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Behavioral Modeling

+ Using continuous assignments
= ISE can build you a nice adder
= Easier than specifying your own

module adder(input [31:0] a,
input [31:0] b,
output [31:0] ¥);

T Py
assign ¥y = a = b; - PR
endnodule
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Bitwise Operators

+ Bitwise operations act on vectors (buses)

More bitwise operators

module inv(input [3:0] &,
output [3:0] y); [ e L M PN ey
assign y = -a; ™
endmodule

(210] a, B,
It [310) ¥l ¥2, ¥3, ¥4, ¥5);

/% Five different two-input logic
jgates acting on 4 bit busses */

assign yl = a & b £ AnND
assign y2 = a | by /o
ansign y3 = a * B3 £ wom L
assign y4 = ~(a & b); // NAND Lo
assign y5 = ~ta | b); // NOR

endnodule

Reduction Operators

* Apply operator to a single vector
= Reduce to a single bit answer

module and8{input ([7:0] a,
output ¥);

assign y = ga;
endmodule

Conditional Operator

+ Classic mux
= Can be confusing if you get crazy

module mux2{input [3:0] 40, d1,
input N
output [3:0] ¥

assign y = & ? dl : d0;
endmodule




Using internal signals

+ Internal wires and regs can be used inside a
module

zodule fulladder{input a, b, cinm,
sutput 8, cout); [

o

wire prop:

-5 b
L rop * eing
asslgn cout = fa & B} | fein & (a | B1);

i

Using internal signals

* Internal wires and regs can be used inside a

module
sodule fulladder{input a, b, cim, -
sutput 8, aout)s [ )
_ =
wire prop; |
" by II
¢ “ eins
oslgn cout = cout = agb | eins(a|b); e

andsodule

Operator Precedence

Table A.1 Operator Precedence

Symbol Meaning Precedence
= | NOT | Highest
. /8 | MUL, DIV, MODULO [

o | PLUS, MINUS

<<, >, | Logical Left/Right Shift

<<<, >>> | Arithmetic Left/Right Shift

<, €=, >, >= | Relative Cumpuriscn

-, = . Equality Comparison

Fae | AND, NAND

et | XOR, XNOR

1 - | OR, NOR

?: | Conditional | Lowest

Constants

+ Specified in binary, octal, decimal, or hex
= Note use of underscore in long binary numbers

Table A.2 Constants

Number # Bits Base Decimal Equivalent | Stored

3'b101 3  Binary 5 101

‘b1l Cunsized | Binary |3 | 000000..00011
8'b11 [8 Binary 3 | 00000011
8'b1010_1011 § Binary 171 110101011

3'ds 3 | Decimal 6 110

67042 6 | Octal 34 | 100010

B'hAB 8 Hexadecimal | 171 10101011

a2 unsized | Decimal 42 | 0000....00101010

Hierarchy

+ Instantiate other modules in your module

of
wire [310] low, highs

| sodsle muzdqinpue (30} 42, 41, &2, 43,

| input  [110] s, ) v [,

| cutpat 13:0) ¥l 5 -
a

o, dl, s[0],

Tristates

+ Assign the value z
= Just say NO!
= No on-board tri-states on Spartan3e FPGAs
= Use MUXs instead!

13:07 ab, 4,

7 dl oy dog

ardzoduie

module tristagfiinput [3:0] a,
input

en,
output [3:0] y);

assign y
endnodule

en 7 a : 4'bz;




Bit Swizzling

+ Sometimes useful to work on part of a bus, or
combine different signals together
= Use bus (vector) notation

Registers

* Edge-triggered flip flops
= Always use reset of some sort!

module flopriinpat elk,

Tesmet,

{azn) 4,
reg [3:0] q)2

autpur

— | papa_
< e B PR L

7 asynehroncus resot

always #{posedge clk, posedge reset) [t = —
£f (reset) g <= 4°big
else q <= ds
sndncdule
module flopr(input elk,
ingut reast,
input [3:0) 4,

cutpue reg [310] 91

/4 synchroncas ramet
always #[posedge
if (reset) g <
else q =

Bit Swizzling

+ Sometimes useful to work on part of a bus, or
combine different signals together
= Use concatenation {} operator

Registers

¢ Can also add an enable signal
= Only capture new data on clock and en

Counters

* Behavioral

Dadule counter

|
| elk,
| |
1101 &, L -
cutput reg [319] qi; &J{",_'\.'_' 1 N M C«J‘ oo ono L,
if as; is repet ) -z
al cl%, sosedse roess) it e
+ Structural
aodule counter(
-
e ! -
g Db LR
wd o pa B
iy e
flopr qtlopiclk, rese o

adder ina(q, 4°b00SL, nexrq):
i umes 8 G-bit adder
andmadul




Comb Logic with Always blocks

+ Always blocks are often sequential

= But, if you have all RHS variables in the
sensitivity list it can be combinational

= Remember that you still must assign to a reg type

nodule inviinput 13:00 &,
cutput reg [3:0] y1:

always #(*)

Comb Logic with Always blocks

* Always blocks are often sequential

= But, if you have all RHS variables in the
sensitivity list it can be combinational

= Remember that you still must assign to a reg type

module inviinput 13:00 &,
eutput reg [3:0] y11
[
always #(*}
¥ <= -a;
enduodule

module inv(imput (3:0] a,

|
| output [3:0] ¥):

|
agsign ¥y = -a;
| endnodule

Decoder example (combinational)

module decoder_always(input [2:0) a,
output reg [T:0] y};

T 117

I

Decoder example (combinational)

eutput [T:0] yiz

docoder_assign(input [2:0] &, ||

T,

TIT,

I

I

Continuous assignment version
is not as readable

Same circuit though...

