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1. Basic of Semiconductor

Why should we study semiconductor devices?
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Core subject to understand Semiconductor

1. General Chemistry

2. Physics

3. Materials Science and Engineering

4. Semiconductor Physics and Devices

5. Semiconductor Fabrication
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1. Basic of Semiconductor

What is semiconductor engineering ?Milestones of Silicon Semiconductor Industry

▪ 1947 : Invention of the Ge transistor at Bell Lab. (Bardeen, Brattain, Shockley)

▪ 1952 : Production of ultra-pure Si and Ge by zone refining technique at Bell Lab.

▪ 1955 : Invention of diffusion-based transistor at Bell Lab.

▪ 1958 : First demonstration of integrated circuit using mesa tech. at Texas Instruments.

▪ 1959 : Development of IC using planar process at Fairchild.

▪ 1959 : Invention of the MOSFET at Bell Lab.

▪ 1960’s : Complete the planar process and IC fabrication process.

▪ 1970’s ~ 80’s : Market and technology development

Nobel Prize (Physics) @1956

Bardeen
Brattain

Shockley

First transistor

Nobel Prize (Physics) @2000

First bipolar transistor First integrated circuit Microprocessor
First microprocessor
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What is semiconductor Technology ?

Semiconductors

Diode 
(p-n, Zener, Varactor diodes) 

Transistors
(bipolar, field effect: MOS, MIS)

Peltier thermal cooler
Power generator 
(heat to electric power)

Light-emitting diode
Laser diode
Photodiode
Solar cell

Power generator
(Mechanical to electric power) 

RF sensor
Crash sensor

Electronic
(Transport)

Thermal
(thermoelectric) 

Optical
(optoelectronic) 

Mechanical
(piezoelectric)

Semiconductor

Physics

Applications

Semiconductor Technology

Study physics of semiconductors, devices and manufacturing methods.

Manufacturing
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Why should we study semiconductor ?

South Korea’s semiconductor industry made up about 19.3% of 

the global market, propelled by its memory market.
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So… What we are going to do?

Materials
What kind of materials are required?

Property

Fabrication (Integration)

What kind of properties ?

Let’s made electronic device

Analysis

Electrical characteristics of the device

1. Basic of Semiconductor



2. Characterization of Semiconductor

What is electrical characteristics of the device ?

Current–Voltage characteristic

A current–voltage characteristic or I–V curve (current–voltage curve) is 

a relationship, typically represented as a chart or graph, between 

the electric current through a circuit, device, or material, and 

the corresponding voltage, or potential difference, across it.

In electronics, the relationship between the direct current (DC) 

through an electronic device and the DC voltage across its terminals is called 

a current–voltage characteristic of the device

https://en.wikipedia.org/wiki/Chart
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Electronics
https://en.wikipedia.org/wiki/Direct_current
https://en.wikipedia.org/wiki/Electronic_device
https://en.wikipedia.org/wiki/Voltage


The simplest I–V curve is that of a resistor, which according to Ohm's 

law exhibits a linear relationship between the applied voltage and the 

resulting electric current; the current is proportional to the voltage.

the I–V curve is a straight line through the origin with positive slope. 

The reciprocal of the slope is equal to the resistance.

What is electrical characteristics of the device ?

R = V / I
From Ohm’s law

the current I flowing through a bar of homogeneous material 
with uniform cross section when a voltage V is applied across 
it, we can find its resistance R

Resistance: R

2. Characterization of Semiconductor

https://en.wikipedia.org/wiki/Resistor
https://en.wikipedia.org/wiki/Ohm%27s_law
https://en.wikipedia.org/wiki/Linear
https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Origin_(mathematics)
https://en.wikipedia.org/wiki/Slope_(mathematics)
https://en.wikipedia.org/wiki/Reciprocal_(mathematics)
https://en.wikipedia.org/wiki/Electrical_resistance


What is electrical characteristics of the device ?

Resistivity: ρ

is related to the resistance of the bar by a geometric ratio 
where L and A are the length and cross-sectional area of 
the sample

Resistance: R

Resistivity: ρ
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Types of I–V curves

The current (I) - voltage (V) relationship of electrical 
components can often provide insight into how electronic 
devices are used.
More specifically, many non-linear devices such as diodes 

and transistors are used in operating regions in which they 
behave like ideal components—such as current 
sources, voltage regulators, and resistors.

An understanding of I-V curves often provides insight into 
knowing how the device operates and helps us know how to 
operate a device in a way that enables the required 
functionality.
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How to obtain I-V Curves

Method 1: Voltage Sweeps

The current-voltage (I-V) relationship for a device is a current measured for a given voltage

For devices that do not supply power, I-V curves are obtained by using linear 
voltage sweeps.

Voltage sweeps involve the linear variation of the voltage, to obtain the 

corresponding measured output current.

(a): A linear sweep of 
voltage (V) with respect to 
time (t);

(b): the corresponding 
voltage sweep in the 
current (I) - voltage (V) 
curve
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What kinds of facilities are we need?

Semiconductor parameter analyzer

- The semiconductor parameter analyzer is an all-in-one unit, that 

consists of a power supplies, voltage meters, current 
meters, switching matrices and LCR meters to test 

semiconductors.

- Conduct both current-voltage and capacitance measurements with 
just a semiconductor parameter analyzer.
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Semiconductor parameter analyzer

3. Semiconductor parameter analyzer



Semiconductor parameter analyzer

VS 

Multimeter
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Multimeter

A digital multimeter is a test tool used to measure two or more 

electrical values—principally voltage (volts), current (amps) 

and resistance (ohms)

Not for voltage sweep (I-V Curves)

3. Semiconductor parameter analyzer

https://www.fluke.com/en-us/products/electrical-testing/digital-multimeters


Semiconductor parameter analyzer

The Keithley Instruments Model 4200A-SCS Setup and Maintenance is a
customizable and fullyintegrated parameter analyzer that provides

synchronized insight into current-voltage (I-V), capacitance-
voltage (C-V), and ultra-fast pulsed I-V characterization.

Old system consists of individual measurement instrument

Source meter / LCR meter / pulse generator / oscilloscope
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Source measure unit (SMU) 

Pulse generator

Keithley 2400

LCR meter: capacitance 
KEYSIGHT E4980A precision LCR meter

Oscilloscope

81134A Pulse Pattern Generator
Dual-Channel

MDO3000 Mixed Domain Oscilloscope
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Semiconductor parameter analyzer

4200A-SCS system overview:

- An overall block diagram and summary of the system

- Basic configurations and capabilities of the source-measure units (SMUs), 
preamplifiers, pulse generator and measure units, and capacitance-voltage
units (CVUs) that source and measure the electrical signals that are
connected to your devices under test (DUTs)
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Semiconductor parameter analyzer

The 4200A-SCS is an automated
system that provides I-V, pulsed
I-V, and C-V characterization of 
semiconductor devices and test
structures
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Measurement Configuration

Semiconductor Parameter Analyzer (SPA)

Sample

• Source-measure unit (SMU)

• Preamplifier

• Ground unit (GNDU)

• Capacitance-Voltage Unit (CVU)

• Pulse source-measure hardware (PMU+RPM)
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