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1.Introduction

Hardware description language (HDL)!" isa specialized computer language used to
program electronic and digital logic circuits. The structure, operation and design of the
circuits are programmable using HDL. HDL includes a textual description consisting of
operators, expressions, statements, inputs and outputs. Instead of generating a computer
executable file, the HDL compilers provide a gate map. The gate map obtained is then
downjoaded to the programming device to check the operations of the desired circuit, The
language helps to describe any digital circuit in the form of structural, behavioral and
gate level and it is found to be an excellent programming language for FPGAs and
CPLDs.

The three common HDLs are Verilog, VHDL, and SystemC. Of these, SystemC is the
newest. The HDLs will allow fast design and better verification. In most of the
industries, Verilog and VHDL are common. Verilog, one of the main Hardware
Description Language standardized as IEEE 1364 is used for designing all types of
circuits. [t consists of modules and the language allows Behavioral, Dataflow and
Structural Description. VHDL (Very High Speed Integrated Circuit Hardware
Description Language) is standardized by IEEE1164. The design is composed of entities
consisting of multiple architectures. SystemC is a language that consist a set of
C++classes and macros. It allows electronic system level and transaction modeling.

1.1 Need for HDLs

The Moore’s Law in the year 1970 has brought a drastic change in the field of IC
technology. This change has made the developers to bring out complex digital and
electronic circuits. But the problem was the absence of a better programming language
allowing hardware and software codesign. Complex digital circuit designs require more
time for development, synthesis, simulation and debugging. The arrival of HDLs has
helped to solve this problem by allowing each module to be worked by a separate team.



All the goals like power, throughput, latency (delay), test coverage, functionality and area
consumption required for a design can be known by using HDL. As a result, the designer
can make the necessary engineering tradeoffs and can develop the design in a better and
efficient way. Simple syntax, expressions, statements, concurrent and sequential
programming is also necessary while describing the electronics circuits. All these features
can be obtained by using a hardware description language. Now while comparing HDL
and C languages, the major difference is that HDL provides the timing information of a
design.

1.2 Verilog?

Verilog, standardized as IEEE 1364, is a hardware description language (HDL) used to
model electronic  systems. It is most commonly used in the design and
verification of digital circuits at the register-transfer level of abstraction. It is also used in
the verification of analog circuits and mixed-signal circuits.

The advent of hardware verification languages such as OpenVera, and Verisity's ¢
language encouraged the development of Superlog by Co-Design Automation Inc.
(acquired by Synopsys). The foundations of Superlog and Vera were donated
to Accellera, which later became the IEEE standard P1800-2005: SystemVerilog.

SystemVerilog is a superset of Verilog-2005, with many new features and capabilities to
aid design verification and design modeling. As of 2009, the SystemVerilog and Verilog
language standards were merged into SystemVerilog 2009 (IEEE Standard 1800-2009).
The current version is IEEE standard 1800-2017.



2.Verilog vs VHDL

VHDL P stands for VHSIC Hardware Description Language and VHSIC stands for Very
High Speed Integrated Circuit. So on the whole VHDL actually stands for Very High
Speed Integrated Circuit Hardware Description Language. One of the key features of
VHDL is that it is a strongly typed language, which means that each data type (integer,
character, or etc.) has been predefined by the language itself. All values or variables
defined in this language must be described by one of the data types.

VHDL is more verbase than Verilog and it also has a non-C like syntax. With VHDL,
you have a higher chance of writing more lines of code. VHDL can also just seem more
natural to use at times. When you’re coding a program with VHDL, it can seem to flow
better. But maybe that’s just my personal opinion.

In Verilog, the language is more compact, as the Verilog language is more of a hardware
modeling language. You will end up typing few lines of code and it draws similarities to
the C language. Verilog has a better grasp on hardware modeling, but has a lower level of
programming constructs. Verilog is not as verbose as VHDL so that’s why it’s more
compact. All in all, Verilog is pretty different from VHDL. There are some similarities,
but they are overshadowed by their differences.
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3.EDA Playground"

EDA Playground gives engineers immediate hands-on exposure to simulating
SystemVerilog, Verilog, VHDL, C++/SystemC, and other HDLs. All you need is a web
browser. The goal is to accelerate learning of design/testbench development with easier
code sharing and simpler access to EDA tools and libraries.

« With a simple click, run your code and see console output in real time.
« View waves for your simulation using EPWave browser-based wave viewer.
« Save your code snippets (“Playgrounds”™).
« Share your code and simulation results with a web link. Perfect for web forum
discussions or emails. Great for asking questions or sharing your knowledge.
« Quickly try something out
o Try out a language feature with a small example.
o Try out a library that you’re thinking of using.
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All the simulations for the problem statements were done on EDA Playground and the
output was taken from the EPWave waveforms generated.



