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Unit 1: Intro. to Electronic Design Automation

ϕTodayôs contents:
½ Introduction to VLSI design flow/methodologies & styles

½ Introduction to VLSI design automation tools

½ Semiconductor technology roadmap

½ CMOS technology 

ϕReadings

½ Chapters 1-2
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Milestones for IC Industry

ϕ1947: Bardeen, Brattain & Shockly invented the 

transistor, foundation of the IC industry.

ϕ1952: SONY introduced the first transistor-based radio.

ϕ1958: Kilby invented integrated circuits (ICs).

ϕ1965:Mooreôs law.

ϕ1968: Noyce and Moore founded Intel.

ϕ1970: Intel introduced 1 K DRAM.

First transistor First IC by Noyce
First IC by Kilby
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Milestones for IC Industry

ϕ1971: Intel announced 4-bit 4004 microprocessors (2250 

transistors).

ϕ1976/81: Apple II/IBM PC.

ϕ1985: Intel began focusing on microprocessor products.

ϕ1987: TSMC was founded (fabless IC design).

ϕ1991: ARM introduced its first embeddable RISC IP core 

(chipless IC design).

4004

Intel founders
IBM PC



Apple A12 - iPhone Xs (2018)

Å7nm TSMC FinFet

Å9.89 x 8.42 = 83.27 mm2

Å6.9 Billion transistors

Å4 GPU cores (~18%): 9 Blocks

Å6 CPU cores (~14%):  13 Blocks

Å4 óTempestô Low Power CPU cores 

Å2 óVortexô High Performance CPU 
cores

ÅL2 & L3 caches

Å8 NPU/TPU cores (~7%) 4 Blocks

ÅDDR (~3%) 1 block

ÅMisc (~57%): 50 Unique Blocks

ÅTotal: ~75 unique blocks

ÅQ: did Apple design all its IPs?
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Source: TechInsights/ Anandtech

STANFORD EE292A 
LECTURE 1



Questions Are

ÅHow was the whole chip partitioned? Verification at the functional level?

ÅShall emulation be used to verify the functionalities?

ÅWhich technology node(s) should we use? Pros & Cons?
ÅShall we go with the new node? Or current one? Was foundry ready? 

ÅHow was the floorplan decided?
ÅLooks like HP(CPU1), HP(CPU2) were mirrored? How many floorplans shall we try?

ÅAny routing channels? If not, were blocks abutted? How to do pin assignment for 
each block? Can wiring route cross the blocks?

ÅHow were DRC, LVS, RC extraction done? Whole chip? Or at block level? 
ÅHow to resolve density issue popping up when blocks are grouped together?

ÅHow was the entire chip verified?Using STA (static timing analysis)? 
ÅIf fixes were needed, how to handle the ECO changes? Re-route? Re-ǇƭŀŎŜΚ Χ

ÅHow was the chip tested? 

Å{Ƙŀƭƭ ǿŜ ŎƻƴǎƛŘŜǊ ƘŜŀǘƛƴƎΣ ŀƎƛƴƎΣ ΧΚ

ÅΧ

From previous picture

Design flow / methodology
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Mooreôs Law: 

The Number of Transistors Doubles Every 2 Years
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March 28, 2022 Stanford EE292A Lecture 
1

TSMC CEO Mark Liu says the rise of 5G, A.I., and the Internet of Things 
ƛǎ ǇŀǾƛƴƎ ǘƘŜ ǿŀȅ ŦƻǊ άŀ ƎƻƭŘŜƴ ŜǊŀ ŦƻǊ ǘƘŜ ǎŜƳƛŎƻƴŘǳŎǘƻǊ ƛƴŘǳǎǘǊȅΦέ
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Milestones for IC Industry (Contôd)

ϕ1996: Samsung introduced IG DRAM.

ϕ1998: IBM announces1GHz experimental microprocessor. 

ϕ1999/earlier: System-on-Chip (SOC) methodology applications.

