The cidental Current

How a failing lightbulb in 1883
sparked the electronics revolution.

The Edison Effect

A faint, unexpected current
appeared in the copper wire without |
ever touching the filament. It was
the first time humans watched
themselves steer electrons.

Thermionic Emission

Edison tried adding a copper
wire to save his fading carbon
filaments. The heat made
electrons restless enough to
fly off in all directions.



Controlling the Flow

Vacuum tubes amplify signals by acting as

ga @@} one-way gates—but at a heavy cost.

(cathode) and receiver (anode). A tiny voltage
nudge on this grid swings the number of passing
electrons massively. Weak signals become strong!

The Flaws

Inefficient: Filament must run burning hot.

Slow: Takes 3 to 10 seconds to warm up.

Fragile: Requires a bulky, vacuum-sealed
glass shell that cannot shrink.
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The Silicon Swap

Pure silicon doesn't conduct. To make
it useful, you have to dope it.

Covalent Bonds

A pure silicon atom has 4 outer electrons.
They hold hands with neighboring atoms,
locking down tight. Result? Zero conductivity.

N-Type Doping

Add a little Phosphorus (which has 5 outer
electrons) into the mix. Four electrons bond, and
one gets left out! This newly freed electron wanders,
allowing the material to conduct electricity.

(Note: Adding Boron creates P-Type, leaving a positively charged hole).
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The PN Junction Standoff

Creating a one-way electrical street
without glowing filaments.

As they leave, the imbalance
creates an internal electric
field that yanks them back.

Push and pull settle into
a permanent standoff.

A high concentration of
electrons naturally tries to
diffuse across the border.

Result: A Solid-State Diode! Current only flows when external voltage
(usually >0.7V) points the right way and overrides this standoff.

M Gemini



Avalanche Breakdown

What happens when you crank
the voltage way up?

Racing electrons gain
massive kinetic energy
from the high voltage.

They violently knock other
electrons out of their covalent
bonds... and those knocked-loose
electrons knock out more!

Careful!

This snowball chain reaction
dumps massive amounts of heat.

If it isn't cooled down quickly, the
silicon burns completely through.




The MOSFET Switch

Metal-Oxide-Semiconductor Field-Effect Transistor:
The controllable switch that rewrote everything.

Positive Voltage Applied
The Gate electrode (Metal)
sitting on top of an insulating
film (Silicon Dioxide) creates

a downward electric field.

The Channel Opens
Electrons in the P-Type silicon are
dragged to the top, forming a
conductive N-Channel. The Source
and Drain are suddenly connected!

P-Type Silicon

Drop the voltage, and the bridge collapses instantly.
A perfect, microscopic, solid-state switch.
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A Century of Progress: From Glass to Silicon

Feature Vacuum Tube MOSFET Transistor

Materials Glass & Metal Doped Silicon

Solid State

Environment  Fragile Vacuum Seal (Works anywhere)

Heat & Power Runs burning hot Extremely efficient

Warm-Up Time 3 to 10 seconds Instantaneous

. Nanometers
Scale Hand-sized (100 Billion per chip)




