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CNSRL 

Flip Flop Modeling Example 

 In Verilog, all assignments made inside the always 
block modeling an inferred flip-flop (sequential 
logic) should be made with nonblocking 
assignment operators 
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CNSRL 

Blocking vs. Non Blocking 
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What hardware would be synthesized for this example?   

A = Y;  

B = A; 

A <= Y; 

B <= A; 

CNSRL 

Blocking vs. Non Blocking 
 = is referred to as a blocking 

assignment, because execution of 
subsequent code is blocked until 
the assignment is made. 
 

 <= is referred to as non-blocking 
assignment.  Essentially, all non-
blocking right-hand-sides are 
evaluated but no assignments are 
made until the end of the 
procedural block. 
 

 Example:  What’s the difference 
between the two code fragments 
to the right? 

always@(posedge clk)  

    begin 

     A = Y; 

     B = A; 

    end  

always@(posedge clk)  

    begin 

     A <= Y; 

     B <= A; 

    end  
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CNSRL 

 always@(posedge clk or reset) 

If (reset) 

 c<=1’b0; 

Else 

 C<=A&B; 

CNSRL 

Reset: Hardware Initialization 

 Virtually all digital modules require the 
ability to set themselves to a known 
condition -- this is reset. 

 Reset happens at the system startup and 
whenever needed 

 A module reset is usually initiated by an 
external control signal commonly called 
“reset”  

 There are two types of reset operation: 
asynchronous and synchronous. 
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CNSRL 

Reset Flip Flop 

 Synchronous reset 

  always @ (posedge clock) 
      begin 
       if (reset) 
           Q<=1’b0; 
       else 
               Q<=D 
      end 

 Asynchronous reset 

  always @ (posedge clock or posedge reset) 
      begin 
       if (reset) 
           Q<=1’b0; 
       else 
               Q<=D 
      end 

CNSRL 

Question? 

 Does it make sense to reset combinational circuits? 
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CNSRL 

Sync or Async Reset? 

 Sync 

 Synchronous resets 
are based on the 
premise that the reset 
signal will only affect 
or reset the state of 
the flip-flop on the 
active edge of a clock. 
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CNSRL 

Register Modeling  

module register_ex( Q, D, reset, load, clock) 

 input D, load, reset, clock; 

 output Q; 

 reg Q; 

 always @ (posedge clock) 
      begin 
       if (reset) 
           Q<=1’b0; 
       else if (load) 
           Q<=D; 
      end 

endmodule 
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CNSRL 

4-bit Counter Modeling 

module  counter_4b( count, enable, reset, clock) 

 input enable, reset, clock; 

 output [4:0]count; 

 reg [4:0] count; 

 always @ (posedge clock) 
      begin 
       if (reset) 
           count<=4’b0000; 
       else if (enable) 
               count<=count+1; 
      end 

endmodule 

 

CNSRL 

Pre-Load 4-bit Counter Modeling 

module  counter_4b( data, load, count, enable, reset, clock); 

 input load, enable, reset, clock; 

 input [3:0] data; 

 output [3:0]count; 

 reg [3:0] count; 

 always @ (posedge clock) 
      begin 
       if (reset) 
           count<=4’b0000; 
       else if (load) 
   count<=data; 
       else if (enable) 
               count<=count+1; 
      end 

endmodule 
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CNSRL 

Procedural Block Examples (1) 

 What is the synthesis result of the following code? 

 reg k; 

 always@(p or q) 

 begin 

  if (p) 

   k=q; 

  end 

 

13 

CNSRL 

Procedural Block Examples (2) 

reg k; 

 always@(p or q or r) 

 begin 

  if (p) 

   k=q; 

   else 

     k=r; 

  end 

14 

reg k; 

 always@(p or q) 

 begin 

  if (p) 

   k=q; 

   else 

     k=r; 

  end 

 (1) Incomplete sensitivity list! 

(2) Simulation and Post synthesis simulation  

mis-match ! 
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Procedural Block Examples (3) 

reg k; 

 always@(posedge clk) 

 begin 

  if (p) 

   k<=q; 

   else 

     k<=r; 

  end 
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CNSRL 

Procedural Block Examples (4) 

reg j,k; 

 initial 

 begin 

  a=8’d5;b=8’d6;end 

 always@(posedge clk) 

 begin 

  j=a+b; 

   k=j+b; 

  end 

16 

reg jj,kk; 

 initial 

 begin 

  a=8’d5;b=8’d6;end 

 always@(posedge clk) 

 begin 

  jj<=a+b; 

   kk<=jj+b; 

  end 
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Synthesis of Priority Structures 

  if 

 Implies higher priority to the 1st branch 

  case  

 Implicitly attaches higher priority to the 1st item 

 If statements are specified in mutually exclusive 
condition 

 Synthesis tools will treat them as equal priority 

 A MUX will be synthesized  
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CNSRL 