ϕAn Intel P4 processor contains 42 million transistors (1 billion by 2005)

ϕ In 2021, Apple/TSMC produced 15 billion transistors in a chip

ϕSemiconductor/IC: very critical

Pentium 4 Scanner-on-chip4GB DRAM (2001)
Blue tooth 
technology

Apple's A15 Bionic chip powers iPhone 13 with 
15 billion transistors, new graphics and AI (@5nm)
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Apple M2 (on TSMC 5nm)
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Course Ordering Of The Major Topics

ϕDigital design flow

ϕBasic logic synthesis, technology mapping

ϕCMOS logic gates and Boolean equations

ϕAlgorithms and complexity

ϕSynthesis, technology mapping

ϕCompaction

ϕPartitioning

ϕFloorplanning

ϕPlacement

ϕRouting 

ϕHigh level synthesis

9
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Typical VLSI Design Cycle

System level

Logic level

Building block
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Traditional VLSI Design Flow (Cont'd)

Physical 
layout level

Manufacturing
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Major Components In SoC Design Flows

ϕOn the digital SoC (system on a chip)

½ System level design: simulation 

(behavioral, function level)

½ Logic synthesis; then, physical synthesis 

with constraints  (may need gate level 

simulation, or formal verification)

½ Layout: floorplan, place-and-route, 

timing optimization

Â Formal verification to confirm the logic 

changes in layout

½ Verification: 

Â R/C parasitic extraction with corners

Â static timing analysis

Â layout verification (DRC, LVS, PERC, ...)

½ Power network analysis and IR-drop

with electro-migration

½ ECO changes
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Three Design Views
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Design Issues and Tools

ϕSystem-level design
½ Partitioning into hardware and software, co-design, co-simulation, etc.

½ Cost estimation, design-space exploration

ϕAlgorithmic-level design
½ Behavioral descriptions (e.g. in Verilog, VHDL)

½ High-level simulation, waveform viewing

ϕFrom algorithms to hardware modules
½ High-level (or architectural) synthesis

ϕLogic design:
½ Schematic entry

½ Register-transfer level and logic synthesis

½ Gate-level simulation (functionality, power, etc) & waveform viewing

½ Timing analysis

½ Formal verification

ϕTesting
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Design Metrics

ÁDesign metrics: (PPA) speed, power dissipation, area; 
noise/crosstalk, design time, testability, etc.

ÁDesign evolution: interconnect (not gate) delay dominates circuit performance in 
deep submicron era.

½ Interconnects are determined in physical design

½ Need considering interconnections in early design stages

½ Often post-layout simulation results are different from those in pre-layout

ϕOther tasks, such as testing, formal verification, é, are not covered here

16
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EDA plays a 
critical role in 
digital SoC! 
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https://semiengineering.com/the -next-incarnation-of-eda/

The Next Incarnation Of EDA (Aug. 2022)

https://semiengineering.com/the-next-incarnation-of-eda/
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State-of-the-Art Chips

March 28, 2022 Stanford EE292A Lecture 
1

Chiplet next
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Major Components In Custom Design Flows (2)

ϕOn the custom/analog design:
½ Design specification (schematic, AMS Verilog, é): 

Â Netlisting output, simulation (spice, co-sim)

½ Layout: 

Â placement with matching (constraint based), 

Â special routing, in-design analysis

½ Layout verification: DRC, LVS, and RC extraction

½ Post-layout simulation (with huge RC data)

½ Power network analysis and IR-drop, Electro-migration

½ ECO fixes (schematic, sim, layout, verification)

Same for Manufacturing 
ÁOptical Proximity Correction (OPC)
ÁLithography simulation to get 

hot spots (using CPU farms)
ÁAdd extra shapes to mask

Many software development talents are needed;

PDK development also needs talents.
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Wafer & Chip
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IC Design & Manufacturing Process
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Intel Evolution of Transistor Innovation ςSemiWiki

Worthwhile to read it

https://semiwiki.com/semiconductor-manufacturers/intel/308690-intel-evolution-of-transistor-innovation/
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Lithography

& each unit has a starting price of $119M

March 28, 2022
Stanford EE292A Lecture 



CSR @ Tsing Hua

IC Manufacturing: Transport of an EUV System

March 28, 2022 Stanford EE292A Lecture 
1
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The Center of Gravity Matters! 

