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Class at a Glance
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Course structure

® Design and tool intensive class
e Cadence tool suite for layout, circuit, and gate-level design, (using
accounts on CCV machines)
* Virtuoso
* Spectre
® Lecture Topics:
* The MOSFET transistor and fabrication process
The CMOS inverter
Static and dynamic CMOS gates
Delay analysis
Sequential CMOS circuits
Memory design
Arithmetic logic
Design for low power, test, margins, scaling, etc.

Complementary Courses

® Fall
e ENGN1590 Semiconductors and Semiconductor electronics
* ENGN1630 Digital Electronics
® Spring
e ENGN1680 Fabrication of Semiconductor Devices
e ENGN1620 Electronic Circuits (diode, BJT, MOSFET)
e ENGN1640 Computing Systems
® Related graduate course:
e ENGN2911X (reconfigurable computing)
ENGN291 2L (bioelectronics)
ENGN291 2E (low power VLSI design)
ENGN291 2K (mixed-signal electronic design)
ENGN2610 (physics of solid state devices) Spring 2017
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Grading

® Grade Distribution

® Homework and Lab Assignments 40%
* Midterm Exam 15%
* Wednesday, October 26 (tentative)
® Final Exam 20%
+ Wednesday, November 30 (tentative)
e Final Design Project 20%
« Presentation date/time Tuesday, December 13, 9am-noon
e Class Participation 5%

® Please let me know ASAP about exam conflicts
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Course administration

® |nstructor: R. Iris Bahar (iris_bahar@brown.edu)
322 Barus & Holley
Office Hours: Monday, 10am-noon (or by appointment)
° TA: Marc Powell
Marc_Powell@brown.edu
Office Hrs: Tu. 3-5pm (BERT 358), F. 10-noon (B&H 161)
® Labs: All lab assignments should be completed using accounts
on the CCV machines (assigned soon)
® URL: www.brown.edu/Departments/Engineering/Courses/engn1600
® Text: CMOS VLSI Design, 4™ Edition, Addison Wesley, 2011
(buy on Amazon, etc. or find PDF of textbook online)

® Pre-requisite: EN1630 (may be taken concurrently) or my consent

T
Moore’s Law and technology scaling

® |In 1965, Gordon Moore predicted that the number of
transistors that can be integrated on a die would double
every 14 to 18 months (i.e., grow exponentially with time).
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Moore’s law in action

13.000.000.008

Do Core b 2 )
.
100058000 L
7o agiafies
rS fon g ol
iy o8 gt aft
[ S
P 4yl
renmnlly
e e
el
8, =i
o0.000 sosts em_w
]
—_— T Ml
[T
srn
2000
om0
peogs ~ Weeos
oot
[T ] s 1900 e 00 s mw

Transisiors

2300 transistors, 1 MHz clock (Intel 4004) - 1971
16 Million transistors (Ultra Sparc Ill)

42 Million, 2 GHz clock (Intel P4) - 2001

140 Million transistor (HP PA-8500)

2007: 45nm Quad
core from Intel: ~820
million transistors in
214 mm?

® 1.3GHz - 2 GHz
® 180nm technology

® 42 million transistors

® 460 - 100 Watts
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® Introduced in 1971

® 10 micron technology
* 10,000 nm technology

® <2500 transistors

® 1 MHz clock
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AMD Athlon Il Quad-core

® Available in 2009

® 45nm technology

® 468 million transistors
® 2-3 GHz clock

® 40-90 Watts

9/7/2016



9/7/2016

i BROWN
£

Feature sizes The inside of an integrated circuit

~40,000 (65-nm node) transistors could fit on cross-section
[C. Keast]
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Designing a VLSI system
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5. Fabrication
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mask layout patterns

test and
packaging
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3/4. Design and Analysis

VHDL / Verilog / SystemC

compilation/
synthesis
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mask layout patterns
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find wire routes

design schematics
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« Design development is facilitated using Computer-Aided Design (CAD) tools
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Fundamental design metrics

® Functionality
® Cost
* Non-recurring (fixed) costs - design effort
® Recurring (variable) costs - cost of parts, assembly, test
® Reliability, robustness
* Noise margins
* Noise immunity
® Performance
¢ Speed (delay)
® Power dissipation; energy

® Time-to-market

oo BROWN

Reliability

® Noise: unwanted variations of voltages and currents
® 2 wires placed side-by-side vt
« Capacitive coupling
» Voltage change on one wire affects another

* Also called crosstalk i(t)
e Inductive coupling vous [:
« Current change on one wire affects another

v,
¢ Noise on power/ground supply rails 7

o Can influence signal levels in the gate

Recurring Costs

cost of die + cost of test + cost of packaging
final test yield

Variable cost =

nx (wafer diameter/2 )* 7 x wafer diameter
die area V2 x die area
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Dies per wafer =

die yield = [1 + defects per unit area x die areaj
a

Noise Margins

® For robust circuits, want 0> 1 intervals to be large
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