Priority Encoded if Statement 

always@(sel or in) 

begin 

 if (sel==3’h0) 

  out=in[0]; 

     else if (sel==3’h1) 

      out=in[1]; 

  else if (sel==3’h2) 

   out=in[2]; 

  else if (sel==3’h3) 

  out=in[3]; 

  else 

  out=in[4]; 

end 

18 
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CNSRL 

Priority Encoded if Statement 

 4 levels of logic gate delay 

 Arranging the late-arrival signal 
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CNSRL 

Case 

 Case statements check each case in sequence 

 A case statement is full if all possible outcomes are 

accounted for 

 A case statement is parallel if the stated alternatives 

are mutually exclusive 

 These distinctions make a difference in how cases 
are translated to circuits 
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Full & Parallel Case 

always@(sel or in) 

begin 

 case(sel) 

   3’b000:out=in[0]; 

       3’b001:out=in[1]; 

    3’b010:out=in[2]; 

   3’b011:out=in[3]; 

   default:out=in[4]; 

 endcase 

end 
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CNSRL 

Not-Full 

22 

always@(sel or in) 

begin 

 case(sel) 

   2’b11:out=in[0]; 

       2’b10:out=in[1]; 

    2’b01:out=in[2]; 

       

 endcase 

end Because it’s not full, a latch is inferred 
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CNSRL 

Case Full Not-Parallel 

 case is not parallel-priority 
encoding 

 it is full so there is no latch 

 “?” is the alternative for “z”  

 casez treats ? as don’t-care 
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always@(sel or in) 

begin 

 casez(sel) 

   2’b1?:out=in[0]; 

       2’b?1:out=in[1]; 

    default:out=in[2]; 

  endcase 

end 

CNSRL 

Case Not-Full & Not-Parallel 

 Not Full and not 
Parallel 

 There is a latch! 
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always@(sel or in) 

begin 

 casez(sel) 

   2’b1?:out=in[0]; 

       2’b?1:out=in[1]; 

     

  endcase 

end 
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Synopsys Compiler Directives 

 You can give hints to Synopsys through comments 
in your Verilog code 

 They are ignored as comments by Verilog simulator 

 // synopsys full-case 

 asserts that all possible clauses of a case have been 
covered, no default case is needed 

 Unused cases are treated as don’t-care 

 better to just use default… 

 // synopsys parallel-case 

 Results in parallel evaluation of cases instead of serial 
(priority encoding) 

 Usually only used for mutually exclusive cases 

25 

CNSRL 

Synopsys Compiler Directives 

 Tool dependent! 

 Simulation & synthesis mis-
match 

 Use with care!  

 We’ll talk more about this 
latter! 

26 

always@(sel or in) 

begin 

 case(sel) // synopsys full_case 

   2’b11:out=in[0]; 

       2’b10:out=in[1]; 

    2’b01:out=in[2]; 

  endcase 

end 
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Review Questions (1) 

 1. When is the procedural block executed? 

always@(posedge clk) 

 begin 

 … 

 end 

 2. When is the procedural block executed? 

always@(value1 or value2) 

 begin 

 … 

 end 

27 

CNSRL 

Review Question (2) 

 All variables assigned on the left-hand side of the 
procedural code must be ? 

Register data type, that is, 

reg 

Not wire! 

 All variables assigned on the left-hand side of the 
continuous assignment must be ? 

Wire 

 A 32-bit 2:1 MUX by using continuous assignment  

  wire [31:0] mux_a; 

  assign mux_a=sel?p:q; 

 A 32-bit tri-state buffer 

   tri [31:0] bus; 

  bus=en ?mem_in:32’bz; 

 28 



2012/7/11 

15 

CNSRL 

Review Question (3) 

 What does this mean?   

 reg [31:0] register_1; 

A 32-bit data signal named “register_1” 

 Does “register_1” infer register or flip-flop? 

   NO! 

 How to put comments? 

 

 What does this expression 32’h34 mean? 
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CNSRL 

Design Description using Verilog 

 Design Process  

 Step 1: Write Specification 

 Step 2: Draw Schematic 

 Step 3: Write Verilog Code 
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CNSRL 

Step 1: Write Specification 

Example: Count Down Timer 

 4-bit counter 

 count value loaded from `in’ on a positive 
clock edge when `latch’ is high 

 count value decremented by 1 on a positive 
clock edge when `dec’ is high 

 count value cleared when ‘clear’ is high 

 decrement stops at 0 

 `zero’ flag active high whenever count 
value is 0 

CNSRL 

Step 2: Draw a Block Diagram 
 Identify from the Specification: 