March 28, 2022 Stanford EE292A Lecture 
1
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Summary So Far

ϕEDA tools have many software components Ą need lots of 

software talents

ϕSuch expertise can be applied, expanded to other areas

ϕMultidisciplinary study is very common

ϕArtificial intelligence/Machine learning is a big trend

½ But so far not every problem can be improved by ML approaches

½ ML-inside and ML-outside
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Before We Close

ϕIndustry trends 

ϕIntroduction of chip design flows & methodologies

ϕBriefly mention the major steps in digital and custom designs

32
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Design Actions ïAfter Specifications 

ϕSynthesis: increasing information about the design by providing 
more detail (e.g., logic synthesis, physical synthesis)

ϕAnalysis: collecting information on the quality of the design (e.g., 
timing analysis)

ϕVerification: checking whether a synthesis step has left the 
specification intact (e.g., layout verification)

ϕOptimization: increasing the quality of designs by rearrangements 
in a given description (e.g., logic optimizer, timing optimizer)

ϕDesign Management: storage of design data, cooperation 
between tools, design flow, etc. (e.g., database). 



Variable (A,B,C,D,Y) are 
assigned to registers

MUX is needed

Logic gates 
can have 
various sizes 
for strengths

!ŘŀǇǘŜŘ ŦǊƻƳ tǊƻŦΦ wƛŎ IǳŀƴƎΩǎ ǎƭƛŘŜǎ
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Need to find equ. cells from library 
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What If We Modify Verilog Statement(s)

36

ó1ô

How to map statements to 
combinational logic?

ó0ô

Often we use mux to 
model if-else 

No simplification

SRST
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Design Issues and Tools (Contôd)

ϕTransistor-level design (for logic function)
½ Switch-level simulation

½ Circuit simulation

ϕPhysical (layout) design:
½ Partitioning

½ Floorplanning and Placement 

½ Routing

½ Layout editing and compaction

½ Design-rule checking

½ Layout extraction

ϕDesign management
½ Data bases, frameworks, etc.

ϕSilicon compilation: from algorithm to mask patterns
½ The idea is approached more and more, but still far away from a 

single push-button operations
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Circuit Simulation of a CMOS Inverter (0.6 mm)

Is this circuit 
design good?
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Physical Design

ϕ Physical design converts a circuit description into a geometric description

ϕ The description is used to manufacture a chip. 

ϕ Physical design cycle:

1. Logic partitioning

2. Floorplanning and placement

3. Routing

4. DRC fixing, Compaction, é

Å Others: circuit extraction, LVS, timing & EM/IR verification, post-layout 
analyses and debugging, ECO, é

3vss vssz z4

1 1 2 2

vdd

z

Welcome to 
change input 
ordering to, 
e.g., a,b,c,d,e



Same or not? 
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Nowadays Typical Inverter Layout I Saw

ϕPoly is vertical

ϕUse fingers to 
duplicate transistors 
to get larger width

ϕGraphical Pcell
½ Parameterized cell

ϕAttach stretch handle 
to allow easy editing

ϕPDK - foundation 

44

gnd

vdd

ba

Stretch handles

Transistor 
folding
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Floorplan Examples

Pentium 

4
PowerPC 

604

A floorplan 

with 9800 

blocks
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Routing Example

Å0.18um technology, pitch = 1 um, 2774 nets.
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ϕLogic capacity doubles per IC at a regular interval.

ϕMoore: Logic capacity doubles per IC every two years (1975).

ϕD. House: Computer performance doubles every 18 months (1975)

ñMooreôsò Law: Driving Technology Advances

4004 80386 PentiumPro8086 Pentium 4

Intel uP
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Technology Roadmap for Semiconductors

ϕSource: International Technology Roadmap for Semiconductors, Nov, 

2002. http://www.itrs.net/ntrs/publntrs.nsf.

ϕDeep submicron technology: node (feature size) < 0.25 mm.

ϕNanometer Technology: node < 0.1 mm. 

http://www.itrs.net/ntrs/publntrs.nsf
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Nanometer Design Challenges (1)

ϕIn 2005, 

½ feature size º0.1 mm, 

½ mP frequency º3.5 GHz, 

½ die size º520 mm2,

½ mP transistor count per chip º200M,

½ wiring level º8 layers, 

½ supply voltage º1 V,

½ power consumption º160 W.

ϕFeature size: sub-wavelength 

lithography (impacts of 

process variation)? noise? 

crosstalk? reliability?

ϕFrequency, dimension:

interconnect delay? 

electromagnetic field effects? 

timing closure?
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Nanometer Design Challenges (2)

ϕChip complexity: large-scale system design methodology? 

