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® Electronic Design Automation (EDA)

® Behind all novel electronic systems that we use in our dalily lives
® Such as iPod, smartphones, laptops, TVs, digital cameras, etc.

® The objective of this lab
® To have a hands-on practice on major steps in digital design and test
automation flow
® From system-level specification to physical design and verification
® Using industrial EDA toolsets
® You will work on sample designs and go through all major design and test
steps

® Become familiar with the steps and tool chain in the digital design and test
automation flow
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Topics

System-level specification and simulation
High-level synthesis

Logic-level synthesis and simulation

Design for testability

Test pattern generation and fault simulation
Circuit design, simulation and verification
Timing analysis and closure

Area, delay, and power estimation and analysis

With a flavor of dependable computing

Prof. Mehdi Tahoori Chair of Dependable Nano-Computing, Faculty of Informatics



Structure

® Block 1: System level design

® Block 2: RTL design and test

® Block 3: Circuit level design
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VLSI Realization Process '-\\-J(IT

Customer’s need

DetermineNxequirements

— Manufasturing test

Chips to customer
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® Design synthesis:

® Given an Input-Output function, develop a procedure to manufacture a
device using known materials and processes

® Verification:

® Predictive analysis to ensure that the synthesized design, when
manufactured, will perform the given Input-Output function
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Behavioral Structural
VHDL, C i VHDL
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Design Steps (cont)

LY = (AB+C)+AC+ |
: D+A(BC+D))
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Blockl : System level design

® We will focus in this block on high level abstraction
W C++ for high level design of a microprocessor.

B Benefits:
® Faster implementation of the specifications.
® The behavior of the system can be practiced in early phase.
® Early discovery of errors in the specifications.
® Before the manufacturing begins
® Early performance estimations are possible
® Find possible bottlenecks
W Easy design space exploration
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Example: MIPS processor
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MIPS comes from Microprocessor without Interlocked Pipeline Stages
Reduced Instruction Set Computer (RISC) design

32-bit and 64-bit versions

Used mainly in embedded systems
® Windows CE devices
® Routers

® Video game consoles
® Sony PlayStation 2 and PlayStation Portable

Many manufacturers are using the MIPS license:

® ATI & AMD

® [nfineon
® Toshiba
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MIPS pipeline structure
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Main tasks in Block1l

® Re-implementation of the MIPS ALU using bit level
® Adding fault detection and recovery strategies to the ALU.

® Implementation of a fault injection mechanism
® To test the efficiency of the added techniques

® Main tools:

® Qt Creator development environment

® Cross-platform
" QtGUI
B C++
® Free version available
® SPIM Simulator
® SPIM simulator
® |Implemented in Qt Creator
® Open source
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Block2: RTL Design and Test

Architectural

Physical Partitions

Physical/Geometry

Behavioral Algorithmic Structural

rocessor
ardware Modules
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Main content of lectures (1)

® RTL design and verification
® Design flow, design methodology

® Verilog basics, sy

nthesizable coding

® Modelsim demonstration
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module declaration ——

output declaration

_— _

input declaration

——

_—
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_—
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register declaration

wire declaration

_—module shift (data out, data in, rst ,
output [3:0] data_out; S
input data in;

| — input rst ;
input clk;
|_— reg [3:0] data_ out;
wire [3:0] data_out next;
assign data out next = {data out [Z:

if ('rst )
data_out <=
else

"0 ;

endmodule

clk) ;

\

always @ (posedge clk or negedge rst )

data_out <= #ldata_out next;

in/out ports

J} combinational logic

sequential logic
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® RTL synthesis

® Overview of Synopsys DesignCompiler

B Gate-level netlist extraction

® Performance, power and area constraints
® Floorplane

® Overview of Cadence SOC encounter

® Layout extraction

Encounter — /home/jgrad/encounter — Top Cell: (nrd_05) o [

Design  Et  FipChip  Partition  Poorplan  Pace Clack RBoute Twming 51 Power Verty  Tools Help

\ol@Qe|sacl BIE oA @l <5 8/c]o]

Design Vision
(GUI)

LI ( 477.416, 780.178)
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Lab tasks and arrangements

B Session1~2

® Verilog design of a simple ALU

B Session 3

RESET

CARRY_IN
——>

ALU

SUB;

OR;

SLT;
NOP

ADD;

AND;

XOR;
NOR;

CARRY_OUT,

OVERFLOW
—

RESULT

® Logic synthesis of the designed ALU

® Session 4

® Place and route of the designed ALU
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Block3 : Circuit level design

® We will focus on transistor level design
® HSPICE simulations of CMOS gate

® Motivation:
® Scaling the technology — everything becomes analogue
® More accurate simulations

® Power measurement of basic cells
® Delay measurement of basic cells

® Optimize basic cells for meet in the middle strategy
® For area, delay and power

® Physics based analysis is possible
® Process Variation analysis
® Reliability analysis
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Behavioral Domain

Behavioural Domain

System Specification
Algorithm !
Register-transfer specification
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Introduction of CMOS technology

® MOSFET
® MOS : Metal Oxide Semiconductor
® FET: Field Effect transistor

® CMOS: Complementary MOS:
® which means using both NMOS and PMQOS transistors to form a circuit.

® Transistors are not ideal switches. gt
® NMOS cannot transfer V ideally ‘——If L.
® And PMOS cannot transfer 0 ideally. \
® CMOS inverter: _O){ J\/\/\r
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® Introducing the structure of basic CMOS cells
® What are the challenges
® How to overcome
® Use Hspice as analogue simulator for basic cells:
® Design
® Verify the functionality

® DC analysis
® Transient analysis

® Delay measurement
® Power measurement

® Basic cells are
® Simple structures: NOT, NAND, NOR
® More complex structures: Full Adder and Ripple Carry Adder

® Main tools:
® Hspice
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Dates ??77?

® As a block Lab
B At the end of the semester

® 5 full days from 22" -26% of July
® 5 full days from 29t of July — 2"d of August
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