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1. Brief history of microelectronics

1925

Vacuum tubes for almost all complex circuits (switches, 

amplifiers)

1935

Simple solid-state diodes marketed: made of Se, PbS or Si

~1940
First commercial sources of high-purity Si and Ge.  Needed



for mixer and detector diodes used in radar, which was newly-



developed concurrent with WWII

1947

First transistor built (point-contact form) by John Bardeen, 



Walter Brattain and William Shockley at Bell Telephone Labs



This led to 1956 Nobel Prize in physics for all three.  



Later Bardeen came to UIUC and won second Prize for BCS



(Bardeen-Cooper-Schreifer) theory of superconductivity 

(1972)



Point-contact transistors were used for several years (despite



reliability problems) in control systems of guided missiles to 



replace magnetic amplifiers.

1952

Shockley invents junction transistor, and Gordon Teal/Gordon 



Sparks reduce it to practice.  Replaces point-contact version



with its reliability problems.

1954

First Si-based solar cell

1958

Shockley invents IMPATT diode for microwave generation.  Is 



forerunner of today’s wireless communication (e.g., cell 

phones)

1959

Jack Kilby (of TI) files patent for first integrated circuit formed 

in situ on a single piece of semiconductor.  (IC contains all 

needed active and passive elements and interconnects.)  

1960

Invention of ruby laser, the forerunner of all solid-state lasers

1962

Robert Noyce (Fairchild) patents another version of the IC, 

leading to heated legal battles with Kilby

1966

First year Si-based circuit sales outstrip Ge.  Si has better 



high-T performance and forms a better oxide in situ
60s-70s
MIS (metal-insulator-semiconductor) development leads to 



greatly reduced power consumption and miniaturization

80s

VLSI: 1 (m design rule reached.  GaAs circuits developed.

90s

ULSI: 0.18 (m design rule reached.  GaAs and Si-Ge 

wireless devices become widespread.

2. Predicted technologies giving maximum information exchange rate

1700

Smoke signal/other remote visual communication

1850

Telegraph

1920

Vacuum tubes

1950

Isolated transistor

1970

Si-based IC’s

1980

GaAs-based IC’s or superconducting Josephson junctions

1990

Optical circuits

3. Where is the IC industry going?


Show Handout 1: SIA Roadmap


We now have 0.18 (m design rule – this is roughly the size scale of the smallest bacteria and the largest viruses.


Pollen is 20 (m, hair 100 (m

4. Semiconductor materials

* Have electrical conductivities intermediate between metals and insulators

* Electrical conductivity often depends strongly on temperature, impurity

concentration (doping)

* Major varieties

Show Handout 1: Periodic Table with Groups III, IV, V

( Si – has excellent properties for processing.  E.g., easily forms a



high-quality oxide, easily forms a simple resistive metal 

contact.  

For many years people thought Si would be supplanted by 

other materials: hasn’t happened for IC’s


( GaAs – next most common.  It has better optical properties than 



Si (a “direct” bandgap) and a higher electron mobility for 



faster devices.  Dominates optical and wireless devices, but is 

more difficult to process.


( Ge – was used in early transistors, but formed poorer oxide and 



had worse high-T performance than Si.  Main use now is in



SixGe1-x quantum wells, heterojunction bipolar transistors, and



microwave devices.


( InP – Used most commonly in InxGa1-xAsyP1-y light-emitting 

diodes for fiber-optic communications.  Substrate is then InP.

Can tune bandgap between 0.75 and 1.35 eV: a good range 

for fiber optics (1.3 (m wavelength best).  

Also used in some microwave devices and military radiation-

hard solar cells 


( AlxGa1-xAs – Used for shorter-wavelength optical devices 



(bandgap tunable 1.4 – 2.1 eV), multiple quantum wells.



Has very high electron mobility.


( GaN – Being developed for blue lasers and LED’s


( InSb, HgxCd1-xTe – narrow bandgap for infrared detectors, night



vision

5. How does a typical process flow look?


Show Handout 1: Flowchart for Si-gate CMOS

This is a very simple process: only about 50 steps.  The most advanced IC’s have about 400, and take about 6 weeks to complete.


Note the repetition of many “unit operations:” 


( Grow thin oxide: steps 2, 6, 11, 16, 17, 23, 27, 29, 39


( Implant dopants: steps 5, 8, 15, 33, 36


Note: many cleaning and lithography steps are left out of this list.


We’ll spend most of the rest of the course examining many of these unit operations.  They involve basically:


( Lithography – putting an organic masking pattern onto wafer


( Deposition of thin layers – by physical or chemical methods


( Thermal oxidation


( Introduction of dopants – by ion implantation or diffusion


( Etching to remove unwanted material – by wet, plasma methods


( Cleaning to remove organics, particles, metallic contaminants


Our treatment will focus on the underlying physical and chemical principles, since technological details change every few years.
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