Embedded Systems

Week 7: Sequential Circuits

Dr. Vecdi Emre Levent



2, L
<
()
Instructors % &

1883

Assist. Prof. Dr. Vecdi Emre Levent

Email :

Web:

Dr. V. E. Levent Embedded Systems


mailto:emre@levent.tc
mailto:emre.levent@marmara.edu.tr
http://www.levent.tc/

Sequential Circuits

* Sequential Circuits

* In sequential circuit, the output depends not only on the

current inputs, but also on previous inputs.

* Example : Counter counting up with a summation circuit

 Memory storage unit called flip-flop
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Sequential Circuits )
 Flight attendant call button Cau% e

Circuit
* When pressed, the lamp remains Cancel
active until it is pressed again.

 When pressed again, the lamp
turns off

1. Button pressed, light on

Call Lamp
Circuit
Cancel

combinatorial circuits?

Call 2. The button is released, the light

Lamp remains on

Cancel

It will not work because the lamp will only Call Lamp

be 1 when the call is pressed. The lamp % Circuit O
will turn to 0 when the call button is not Cancel
pressed. A register that holds the previous

state of the circuit is needed for the

desired behavior

3. Canceled, light off
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Sequential Circuits

safe to X, Y
change must not
X, Y change

e Clock Period : The time between two
rising edges
* Period of the above signal : 20 ns
 Clock cycle :

* Number of rising edge

* Clock Frequency : 1/ period

* The period of the above signal =1/20 ns =

50 MHZ
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Sequential Circuits

* Flip-flop : Samples the signal coming from outside on the rising

edge of the incoming clock

* Design example — master - slave
* 2D latch is used.

D flip-flops
D latch D latch
D Q'
DM gm ds Qs'e
Cm (o Qs Q
A master slave

clk
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Sequential Circuits

D Qe
The triangle
represents the Q
clock input.

Rising Edge active flip
flop notation

Rising Edges
( Positive edge )

clk
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Falling Edges
( negative edge

)
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Sequential Circuits

* D latch
* D -flip flop

Q (D flip-flop) 9 10 ‘

Q(D latch) ‘ ; ‘
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 When multiple bits need to be held, D flip flops are used
together.

* For example, when a 4-bit number needs to be kept

* Multi flip Register to the structure where the flops are
held together it is called.

.
13 12 11 10

reg(4)

QBR A QO
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Sequential Circuits

* Temperature Circuit

 Temperature sensor gives a 5 bit output.
* Clock's period is 1 hour. (It's a pretty slow clock )
* Each clock on the rising edge and displays it to the monitor.

You ask

clock

x4
x3

x1
x0

At the moment 1 hour ago 2 hours ago

Monitor Monitor Monitor

a4 a3 a2 al a0 b4 b3 b2 bl b0 c4 c3 c2 cl cO

Temperature Monitoring Circuit
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Sequential Circuits

* 5bit registers

x4
x3
X2
x1
x0

a4 a3 a2 al a0 b4 b3 b2 bl b0 c4 c3 c2 cl1 c0
Q4 14 Q4 14 Q4
Q3 13 Q3 ] Q3
Q2 12 Q2 12 Q2
Ql 11 Q1 11 Q1
(0]0] [0] Qo [0] (0]0]
Ra Rb Rc

Temperature Circuit

4.0

C

Ra 0 18 21 24 25 26 27
Rb 0 0 18 21 24 25 26
Rc 0 0 0 18 21 24 25
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D Type Register (D Latch )

* It has two entrances. These; D (data) and WE (Write Access)

* WE =1 encloses the value at input D.
e S=NOT(D),R=D
 WE = 0 keeps its previous value.
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Clock Crystal

* It periodically generates a square-type signal.
* It's like someone is turning a switch on and off at regular intervals...

©
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Clock 533

e e e e e T
OnTime=t Off Time=t On Time Off Time On Time Off Time

* Clock signal given in the figure repeats itself in 2t time/period.
* Each period of clock called clock cycle.

* |t means Frequency = 1/Period.
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D Type Register (D Register, Flip-Flop )

* When the rising or falling edge of the clock
signal comes to itself, it transfers the value
at the D input to the Q output.

