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Study Purpose of Lecture #5

« I = o] « In this lecture, we ask

- Who are you? - What is synchronous

- Where are you from? sequential circuit?

- Where are you going? - How do we realize memory

To answer those questions Gr'r'GY?

fhroughout your life - How to use finite state
R machine to build useful
el applications?
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Lecture Outline

 Synchronous sequential circuit
- The evolution of flip-flops
- Synchronous and asynchronous circuits
- Example: 4 x 3 memory

* Memory Array

 Finite state machines (FSM)
- Traffic light example
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Synchronous and asynchronous circuits
« Synchronous circuit

« Asynchronous circuit

or self-timed circuit
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array >»> FSM >> Traffic light example

Synchronous and asynchronous circuits
« Synchronous circuit
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- Common clock signal

- Output only change at the
edge of clock pulse

- clock signal should be long
enough so that the
critical path can settle
before next clock edge

- Easy design
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« Asynchronous circuit
or self-timed circuit
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- Not governed by global
clock

- Resulting state can be
sensitive to the relative
arrival times of inputs at
gates, the race condition
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Delay in combinational circuit

* contamination delay t.4
-Y (output) starts to

change after the change
of A (input) A D Y

» propagation delay t,4 A X:\\

- Y (output) definitely Ay —
settles in new value Y 9( %:

Time |
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Racing condition
 Tn combinational

circuit
A _
ch ANA
A
H L
ANA Pﬂ
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Racing condition

 Tn combinational
circuit

A _
- AN A
-

A

- Af
A

- Af
ANA ||

= At + A

* In asynchronous
sequential circuit

O = CLK‘D + CL_KQP;'EV

D=1
CLK=1,CLK=0 D——]

Qprev = 1*1+0*X = 1 CLKTi-
ClLk=1>0;CK=1  ¢K

N1=CLK-D

Q=1%0+1*1=1 Qo [ N2 =CLK-Qprev
Suppose the delay

through the inverter CLK

from CLK to CLK'is CLK

rather long compared NE

to the delays of the o

AND and OR gates

eventually Q=0 N2

because of the race

condition
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Rules of synchronous sequential circuit

» Every circuit element is either a register or a
combinational circuit

* At least one circuit element is a register
* All registers receive the same clock signal
* Every cyclic path contains at least one register
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Example: 2 x 2 memory

« 2 words and each can store 2 bits of information

* To represent 2 words need 1-bits for address
- Address decoder performs the address decoding

* To store information we use D Flip-Flop for each bit

(total 4, as each location as 2 bits and we have 2
total locations)

* Need select variable to chose if we want to read or
write data and that is combined with clock signal
(using some combinational logic)

* Also need some other combinational logic...
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Example: 2 x 2 memory
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Example: 4 x 3 memory

« 4 words and each can store 3 bits of information

* To represent 4 words need 2-bits for address
- Address decoder performs the address decoding

* To store information we use D Flip-Flop for each bit
(total 12, as each location as 3 bits and we have 4
total locations)

* Need select variable to chose if we want to read or
write data and that is combined with clock signal
(using some combinational logic)

* Also need some other combinational logic...
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Example: 4 x 3 memory

Word 0 Word 1 Word 2 Word 3

r

= : out,
|| e = D

w L) B |

Ing DQJ ™~ | =) T .
S]] EH] S

Word 0 word1 () Word2 word 3
Select Select Select
Clock

AN Write |
Enable Sy

Write Enable = 1 allows memory write
Write Enable = O allows memory read
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Write operation to word 1

Word 0 Word 1 Word 2 Word 3

r

= : out,
|| e = D

w L) B |

Ing DQJ ™~ | =) T .
S]] EH] S

Word 0 word1 () Word2 word 3
Select Select Select
Clock

AN Write |
Enable Sy

Write Enable = 1 allows memory
S write
1 Write Enable = O allows memory read
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Read operation from word 3

Word 0 Word 1 Word 2 Word 3

= : out,
|| e = D

w L) B |

Ing DQJ ™~ | =) T .
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Word 0 word1 () Word2 word 3
Select Select Select
Clock

AN Write |
Enable Sy

Write Enable = 1 allows memory write
S, Write Enable = O allows memory read
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Memory array

» Two-dimensional array of memory

cells

* The row is specified as Address

* Each row of data is called a Word Address -5~ Array

* The array contains 2N M-bit words

* Depth = 2N %M
« Width = 2M Data
* Types: bitline
- Dynamic random access memory wordline |
(DRAM) stored

- Static random access memory (SRAM)
- Read only memory (ROM)
- efc.

