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Overview of 6.012

6.012: Introductory subject to microelectronic devices
and circuits

 MICROELECTRONIC DEVICES
— Semiconductor physics

— Metal-oxide-semiconductor field-effect transistors
(MOSFETYS)

— Bipolar junction transistors (BJT's)

 MICROELECTRONIC CIRCUITS
— Digita circuits (mainly CMOS)
— Analog circuits (BJT and CMQOS)
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Applications of Semiconductors

e Logic Circuits
— Computers, Digital Signal Processors
o Amplifiers
— Hi-F, Wireless & nWave Communication, Telephony
« Memories
— DRAM, SRAM, NVRAM
e Lasars
— Optical Fiber Communication, CD Players
« Photodiodes
— Receaiversfor Optical Communication, Digital Camera
* Charge Coupled Device (CCD)
— Digital Camera
 Many others
— Sensors, Actuators, MEMS
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Let’slook inside a system...
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M icroelectronic devices and Cir cuits-
cor ner stones of electronic revolution

* Exponential growth in complexity and functionality
of integrated circuits [Moore' s law]

* Exponential decrease in power per function and cost
per function of integrated circuits

* Profound penetration of 1C technology into all
aspects of human society
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DRAM

and Microprocessor Roadmap
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DRAM - Dynamic random access memory
LSl - Large scale integration
MPU - Memory processing unit

® Microprocessor/logic
A Memory (DRAM)
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Cost Reduction of Electronics
Memory cost per bit
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Reduction in Cost of Computation
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MIPS — Millions of instructions per second

* Pentium, 286, 386, and 486 are registered trademarks of Intel Corp.
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Cost and Performance of DSPs
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2. Key Conclusions from 6.012

Electronicsrevolution enabled by:

« Semiconductor S and its amazing mechanical,
chemical and electronic properties [probably the best
material known to humankind]

e MOSFET

— Device with good gain, isolation and speed
— Comes in two “complementary” flavors
— Scaleswell insize

* Microfabrication Technology

— Batch fabrication of electronic circuits allows the
manufacturing of an entire circuit, say 10 transistors
and associated wiring on asingle single crystal Si chip

— Fabrication of extremely small structures, precisely
and reproducibly

— Tight integration of dissimilar devices with good
Isolation

— High-volume manufacturing of complex systems with
high yield
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NMOS and PMOStransistors

TiSi,  PolySi Gate Si,N,

P-substrate
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Vanishingly Small I1C

Panel 4. The Vanishingly Small

In the last thirty years, the typical feature size of an
integrated circuit (IC) has shrunk dramatically, as
shown in Figure 2. The success of the experimental
arrangement of Shockley, Brattain, and Bardeen
depended on dimensions of about 75 um. Today's
typical IC contains features of about 0.30 um,
almost 250 times smaller than the dimensions of

the original Bell Labs apparatus. Researchers now
believe that the ultimate dimensional limit of ICs
will be about 0.05 um, down another factor of 6
from where ICs are today. Further breakthroughs
will occur, researchers believe, to allow circuits to
be built with dimensions beyond the presently per-
ceived physical limits.
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Figure 2.
The vanishingly small IC.
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741 Operational Amplifier
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1 Gbit DRAM

(Dynamic Random Access Memory)

Courtesy
Dr. Gary Bronner, |IBM
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8 Mb High Performance SRAM
(Static Random Access Memory)
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Courtesy
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Circuit Engineering

Simple first-order device models that
— Arebased on physics
— Allow analog and digital circuit design

— Permit assessment of impact of device variations on
circuit performance

Circuit design techniques tolerant to logic
fluctuations and crosstalk
Circuit design techniques to adapt to surroundings
— Other circuits
— Signal source
— Transmission lines, etc

Circuit design techniques that reduce power
consumption
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Trade-offsin Microelectronics

30T
W,=5pm
Wy=10pum
25 -’
EFR Speed/power trade-off
_é 15 + 0.13 pm
10 +
5 t } +—tt } —
04 05 06 07 0809 1 2 3
Power Supply (V)
7T Gain/bandwidth trade-off
log (Gain)
log (Frequency)
6.012 Electronic Devices and Circuits-Fall 200 Lecture 1 17



Beating These Trade-offs
Progressin Technology

o Scaledown size of all components
* Reduce parasitics
* Novel circuit techniquesto

— Reduce power

— Reduce number of components per function
— Work around non-idealities of device
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Beating These Trade-offs
Progressin Technology

o Scaledown size of all components
* Reduce parasitics
* Novel circuit techniquesto

— Reduce power

— Reduce number of components per function
— Work around non-idealities of device
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Scaling
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Figure 1.
Moore Plot showing the contribution of design innova-
tion to the overall progress of IC fabrication.
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