Shuji Nakamura and the Invention of the Blue LED

In the late 20th century, tiny light-emitting diodes (LEDs) already shone red and green in
electronic devices (Weerts, 2024), but one color remained frustratingly out of reach: blue.
Without a bright blue LED, it was impossible to create the white light needed for efficient
illumination or full-color displays (Veritasium, 2024). For decades, scientists and major
companies poured time and money into making a practical blue LED, yet all efforts yielded only
faint glimmers at best. The blue LED was known as the missing piece—a challenge so daunting
that even the biggest names in electronics were forced to concede that the breakthrough might
never come.

Far from the glittering research labs of industry giants, a young engineer named Shuji
Nakamura worked at a modest Japanese chemical company, Nichia. Unlike the well-funded
laboratories of multinational corporations, Nichia was a small firm focused on phosphor powders
and older LED indicators. Nakamura’s role, though unglamorous at first glance, was fueled by an
unyielding determination. Every day, he toiled in a cramped, makeshift lab with limited
resources, tinkering with self-built equipment and daring to explore ideas that many dismissed as
impossible (Nakamura, 2015).

In 1988, recognizing the need to learn advanced techniques for crystal growth—
especially those required for fabricating high-quality semiconductor materials—Nakamura made
a pivotal decision: he traveled to the United States in 1988. In Gainesville, Florida, he spent a
year learning a process called metal-organic chemical vapor deposition (MOCVD), which uses
special gases to grow thin crystal layers on a substrate. Yet his journey abroad was not entirely
smooth. As a young engineer without a PhD, Nakamura faced skepticism from some American
colleagues and professors. They doubted his abilities and questioned his right to join the
academic world, often dismissing him as a mere technician rather than a serious scientist
(Nakamura, 2015). Although he marveled at the open, collaborative spirit in Florida—a stark
contrast to the bureaucratic rigidity back home—this subtle rejection only fueled his
determination to prove that practical skill and creativity could overcome formal credentials.

Rather than dampening his spirit, this only deepened Nakamura’s resolve. Frustrated by
being sidelined and determined to gain the academic credentials that he believed were essential
for advancing his research, he returned to Japan in March 1989 with a clear goal in mind: to earn
a Ph.D. In Japan at the time, one could obtain a “paper degree” by publishing a set number of
scientific papers. He noticed the lack of research on a material gallium nitride (GaN), since by
that time scientists were all focusing on another material zinc selenide (ZnSe). Hence, he set his
path on the research of GaN solely to publish more papers, and for him, this was an achievable
dream—even if he would never imagine that he would be the one to invent the elusive blue LED
(Nakamura, 2015).

Back at Nichia, Nakamura applied his newly acquired knowledge with fervor. With
limited funding and an inherited, standard MOCVD reactor (originally designed for GaAs), he
embarked on a painstaking process of modification. Over the next 1.5 years, he worked
relentlessly—morning after morning in his modest lab—to reengineer the reactor. His
innovation, a novel two-flow MOCVD design, introduced a gentle subflow of carrier gases. This



seemingly small tweak allowed for the uniform deposition of high-quality gallium nitride (GaN)
on large-area sapphire substrates, a breakthrough that would later become the bedrock for
efficient LED fabrication.

However, the pressure was mounting. The company had undergone a change in
leadership, and the new management was far more cautious about risky ventures. Orders came in
to focus on safer, more conventional projects, and many colleagues questioned the wisdom of
Nakamura’s pursuit of GaN-based blue LEDs. Despite these setbacks, he continued his work in
secret, often arriving before anyone else and staying long after others had left. One of the biggest
challenges was getting gallium nitride (GaN) to work correctly by forming a proper p—n
junction—a necessary structure for any LED to emit light. In simple terms, GaN needs two
complementary layers: one that readily gives up electrons (n-type) and one that easily accepts
them (p-type). Instead of using complex methods like electron-beam irradiation to activate the
p-type layer, Nakamura discovered that a straightforward heating process could do the job. By
annealing the GaN at around 400°C, he freed the atoms that were preventing the material from
conducting positive charge. This clever, simple fix provided him with both the p—type and n—type
layers essential for building a functional blue LED (Nakamura et al., 1994).

