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•  Course Wiki 
–  https://wiki.cse.yorku.ca/course_archive/2013-14/F/3201/ 

•  Marks on Moodle 

Web Stuff 

L1: Introduction 



2 

CSE 3201, F13 3 

Component Percentage 

Assignments (4, 1st one due Wed. Sept. 25) 10 

Labs (9, 1st one on Sept. 23) 15 

Midterm (tentatively on Wed. Oct. 23 ) 25 

Final 50 

Mark Breakdown 
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•  We’ll be studying logic circuits 
–  stuff from which computers are made 
–  treat signals as 1’s and 0’s 

•  Not just the desktop 
–  embedded computers 
–  everything is a computation 

•  scientific calculations 
•  spreadsheets 
•  financial data 
•  images 
•  biometrics 

Digital Logic Design 

L1: Introduction 
© Elsevier, Harris 
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Textbook & Topics 

•  Textbook: Fundamentals of Digital 
Logic with Verilog Design 

•  Ch. 1 – 6 + B 
1.  General Introduction 
2.  Intro. to Logic Circuits 
3.  Numbers and Arithmetic Circuits 
4.  Combinational Circuits 
5.  Flip-Flops, Registers, and Counters 
6.  Synchronous Sequential Circuits 
B.  Implementation Technology 

L1: Introduction 

CSE 3201, F13 6 

Textbook & Topics 

•  Textbook: Fundamentals of Digital 
Logic with Verilog Design 

•  Ch. 1 – 6 + B 
1.  General Introduction 
2.  Intro. to Logic Circuits 
3.  Numbers and Arithmetic Circuits 
4.  Combinational Circuits 
5.  Flip-Flops, Registers, and Counters 
6.  Synchronous Sequential Circuits 
B.  Implementation Technology 

L1: Introduction 
© Elsevier, Harris 



4 

CSE 3201, F13 7 

•  Board 
–  layers of conductors & 

insulators 
•  copper 
•  fiberglass, Teflon, etc. 
•  core 

–  pattern each layer 
–  interspersed with a glue 

•  dielectric with epoxy 
resin mixed in 

•  prepreg 
–  then press and 

heat 

Digital Hardware: Boards 
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•  The rectangular stuff all over the board 
–  plastic, ceramics 
–  10-1000 pins/bumps (I/O a big issue in digital systems today) 

Digital Hardware: Packages 

L1: Introduction 
© Harvey Mudd College 
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•  Basic DIP stuff 
–  re-flow plastic 
–  simple interconnect 

Digital Hardware: Intra-Packages 

L1: Introduction 
© IEEE 1985 
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•  Advanced packages 
–  chips placed on ceramic substrate and sealed in air cavity (up or 

down) 

Digital Hardware: Intra-Packages 

L1: Introduction 
© IEEE 1985 
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•  Advanced packages 
–  like mini boards 

Digital Hardware: Intra-Packages 

L1: Introduction 
© CambridgeUP, Dally 
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•  Advanced packages 
–  flip-chip and 3D stacking 

Digital Hardware: Intra-Packages 

L1: Introduction 

11.4 PACKAGING 547

Table 11.5 On- and off-chip interconnect resources compared (approximate values).

conduct. min. thick- sheet insulating relative dielectric
material pitch ness resistance material constant

Location [µm] [µm] [mΩ/!] [ ]
on-chip upper metal Al, Cu 0.8 0.9–1.5 30–50 SiO2 3.9
ceramic substrate Ag 250 8–10 0.2 Al2O3 7–8
epoxy resin laminate Cu 70 17 0.01 FR4 ≈4

polymer to satisfy different requirements of the application with repect to pitch, costs, temperature
profile, mechanical stress, and reliability.

The die is then mounted on an epoxy resin laminate using flip chip attachement along with a
few local bypass capacitors. The reverse side of that high-density substrate is either equipped with
another set of larger bumps for soldering to a printed circuit board (PCB) as in the case of a ball grid
array (BGA) package, or designed to fit into a land grid array (LGA) socket with spring-loaded
contacts. Figure 11.14 shows a third and more onerous option whereby a mechanical interposer
carries pins so as to form a pin grid array (PGA) package.

silicon die

heat spreader

bumps

provides thermal conduction

provides low-resistance interconnectlaminate substrate

thermal flow

bottom surface
top surface

bumps

interposer provides mechanical stability

electrical currents

bypass capacitor

LGA

BGA

PGA

Fig. 11.14 Cross section through a high-performance package (not drawn to scale).

