synthesis · Research Highlight · 1 September 2025

This is a Research Highlight, not the primary research article. It points to hybrid organic-inorganic perovskite-like ferroelectrics 

containing alkaline-earth metals.

TAKEAWAY  Ferroelectricity extends far beyond conventional textbook material families.

04 SOLID-STATE BATTERIES

A Deep Insight into Electronic and Ionic Transport Properties of Na₃SbSe₄

Applied Physics Letters · 13 July 2026

First-principles calculations and molecular-dynamics simulations examine sodium-ion transport in a candidate solid electrolyte.

TAKEAWAY  Don't only ask 'Does it conduct?' Ask 'What does it conduct - and how?'

05 QUANTUM TECHNOLOGY

The Advantages of Extended Nonreciprocal Quantum Batteries

Applied Physics Letters · September 2026

A theoretical study of nonreciprocal quantum-battery models and their charging, steady-state energy storage and transfer 

behaviour. It does not demonstrate a practical battery device.

TAKEAWAY  Quantum systems may reshape how energy storage and transfer are studied at very small scales.

LITERATURE DESK NOTE
Use these selections as starting points. Read the original paper, supplementary information and 

related literature before drawing scientific conclusions.
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A Better Research Day Starts with Small Habits
Practical habits students can use immediately - in the lab, at the computer and while reading papers.

01 NAME FILES SO FUTURE-YOU 

UNDERSTANDS THEM

Use a consistent date-material-experiment-

condition-run structure. Avoid endless versions of 

final.csv.

02 PRESERVE THE RAW DATA

Keep original instrument output untouched. 

Perform corrections, normalization and fitting on 

separate copies.

03 RECORD DETAILS WHILE THEY ARE 

OBVIOUS

Temperature, atmosphere, heating rate, geometry, 

electrodes, settings and unusual observations can 

matter months later.

04 BACK UP HARD-TO-REPEAT WORK

Keep multiple copies of important datasets, with at 

least one copy separate from the primary computer.

Think Like a Researcher - Not Just an Instrument Operator

1
Cross-check important interpretations with another characterization technique.

2
Separate observation from interpretation. A lower-2θ peak shift may indicate larger d-spacing only when 

assignment and calibration are sound.

3
Ask what else could produce the same result: leakage, electrodes, instrumental broadening, contamination or 

another plausible cause.

4
Read the figures before accepting the authors' conclusions. Ask: what do these data actually demonstrate?

5
Keep a Questions page. A surviving question can become tomorrow's research project.

ONE QUESTION FOR NEXT MONTH

What assumption in your own research have you accepted simply because everyone 

else accepts it?
HAVE YOU EVER TESTED IT?
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