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Course Logistics

We will use the Connect for slide/assignment uploads.
(will let you know in class once setup)

We will use CAD tools heavily for this course.

Course Material:

Custom textbook from “Analysis and Design of Digital Integrated
Circuits” by D. Hodges and R. Saleh

In-class discussion of practical/recent issues of digital IC design
frequently encountered in the industry

EECE 481 Lecture 1



Microelectronics Program

EECE479 - Introduction to VLSI Design
EECE480 - Semiconductor Device Physics
EECE481 - DSM Digital IC Design
EECE488 - CMOS Analog IC Design
EECES571B RF Integrated Circuit Design
EECES83 - CAD for IC Design

EECES88 - Advanced Analog Design
CPSC538d - Asynchronous Design
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Historical Perspective

 Transistor Invented - 1940’s

» Integrated Circuit Invented - 1960’s

‘60’s - SSI and MSI

‘70’s - LSI

‘80°s - VLSI 1 micron

‘O0’s - 1um 4— _

0.8um - submicron
0.6um

0.35um deep submicron (DSM) technology
0.25um /

0.15um
‘00’s - 0.13um

0.09um or 90nm Ultra deep Sub Micron (UDSM)

0.065um or 65nm \ ,__— Technology

0.045um or 45nm
0.032um or 32nm
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Year

1995
1997
1999
2001
2004
2007
2010
2012

Technology Roadmap for Semiconductors

Technology #Trans Supply

0.35um
0.25um
180nm
130nm
90nm
65nm
32nm
22nm

10M
20M
40M
125M
250M
500M
1B
2B

3.3V
2.5V
1.8V
1.2V
1.0V
0.9V
0.8V
0.8V

« Line widths continue to decrease
at a rapid rate

 Most of the aggressive predictions
of the past have been too
conservative

 Rate of adoption of 40nm is
Increasing this year with most
designs in 90nm and 65 nm

« We will see volume production
In 22nm and beyond soon
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Deep Submicron Characteristics

What’s so special about deep submicron (DSM)?

* MOS device behavior is much more complex (velocity saturation)

* Wires become as important as devices (in some ways even more
important).

DSM Devices

DSM Wires

short-channel effects on V- .

velocity saturation
thin-oxide
(tunneling/breakdown)
subthreshold current
DIBL

hot-carrier effects
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interconnect RC delays
IR drop + Ldi/dt
capacitive coupling
inductive coupling
electromigration
antenna effects




Interconnect Delay dominates Gate Delay

30
25
20 |

15 °
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5° Interconne

1.0 08 065 05 035 025 018 0.13 0.1
Source: SIA Technology Roadmap >

EECE 481 Lecture 1



TSMC 0.35um Process

* This is a 0.35um TSMC process
microphotograph showing 4
layers of metal (aluminum) and
the corresponding vias
(tungsten)

*The figure demonstrates the
importance of interconnect in
deep submicron

*In this process, the transistors
are usually dwarfed by the
interconnect
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What is this course about?

« This course is about custom integrated circuit
design as opposed to VLSI design

*  We will look at the details of
— MOS models
— Interconnect models
— areal/timing/power tradeoffs
— performance optimization
« Fundamentally, | want you to:
“Think like an IC designer”

* Need to develop models for design and
analysis; models are approximations of the N
real world; we need to understand the type of
approximations being made and where they IBM Copper interconnect
breakdown.
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Circuit Design

Most people think about:

— Innovative configurations of transistors that perform some
function better.

* Where better might be smaller, faster, lower power, etc.
That is part of the job. The part that takes more time is:
— Making sure that this collection of transistors will work
OR

— Figuring out why this collection of transistors does not work,
or only works on a few parts.

To do either, you need to be able to reason about circuits ...
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Models

Models are an approximation of the real world

— Must leave many details out

— Must (to be useful) retain the important details

— Appropriate level depends on questions you want to answer

CAUTION:
— Simulation and analysis do not tell you what the circuit does
— It tells you what your MODEL of the circuit does

— So remember:
» Defect in model directly translates into invalid output results

Some of the hardest work is figuring out the right model for a
problem
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HSPICE

SPICE is the most widely use circuit simulator for detailed
analysis of transistor level designs

It uses very accurate models so we can verify our hand analysis
against the “correct” answer

The problem sets will use a version of SPICE called HSPICE.
This version has a number of features (like parameter sweeps
and optimization) that will make your life easier.

There is a library provided for the class
— Consists of models for a 0.18um CMOS technology

One of the review sessions on will explain how to use the key
features in HSPICE.
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Modeling / Simulation Problem

There are really two problems:
— Need to generate the correct model of the circuit

— Need to stimulate that circuit in ways that exercise the
problem

» Add coupling noise at the critical time
« Set initial conditions for the worst-case charge-sharing
* Inject substrate noise

HSPICE limitations:
— Only evaluates the model of the circuit that you give it

— Does the evaluation for the conditions you specify
» Answers the guestion you ask with the models you give it
» But does not tell you whether it was the right question
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What Needs to be Modeled?