In any case, the six or so metal layers in the laminate serve to collect and redistribute ground, supply,
clock, and I/O nets. The laminate substrate is thus understood as an extension of the silicon chip
that makes available more metal layers of even lower sheet resistance. A heat spreader placed on
the back surface of the die increases the area in thermal contact with a copper or aluminum heat
sink that is to be pressed down onto the entire package assembly.

High-density packaging

High-density packaging uses similar techniques to mount and interconnect bare dies — and often
tiny SMD components as well — on a small substrate before encapsulating everything in a common

© CambridgeUP, Kaeslin 



7 

CSE 3201, F13 13 

Digital Hardware: Wafers 

•  30 cm diameter wafer 
•  • chips ~ 25 mm on a side 
•  • ~ 100 per wafer 
•  • ~ 15 operational in new 

tech 
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Digital Hardware: Chips 

L1: Introduction 

Intel engineers in Oregon reformulated the tiniest building blocks of a computer 
processor – transistors – in a move that will open the door to faster, smarter 

and more energy-efficient PCs and consumer gadgets. 

Intel engineers in Oregon reformulated the tiniest building blocks of a computer 
processor – transistors – in a move that will open the door to faster, smarter 

and more energy-efficient PCs and consumer gadgets. 

source: Steve Cowden 
THE OREGONIAN 
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On Chip 

•  From transistors to… •  …circuits 
•  …gates 
•  …sub-systems, etc. 

L1: Introduction 
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Chapter 14      Design Methodology and Tools630

have embedded microprocessor cores and DSP accelerator hardware. Their low up-front
cost and ease of correcting design errors makes them the best choice now for many low- to
medium-volume custom logic applications. 
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Design Process 

L1: Introduction 
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•  Hierarchy 
–  A system divided into modules and submodules 

•  Modularity 
–  Having well-defined functions and interfaces 

•  Regularity 
–  Encouraging uniformity, so modules can be easily reused 

The Three-Y’s 

L1: Introduction 
© Elsevier, Harris 
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•  Complex systems are possible because of simplifications 
•  Digital Abstraction 

–  physical world values are (seemingly) continuous 
–  digital abstracts this to only a discrete subset 

•  Digital Discipline 
–  limiting of design choices  
–  Two discrete values: much simpler to design, easy to combine into 

sophisticated components 
•  1’s and 0’s 
•  1, TRUE, HIGH 
•  0, FALSE, LOW 

–  Digital circuits use voltage to represent 1 and 0 
–  Bit: Binary digit 

Abstraction & Discipline 

L1: Introduction 
© Elsevier, Harris 
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Number Systems: Positional Notation 

L1: Introduction 

        537410 =

10's colum
n

100's colum
n

1000's colum
n

1's colum
n

         11012 =

2's colum
n

4's colum
n

8's colum
n

1's colum
n

•  Decimal numbers 

•  Binary numbers 

© Elsevier, Harris 



11 

CSE 3201, F13 21 

•  20 = 
•  21 =  
•  22 = 
•  23 = 
•  24 =  
•  25 =  
•  26 = 
•  27 = 
 

•  Handy to memorize up to 29 

 
 
 

•  28 = 
•  29 =  
•  210 = 
•  211 = 
•  212 =  
•  213 =  
•  214 = 
•  215 = 

Powers of Two Powers of Two 

© Elsevier, Harris 
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Number Conversion 

•  Binary to decimal conversion: 
–  Convert 100112 to decimal 

•  Decimal to binary conversion: 
–  Convert 4710 to binary 

Number Conversion 

© Elsevier, Harris 
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•  Bits 

•  Bytes & Nibbles 

•  Bytes 

Bits, Bytes, Nibbles… 

10010110
nibble

byte

CEBF9AD7
least

significant
byte

most
significant
byte

10010110
least

significant
bit

most
significant

bit

 
 
 

© Elsevier, Harris 
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•  N-digit decimal number  
–  How many values?  
–  Range?   
–  Example: 3-digit decimal number:  

•  N-bit binary number 
–  How many values?  
–  Range: 
–  Example: 3-digit binary number: 

Binary Values and Range 

© Elsevier, Harris 
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•  210 = 1 kilo  ≈ 1000  (1024) 
•  220 = 1 mega ≈ 1 million  (1,048,576) 
•  230 = 1 giga  ≈ 1 billion (1,073,741,824) 
 

Large Powers of Two 

 
 
 

© Elsevier, Harris 

CSE 3201, F13 26 

•  What is the value of 224? 
 
 
•  How many values can a 32-bit variable 

represent? 
 
 

Estimating Powers of Two 

 
 
 

© Elsevier, Harris 