4.Verilog Problem Statements and their Codes

4.1 Problem 1.

1. Producer

module producer(input producer_iclk, output logic [3:0] producer_data); endmodule

U1 Producer will produce the data starting from 1 into the FIFO (using produce_data port)
2. Consumer

module consumer(input consumer _iclk, output bit consumer_req. input logic[3:0]
consumer_data): endmodule

1 Consumer will issue a request (using consumer_req port) to FIFO to consume data from
it and receive data (if available) from FIFO on consumer_data port.

3. FIFO

module fifo(input logic[3:0] producer data, input bit, consumer_req, output logic[3:0]
consumer_data): endmodule

[ FIFO is an array of only 10 elements.

[ FIFO will receive the data from producer on produce data port till it gets full and then it
calls $finish

0 FIFO will receive request from consumer on consumer_req port. FIFO will respond back
to Consumer with data using consumer_data port (if data is available). If FIFO is empty,

it will return 0 on consumer_data port.

4. TOP

module top(): endmodule

. All modules are instantiated in top module.

] Clock of 5ns time period and 10ns time period is passed to producer & consumer
respectively.

T All modules/ sub-module print messages of data generated/ consumed.



Code :

************************************Verilog Code*************************************

moduic producer{input producer_iclk, outpyt producer data);
reg [3:0] producer_data;

intp;

initial p=0;

always {@(posedge producer_i:ik)
begin
producer_duta = p+;
end

endmodule

modute consumer(consumer_iclk, consumer_req. consumer_data):
input consumer _iclk;
input reg[3:0}] consumer_data;

output rep[3:0] consumer_req;

integer m;

initinl m = 10;

always @posedge consumer_iclk)
begin
CONSUIMEr_rey = m;

m--

endmodule



medule fifo | {producer_data, consumer req, consumer_data);
reg [3.0]) fifo [10:1];
inpul wire]3:0] producer_data;
input wiref3:0)consumer_req:

output reg[3:0] consumer_data:

integer r;

initial r O

slways @d(producer_data)
begin
fife[r++] — producer _dats;
$display("Data in fifo sh is 9sh ", r, producer_data);
if{r=10)
begin
Ydisplay("Ne space lett in FIFO"}:
$finish;
end

end

always @{consumer_rey)
begin
if([Ifofconsumer_req] == 4'hN0Q}
consumer_data = {;
clse if{ fifo]congumer_req)] 1= 4'b000)
consumer_data = fifo]cansumer_reqj:
Sdisplay("Consumer data = %h", fifolconsumer_req]):
end

cndmaodule
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module top;
wire [3:0] prod_dat;
wire [3:0] cons_dat;
wirg [3:0] cons_req:
reg prod_clk:

reg cons_clk;

inilial
hegin
Sdumpfile("pl.ved");
$dumpvars:
prod_clk = 1;
cons_chk = 1:
#750 $hinish;

end

always
begin
#5 prod_clk — ~prod_clk:
#10 cons_clk = --cons_clk;

end
producer pl (.producer_iclk{prod_cik}. .producer_data(prod_dat)};
consumer ¢l (.cansumer_iclk(cons_clk), .consumer_req{cons_req), .consumer_data(cons_dat)):

fital 1 {.producer_date{prod_dat), .consumer_req(cons 1eq), Lunswner_datalcons_dat)y,

endmodule



********************************()uqnu****$********************$********

cons_clk

cons_dat[2:0]

prod_clk
consuner_req[3:0]
n
consumer_data[3:0]
producer_data[3:0]
r

producer_data[3:0]

producer_iclk

10



4.2 Problem 2.

1. Interface

interface intf (input master_iclk, input slave iclk); endinterface

{1 interface will declare modports for master & slave

U in modport for master, it will import task produce()

C in modport for slave, it will export task produce()

2. master

module master(intf itf): endmodule

1] master will produce the data at each clock edge starting from 1 into the FIFO (using the
task produce()) and will block in case there is no space in FIFO to produce

3. slave

module slave(intf itf); endmodule

U1 Slave will consume the date from its FIFO at each clock edge and will block in case there
is no data in FIFO to consume

[ slave will export a function (through modport declared inside interface) which will be
called by master for writing into FIFO of slave

4. TOP

module top(): endmodule

1 All modules & interface is instantiated in top module.

1 All modules/ sub-module print messages of data generated/ consumed.

) Run simulation for 500ns with:

o Clock of 10ns time period and5ns time period for master & slave respectively.

o Clock of 5ns time period and 10ns time period for master & slave respectively.