Transistors

— nMQOS, pMOS

Wires

— They are not ideal connectors

— How complex should the model be?
* Resistance effects, IR drops in lines?
» Coupling, Inductance?
Circuit Environment
— Temperature, Power Supply, Substrate Voltage, Chip Gnd
vs. Board Gnd

 We won'’t be spending too much time on these aspects but they
are all important at the chip level!
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Circuit Design Priorities

Functionality .
Timing .
Power .

Circuit Noise Tolerance .
Area .
Cost .
Time-to-market

Supply variations
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Testabllity

Packaging

Process Variations
Yield

Temperature variations

Short/Long-term Reliability
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Power per chip [W]

Ever Increasing Chip Power
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What about Power Iin the Future?

Power Projections Too High!

uc ear eac r
Power processoru
(Watts). |

Source: Intel
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MOS Transistor Basics

Older terms: FET, IGFET, MOST, MOSFET
Recent terms: MOS transistor, MOS device

Transistor = a four terminal semiconductor device wherein
current flow between two of the terminals is controlled from
the third terminal.

Gate

W/%T

rain

pd

P-type substrate (body)

I Bulk
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MOS [|-V Characteristics

- Vos +

£ *lﬁz.?;_
AlAR——2
o ———G

Qn(y), V(y)
_> y
y=0 y=L
Velocity Saturation controls device operation:

- carriers reach maximum velocity before they reach
end of channel region

- sets limit on current level

lds  Wv, Cox (Vas - Vi)
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MQOS |-V Curves

Example characteristics values for 0.35um CMOS

G0

0 05 1 1.5 2 2.5
Yels(Y)
VDS
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W= 1um L= 0.35um NFET
lpss = 550pA at 2.5V

K = 140p AN

Co= 2fF

C = 1fF

Rop = TH280pAN) ~ 35K

1
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CMOS Inverter

« Need NMOS and PMOS device to form an inverter

\ NMOS Device

« When Vin is low, the NMOS device is off and the PMOS device
pulls the output to vVdd

 When Vin is high, the NMOS device is on and it pulls the output
to Gnd
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Fabrication and Layout

Layout of cell and final cross-section of inverter cell

;

nwell

IPANNNNNNNTY
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The Digital Abstraction

« Signals are represented by voltages
— Voltages are not fundamentally quantized
— Signals will have noise

* In robust systems, noise should not affect output Noise
« Divide voltage range into regions: 0, X, 1

i
. 1
unknown —Do— unknown
0 0
Input range

Output range
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Optimal Gate Sizing

(D

v
Let’s say you have some large load you need to drive, Cload

You want to minimize the delay it takes to drive the load
— Find the right number of gates needed to drive load
— Find the right sizes for these gates

Be careful about all optimization problems
— Fastest delay is to build one very big gate, but...

— Can only work if you start with some constraints

 Fix the input capacitance C, (otherwise the previous gate has a
problem driving the large capacitance)

« Often fix the number of stages

Cin ~Cload
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Interconnect Scaling Effects

Dense multilayer metal increases coupling
capacitance

Old Assumption DSM

-

Long/narrow line widths further increases
resistance of interconnect

;I
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Technology Scaling Effects

At 0.5um and above: Simple capacitance

Q P
At 0.35um and below: Resistance ﬂ 1

i S e

At'0.18um and below : Coupllng Capacitance

At 0.10um and below: Inductance
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Example: IR drop

Consider a metal line used for power bus routing:

Older technology:
5 squares of

resistance

Newer technology:

35 squares of

resistance

Scaled technologies increase the resistance going from the Vdd pad
to a gate. For example, Vdd may be set to 3.3V at the pad but may be
around 2.9V by the time it gets to a gate. This is called IR drop and it will

effect the timing of the gate by amount that is dependent on the level of IR drop.
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IR Drop Problems: Global Routing Inadequate
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Arrangement of blocks
and global power
routing determines IR
drop

IR drop impacts gate
timing since it reduces
the drive capability of
devices

3.3V --> 0.9ns
2.9V -->0.Ins
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Full-Chip IR Drop Plot of Ultra Sparc Il
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Summary

Deep submicron has introduced new issues in MOS integrated
circuit design for both devices and interconnect

In order to understand these issues, and design in the presence
of the new problems, we need to understand the device and
Interconnect models in detalil

This course will give you the background you need to design in
0.18um and 0.13um technologies ( and 90nm too!!)

Also, I think it is a lot of fun, and | hope you will find it interesting
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