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Overview

Focus: Basic Information Retaining Blocks
Architecture: Sequential Circuit

Textbook v4: Ch55.1,5.2;: v5: Chd4 4.1 4.2
Core ldeas:

1. Introduction

2. SR and SR Latches, D Latch



Combinational Logic Circuit
Design

e Design Principles

 Knows: fixed-Length input and output n

Your Favourite

Combinational
Circuit

e Knows: input/output mapping relations

e Optimisation: Minimise overall delay



Combinational Logic Circuit
Design

e [eatures

e Fixed-Length input and output n

Your Favourite

Combinational
Circuit

e [he same input will always give the same output

e QOperations are simultaneous with minimum delay



Combinational Logic Circuit
Design

e Cannot handle variable length input

Il | Your Favourite

¢ Cannot store information Combinational
Circuit

e Cannot perform multi-step tasks
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Solution: Storage!

n Your Favourite m
Combinational
Circuit

e Cannot handle variable length input e Storage of partial input
e Cannot store information e Storage of partial results and states

e Cannot perform multi-step tasks e Storage of instructions




Sequential Circuits

Il | Your Favourite |\ /11
Inputs Combinational Outputs
_ _ Circuit
e Handle variable-length input

e Store information

| Statet Stater + 1
e Multi-step tasks

o State Transition from time rto 7 + 1 Storage Unit




Definitions

1. Storage Elements

circuits that can store binary information
" Your Favourite m

Inputs Combinational Outputs
2. State Circuit

partial results, instructions, etc.

3. Synchronous Sequential Circuit
Signals arrive at discrete instants of time, State?
outputs at next time step

Stater + 1

Storage Unit

4. Asynchronous Sequential Circuit
Signals arrive at any instant of time,
outputs when ready




Definitions

3. Synchronous Sequential Circuit

Signals arrive at discrete instants of time, Your Favourite
outputs at next time step Inputs Ccombinational Outputs
Circuit
e Has Clock
4. Asynchronous Sequential Circuit State? Stater 4 |

Signals arrive at any instant of time,

outputs when ready o Unit
orage Uni

e May not have Clock Clock---im-
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Introduction

Question

1. Are calculators designed using Combinational Circuits or Sequential
Circuits?

e What about your microwave and toaster?
e What about your digital watch (not smart)?

e What about computers/smartphones?
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Question

2. s this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?
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Question

2. s this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?

e \What are the states for this calculator?
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Introduction

Question

2. s this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?

e \What are the states for this calculator?

e \What kind of information is stored?
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Question

R TEXAS INSTRUMENTS T|-3o ]IS |

)

B
N Bl
oe § ;

o B

omrn -

EXITS

DATA |  STATVAR  CLEAR’

Vo 4 3 K
(0S

MEMVAR!
RCL
STO> |

OFf




Introduction

3.

P1

Is this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?
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Question
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3. Is this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?
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3.

P1

Question

Is this calculator using Asynchronous Sequential Circuit or
Synchronous Sequential Circuit?

e \What are the states for this calculator?

e \What kind of information is stored?
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Question

Your Favourite

Inputs Combinational Outputs
Circuit

Statet Stater + 1

Storage Unit

Clock.-. -5
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4. |s your laptop/PC/smartphone using Vour Eavourite
Asynchronous Sequential Circuit or Inputs Combinational Outputs
Synchronous Sequential Circuit? Circuit

Question

Statet Stater + 1

Storage Unit

Clock.-. -5
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4. |s your laptop/PC/smartphone using Vour Eavourite
Asynchronous Sequential Circuit or Inputs Combinational Outputs
Synchronous Sequential Circuit? Circuit

Question

e What are the Input/Output devices of

these computers?

Statet Stater + 1

Storage Unit

Clock.-. -5
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4. |s your laptop/PC/smartphone using Vour Eavourite
Asynchronous Sequential Circuit or Inputs Combinational Outputs
Synchronous Sequential Circuit? Circuit

Question

e What are the Input/Output devices of

these computers?

Statet Stater + 1

e What are the storage devices?
Storage Unit

Clock.-. -5
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4. |s your laptop/PC/smartphone using Vour Eavourite
Asynchronous Sequential Circuit or Inputs Combinational Outputs
Synchronous Sequential Circuit? Circuit

Question

e What are the Input/Output devices of

these computers?

Statet Stater + 1

e What are the storage devices?
Storage Unit

e \What about CPU?
Clock...:
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Latches

Latches

SR and SR Latches, D Latch



Stability

e Stable State: the values in a circuit after brief changing due to delay in passing
information, reaches a state where it doesn’t change anymore-

X 0 1 0 1 0

_w_ | |




Stability

e Stable State: the values in a circuit after brief changing due to delay in passing
information, reaches a state where it doesn’t change anymore-

X 0 1 0 1 0




Stability

e Stable State: the values in a circuit after brief changing due to delay in passing
information, reaches a state where it doesn’t change anymore-

X 0 1 0 1 0

Gate delay 7

5



Stability

e Stable State: all values in a circuit after some changes due to delay in passing
signals, reach a state where they don’t anymore

0 x
1 v




Stability

e Stable State: all values in a circuit after some changes due to delay in passing
signals, reach a state where they don’t anymore

0 x
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Stability

e Stable State: all values in a circuit after some changes due to delay in passing

signals, reach a state where they don’t anymore
0 X

1 v 7 1




Stability

e Stable State: all values in a circuit after some changes due to delay in passing
signals, reach a state where they don’t anymore

0 x
1 v 7 1

e What other scenarios might bring about these instabilities?




Latches

e Basic Storage Elements

Set O

e Maintain a binary state indefinitely, as long as OR Latch

there’s power

0

Reset

e The binary state inside can be changed




Summary

e SR Latches and SR Latches

e [ Latches




I SR Latch: Stored value = 0

R (Reset)

S (Set)
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I SR Latch: Stored value = 0
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I SR Latch: Stored value = 0
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I SR Latch: Stored value = 0




I SR Latch: Stored value = 0




I SR Latch: Stored value = 0




I SR Latch: Stored value = 0




B SR Latch: Stored value = 1

1
R (Reset) .
0 | Do

S (Set) DO .
0 &

Ol




B SR Latch: Stored value = 1
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B SR Latch: Stored value = 1
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B SR Latch: Stored value = 1
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B SR Latch: Stored value = 1
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B SR Latch: Stored value = 1




B SR Latch: Stored value = 1




B SR Latch: Stored value = 1




B SR Latch: Stored value = 1




B SR Latch: Stored value = 1




Exercise

 Draw the SR Latch in LogicWorks as below, make sure it works as intended

R (Reset) DO . o
S (Set) DO .

Ol




SR Latch

= SR|QOQ
S (Set) D ) o
0 1 1 0
Set state
1 1 1 O
>< 10|01
Reset state
1 1 0 1
R (Reset) D ° Q 0 0 | 1 1 Undefined

e Design similar to SR latches, but with NANDS

e Functions equivalent to SR latches with § and R inverted
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Latches

Next state of QO

No change
Q = 0; Reset state
Q = 1; Set state

— O X U

e |mplemented using SR latches

e (: Signals changes to the stored states; D the value to change to




Latches

e |mplement SR latch, save as a component in your library

e Implement D latch, save as a component in your library




