A short introduction to
SystemVerilog

" For those who know VHDL
= We aim for synthesis



Verilog & SystemVerilog

= 1984 - Verilog invented, C-like
syntax

= First standard - Verilog 95
= Extra features - Verilog 2001
= A super set - SystemVerilog
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Verilog

Verilog-2001 adds a lot of
VHDL functionality but still
lacks advanced data

structures

vs VHDL
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SystemVerilog
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SystemVerilog constructs

Flip-flop

Register

Adder

Multiplier (signed, unsigned)
Concatenation

Priority decoder

Memory (sync and async)



Synch and Single Pulse

reg X,Y; // variable type (0,1,Z,6X)
wire button; // net type (0,1,Z,X)

// SSP
always @(posedge clk) // procedural block
begin
X <= stb;
y <= X;
end
assign button = x & ~y; //continuous assignment
) IIIIXIIIIy
button
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Is this the same thing?

reg X,Y; // variable type (0,1,Z,6X)
wire button; // net type (0,1,Z,X)

// SSP
always @(posedge clk) // procedural block
begin
X <= stb;
end
always @(posedge clk) // procedural block
begin
y <= X;
end stb X y
assign button = x & ~y; . I

button
<




One

// This is OK
always @(posedge clk)

begin
X <= stb;
if (rst)
X <= 0;
end

// same as
always @(posedge clk)

begin
if (rst)
X <= 0;
else
X <= stb;

end

more thing

// This 1s not OK (synth)
// multiple assignment
always @(posedge clk)

begin
X <= stb;
end

always @(posedge clk)

begin
if (rst)
X <= 0;
end




SV: always {comb, ff, Igkch}

b

—> C

v
(=}

always blocks do not
guarantee capture of intent

If not edge-sensitive then
only a warning if latch
inferred

always_comb, always _latch
and always_ff are explicit

Compiler Now Knows User
Intent and can flag errors
accordingly

</>

// forgot else branch
// a synthesis warning
always @(a or b)

if (b) ¢ = a;

// compilation warning
always_comb
if (b)
cC = a;

// yes
always_comb
if (b)

cC = a;
else
C

d;



reg or wire 1n Verilog

1) always ..
a<=b&c;
reg both
wire both

2) assign a = b & c;

both wire
A

4 )
3) | wire both

module




SV relaxes variable use

A variable can receive a value from one of
these :

 any number of always/initial-blocks
* one always_ff/always_comb-block

* onhe continuous assignment

* one module instance

We can skip wire
If you don't like reg, use logic instead

11



Signed/unsigned

Numbers in verilog (95) are unsigned. If you write

s + d2;

assign d3
s and d2 get zero-extended
wire signed [4:0] d3;
reg signed [3:0] s;
wire signed [3:0] d2;
assign d3 = s + d2;

s and d2 get sigh-extended
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Blocking vs Non-Blocking

* Blocking assignment (=)
- Assignments are blocked when executing
- The statements will be executed in sequence, one after one

always_ff @(posedge clk) begin
A;
B,

o O W

en
* Non-blocking assignment (<=)

- Assignments are not blocked
- The statements will be executed concurrently

always_ff @(posedge clk) begin

B <= A;
C <= B;
end

Use <= for sequential logic
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Blocking vs Non-Blocking

always_comb begin

C = A & B;
E=C | D;
end

always_comb begin
C <= A & B;
E<=C | D;
end

Use =
logic

—

= Same result

for combinatorial
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Verilog constructs for synthesis

Construct type |Keyword Notes

ports input, inout, output

parameters parameter

module definition module

signals and variables | wire, reg Vectors are allowed

instantiation

module instances

E.g., mymux ml(out, iO, il,
s);

Functions and tasks

function, task

Timing constructs ignored

procedural always, if, then, else, | initial is not supported
case
data flow assign Delay information is
ignored
loops for, while, forever

procedural blocks

begin, end, named
blocks, disable

Disabling of named blocks
allowed
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Replication

{3{a}}
same as
{a,a,a}

Operators

Operator Type g;;rljt:' Operation Performed
Arithmetic * Multiply

f Division

+ Add

= Subtract

% Modulus

+ Unary plus

- Unary minus
Logical ! Logical negation

&8 Logical and

Il Logical or
Relational E Greater than

< Less than

= Greater than or equal

= Less than or equal
Equality | = Equalty

I= inequality
Reduction | ~ Bitwise negation

~& nand

| or

~ nor

A or

b xnaor

= XNor
Shift e Right shift

<< Left shift
Concatenation {1 Concatenation
Conditional E conditional
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Parameters

module w(x,y);

input Xx;
output vy,

parameter z=16,
localparam s=3"h1;

endmodule

w wl(a,b);

w #(8) wi(a,b);

w #(.2(32)) w2(.x(a), .-y(b));
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Constants ...