11



Code :

#**-*********************************Vcrilc’g Cade*$**#********************************

interface intf{input master_iclk,input slave_iclk).
modport master(input master_iclk, import task produce(int data));
modport slave(input slave_iclk, export task produce(int data)).

endinterface

module maswer{indf i)
reg [3:01 master_data:
initial master dala = 0;
always (@i poscdge itf.mastér iclk)
begin
itf.produce{master_data++);
$display("@ime=%, master_dam=%d", $time, mastcr_data);
end

andmodule

module slave(infitD),
reg [3:0] master_index;

reg [3:0] slave_index;
reg [3:0] slave_data:

reg [3:0] fito [$:0];
avent SIHVE_BVCI‘II;

initial master_index =0;

initial slave_index =0}

task itf.produce (inpur int data);

if (master_index>=10)

12



begin
==glave cvenl;
end
else
fifo [master_index++] = data;

cndtask

always @ (slave_event)
begin
slave_data — fifo[10 - (slave_index-++}];
Sdisplay( @lime -%5t, slave_data=%d", $time, slave_data):
if{slave index>=I10)
Sdisplay("No mare data to consume”);

end

endmodule

o o o ek R sk o o s kR R ook T agtha el # o ok ek ok ok sk ok s sk o ko o ek ok

module top();

logic master_iclk = {0, slave_jelk = 0;
#bit conisumer_req:
logic [3:0] slave data;

logic [3:0] master_data;

intl asd(.*);
master mast(zsd.master);

slave slav{asd.slave);

initial begin

Sdumpfile("problem2 ved™):

13



Sdumpvars:

end

always begin
#10 master_iclk =~ master_iclk:

end

always begin
#5 slave_iclk = ~ slave_iclk:

end

always begin
#500 $finish:

end

endmodule

********************************Output**********************************

master_iclk
slave_iclk
master_iclk

slave_iclk

master_data[:0]

master_index[3:0] Ak Bk B F ¥

14



4.3 Problem 3.

1. Interface

interface intf (input master_iclk, input slave _iclk); endinterface

[ interface will declare modports for master & slave

[ in modport for master, it will import task produce()

2. master

module master(intf itf); endmodule

1 master will produce non-stop data at each clock edge starting from 1to 15 into the FIFO (using
the task produce()) ( it should not block in case there is no space in FIFO to produce) and thus
it should finish calling 15 produce() calls in 15 clock cycles. Subsequently, it will wait for all
15 responses from slave and then call $finish

(1 master will export a task named response (through modport declared inside interface) which
will be called by slave for providing the status of produce operation.

3. slave

module slave(intf itf): endmodule

(1 Slave will consume the date from its FIFO at each clock edge and will send the response to
producer once the data is successfully put in FIFO. It will block in case there is no data in
FIFO to consume.

[ slave will export a task (through modport declared inside interface) which will be called by
master for writing into FIFO of slave

4. TOP

module top(): endmodule

[J All modules & interface is instantiated in top module.

1 All modules/ sub-module print messages of data generated/ consumed.

15



Code :

********************************'****verilog Codc**********************.***************

interface intf{input masler_iclk, input slave_iclk);
modport inaster(input master_iclk, import task produce(int data), export task response(int resp));

modport slave(input slave_jclk, import task response(int resp), export task produceqing data));

endinterfuce

moduie master(intlitl};
reg [3:0] master_dala, slave data;

initial master_data =1,

task itf.response(input int resp);
ifresp = I{(})
begin
Bdisplay("Slave data full"y,
end
if{resp = 15)
begin
Sdisplay("All 15 cvcles finished");
$finish:
end

endtask

always ‘@i{poscdge itf.master_iclk}
begin

itf.produce{master_data++):

1b



end

endmodule

module slave(intf itf);
reg [3:0] master_index.slave_index, slave_data, if0[9:0];
event master cvenl, slave_event;
int resp; initial resp = 0;

initial begin master_index=0; slave_indax = [ cnd

task itf.produce(input int dalu);
iftmaster_index>=i35)
begin
{@islave_evenl,
end
fifo{ master_index++] = data,
==Inaster_event,

emdlask

always 7(posedge itf'slave_iclk)
begin
if{{maser_index =0 || (slave_index >= master_index))
begin
Gimaster_evenl:
end
slave_data = fifo|slave_index++]:
resp ++;
$display("response = %d", resp):
itf.response(resp);
->glave_event,
Sdisplay("@time=2t, slave_data=%4d", $time, slave_data);
end

endmodule

17



********************************Tﬂstben(:h*******************************

module tap{);

logic master_iclk 0. slave_iclk = Q:
logic [3:0] slave_data;

logic [3:0] master data:

intf asd(.*};
master mast{asd.inaster);

slave slav({asd.slave);

initial begin
Sdumpfile("problem2.ved");
Sdumpvars;

end

always becgin
#5 master_iclk = ~ master iclk:

end

always begin
#10 slave_iclk = ~ slave_iclk;

emd

always hegin
#100G &finish;

end

i3



endmodule

*****39=**************************Output**********************************

slave_iclk
master_iclk
master_data[3:0]
slave_data[3:0]