bit
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Example: 4 x 3 Memory Array

2:4

Address —2

Decoder

11

10

01

00

bitline, bitline, bitline,
wordlines
| | |
stored stored stored
) bit=0 bit=1 bit=0
wordline,
| | |
stored stored stored
wordline; bit=1 bit=0 bit=0
| | |
stored stored stored
. bit=1 bit=1 bit=0
wordlineg
[ | |
stored stored stored
bit=0 bit=1 bit=1
Data, Data; Data,,
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Volatile memory

« Static Random Access Memory (SRAM)

stored
bitline it pitline
wordline |

J_Isz_

* Dynamic Random Access Memory (DRAM)

bitline

bitline
wordline wordline
- —
W stored it Writ stored +i+
V4 \V4
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bitline

wordline T

bit cell
containing 0

bitline

wordline

bit cell
containing 1

ROM bit cells

* Read only memory (ROM)

bitline

wordline — T T

intact
fuse

bit cell containing 0

bit cell containing 1

Programmable ROM

Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Nonvolatile memory

Modern ROMs can
be programmed
(written) as well.
For example flash
memory

Generally, ROMs
take a longer time
to write than RAMs,
but are nonvolatile.
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Memory comparison

* The best memory type for a particular design
depends on the speed, cost, and power

constraints.
Memory Transistors per Latency
Type Bit Cell
flip-flop ~20 fast
SRAM r'ec_cg(s:ﬁzr', 6 medium
main
DRAM memory 1 slow
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

Finite-state machine

* FSM - a mathematical model of computation used
to design both computer programs and sequential
logic circuits

/ ,
inputs *| Combinational » Quipuls
# .
Logic
_,*' —

— ¢

Current Next

State Q1 1 D1 State

Q2 (]l D2
LAY
ol K \¥__, Memory element.

Latch or Flip-Filop
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM >> Traffic light example

The most seen FSM

Moore machine

CLK

. M next N
1 WltCh input next tat l tat tput
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/
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Example: traffic light controller

» Traffic sensors T4 and Tpg
(\\lu bLISy, \\Ou emp.ry)

» Traffic lights Ly and Lg
(each light have red,
yellow, and green)

« Hh-second clock, at each
rising edge, lights may
change based on the
sensors

* Reset button

Labs
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Black box view

CLK

Traffic —+— La
Input Light Output
Controller — Lg

State (inside)

Reset
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

State transition diagram

s%a Dining

5 | Hall L,: yellow

& LB Lg: red
71O g

Academic Ave.

Athletic
Fields
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

State table

State Encoding S State encoding
S0 00

$1

01

52

10

S5

11

State transition table

Binary encoded state transition table

Current Inputs Next State Current State Inputs Next State

State § Ta Tg s S1 A Ta S5 So
SO 0 X S1 0 0 0 X 0 1
SO 1 X SO 0 0 1 X 0 0
S1 X X 52 0 1 X X 1 0
s X 0 S3 1 0 X 0 1 1
S2 X 1 S2 1 0 X 1 1 0
S3 X X SO 1 1 X X 0 0
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Output table

O ELIGEICN Output  Encoding Ly

green 00

yellow 01
/ red 10

Output table

Current State
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

Sum-of-product form

State table

Current State Inputs Next State
$1 So Ta Ta S So
0 0 0 X 0 1
0 0 1 X 0 0
0 1 X X 1 0
1 0 X 0 1 1
1 0 X 1 1 0
1 1 X X 0 0

1Celni1z State
So
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

State & output logic
 State logic (sequential) < Output Logic

(combinational)
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

FSM with more states ......

Finite State Machine:
Soda Machine State Diagram
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Progress: SYN & ASYN Circuits >> Memory example >> Memory array > FSM > Traffic light example

* Digital clock

turm on

turn on

[min=0 and hours =0]

FSM with more states ......

( We

sel()

do / show current ime

set()

Setting Hours

entry / b

do / show hours

set()

Setting Mins !
entry / beep
do / show mins

inc() / hours ;= (hours+1) mod24

ine() f min = {min+1} mod&0

* Microwave oven

p

A

cancel
-
T Ful Power
Full Power
f% do / set poewr = 600 timer
0
~ J
full pawer half power number
‘Waiting Set Time
do [ display time do f get time
full power exit / set time
vy
ol
half power
open door

( HalfPower )

@@ v

. > do / set power = 300 J
timer

[ Disabled

do { operate oven

Enabled
do ! display 'Ready’

do [ display "Waiting® door

finish
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