Ik

b Seven Segment Decoder

Memories

+ Generally translates to block RAMs on the
Spartan3e FPGA

input [15:0] din,
output [15:0] dout);

reg [15:0] se=[63:0]; // the mesery

always #{posedge clk}
Lf (-wrb) mem{addr] <= din;

assion dout = mesm|adde];




Shift Register?

clk
sin
al0] q[1] af2] a[3]

WA ntended shift

register

Blocking vs. Non-Blocking

+ Shift Register?

sodule shiftregiinput €1k,
sia,
cutput reg [3:0] g1

st iaplementation
ng assigrment

Blocking vs. Non-Blocking

+ Shift Register?

dule shiftreg(ingut elk,

input aln,
sutput reg [3:0] )i

/4 This is o bad impl
£/ using blecking ass

B,
always
bagi
g10) = sin; // blocking =

#{posedge clk)
n L]
Q1) = qi91;
ql2) = qllls
ql3] = ql21:

i e

Finite State Machines

+ Divide into three sections
= State register
= Next state logic
= output logic
* Use parameters for state encodings

Example

+ Three states, no inputs, one output, two state
bits

[ FIG A.4 | Divide-by-3 counter

state transition diagram

Example

Anp
output out);

reg [1:0] state, nextstate;

paramecer 50 = 2°b00;

{posedge clk, ponscdge rese:)
resot) state <= 80;
state <= nextstate;

/7 Wext State Logic
always B[}
case (state]

state == 5Z);
endmodula




Mealy vs. Moore

inputs next Ck
Next State | state Output
Logic Logic
(a)
inputs next clk

Next State | state i Qutput ) outputs
Logic Logic
(b)

IGEY®EN Moore and Mealy machines

Mealy Example

msdale historyPSM{input clk,
input reset,
input a,

f/ Hext Btate Logic
output X, ¥

always 8{*)
case [state)
reg [2:0] state, noxtstate; S0: if (a) nextstate <= 53;

parapetsr S0 = 3°L000;

811 i

= 3'b011; 82
paramater 51 = 3‘blo0;
paramater 54 = 3'bl0l;

3 if (&) nex 83;
else  nextstate <= 53;
53: if (&) nextstate <= 54;
else  nextsrate <= Sl
&4: if (a) nextstate <= 54;
olee  nextstate <= 51:
default: nextstate <= $0;
endcase

/7 State Register

always #{posedge clk, posedge reset)
if [reset) atate <= 50;
elee state <= noxtstate;

/f output Logic
assign x = (state[1] & -a) |
iatate[2] & aj;
assign y = (state|[l) & state[0) & -a) |
(state[Z] & state[d] & a);
endnodule

Mealy example

o

Output is true if

S0
F1x=0, y=D)\__/Ka Fx=0, y=0 Outpu
M—a input is the same as
(51 ) s3 \J it was on the last

Ko < = two cycles
| [

Parameterized Modules

module inv
#(parameter width = B}
i width-1:0] a,
(input W 1 rapg FARD_

cutput [wideh-1:0) ¥}: e I e ¥ L
¥
assign y = -a;
| andmodule
nodale buffer
#(parameter nusbits = 12)
{input [ 0] a,
{ output |nuabits-1:0] y):
| £ el . CoXT I .
ol ssbita-1:0) x3 1oy 1 g ma_ma L 10 M
| e msbize-tio) = gr-tanal R Twa wal P ey
fes) ilga, =1
i2ix, ¥h; _a L&

Verilog Style Guide

+ Use only non-blocking assignments in
always blocks

¢ Define combinational logic using assign
statements whenever practical
= Unless 1 F or case makes things more readable

= When modeling combinational logic with
always blocks, if a signal is assigned in one
branch of an 1 or case, it needs to be assigned
in all branches

Verilog Style Guide

+ Include default statements in your case
statements

+ Use parameters to define state names and
constants

+ Properly indent your code
+ Use comments liberally
+ Use meaningful variable names

+ Do NOT ignore synthesis warnings unless
you know what they mean!




Verilog Style Guide Verilog Style Guide

+ Be very careful if you use both edges of the * Provide a common clock to all registers
clock = Avoid gated clocks
= It’s much safer to stick with one = Use enables instead

= l.e. @(posedge clock) only
+ Be certain not to imply latches

= Watch for synthesis warnings about implied
latches

* Provide a reset on all registers