3o Faua b t b b '__"__'_“v_'f—'t- b § § | e
master_index[3:0] g P 7 8 s L ___n,__r_n_'_J__:.__:_._L_.c_'
slave_data[3:0]

slave_index[3:0]

data[31:0] 0cb *_0060
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5.Advanced Microcontroller Bus Architecture
(AMBA)

AHB-Lite Protocol

AMBA AHB-Lite addresses the requirements of high-performance synthesizablc designs.
It is a bus interface that supports a single bus master and provides high-bandwidth
operation. AHB-Lite implements the features required for high-performance, high clock
frequency systems including:

* Burst transfers

« Single-clock edge operation

» Non-tristate implementation

» Wide data bus configurations, 64, 128, 256, 512, and 1024 bits,

The most common AHB-Lite slaves are internal memory devices, external memory
interfaces, and high bandwidth peripherals. Although low-bandwidth peripherals can be
included as AHB-Lite slaves, for system performance reasons they typically reside on the
AMBA Advanced Peripheral Bus (APB). Bridging between this higher level of bus and
APB is done using an AHB-Lite slave, known as an APB bridge.

Figure 1-1 shows a single master AHB-Lite system design with one AHB-Lite master
and three AHB-Lite slaves. The bus interconnect logic consists of one address decoder
and a slave-to-master multiplexor. The decoder monitors the address from the master so
that the appropriate slave is selected and the multiplexor routes the corresponding slave
output data back to the master.

20



e HWDATA[31:0]
s LA DD F[ 34 - (] 1
~HSEL_1 Slave 1
Deccder H-HBEL_2
~-HSEL_3 ‘
Master h —|7 Slave 2
Multiplexor
select
» Siave 3 —I
i HRDATA_3
g~ HRDATA[31:0] — HRDATA_Z
L HRDATA_1

Figure 1-1 AHB-Lite block diagram
The main component types of an AHB-Lite system are described in:
* Master
« Slave
» Decoder
» Multiplexor

Master:
An AHB-Lite master provides address and control information to initiate read and write
operations.

Slave:

An AHB-Lite slave responds to transfers initiated by masters in the system. The slave
uses the HSELxX select signal from the decoder to control when it responds to a bus
transfer. The slave signals back to the master:

* The success

* Failure

* Or waiting of the data transfer.

Decoder:

This component decodes the address of each transfer and provides a select signal for the
slave that is involved in the transfer. It also provides a control signal to the multiplexor, A
single centralized decoder is required in all AHB-Lite implementations that use two or
more slaves.

Multiplexor:

21



A slave-to-master multiplexor is required to multiplex the read data bus and response
signals from the slaves to the master. The decoder provides control for the multiplexor. A
single centralized multiplexor is required in all AHB-Lite implementations that use two
or more slaves.

Operation:

The master starts a transfer by driving the address and control signals. These signals
provide information about the address, direction, width of the transfer, and indicate if the
transfer forms part of a burst. Transfers can be:

» Single

» Incrementing bursts that do not wrap at address boundaries

» Wrapping bursts that wrap at particular address boundaries.

The write data bus moves data from the master to a slave, and the read data bus moves
data from a slave to the master. Every transfer consists of:

1. Address phase one address and control cycle

2. Data phase one or more cycles for the data.

A slave cannot request that the address phase is extended and therefore all slaves must be
capable of sampling the address during this time. However, a slave can request that the
master extends the data phase by using HREADY. This signal when LOW, causes wait
states to be inserted into the transfer and enables the slave to have extra time to provide
or sample data. The slave uses HRESP to indicate the success or failure of a transfer.

