
 Binary MSB most significant bit

LSB least
Byte 8 bits
Word Naturalunitofdata for a processor 3264 bit

2s complement MSB negative E
2

15

Negation flip bits 1 Pf x ̅ 2 1
E 0101 1010 I 1011

5 8 2 1 5
Extension E 0110 0000 0110

1110 1111 1110

Booleanalgebra commassodist a btc a b a c and vv

Delay propagation tpd maxdelay from any i any 0
contamination ted mindelay

criticalpath longest Ʃtpa
short path shortest Ʃ ted

after crit but before mayhave transient glitch

Timingdiagram

Caininical forms 1 truth table
2 sum of minterms can'tbeliteral

rarethink 3 productof maxterms

2levellogic



Simpmethods 1 Algebraic

2 CAD

3 Manual Karnaughmaps bubble pushing

htableredrawn w adjacency

Adj prop Foranyadj move I bitflips 9
Look for 2adj Is

E F xY̅ XY XY
xY̅ X dist 2overlap Group canoverlap

Also Y xT FILTHY has all is
has no 0s

4 var 3D ish dimmustbe2nA

Design 1 Populate truthtable

2 Populate K map
3 if severaloutsfindcommongroups
4 sum the terms

Don't care X
E priority encoder identifies the digit w the MS 1

valid bit I ox if no I present simplifies T table

Bubble pushing NOT AND OR NAND NOR XOR NOR

2inputCMOS 2 6 6 4 4 8 8
1 introduce bubbles

2 push flip
3 add additional bubbs



Fundamental building block ana functions

Decoder k input2koutput one1 others 0
minterms

onehot
schematic

Multiplexer max FIYlogzNswitchestoselectNinputs

Y Do DS
4 bit use a decoder

implementation connect inputs to Vcc G
8 4 Choose some as selectbitswrite Y

as a fuch oftheotherbits
Shifter 1Logical fill extra by O

E 1101 2 00110 too a 2 00 00

2Arithmetic fill by value ofMSB on rightshift preservessign
E 1100 2 11110 Hooke 2 00100

3Rotator rotateby circle

E 11001ROR2 0110 1001ROL 2 00111

Watchoverflow

shay
Implementation

AsO 7 43O

itniei.FI



Adder Full w carry Half w o carry coat Cin
Multibit 1 p nxfull 0in width slow
overflow

note

Subtractor A 13 4 113
flipbits

E 1 1
add1

2 Carry lookahead reduces carry chain

Citi AiBitAici Bici
Bi

generate or propagate and there's Calready

E Ca GitCP G Go toPolP
G.tngPfcoPo

Ci has i terms max it literals
totdelay α Gate delay α logalinput

ALU Arithmetic logicunit

ms

SLTsetlessthan onlyYoused



E Sorter in 4 4bit int out 4 4bitint sorted
1 Designalgorithm E bubble compare swap movelargest end

2 Useblocks toimplement

comp

swap

3 Implement cir ftp.IY
Depth 3 size 5

Sequential hasmemory
Ho Q

store I bit bistableelement crosscoupled
food acontrol t.SK latch S R QLt 1

set to 1

res o I o

hold 0 0 QLt NOR
a invalid I 1

2D latch CLK 0 Q Q opaque

CLK 1 Q D transparent

imple w SR xD I
CLK I leyde I rising edge I falling
FF risingedge triggered Co I Q D

fDFFimp only one latch is transparent
When 1 Q D edge sensitive

Options enabled if EN o no update MUX0 D

reset PRE forcesQ l CLR1 forces Q 0

immediately regardless CLK



Othertypes

rising edge
X from 0 0 too
from 1 lt

Register FF foreachbit same CLK
Counter Add per CLK cycle
shift register serial FF notparallel sin III f

Sont

Everycycle FF shift a bit addsdelay
Shift 11 E parallel in serialout

Memoryarray large
amount of data typicallyvolatile register mem disk

1 Dynamic randomaccess mem DRAM
mem

2 Static RAM SRAM Address
array

data

3 Read only mem ROM
2D n bitadd 24 4
Read

only Iwordon

disconnectednotdrivingfuturestages

readMbits at a time entire row

RAM volatile quickR W
word

DRAM store data w capacitor smallbutie retailedified In
w bistableinverterlargebutfastread bit bit

ROM notvolatile buthard towrite

E lookup table LUT multiportedmem It words at a time



Finitestatemachine use FF to holdstateQ combinatorial logic to computeanti
41E paritychecker

resew e 7DFAnoacceptstate
state trans diagram

Design E vendingmachineselling15 itemaccept5410 no change

1 identify 110 I N 55,1 104 RÉÉÉÉk 0 open release

2 Transitiondiagram NTA
N N

F D

NI
3 Trans table

Foreachstateandinputfindnextstateandoutput

4 Encode the states QQ 0 00 5 01 10 10 15 11
5 Truthtable w stateoutput encoding

DFF TFF JKFF
exploit don't cares

6 Boolean forAntiand output

open QiQo Kmap
7 Buildcircuit

input

a
currentstate

nextstatelogic outputlogic
nextstate

output



Qntl always depends on Qn andinput butoutput diff
MooreFSM outputs depends onlyon Q no 0directpath forMoore

MealyFSM outputs can depend on I
output maychange w o CLK w input

output on edges state input

Canuse onehotencoding and TFF

Pattern recognition E last 4 bits are 1101
w shiftregister

Timing FF inputsmustbestable at CLK v

tsetup before v that Dmustbestable typ longer
hold after

depends on Time for Q tostable

contain in ieiat priiagation I
Cq CLK Q _d Q D

Em
avoid too fast

setup slow

CLKskew diff between 2 CLK Vs consider worst

setup CLK 2 arrives early
T tpcq tpd tsetup tskew

thold CLK I early
taken hold tecq ted