ϕSupply voltage: signal integrity (noise, IR drop, etc)?

ϕWiring level: manufacturability, yield ï(DFM)? 3D layout?

ϕPower consumption: power, IR drop & thermal issues?

Å Design Issues
Å Design space exploration
Å More efficient optimization algorithms

Å Verification issues
Å State explosion problem
Å For modern designs, about 60%-80% of the overall design 

time was spent on verification; 3-to-1 head count ratio 
between verification engineers and logic designers



7?»L? MIFPCHA NBL?? E?S J;CH JICHNM®
1.Reducing Debug Time : Engineers spend countless hours 
troubleshooting RTL and testbenches. Our solution helps users 
understand their design requirements, the RTL code, testbenches, 
and accelerates bug resolution by working with ChipAgents and 
automating tedious tasks.

2.Improving Verification Efficiency: Traditional verification relies on 
manual testbench creation and constraint tuning. ChipAgents can 
generate, optimize, and validate testbenches, boosting functional 
coverage.

3.Enhancing Productivity with AI -Driven Insights: Unlike generic 
coding assistants, ChipAgents understands semiconductor -specific 
workflows, integrating deeply with EDA tools to provide actionable 
insights rather than generic code completions.

https://semiwiki.com/eda/353206 -ceo-interview-with-dr-william-wang-of-alpha-ai-design/

That is why some startup is trying:  Alpha Design AI

https://semiwiki.com/eda/353206-ceo-interview-with-dr-william-wang-of-alpha-ai-design/


CSR @ Tsing Hua
59



CSR @ Tsing Hua

An example 

showing 

power 

consumption 

minimization
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Another Example Of Power Optimization

61

https://www.wsj.com/articles/the -chips-that-rebooted-the-
mac-11650081649?mod=e2li

The Chips That Rebooted the Mac

Any thoughts about how to 
reduce power consumption? 

https://www.wsj.com/articles/the-chips-that-rebooted-the-mac-11650081649?mod=e2li
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Design Productivity Challenges

ϕHuman factors may limit design more than technology.

ϕKeys to solve the productivity crisis: hierarchical design, 

abstraction, CAD (tool & methodology), IP reuse, etc.
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21%/yr compound 

productivity growth rate

58%/yr compound 

complexity growth rate
Complexity 

limiter

https://ieeexplore.ieee.org/abstract/document/6649058

FinFETs - Technology and circuit design challenges
Agentic AI is coming in

https://ieeexplore.ieee.org/abstract/document/6649058
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Recap

ϕExplained the importance of EDA

ϕCovered major components in design flows

½ Digital SoC, custom/analog design, OPC, advanced packaging 

ϕWhat is needed in developing EDA tools

½ Nowadays need to learn AI/ML technologies; startup opportunity

ϕBrief introduction of synthesis

½ Using mux a lot in the ñdomain translationò

ϕPictures to show a transistor design and a layout solution

½ Welcome to think about if such a layout is good enough

½ Also explained transistor folding (i.e., multi-fingers)

ϕStarted to show design styles 

½ Good to see someone asking about emulation

68
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Design Styles

ϕSpecific design styles shall require specific CAD tools

SSI: small 
scale 
integration
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SSI / SPLD Design Style

Predecessor 
of FPGA
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Full Custom Design Style

ÅDesigners can control the shape of all mask patterns.

ÅDesigners can specify the design up to the level of individual transistors
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Standard Cell Design Style

ÅSelects pre-designed cells (of same height) to implement

logic

There are cell rows of 
same height;

Heights of routing 
channels vary Ą so chip 
size is not fixed; (but not 
ǘƻŘŀȅΩǎ ǎǘȅƭŜύ
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Standard Cell Example

Back-to-
back
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Gate Array Design Style

ÅPrefabricates a transistor array

ÅNeeds wiring customization to implement logic

/Ŝƭƭ ǊƻǿΩǎ ƘŜƛƎƘǘǎ 
are same;
Row spacing is same 
Ą fixed chip size
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FPGA Design Style

ϕLogic and interconnects are both prefabricated.