22



5.1Architecture Code for Single Master and Slave with Linear
and Wrapping Bursts:
*-****#******************************Verilog code*‘#*******$***************************

module master{clk, haddr, hready,hburst. hsize btrans. hwrite, hwdata_sut,hedaia_in):
O T T T
input clk;
output reg [7:0] haddr;
input hready:
autput reg [2:0] hbursi;
output reg [1:0] hsize;
output reg [2,0] htrans:
output reg hwrite;
output reg [7.0] hwdata out:
input wire [7:0] hrdata_in:
reg [9:0] master_memory [63:0]:
reg [1:0] r2;
reg |2:0] wrap_size,
regrl;
reg | 7:0] prev_addr;
reg [i((2) - 1):0] hlf2_addr2;
reg [((3) - [3:0] hli2_adde3;
reg [{{4) - 11:00 hif2 _uddra:
reg [({5) - 1):0] hif2_addrs;
reg [((6} - 1):0] hif2_addr:;
reg [(7 = (210:0] hif1_addr2;
reg [(7 - (33}:4] hiF1_addr3;
reg [{7 - (4)):0] hift_addrd,
reg [(7 - (3):0] hif1_addr3;
reg {(7 = (6)x0] RIf1_addré;
€YENL Masier_event;

event hwrite_event:

23



event hsize_check _event;
cvent haddr event

evenl wrapy_address_event:
event r2_event;

event wrap_size_product_cvent: /Wrap size product event
inty;

int k:

int wrap_bits;

int burst_size;

int mast_indx:

inl size:

int size_product://product of hsize case and hbarst case

initial
begin
¥y=4
mast_indx = 0;
burst_size = 4;
hwrite = 1;

end

abways {0 posedge clk)
begin
-=r2_event;

end

always @4(r2_cvent)
begin
rl = hready;
12 =12<<];
20 =rl;

end



always @ir2)
begin
i{12—23)
begin
if{y =— burst_size})
begin
hwrite = $urandom?62;
fdisplay("Write generated is %5h at time %4t", hwrite, Stime);
->master_event;
end
end

end

always @ musier_event)
tork
hhurst = Surandom%:8;
Sdisplay("Burst genereated is %uh at time %", hburst, $time);
haddr = $urandom%9,
hsize = Surandom%a3;
$display("Size genereated is %5h at time %t", hsize, $time);
->~hsize_check_event;
~>haddr_event;
=>hwritc cveni;
=>wrap_sizc_product cvent:
-»wrap_address_event;

join

always §(hburst)
begin
case (hburst)

(1 : hurst_size = 1;

25



2 burst_size = 4;

3 : burst_size = 4;

4 : hurst_sirze = §;

5 : burst_size = 8;

6 : hurst_size = 1 §;

7 : burst_size = 18,
default ; burst size=1;
endease

end

always 2(hsizc check_avent)

begin

casc (hsize)
O:size=1;
1:size=2;
2:size =4,

default = size = 1:
endcase

end

always @@{wrup_sizc product_event)
begin
size_product = burst_size*size:
case{size_product)
4 : wrap_hits =2,
B : wrap_bits = 3:
16 : wrap_bits = 4;
32 - wrap_bits=3;
64 : wrap_bits=6;
cndease

end

26



always i(haddr_event)
begin
k=0;
if {(hburst = 0| hburst =3 | hbursi = 5 | hburst = 7)
hegin
while{ k <= {{burst_size) - 1)}
begin
ifthready)
begin
prev_addr = haddr;
prev_addr = prev_addr + sz,
haddr = prev_addr;
Sdisplay(" Address generated is %h at time %at", haddr, $time);
it (k=0)
begin
htrans = 3;
end
else
begin
htrans = 4;
end
kt+H
end
#10;
cnd
cnd

end

always @(wrap_address_event)
begin
k=0;

il (hburst= 2 || hburst = 4 || hburst = &)
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begin
case (wrap_bis}
2 : begin
L2 _addr2 - hadde[((2) - 1} 2 0]://Right hall of sddress
kI _addr? = haddr]7 : 2j://Lefl halt of address
while{ k == ((burst_size) - 1)}
begin
if {hready)
begin
hIf2_addr2 = hif2_addr2 + size;
haddr = {kif]_addr2, hif2_addr2};

$display("WRAFPPING address generated is %6h at time %at”, haddr, $time);

il (k—-0)
begin
htrans = 3;
end
else
begin
htrans =4;
end
k++:
end
#1100
end
end

3 : begin
if{hburst == 2 && size == 2)
hegin
hlf2_addr3 = hadde[¢(3) - 1) : O];/Right half of address
hIf1_addr3 = haddr]7 - 3];//Leit half of address
while( k <= ((burst_size}- I}))

begin
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if {hready)
begin
hif2_addrd = hif2_addrd + size;
haddr = {hif1_adde3. hif2_addr3}:

