
Today: Sequential Logic and Verilog
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Cascaded inverters
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Cascaded inverters (cont’d)
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Cascaded inverters with “Set”
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Cascaded inverters with “Set” and “Reset”
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Cascaded inverters with “Set” and “Reset”
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Cascaded inverters with “Set” and “Reset”
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Rearranging

and renaming

Cross-coupled NOR gates
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S R Q
0 0 hold
0 1 0
1 0 1
1 1 ???
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RS Latch
❚ ��������������.����������
���
	����+
❚ ,�������	�����������
����
	�����
	�����
��������

������
�����&2�������
	�����/���"+�!���
	2��
��/��
������
������������


	2������.���������
���
	����6�
,������.(��������
	2��/������
��
����/�
�
���;��
�
������
���
������
��������	��	����	�.�����
��
�	�
�
��(�/���������������
����"+

❚ �
�������������������
	����
�3������	��	�/����
�	��+
❙ !��	�������
���	�/��
(������	
�����������+
❙ !��	�������
��

��/��
(����
+

Bubble introduction and
propagation

Note inverted inputs

module dff (CLK, d, q);

input  CLK, d;
output q;
reg    q;

always @(CLK)
q = d;

endmodule

Incorrect Flip-flop in Verilog
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module dff (CLK, d, q);

input  CLK, d;
output q;
reg    q;

always @(posedge CLK)
q = d;

endmodule

Correct Flip-flop in Verilog
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module dff (CLK, s, r, d, q);
input  CLK, s, r, d;
output q;
reg    q;

always @(posedge CLK)
if (r)    q = 1’b0;
else if (s) q = 1’b1;
else          q = d;

endmodule

module dff (CLK, s, r, d, q);
input  CLK, s, r, d;
output q;
reg    q;

always @(posedge r)
q = 1’b0;

always @(posedge s)
q = 1’b1;

always @(posedge CLK)
q = d;

endmodule

More Flip-flops
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module ShiftReg(Clk, ShiftIn,
D0, D1, D2, D3,
S0, S1,
Q0, Q1, Q2, Q3);

input Clk;
input ShiftIn;
input D0;
input D1;
input D2;
input D3;
input S0;
input S1;
output Q0;
output Q1;
output Q2;
output Q3;

reg QO, Ql, Q2, Q3;

reg[3:0] indata;
reg[3:0] out;
reg[3:0] nextout;
reg[1:0] sel;

assign indata = {D3,D2,D1,D0};
assign sel = {S1,S0};

Sample Shift Register

// State Definitions 
‘define  Hold           2’b00
‘define  Load           2’b01
‘define ShiftRight 2’b10
‘define ShiftLeft 2’b11

/* clock driven "state" transitions */
always @(posedge Clk) begin

out = nextout; 
$display("Input  is %b, Sel is %d, Output is %b",

indata, sel, out);
end 

/* combinational logic to determine next output */
always @(out or sel or indata) begin 

case(sel)
‘Hold: nextout = out; 
‘Load: nextout = indata;
‘ShiftRight: nextout = {1’b0, out[3:1]};
‘ShiftLeft: nextout = {out[2:0], 1’b0};

endcase
end 

assign Q3  = out[3];
assign Q2  = out[2];
assign Q1  = out[1];
assign Q0  = out[0];

endmodule

$display and $time statements
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❙ %h Hex, %d Decimal, %o Octal, %b Binary, %% Display a “%” sign
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❙ $display(”output %d is %h", i, vec[i]);

❙ $display("%d%% completed", (count * 100) / max_count);

❚ ,���B�
�����	��
�	������	���.������
�����
�	��
��������CD�/
��
	�����
❙ $display("Got an event at time %d", $time);


