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B|ntro to digital circuits
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Hello, world!
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Course Website

http://cse.wustl.edu/~dshook/cse260
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Grading

® Homework (15%)
B | abs (30%)
B EFxams (3 exams, 15% each)
" Zybook (10%)
— See webpage for info on how to register
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What's a Lecture, Anyway?

® Not really a lecture....

® You must come prepared!
— Bring questions
— Be ready to answer questions
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Textbook

zyBooks
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Academic Dishonesty

® Don't cheat!
— Zero tolerance.

B |f you are ever in doubt ASK.
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Problem

® \We want to compute things
— What are the essential pieces?
— What is the simplest computer you can conceive of?
* Don't worry about speed
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Problem

® Now consider speed: how can we make it go faster?
— How does this change the essential pieces of your
simple machine?
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Transistors!
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Moore's Law

Microprocessor Transistor Counts 1871-2011 & Moore's Law
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Transistor Fabrication
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Why are transistors so important?

Collector Emitter

Base Base

Emitter Collector
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It Is all quite logical.

AMD Gate

NOT Gate

Engineering

D T e D

XOR Gate
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Binary Storage

e

'S
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The Bit Three

B Transistors - The workhorse
® | ogic - The law of the land

® Binary - The language of our future overlords
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How design is done today

File Edit View Project Source Process Tools Window Help alx
ODREP L XDEX|wa @:2EXSE| Rul=1E0 2 4B ]
| Cesign _ 08 %] 3 library I -
[1] | Sources for: | Implementation - i
g | Hierarchy =
(| - E WebpackQuickstart =
£ xc3s250e-4wql00 ary declar,
[l Webpack_Quickstart - Behavioral (Webpack_Quickstart.vhd) i e
[+) BPC3003 2.03+.ucf (BPC3003_2.03+.uch) -
A
% 11 entity Webpack Quickstart is
e 12 Bort (
» 13> WiA ¢ TOR (15 downto 0) :
| 12 WiB : (15 downto 0) 7
15 W2C : TOR (15 downto 0): =
16 rx :
17 ta
18 clk
ol 0 [ 13 it
= 20 end Webpack Quickstart;
Processes: Webpack_Quickstart - Behavioral 21
Design Summary/Reports 22 architecture Behavioral of Webpack Quickstart is
Design Utilities 23 signal counter ) | » (47 downto 0) := (others => '0'):
User Constraints 22
Synthesize - XST 25 unter to drive bl pins
Implement Design 26
Generate Programming File 27
Configure Target Device 28 g_edge (clk} then 4
Analyze Design Using Chipscope 29 counter <= counter +1;
30 end if;
31 end process:
32
33 --Pins are connected to at ng frequencie
34 W1k <= counter (35 downto 20);
35 WiB <= counter(31 downto 16): i
| v

Design | Fies | Librar =4 What's New in 158 Design Suite 11,1 | 35 Design Summary fout of date) | (2] Webpack_Quickstartvhd | [ BPC3003_2.034ucf |

Console o0 x

< m ] b

Console | Errors | Warnings |

Ln25Col36 VHDL
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What's an FPGA?

VGA display  Field Programmable  program button
connector Gate Array (FPGA) con?igures FPGA
|mplemn

Push buttons  [SuCRAEERt ol ST W =
* reset S T e SRR Display showing
* single step SERe ¢ M — L0 EVSHENE . internal registers
* l[oad data into e Rl _.?;,é_i%ﬁﬂt“;-; e * memory locations
memory = BN smnmu -3
— = i:-r-r,,_-: AN E
Knob for

Slide switches for

selecting what to display
20

entering data



& Washington University in St.Louis

Engineering

So what's the difference?

BCPUs

»Unchangable
»General Purpose
»High cost of development
»Millions of transistors
»High Speed

BFPGAS

»Reconfigurable

»As specific as you want

»Cheap (relatively)

»1000s of transistors

»Slower (but still adequate for design purposes)
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Still one piece missing

® How do we tell a computer what to do?
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Machine language

A[300] =h+ A[300]; /¥ $tl <= Dbase of array A; $s2<=h ¥/

l, Compiler

lw  $t0, 1200(5t1) # temporary register $t0 gets A[300]
add S$t0, $s2, $t0 # temporary register $t0 gets h +A[300]
sw  St0, 1200(5t]) # stores h + A[300] back into A[300]

l Assembler
3

35 g, 1 200)

() 15 8 B () 32

43 g, 8 1 200)
100011 01001 01000 0000 0100 1011 OO
QOO0 10010 01000 01000 (OO0 L Q0000
101011 01001 01000 0000 0100 1011 00O
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Talking to Machines

® What kinds of instructions would you want to give a
computer?
— How many instructions would be enough?
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So what next?

B Bottom up approach:
— Part 1: Transistors and combinational logic
— Part 2: Sequential logic
— Part 3: Constructing a CPU
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For Next Time

B Get the Zybook
— This is required!
B Do the Zybook sections before next class
— Listed on the course website
® Come with questions!
— And come prepared to answer questions
® Find a partner for homework assignments
— First one is coming very soon
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