Bdisplay{"WRAPPING address generated is %sh at time %ot”, haddr, btime);

itk 0)
begin
htrans = 3;
end
else
begin
htrans = 4;
el
K+
end
#10:
end
end

ifthburst == 4 && size = 1)
begin
hH2_addr3 = haddr[((3) - 1} : 0];/Right half of address
hifl_addr3 = haddr|7 : 31;//Lefl hall ol address
while{ k <= ({burst_size) - 1))
begin
it (hready)
begin
hIt2_addr3 = hif2_addr3 + size;
haddr = {nifl_addr3, hif2_addr3};
Sdispiay("WRAPPING address generated is %uh at time %t", huddr, $time):
if (k==)
begin

htrans = 3.
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end

else
begin
hirans =4;
end
ki
end
#10;
end
cnd
end
4 : begin

it{hbrst = 2 & & size = 4}
begin
hIf2_addrd = haddr[((4) - 1} : D]./Right half of address
hIf)_addrd = haddr[7 : 4]://Left half of address
while( k <= {(burst_size) « 1})
begin
if (hready)
begin
hif2_addrd = hit2_addrd + size;
haddr = {RIf1_addrd, h1f2_addrd!;

Sdisplay("WRAPPING address generated is %ah at time %4t", haddr, Stime):

if (k=0)
begin
hirans = 3:
end
else
begin
hirans = 4;
end
kA+;
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end
10
end
end
iffhburst =— 4 && sive 2}
begin
hif2_addrd = haddr[({4) - 1) : 0];//Right half of address
hitl_addr4 - haddr7 ; 41;/Lcft balf of address
while{ k <= {{burst_size) - 1}}
begin
if thready)
begin
hIf2_addrd = hIf2_addrd + size;
haddr = { hif1_addrd, hli2_addrd};

Fdisplav("WRAPPING address generated is %h at time %t", haddr, $time)

if (k=0)
begin
htrans = 3;
end
clse
hegin
hirans = 4:
cnd
b+
end
#10;
end
ent

itthburst = 6 & & size =1}
begin
hif2_addrd = haddr[{{4) - 17 : Q]:/Right hall of address

hift_addrd = hadde[7 : 4]:#/Lef hall of address
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while( k <= ((burst_size) - 1))
begin
if {hready)
hegin
hif2_addrd — hi(2_addrd — size;
haddr = (hifl_added, hIR2_addrd);

Sdisplay(" WRAPPING address penerated is %h at time %", haddr, $time);

it (k==0)
begin
htrans = 3;
cnd
else
hegin
htrang =4,
end
k-—+:
end
#H
end
end
end
5 : begin

ifihburst = 4 && size - 4)
begin
hIf2_addrs = haddr|((5) - 1} : 0):#/Right half of address
hifl_addr3 = haddr[7 : 5].//Left half of address
while{ k <= ((burst_size) - 1))
begin
if (hready}
begin
hif2_adde5 = hif2_addr5 + size;

naddr = [hifl_addrS, hlf?_addrS}:
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$display("WRAPPING address generuied is %h at time %™, haddr, $time):

if (l==0)
begin
htrans = 3;
end
¢lse
begin
htrans = 4.
cnd
k-
end
#10;
erd
end

ifthburst =6 && size == 2)
bepin
hIf2_uddr3 = haddr[{(5) - 1} : ¢]:4Right half of address
hif1 addr5 = haddr[7 : 5]://Left half of address
while{ k <= ({burst_size) - 1)}
begin
if (hready)
begin
hI2_uddeS = hIf2_addrs + size:
Laddr - {RIC1 addrs, bIE2_addrsi;
Fdisplay("WRAPPING address generated is %h at time “5", haddr, $time):
if (J==0)
begin
htrans = 3:
end
else
begtn

htrans = 4:
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end

k++;
end
#10:
end
end
end
& begin

hif2_addr6 = hadde[{(6) - 1} ; O]/Right hall of address
hifl_adde®  haddr[7  61;#/Lefl hall of address
while( k == ((burst size} - 1))
begin
if (hready}
begin
hif2_addrt = hif2_addreb + sizg;
haddr = {hIf1_addrb, h1f2_addro];

Sdisplay{"WRAPPING address generated is %sh at time %ot", haddr, $time);

if{l==0)
begin
htrans =13;
end
else
begin
hirans = 4;
end
k++:
end
#10
end
end

cndcasc

end
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end

always @@(hwrite_event)
begin

i hwrile)

while{ y <= ({burst_size) - 1}
begin
K10,
i hready)
begin
hwdata_out = Surandom®31;