“include "myconstants.v”
“define PKMC

"define SO 1'b0

"define S1 1'b1

“ifdef PKMC

“else

“endif

18



OouT

\ 4 \ 4

\ 4

>

NEXT[] S

//NEXT

always_ff @(posedge clk) begin

if (rst)
s <= 'S0O;
else
case (s)
"S0:
if (x)
S <=
default:
if (x)
S <=
end

"S1;

"S0;

C‘omment: FSM1

u 1(1)
OROe)
0(0)
1(0)
//0UT
always_comb begin
case (s)
"S0: 1if (x)
u=1"h1;
else
u=1b0o;
default: if (x)
u=1b0o;
else
u=1"h1;
end
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COMB

ns

[
>

// COMB []

always_comb begin
hs = SO; // defaults
u = 1bho;

case (s)

"S0: if (x) begin
ns = S1;
u=1"b1;

end

default:

if (~x) begin
u=1"b1;
ns = S1;
end
end

u

Comment: FSM2

1(1)

OROs}

0(0)
1(0)

// state register
always_ff @(posedge clk) begin

if (rst)
s <= S0;
else
S <= ns;
end

20



Good to have

typedef logic [3:0] nibble;
nibble nibbleA, nibbleB;

typedef enum {WAIT, LOAD, STORE} state_t;
state_t state, next_state;

typedef struct {
logic [4:0] alu_ctrl;
logic stb, ack;
state_t state } control t;
control_t control;

assign control.ack = 1'b0;
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System tasks

Initialize memory from file

module test;
[31:0] mem[0:511]; // 512x32 memory

i,

initial begin
$readmemh(”init.dat”, mem);
for (i=0; i<b12; i=i+1)
$display(”"mem %0d: %h"”, i, mem[i]);

end

endmodule
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DO YOU Want a Nicer test
bench?

=> Try a task or
two!
my test bench

- T\

cII r? k

ke v
/ compute \
r

initial begin
uartl.putstr(”s 0”);
end

getch

uart

X|=X|rt

putch| |putstr

\_ e e

1
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Tasks

module uart_tasks(input clk, uart_tx,
output logic uart_rx);

initial begin
uart_rx = 1'b1;
end

task getch();
reg [7:0] char;

begin

@(negedge uart_tx);

#4340;

#8680 ;

for (int i=0; i<8; i++) begin
char[i] = uart_tx;
#8680 ;

end

$fwrite(32'h1,"%c", char);

end

endtask // getch

task putch(input byte char);
begin
uart_rx = 1'bo;
for (int i=0; i<8; i++)

#8680 uart_rx = char[i];
#8680 uart_rx = 1'b1;
#8680 ;
end
endtask // putch

task putstr(input string str);
byte ch;
begin
for (int i=0; i<str.len; i++)
begin
ch = str[i];
if (ch)
putch(ch);
end
putch(8'hod);
end
endtask // putstr

endmodule // uart_tb o4



In the testbench

wire tXx,rXx;

initial begin
#100000
uartl.putstr(”s 07),
end

uart_tasks uartl(.*);

computer computeri(.*);
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Lab O : Build a UART in Verilog

send(SW2)  rsHSWI)

______

LI [ e |
SWITCH | UART §
o > LED
clk
clk =40 MHz
8.68 us
baud rate = 115200
full duplex Start 1
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UCF = User constraint file

CONFIG PART = XC2V4000-FF1152-4 ;
NET "clk"™ LOC = "AK19",

# SWx buttons

NET "stbh" LOC = "B3" ;
NET "rst" LOC = "c2" ;
# LEDs

NET "u<0>" LOC = "N9"; //leftmost
NET "u<1>" LOC = "P8";

NET "u<2>" LOC = "N8";

NET "u<3>" LOC = "N7";

# DIP switches

NET "kb<0>" LOC
NET "kb<i1i>" LOC
NET "kb<2>" LOC
NET "kb<3>" LOC

"AL3"; //leftmost
"AK3";
IIAJ5";
"AH6";
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Lab0: Testbench

send rst

Y A%

0Ox41

DIP switch i:>
B EN G—

kb

tx )
I'X

0Ox41

clk

| | | | | | | | | |
lstartl 1 To T o Tololo 1T o lstepl

Figure 2.1: The letter A (Ox41). Time per bit 15 8.68 s,
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Arrays-packed/unpacked

wire [31:0] bus; // a packed array
reg [3:0][7:0] mem; // so 1s this
// both are contiguous

assign bus = mem;

assign bus[31:16] = mem[3:2];

31 23 15 7 0
mem[3][7:0] | mem[2][7:0] | mem[1][7:0] | mem[0][7:0]

31 0
bus[31:0]
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Arrays-packed/unpacked

wire [31:0] bus;
reg [7:0] mem [0:3]; // 4 bytes

assign bus[31:24] = mem[3];

7 0
mem[0][7:0]
mem[1][7:0]
mem[2][7:0]
mem[3][7:0]

31

bus[31:0]




Case study

 Two square wave generators driven by an
FSM reading from an 8 bit wide ROM

« The 8 bit wide ROM is divided into 8 word
“packets”

- Addr 0: LSB of number of clock cycles for this “packet”
- Addr 1: MSB of number of clock cycles for this “packet”
- Addr 2,3: LSB, MSB of square wave period, channel 1
- Addr 4,5: LSB, MSB of square wave period, channel 2
- Addr 6,7: Unused
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