* In other cases, the value at output Q does
not change, even if input D changes.
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D Type Register (D Register, Flip-Flop ) * - ¥

* Rising edge D-Type Storage Inputs and Outputs
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D Type Register (D Register, Flip-Flop )

* Rising edge D-Type Storage Inputs and Outputs

data out (G OO0
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D Type Register (D Register, Flip-Flop )

D Type Storage
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Sequential Circuits

Entries

combinatorial

Circuit

Storage
Elements
Type D Savers
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Sequential Circuits
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Sequential Circuits

1 Increment Circuit

clk

4 Bit 1 increment circuit.
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Sequential Circuits

Clock input is as much as the
slowest output produced by the
circuit

All outputs of the circuit will be fed

back to the circuit by waiting until
the slowest output output.
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Sequential Circuits

1 Increment Circuit
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Sequential Circuits

1 Increment Circuit
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Sequential Circuits

1 Increment Circuit

_t
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1 Increment Circuit
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Sequential Circuits

1 Increment Circuit

B
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Sequential Circuits

1 Increment Circuit
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Sequential Circuits

1 Increment Circuit

I
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Sequential Circuits

1 Increment Circuit
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Sequential Circuits

Combinational Circuit and Sequential Circuit with Register
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Sequential Circuits

""" Combinational

LOgiC CiI'CUit Positive

Feedback

I l Clock
"-'_'_"Signal
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Sequential Circuits

module counter();

endmodule

counter
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Sequential Circuits

module counter(
cnt

);

output [3:0] cnt;

counter
endmodule
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Sequential Circuits

module counter(
cnt,

btn

);

output [3:0] cnt;
input btn;

counter

endmodule
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Sequential Circuits

module counter(cnt, btn, clk);
output [3:0] cnt;
input btn, clk;

counter endmodule
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Sequential Circuits

module counter(cnt, btn, clk);
output [3:0] cnt;
input btn, clk;

endmodule
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Sequential Circuits

module counter(cnt, btn, clk);
output [3:0] cnt;
input btn, clk;

? reg [3:0] cnt, cntNxt;

cntNxt
always @(posedge clk) begin
cnt <= #1 cntNxt;

end

endmodule

Dr. V. E. Levent Embedded Systems



Sequential Circuits

module counter(cnt, btn, clk);
output [3:0] cnt;
input btn, clk;

reg [3:0] cnt, cntNxt ;

always @(posedge clk) begin
cnt <= #1 cntNxt;
end

always @(*) begin
if(btn)

cntNxt = cnt +1;
end

endmodule
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Sequential Circuits

module counter ( cnt, btn, clk );
output [3:0] cnt ;
input btn, clk;

reg [3:0] cnt, cntNxt ;

always @(posedge clk ) begin
cnt <= #1 cntNxt ;
end

always @(*) begin
if (btn)
cntNxt = cnt +1;
end

endmodule
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Sequential Circuits

module counter(cnt, btn, clk);
output [3:0] cnt;
input btn, clk;

reg [3:0] cnt, cntNxt;

always @(posedge clk) begin
cnt <= #1 cntNxt;
end

always @(*) begin
cntNxt = cnt;
if(btn)

cntNxt = cnt +1;
end

endmodule
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Combinatorial Loops
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Combinatorial Loops

>
cntNxt
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Combinatorial Loops

Dr. V. E. Levent Embedded Systems



Sequential Circuits

Combinatorial Loops
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Sequential Circuits

Combinatorial Loops

l always @(*) begin

v if(cnt)

cntNxt =c
else

cntNxt = cnt ;
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Combinatorial Loops

always @(*) begin

if(cnt)
cntNxt = cnt —1;
end
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Multiple Drive Error

2o
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Multiple Drive Error

always @(*) begin
cntNxt =cnt ;
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Sequential Circuits

Multiple Drive Error

// Combined into a single always block

always @(*) begin
cntNxt = cnt ;
if (btn1)
cntNxt = cnt +1;
if (btn2)
cntNxt = cnt —1;
end
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