$display(*Write data is %h at time %1", hwdala_oul, Stime);

end
else
begin
¥y=0
while ¥ <— ({(burst_sizc) - 1))
begin
#10:
if{hready)
bagin
mastcr_memary[mast_indx] = hrdata_in;
$display("Data emered in master memary at address %h is %h at time %t", mast_ indx,hrdata_in, $time):
mast_indx++:
Y+t
iffmast_indx~63)

begin
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Sdisplay|"Master memory is full");
$finish:
end
end
end
end

end

endmodule

madule slave(clk, haddr,hready. hbursthsize, htrans, hwrite, hwdata_in hrdata_out);

inpur ¢lk;

input reg | 7:0] haddr;
output reg hready;

input wire [2:0] hburst;
input wire [ 1:0] hsize;
input wire [2:0] htrans;
input wire hwrite;

inpul wire [7:0] hwdata_in;
output rcg [7:0] hrdata_our:
reg [9:0] slave_memory |63:0];
int burst_size:

reg [9:0] sprev_addr;

reg [9:0] sprev_addr2,
inte

intt

parameter n = i0;

event hburst_check_event;
event hburst loree_event;

event hwritc and hready force event:
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event address generate_event;
event hsize_check_event,

event read_and_write_event;

initial
hegin
hready = 1;
sprev_oddde2 = haddr;

end

initial
begin
for{ = 0; t<= 63; tH+)
begin
slave_memary[t] = $urandom%3 1}
el

end

always (@{pusedge clk)
begin
hready = Surandom%%2.

end

always @{(hburst)

fork
—hbutst_check_event;
—rhsize_check_event;
“rread_and_write_event:
join

always @thburst_check_event)

begin
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case thburst)

0 burst_size=1;

3 : burst_size = 4;

5 burst_size — §;

7. hurst_size = 16;
default : burst_size = I;
endease

end

always 20¢haddr)
begin
il (hwrite}
begin
sprev_addr=sprev_addr2;
$display(" Address is %h ut time %t", sprev_addr, $time);
wail (hwdata_in)
begin
$display("Data is 26h", hwdala_in);
slave_memary[sprev_addr] = hwdata_in:
$display("Data entercd in sluve memory at address %h is %sh at time %t", sprev_addr, hwdata_in, $time);
sprev_addr2 = haddr:
end
cnd
clse
begin
T -~hwrite)
begin
=10
while( 1< {(burst_size] - 1)}
begin
if{hready)
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begin
hrdata_out = slave_memory|haddt|:
$display("Read datu is %sh at time %t", hrdata_out, $time):
H
end
end
end
end

end

endmuodule

*******************#************Testbench*******************************

module top;
reg clk;
wirc [7:0] haddr:
wire hwrite:
wire [7:0] hwdata;
wire [7:0] hrdata;
wire hreadv;
wire |2:0] hburst:
wire [1:0} hsize;

wirg [2:0] hirans:

initial
begin
Sdumpfile("givhd.ved"y;
Sdumpvars;
clk=1;

cnd
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always

#35 clk = ~clk;

master ml(.clk(clk). .haddr(haddr), .hwrite(hwrite). .hwdata_out(hwdata), .hready(hready)..hrdata_in(hrdata), .hburst(hburst),
.hsize(hsize). .htrans(htrans)):

slave sl(.clk(clk). .haddr(haddr). .hwrite(hwrite), .hwdata_in(hwdata). .hready(hready)..hrdata_out(hrdata). .hburst(hburst). .hsize(hsize).
.htrans(htrans)):

endmodule

********************************Output**********************************

1. Full Output

clk
haddr[7:0]
hburst[2:0]

hrdata[7:0]

h1f1_addr3[4:0]
hif2_addr3[2:0]
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2. Zoomed Output for Linear Burst

haddr[7:0] 02
hburst[2:0]
hrdata[7:0] 17 g4 7 U7

hready
hsize[1:0]
trans[2:0)
hwdata[7:0] 12
harite

. Zoomed Output for Wrapping Burst

I

clk
haddr[7:0] 02
hburst[2:0]
hrdata[7:0] 12
hready

hsize[1:0]

htrans[2:0)
wdataf7:0] 1414
hrite
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6.Field Programmable Gate Arrays (FPGASs)

A field-programmable gate array (FPGA) is an integrated circuit designed to be
configured by a customer or a designer after manufacturing — hence "field-
programmable”. The FPGA configuration is generally specified using a hardware
description language (HDL), similar to that used for an application-specific integrated
cireuit (ASIC). (Circnit diagrams were previously used to specify the configuration, as
they were for ASICs, but this is increasingly rare.)

FPGAs contain an array of programmable logic blocks, and a hierarchy of reconfigurable
interconnects that allow the blocks to be "wired together”, like many logic gates that can
be inter-wired in different configurations. Logic blocks can be configured to perform
complex combinational functions, or merely simple logic gates like AND and XOR. In
most FPGAs, logic blocks also include memory elements, which may be simple flip-
flops or more complete blocks of memory.

