Seguential Logic Circuits

Unlike combinational logic cir cuits, the output of sequential
logic circuits not only depends on current inputs but also on the

past sequence of inputs.

Sequential circuits are constructed using combinational logic
and a number of memory elements with some or all of the
memory outputs fed back into the combinational logic for ming
a feedback path or loop.

A very simpleseguential circuit with no inputs created using

Invertersto form a feedback loop:

ON

When thiscircuit ispowered up it randomly outputsQ =0 or Q =1
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Sequential Logic Circuits

Combinational
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Sequential circuit = Combinational logic + Memory Elements

Current State of A sequential Circuit: Valuestored in memory

elements (value of state variables).

Statetrangtion: A changein thestored valuesin memory elements
thus changing the sequential circuit from one state to another state.
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Sequential Circuit Buliding Blocks:
Generic Memory Elements

« A Memory Element: A logic devicethat can remember a single-bit
value indefinitely, or changeitsvalue on command from itsinputs.

Memory

Q
———> Memory Element Output:
element y P

command —>
stored single-bit value

 Theoutput Q of the memory element representsthe value stored in the
memory element. Thisisalso called the state variable of the memory
elements. A memory element can bein one of two possible states:
— Q=0 (the memory element has O stored), also said be in state O.
— Q=1 (the memory element has 1 stored), also said to be in state 1.
« Thecommandstothe memory element formed by itsinput(s) may include:
— Set: Storel (Q=1) inthememory element.
— Reset: Store0 (Q=0) inthememory element.
— Flip: Changestored valuefromOto 1 or from 1to0.
— Hold value: Memory value does not change.

« Memory Element statetransition: A changein thestored valuefrom 0to 1, or from
1to 0 such asthat caused by a flip command.
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The State of A sequential Circuit

A statevariablein a sequential circuit representsthe

single-bit variable Q stored in a memory element in
Cir cuit.

— Each memory element may bein state O or state 1 depending on
thecurrent value stored in thememory element.

 The State of A sequential Circuit:

— Thecollection of all state variables (memory element stored
values) that at any time contain all the infor mation about the
past necessary to account for the circuit’sfuture behavior.

— A sequential circuit that contains n memory elements could be
In one of a maximum of 2" statesat any given time depending
on the stored valuesin the memory elements.

— Sequential Circuit Statetransition: A changein the stored

valuesin memory elementsthus changing the sequential circuit
from one stateto another.
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Clock Signals & Synchronous Sequential Circuits

e A clock signal isa periodic square wave that indefinitely switches
valuesfromOtoland 1to O at fixed intervals.

Clock signal

Clock Cycle
Rising edges of Falling edges Time

the clock of the clock

 Clock cycletimeor clock period: Thetimeinterval between two
consecutiverising or falling edges of the clock.

o Clock Frequency = 1/ clock cycletime (measured in cycles per second or Hz)
— Example: Clock cycletime=1ms clock frequency = 1000Hz

« Synchronous Sequential Circuits. Sequential circuitsthat have a clock
signal asone of itsinputs:
— All statetransitionsin such circuits occur only when the clock valueis

either O or 1 or happen at therising or falling edges of the clock depending
on the type of memory elements used in the circuit.
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Sequential Circuit Memory Elements. Latches, Flip-Flops

e Latchesand flip-flopsarethe basic single-bit memory
elementsused to build sequential circuit with oneor two
Inputs/outputs, designed using individual logic gates and
feedback |oops.

e Latches:

— Theoutput of alatch dependson its current inputs

and on its previousinputs and its change of state
can happen at any time when itsinputs change.

* Flip-Flop:
— Theoutput of aflip-flop also depends on current
and previousinput but the changein output

(change of state or statetransition) occurs at
specific times determined by a clock input.
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Sequential Circuit Memory Elements. Latches, Flip-Flops

e |Latches:
— SR Latch
— SR Latch With Enable
— D-Latch

* Flip-Flops:
— Edge-Triggered D Flip-Flop
— Master/Slave SR Flip-Flop
— Master/Slave J-K Flip-Flop
— Edge-Triggered J-K Flip-Flop
— T Flip-Flop With Enable
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S-R Latch

e An SR (set-reset) latch can be built using two NOR-
gates forming a feedback loop.

 Theoutput of the S-R latch dependson current aswell as
previousinputsor state, and its state (value stored) can
change as soon asitsinputs change.

Function Table

I
S R @) ON
O O last Q Last ON

0O 1 0 1

1 O 1 0

1 1 0 0

Circuit
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S-R Latch With Enable

Sincethe SR latch isresponsiveto itsinputsat all timesan enableline
C isused to disable or enable state transitions.

Behavessimilar toaregular S-R latch when enable C=1
S

Circuit
— Q
EnableC
. ON
R ‘ >O _>_ Function Table
S R C Q ON
00 1 latQ lastON
—g Qr— 0 1 1 0 1
_ Qo 10 1 1 0
R 11 1 0 0
X x 0 lastQ last QN
L ogic Symbol
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D-L atch

 Similar to SR latch with an enableline, but both S, R
are generated from oneinput D (data) and an inverter.

o Storesthevalueof itsinput D when enable C =1.

Function Table CD Q ON
1 O 0 1
1 1 1 0
0 x LastQ LastQN

4><F j}i‘f _ L ogic Symbol

Circuit
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Edge-Triggered D Flip-Flop

« Usesapair of D latchesand inverters.

e Similar in behavior to a D latch except that output and state changes
happen at therising or falling edge of an input clock.

A D Flip-Flop triggered on therising edge of the clock isgiven by:

Master Latch Slave Latch
D D Q QM |, O Q —|P QI
c Q c QD— ON —P CLK Q O—
L ogic Symbol

CLK > e > e Function Table
Clock D CLK Q QN
o _t 0 1
Circuit 1 _r 1 0

x 0 Last Q Last ON
X X Last Q Last ON
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Master/Slave S-R Flip-Flop

SR latches are substituted for the D latchesin the
negative-edgetriggered D flip flop

Master Latch Slave Latch
M Circuit
S s  o*Mls  o— q
C C
R R Qoi—RrR QP QN
CLK DQ— Function Table
S R C Q ON
Xx x 0 lastQ last QN
0 0 JL latQ last QN
—3 e 01 L o0 1
IR 1QO— 1 0 7o 1 0
1 1 JL undef. undef.
Logic Symbol
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Master/Slave J-K Flip-Flop

e Solvesthe problem in the problem when both S=R=1
« When J=K=1thelast stateisinverted.

L Master Latch Slave L atch Circuit

M
D e I e I e
| C —c R

D e
CLK D@—

Function Table

J K C Q QN
X x 0 JlastQ last QN
—S 1Q— 0 0 JL JastQ last QN
1% ol 01 L 0 1
1 0 o 1 0
L ogic Symbol 11 JL laStQN laStQ
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Edge Triggered J-K Flip-Flop

 Created from an edge-triggered D flip-flop
Circuit
J —}

| = - . ‘ o
K =9 > CLK Q O——— ON

Q QN Logic Symbol
lastQ last QN
latQ last QN .y ol—
last Q

0

1

CLK

Function Table

last QN >
CLK
1 — 1k QO

P P OOX X |G«

last QN last Q
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T Flip-Flop With Enable

 Changesstate on every clock cycle (rising edge of T).

D Q Circuit
En A/D* Q

-  PClK g Oo——ON
OR
Function Table
j Q— Q T En Q QN
K A1 lastQON  lastQ
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