By early 1992, Shuji Nakamura had assembled the ingredients for a basic blue LED:
high-quality GaN crystal layers, an n-type layer and a p-type layer forming a junction. He put
these together into a small LED chip and wired it up. When he flicked on the power, a tiny dot of
bluish light appeared. It wasn’t a deep blue yet — more of a violet-blue — and it wasn’t very
bright. But it was working! This was Nakamura’s first GaN LED, and it was already a
record-setter in its own way. It glowed continuously for over 1,000 hours without degradation,
far longer than any previous blue LED prototype had ever lasted. The fact that it stayed on for so
long showed that his materials were very stable — a promising sign for practical use (Nakamura,
2015). That year, Nakamura traveled to an international conference, which is the first-ever
conference on nitride semiconductors, held in 1992 in St. Louis, USA. He stood in front of a
small audience — remember, few people were interested in GaN yet — and described his prototype
LED that could shine for 1,000 hours. When he revealed the device’s performance, the listeners
in the room were astonished and then erupted into applause.

The taste of success was sweet, but Nakamura knew this was not the end. His device,
while stable, was still too dim and the color wasn’t the pure blue he wanted. In his mind, he
compared the journey to climbing Mount Fuji, the highest mountain in Japan — he had come a
long way up, but the summit was still ahead. His ultimate goal was to make the blue LED come
out from the lab to mass production (Nakamura, 2015). Encouraged by the conference’s
response, he went back to Japan determined to conquer that final peak. He found out that
introducing indium (In) into the gallium nitride (GaN) can adjust the semiconductor's band
gap—the energy gap that determines the color of light the LED emits. However, this task was not
simple. Even minor differences in atomic size and behavior could significantly impact the
material’s performance. Indium atoms are bigger and act differently than gallium atoms, making
it hard to create a smooth, consistent InGaN layer. Using his specially adapted two-flow
MOCVD reactor, Nakamura carefully controlled the growth settings. He boosted the indium
amount and fine-tuned the temperature and gas flows, ensuring the indium mixed evenly with the
gallium nitride. The outcome was a thin, high-quality InGaN layer that served as the LED's
active region. This new layer not only moved the color closer to the desired deep blue but also



made the LED more efficient by keeping electrons and holes together, so they combined faster to
produce light (Nakamura et al., 1994). By the end of 1993, all the pieces came together.
Nakamura fabricated a new LED that, when tested, emitted a brilliant blue light at a brightness
never seen before from a semiconductor device of its kind. It was as if a tiny piece of the daytime
sky was glowing in his lab. This LED was hundreds of times brighter than the early prototype he
had shown in 1992. In fact, its light output was on the order of candelas — comparable to the light
from a small candle — whereas previous blue LEDs were measured in mere thousandths of a
candela. In practical terms, that meant his blue LED was bright enough to be clearly visible even
in broad daylight. The dream of a usable blue LED had been realized (Weerts, 2024).

On November 29, 1993, Nichia held a press conference in Tokyo to announce the world’s
first commercial high-brightness blue LED. Shuji Nakamura demonstrated his invention to a
stunned audience. Many in the scientific community could hardly believe it at first — after so
many years of failure by so many, it was hard to accept that a modest team from a small
company had cracked it. There was a sense of incredulity in the air. But the data didn’t lie, and
neither did the shining blue light in Nakamura’s hands (Shuji Nakamura: Biographical, 2014).
Once the initial disbelief subsided, excitement surged through the tech industry. Orders for
Nichia’s blue LEDs began pouring in from companies eager to incorporate the new blue light
into displays, indicator lights, and instruments. Nakamura had not only reached the summit of his
personal Mount Fuji — he had also opened a brand-new vista for technology. He succeeded where
giants like RCA, GE, and IBM had failed, and he did it with limited support, a lot of creativity,
and sheer persistence. In the span of a few years, this one engineer’s work propelled Nichia from
an obscure chemical company to a leader in optoelectronics. It was a triumphant moment, forged
through countless late nights and unwavering belief in a vision (Veritasium, 2024).

Nakamura’s work paved the way for a host of other innovations, from full-color displays
to blue laser diodes used in optical storage and medical devices. His journey from an underdog
engineer in a small Japanese company to a Nobel Prize-winning inventor is a powerful reminder
that passion, perseverance, and a willingness to challenge the norm can change the world. Every
time we see the glow of a smartphone screen or walk past a street lamp lit by an LED, we are
witnessing the enduring legacy of a man who refused to give up, even when the odds were
stacked against him. His story teaches us that sometimes the brightest ideas are born from the
darkest challenges, and that a single breakthrough can light the way for a future full of
innovation and progress.
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