Contemporary field-programmable gate arrays (FPGAs) have large resources of logic
gates and RAM blocks to implement complex digital computations. As FPGA designs
employ very fast I/O rates and bidirectional data buses, it becomes a challenge to verify
correct timing of valid data within setup time and hold time. Floor planning enables
resource allocation within FPGAs to meet these time constraints. FPGAs can be used to
implement any logical function that an ASIC could perform. The ability 1o update the
functionality after shipping, partial re-configuration of a portion of the design!® and the
low non-recurring engineering costs relative to an ASIC design (notwithstanding the
generally higher unit cost), offer advantages for many applications.

42



7.Nexys4 DDR FPGA Board!!

The Nexys 4 DDR board is a complete, ready-to-use digital circuit development platform
based on the latest Artix-7™ Field Programmable Gate Array (FPGA) from Xilinx®.
With its large, high-capacity FPGA (Xilinx part number XC7A100T-1CSG324C),
generous external memories, and collection of USB, Ethernet, and other ports, the
Nexys4 DDR can host designs ranging from introductory combinational circuits to
powerful embedded processors. Several built-in peripherals, including an accelerometer,
temperature sensor, MEMs digital microphone, a speaker amplifier, and several 1/O
devices allow the Nexys4 DDR to be used for a wide range of designs without needing
any other components.

The Nexys4 DDR is compatible with Xilinx’s new high-performance Vivado® Design
Suite as well as the ISE® toolset, which includes ChipScope™ and EDK. Xilinx offers
free WebPACK™ versions of these toolsets, so designs can be implemented at no
additional cost. The Nexys4 DDR is not supported by the Digilent Adept Utility.
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Callout Component Description Callcut Companant Descripdon

1 Powver sedect jurnpae snd battery header 13 FPGA confiuration ieset Button
2 Shared UART! STAG LSE port 4 CPU reset suiton ffor soft coras)
§ Exteat configurdtion jumper (3D ¢ 58 15 Anatoq signal Pmod port (XADC
4 Pmed port(s) 18 Prograniming made jumper

5 Micrephone 17 Audia conneston

& Pavser supply test paintls) 18 VGA conniector

? LEDs 18] 1% FPGA programening done LED

8 Slicie switches it Ethernet connsctor

2 Elght digit 7-seg display 21 USB host connector

14 JTAG part for (aptional) extarnal cable 2 PIC24 programaning poit (factory use)
n Five pushbuttans b Powes seitch

12 Temperature sensor 4 Powes jack

7.1Xilinx Vivado'®

Vivado Design Suite is a software suite produced by Xilinx for synthesis and analysis
of HDL designs, superseding Xilinx ISEwith additional features for system on a
chip development and high-level synthesis. Vivado represents a ground-up rewrite and
re-thinking of the entire design flow (compared to ISE), and has been described by
reviewers as "well-conceived, tightly integrated, blazing fast, scalable, maintainable, and
intuitive".

Vivado cnables developers to synthesize (compile) their designs, perform timing analysis,
examine RTL diagrams, simulate a design's reaction to different stimuli, and configure
the target device with the programmer. Vivado is a design environment for FPGA
products from Xilinx, and is tightly-coupled to the architecture of such chips, and cannot
be used with FPGA products from other vendors.

Vivado was introduced in April 2012,) and is an integrated design environment (IDE)
with system-to-IC level tools built on a shared scalable data model and a common debug
environment. Vivado includes electronic system level (ESL) design tools for synthesizing
and verifying C-based algonthmic [P; standards based packaging of both algorithmic and
RTL IP for reuse; standards based IP stitching and systems integration of all types of
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system building blocks; and the verification of blocks and systems. A free version
WebPACK Edition of Vivado provides designers with a limited version of the design
environment.
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As of 2018, Xilinx recommends Vivado Design Suite for new designs with Ultrascale,
Ultrascale+, Virtex-7, Kintex-7, Artix-7, and Zyng-7000.

Vivado supports newer high capacity devices, and speeds the design of programmable
logic and I/O. Vivado provides faster integration and implementation for programmable
systems into devices with 3D stacked silicon interconnect technology, ARM processing
systems, analog mixed signal (AMS), and many semiconductor intellectual property (IP)
cores.

Vivado is targeted at Xilinx's larger FPGAs, and is slowly replacing Xilinx ISE as their
mainline tool chain. As of 2014, Vivado covers Xilinx's mid-scale and large FPGAs,
and ISE covered the mid-scale and smaller FPGAs and all CPLDs.
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8.Snake Game Implementation using Nexys4 DDR
and Vivado

A game of snake eating a pixel was implemented using the board. The length and speed
of the snake increases as it eats the green pixel.

I. Implemented Design

Sotup b Puine s

Timbng Sewsrary Wl {aaveet:

T
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2. RTL Designs
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3. Synthesis
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CONNECTION
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