ϕIllustrated by a symmetric array-based FPGA

By downloading0101é 
bit stream, chip function 
is changed

Now it is the main force 
behind the emulation
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Simplified illustration of a logic cell in FPGA
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Array-Based FPGA Example

ÅLucent Technologies 15K ORCA FPGA

Å0.5 um 3LM CMOS

Å2.45 M Transistors

Å1600 Flip-flops

Å25K bit user RAM

Å320 I/Os
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FPGA Design Process

ϕIllustrated by a symmetric array-based FPGA

ϕNo fabrication is needed

Another 
design

If a design can be 
fit into 1 FPGA, é
What if canôt?
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Comparisons of Design Styles
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Design Style Trade-offs
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MOS Transistors

If Vdd is applied to 
NMOS gate, it will be 
turned on

If Gnd is applied to 
PMOS gate, it will be 
turned on
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Complementary MOS (CMOS)

ϕThe most popular VLSI technology (v.s. BiCMOS, nMOS).

ϕCMOS uses both n-channel and p-channel transistors.

ϕAdvantages: lower power dissipation, higher regularity, more 

reliable performance, higher noise margin, larger fanout, etc. 

ϕEach type of transistor must sit in a material of the 

complementary type (the reverse-biased diodes prevent 

unwanted current flow).
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A CMOS Inverter

Only exists a 
conducting path 
from vdd to gnd 
for a short while; 
Hence, less 
leakage current

B=(A)ô
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CMOS Properties

ϕThere is always a path from one supply (VDD or GND) to 

the output.

ϕThere is never a path from one supply to the other. (This  

is the basis for the low power dissipation in CMOS --

virtually no static power dissipation.)

ϕThere is a momentary drain of current (and thus power 

consumption) when the gate switches from one state to 

another.

½ Thus, CMOS circuits have dynamic power dissipation.

½ The amount of power depends on the switching frequency.
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gnd

vdd

ba
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A CMOS NAND Gate

C=(A * B)ô
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A CMOS NOR Gate

C=(A + B)ô
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Basic CMOS Logic Library
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Construction of Compound Gates

ϕ Example: 

ϕ Step 1 (n-network): Invert F to derive n-network

½

ϕ Step 2 (n-network): Make connections of transistors: 

½ AND Ú Series connection

½ ORÚ Parallel connection
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Construction of Compound Gates (contôd)

ϕ Step 3 (p-network): Expand F to derive p-network

½

½ each input is inverted

ϕ Step 4 (p-network): Make connections of transistors 

(same as Step 2).

ϕ Step 5: Connect the n-network to GND (typically, 0V) and 

the p-network to VDD (5V, 3.3V, or 2.5V, etc).
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Homework Is Coming

ϕIt is related to using logic gates to realize a function

Unit 1
94

logic gate F=(A+B)(CD+E)

ϕUsing gates for this logic 

function

ϕUsing P&N transistors 

for the same logic
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A Complex CMOS Gate

ϕ The functions realized by the n and p networks must be 

complementary, and one of the networks must conduct 

for every input combination.

ϕ Duality is not necessary.

0    1

Please complete this truth 
table and two functions?
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Stick Diagram

ϕ Intermediate representation between the transistor 

level and the mask (layout) level. 

ϕ Gives topological information (identifies different layers 

and their relationship)

ϕ Assumes that wires have no width.

ϕ Possible to translate stick diagram automatically to 

layout with correct design rules.



CSR @ Tsing Hua

Unit 1
99

Stick Diagram (cont'd)

ϕWhen the same material (on the same layer) touch or cross, they 
are connected and belong to the same electrical node.

ϕWhen polysilicon crosses N or P diffusion, an N or P transistor 
is formed. 

½ Polysilicon is drawn on top of diffusion.

½ Diffusion must be drawn connecting the source and the drain.

½ Gate is automatically self-aligned during fabrication.

ϕWhen a metal line needs to be connected to one of the other three 
conductors, a contact cut (via) is required.
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CMOS Inverter Stick Diagrams

ϕBasic layout

ϕMore area efficient layout

gnd

vdd

ba



(for TsingHuaUniversity)

From Planar To FinFet
W eff = (2 * Fin height + Fin width) * N
N = # of fins
Width can become larger, but quantized

https://ieeexplore.ieee.org/abstract/document/6649058

FinFETs - Technology and circuit design challenges

https://ieeexplore.ieee.org/abstract/document/6649058


(Only for TsingHuaUniversity)
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