Counter Tutorial - Verilog Version

Nexys 2 board tutorial - Counter (Verilog Version)
Jim Duckworth, Zoe Fu - September 2010

This design shows how to create a simple sequential circuit (a counter) with Verilog HDL.
It also demonstrates hierarchical design by using a separate decoder component that converts a binary count
value to a seven segment display.

Start with the decoder Verilog module:
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Counter Tutorial - Verilog Version

A skeleton of your module is created:

B ISE Text Editor (M.63c) - [decoder.v]
(2] Ele Edt ¥ew Window Layout Help

LD2EHP % % I X oo MEiALPBR AR

< | timescale 1ns / 1ps

FELEEET L E T T AT Ed 33 EE T LT F T i FE i i d b i r i i dddddididirddiridddddiiiiiiiy
// Company:

// Engineer:

1/

// Create Date: 08:20:25 08/30/2010
// Design Name:

// Module Nawe: decoder

s ¢/ Project Name:

10 // Target Deviees:

11 // Teel versions:

12 // Description:

L=}

5
(R T I S

5

SRS

14 // Dependencies:

16 // Revision:
17 // Revision D.01 - File Created
18 // hdditional Comments:

L

b R R N Ny RN R NNV
21 module decoder |

2z input [3:0] count,

23 output [6:0] seven seg
24 h:

27 endmodule

< |

decoden B

Lni1Col1| verilog

Add the Verilog statements to make the decoder:

B ISE Text Editor (M.63c) - [decoder.v:1]

| £

File Edit Wiew Window Lawout  Help
DEHP 2 dDEXx 0o (R A2ALPBR 2R |A
= 20 DT T Y B T (P T SN LY VAT Y LY e iV Y T G O o Y S O O T Y S T LY O P T P T P T T T
= 21 module decoder | count, Seven seqg |; i
— 22

23 input [3:0] count;
= 24 output [6:0] Seven seq;

25

26 reg [6:0] seven sed; {/ required for the always statement
2 27

28 // create a set of constants for the seven sedments
A zZ9 parameter zero 7'b100_0000;
% 30 parsmmeter one = '?'blll_lDDl:

31 parasmeter Lwo = '?'bEllEl_DlDEl:
-/-‘ 32 parameter three = 7'h011_0000:
b 33 parameter four = 7'b0O01_1001;

a4 parameter fiwve = ?'bDDl_DDlD:

a5 parameter sSix = ?'bDDD_DDlD:

36 pPRrameter Seven = 7'klll_1000:

37 parameter sight = 7'k0o00_oooo:

38 parammeter hine = ?'bDDl_DDDD;

39 parameter dash = 7'b100_0000; // incorrect wvalue

40

41 /¢ creat a cyelic block (like process statment in VHDL)

4z J4 will create & multiplexer (combinationsal circuit)

43 // note that seven sey wust he declared as type reg

44 alvays @ (count)

45 case(count,)|

45 0: seven seg = zZerao;?

47 1: =zewven Zeg = one;

45 2: Zeven_sey = two;

49 3: seven sey = three;

50 4: seven seg = four;

51 5: seven seg = five;

5z 6: Seven seg = =Six;

53 7 seven seg = Seven;

54 I=H feven seg = eight;

5§ =H feven seg = nine;

56 default: seven seg = dash;

57 endoasze

558

< |
decoderyv:l @J
Ln45 Col 18 Yerilog
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Now create the top level Counter module:

B ISE Text Editor (M.63c) - [counter.v] M=
E File Edit ‘Wiew ‘Window Lavout  Help - 0 x
OPPHI S| daDDX 0 BB PAPLPBR,A »iHExifs
1= iz // Description: ~
= R

— 14 // Dependencies:

i5 /S
© i // BRevision:

""" 17 f/ Revision 0.01 - File Created
18 // Additional Comments:

n 19 A
DO N e e Y R
A 21 module counter |
% 22 input reset,
23 input clk S0M,
A z24 output [6:0] sewen seq,
L § 25 output and,
26 ocutput led
27 1
28
29 L
30 endwodule B
= | >
counkery m|

