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This book begins with a single question.

How did something so small and invisible come to move the world?

Every day, we use countless electronic devices. We look at our smartphones, work on computers, drive cars, and exchange information through networks. These actions feel so natural that we rarely stop to consider what makes them possible.

But at the center of it all, there is always the same element.

Semiconductors.

So small that they can barely be held in the hand, and too complex to be seen with the naked eye, these tiny devices make nearly every function of modern society possible. The creation, storage, processing, and transmission of information—and everything built on top of them—ultimately depend on semiconductors.

This book was written to trace that journey.
How semiconductors emerged, how they evolved, and why they came to occupy their current place in the world.
At the beginning, it was a simple phenomenon.

A strange flow of current that appeared when metal met crystal.

For a long time, it remained unexplained. Yet eventually, it developed into a technology. That technology moved from vacuum tubes to transistors, and then expanded into integrated circuits, forming the foundation of an entire industry.

This process was not a straightforward progression of innovation.

It was shaped by choices and failures, competition and collaboration, and countless attempts.

Some technologies disappeared. Others survived.

Some decisions reshaped industries. Others opened entirely new directions.

This book follows that flow.

Not focusing on how technology was created,
but on why it had to evolve the way it did.
It does not aim to explain complex formulas or theories.

Instead, it focuses on understanding the structure.

How semiconductors work, how their structure has changed over time, and what those changes have led to—these are presented step by step.

Through this process, the reader arrives at a single realization.

Semiconductors are not just components.

They are a flow.

This book is a record of that flow, connecting it from beginning to end.

And that beginning lies in a difference so small that we almost never notice it.
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Electric current flows.

But it does not always flow in the same way.

Sometimes it passes easily. Sometimes it stops. At times it changes direction, and at other times it is completely blocked.

At first, this difference could not be explained.

When metal is connected to metal, current flows freely. But when it comes into contact with certain materials, the flow changes—even under the same conditions.

In one direction, it flows.
In the opposite direction, it barely does.
It was a strange phenomenon.

For a long time, it was treated as an exception.

It could not be explained by theory, and it had no clear application. It was simply an unusual result observed repeatedly in experiments.

But that small difference would go on to change everything.

If current can be made to flow selectively, it can be controlled.

If it can be controlled, it can represent information.

If it can represent information, it can perform computation.

And if it can compute,
it can change the world.
This chain of ideas did not come together all at once.

Over a long period of time, through countless failures and attempts, it gradually took shape.

With the invention of the vacuum tube, electrons were controlled for the first time. With the arrival of the transistor, that control became smaller and more efficient.

Then came the integrated circuit, placing countless transistors onto a single chip. As a result, computers began to evolve at an unprecedented pace.

This was not merely a progression of technology.

It was a transformation in how people think and how society is structured.

Information moved faster. Computation became more precise. Technology expanded into more and more domains.

And at the center of it all, there was always the same question.

How do we control current?

Each time the answer to that question changed, technology moved to a new stage.

This book follows that process of change.

It traces how a single phenomenon evolved into a technology that now moves the world.

And along the way, it reveals the structure behind the technologies we take for granted.

This story is not complicated.

It is simply very deep.

And that depth continues to expand, even at this very moment.

CH1. How Far Can Electricity Flow?
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Electricity flows.

The statement feels so obvious that it hardly invites a question. People do not doubt that when they flip a switch, the light turns on, or when they plug something in, a machine begins to operate.

But let’s change the question.

How far can electricity flow?

At first glance, it may seem like simple curiosity. In reality, it marks the starting point of a problem humanity grappled with for centuries before it came to understand semiconductors.

In the 18th and early 19th centuries, electricity was still a mysterious phenomenon. Lightning was seen as a force from the sky, and in laboratories, experiments were limited to rubbing glass rods with silk to produce static electricity.

At the time, scientists were focused on one thing.

Distinguishing materials that conduct electricity from those that do not.

Metals conduct electricity well. Copper, silver, and gold all have high conductivity. In contrast, materials like wood and glass allow almost no current to pass. These were called insulators.

The world seemed simple—there were things that conducted, and things that did not. Nothing in between.

But this simple distinction did not last.

One scientist began to question that boundary.

His name was Michael Faraday.

Faraday was a man who understood the world through experiments. He valued direct observation over mathematical theory. And through that process, he discovered results that challenged conventional thinking.

The material that caught his attention was silver sulfide.

It behaved strangely.

Normally, when the temperature of a metal rises, its conductivity decreases. As heat increases, atoms vibrate more intensely, interfering with the movement of electrons.

But silver sulfide behaved in the opposite way.

As the temperature increased, it conducted electricity better.

This was not just an exception.

By the standards of the time, it was not merely unusual—it was inexplicable. It was neither a metal nor an insulator. It existed somewhere in between.

Faraday recorded this phenomenon. He acknowledged that the material did not fit into existing categories, but he could not explain it further. He did not name it, nor did he complete a theory.

What he left behind was a crack in the system.

Does electricity only flow through metals?

This question would be repeated for decades. And with each repetition, the world
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