 Ports 

 Registers 

 Datapath Logic 

 MUXes 

 Control Logic 
 

 ALWAYS DRAW A BLOCK DIAGRAM  
OR SCHEMATIC BEFORE CODING 
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Identify Ports 
 4-bit counter 

 count value 
loaded from `in’ 
on a positive 
clock edge 
when `latch’ is 
high 

 count value 
decremented 
by 1 on a 
positive clock 
edge when 
`dec’ is high 

 count value 
cleared when 
‘clear’ is high 

 decrement 
stops at 0 

 `zero’ flag 
active high 
whenever 
count value is 0 

clear

in

latch
dec

clock

zero

CNSRL 

Identify Registers 
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 4-bit counter 

 count value loaded 
from `in’ on a 
positive clock edge 
when `latch’ is high 

 count value 
decremented by 1 
on a positive clock 
edge when `dec’ is 
high 

 count value cleared 
when ‘clear’ is high 

 decrement stops at 
0 

 `zero’ flag active 
high whenever 
count value is 0 
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Identify Datapath Logic 
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 4-bit counter 

 count value loaded 
from `in’ on a 
positive clock edge 
when `latch’ is high 

 count value 
decremented by 1 
on a positive clock 
edge when `dec’ is 
high 

 count value cleared 
when ‘clear’ is high 

 decrement stops at 0 

 `zero’ flag active 
high whenever 
count value is 0 

• How would you 
implement the 
==0? logic? 

4-input 

NOR Gate 

CNSRL 

Identify MUXes 
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 4-bit counter 

 count value loaded 
from `in’ on a 
positive clock edge 
when `latch’ is high 

 count value 
decremented by 1 
on a positive clock 
edge when `dec’ is 
high 

 count value cleared 
when ‘clear’ is high 

 decrement stops at 0 

 `zero’ flag active 
high whenever 
count value is 0 



2012/7/11 

19 

CNSRL 

Identify Control Logic 
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encode

 4-bit counter 

 count value loaded 
from `in’ on a 
positive clock edge 
when ̀ latch’ is high 

 count value 
decremented by 1 on 
a positive clock edge 
when ̀ dec’ is high 

 count value cleared 
when ‘clear’ is high 

 decrement stops at 0 

 `zero’ flag active high 
whenever count 
value is 0 

CNSRL 

Step 3: Write the Verilog Code 
 Name the internal signals 

 Write the description into code 

 Ports & internal signals 

 Registers 

 Datapath Logic 

 MUXes 

 Control Logic 
 

 Never write a piece of code if you can’t visualize the logic 
that it implements 
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Simplified Verilog Style 

 Verilog is a powerful and 
flexible language 

 It is very easy to describe 
functions that do NOT map 
well (or synthesize into) 
hardware 

 Constrain yourself to a 
subset of the language and 
a specific style of usage : 

•Registers: 

•always@(posedge clock) 

•  begin 

•    register_output1 <= register_input1; 

•    register_output2 <= register_input2; 

•  end 

•   MUXes and Control Logic: 

•always@(input1 or input2 or ...) 

•  begin 

•    <if-then-else or case statement> 

•  end 

Datapath Logic: 

assign output = <inputs and operators> 

CNSRL 

Complete Block Diagram 
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always@(posedge clock) 
  if (enable) value <= next_value; 
 
assign enable = latch | (dec & !zero) | clear; 
 
always@(latch or value or in or dec or zero) 
  begin 
    if (latch) next_value = in; 
    else if (dec && !zero) next_value = value - 1’b1; 
    else next_value = 4’b0; // default is clear 
  end 
assign zero = ~|value; 
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encode

CNSRL 

  

always@(posedge clock) 
  if (enable) value <= next_value; 
 
assign enable = latch | (dec & !zero) | clear; 
 
always@(latch or value or in or dec or zero) 
  begin 
    if (latch) next_value = in; 
    else if (dec && !zero) next_value = value - 1’b1; 
    else next_value = 4’b0; // default is clear 
  end 
assign zero = ~|value; 
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Complete Verilog Code 
•module counter (clock, in, latch, dec, clear, zero); 
•/* simple top down counter with zero flag */ 
 

•input       clock;  /* clock */ 
•input [3:0] in;     /* starting count */ 
•input       latch;  /* latch `in’ when high */ 
•input       dec;    /* decrement count when dec high */ 
•input       clear;  /* clear count when clear high */  
•output      zero;   /* high when count down to zero */ 
 

•reg [3:0] value;   /* current count value */ 
•reg [3:0] next_value; 
•wire      zero, enable; 
 

•// D-Flip Flops with enable  
•always@(posedge clock) 
•  if (enable) value <= next_value; 
 

•// produce enable 
•assign enable = latch | (dec & !zero) | clear; 
 

•// input multiplexor to value register 
•always@(latch or value or in or dec or zero) 
•  begin 
•    if (latch) next_value = in; 
•    else if (dec && !zero) next_value = value - 1’b1; 
•    else next_value = 4’b0; // default is clear 
•  end 
 

•// combinational logic to produce `zero’ flag 
•  assign zero = ~|value; 
•endmodule /* counter */ 
 

CNSRL 

Sophisticated Style 

 Combine registers and  
combinational logics into one 
always@(posedge clock) 
block 
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encode

always@(posedge clock) 

  begin 

    if (latch) value = in; 

    else if (dec && !zero) value = value - 1’b1; 

    else value = 4’b0; // default is clear 

  end 

 

assign zero = ~|value; 