Lmi Col1 Merilog

And add the behavioral statements:

Copyright © 2010 R James Duckworth, WPI 3 Rev A



Counter Tutorial - Verilog Version

B ISE Text Editor, (M.63c) - [counter.v:1]

CEX

File Edit Wew Window Layout Help = | & X
DPEHIP S dBEX|va hnilPlrPX M E|i,N
4= 26 output led ~
= 27 )i T
— Z8
el rey clk 1Hz= 1'b0; ff define 1Hz clk and start wvalue (for simulation)
“ 30 reg [24:0] counter S5SO0OM:
&l reg [3:0] count;
32
2 33 /f use for synthesis
34 parameter COUNT_S0M = 25000000 ;
A 35 // // use for simulation
% 36 // parsweter COUNT_SOM = Z5;
&
Fad 38 /f make a copy of the decoder component — named association
% 39 decoder dl (.count{count), .Seven sSegq(sSeven sSeq) )’
40 // // alternative - positional association
41 // decoder_verilog dl (count, sSeven segq);
42
43 /{ generate a 1 second clock from the S50MHz oscillator
44 always @ (posedge clk 50M or posedge reset)
45 hegin
46 if [(reset)
47 hegin
45 counter_S50M <= 0O;
49 clk 1Hz <= 1'b0;
50 end
51 else
52 if (counter 50M == COUNT_SOM)
53 hegin
54 counter_ S50M <= 0O;
55 clk_1Hz <= !'clk 1Hz;
56 end
57 else
58 counter_ S50M <= counter 50N + 1;
58 end
&0
61 /¢ count seconds from 0 to 9
62 always @ (posedge clk 1Hz or posedge reset)
63 hegin
64 if [(reset)
65 count <= 4'b000;
66 else
67 if (count == 4'ki1001) ff oor 9
[1=] count <= 4'b000;
[1=] else
7o count <= count + 1;
71 end
7a
73 assign and = 1'b0; // just keep anodel on
74
75 assign led = (count == 9] ? 1'khil:1'k0;
76
77  endmodule s
¥
< | >
countery:l @J
Ln 39 Col 11| Yerilog
And finally create the UCF file:
Copyright © 2010 R James Duckworth, WPI 4 Rev A



Counter Tutorial - Verilog Version

B ISE Text Editor {M.63c) - [counter. ucf] M=E3
=] Fle Edit Wiew Window  Layout  Help - a8 x

D.}HIPJ SN H S x‘ﬂ “.m m_.if’-"_ﬂ@_?f ‘E|E|=—' ”'50“”_

4= 1 MNET "ANO"™ LOC = F17:
2 NET "CLE S0M"™ LOC = B&:
3 # we want the design to run at S0MH=
4 MNET "CLE S0M"™ PERIOD = Z0.0ns HIGH 50%;
“ 5 MNET "LED'"™ LOC = J14;
BE 6 MNET "REZET™ L = H13;
7 MNET "3EVEN ZEG[O]" LoOC = L1&;
& NET "SEVEN SEG[1]1" LoC = F18&:
9 MNET "3EVEN ZEG[Z]" LOC = D17:
10 MET "3EVEN SEG[3]" LOC = Dl1a;
11 NET "3EVEN SEG[4]" LoC = G14:
1z NET "SEVEN 2EG[5]" LoC = J1%:
NET "3SEVEN SEG[e]"™ LOC = Hi4:

5

F¥F e

. countenuck x| |

LnlCall UCF

Note: we have added a timing constraint to help guide the synthesis tool

We can now synthesize and implement the design:

B2 ISE Project Navigator (M.63c) - H:\ece3B10\counter_verilogicounter_verilog.xise - [decoder.v:2]

Edt View Froject Sowrce Process Iook  Window Layout Help  x
C2E& ADEX(wa | »iLPRAARE AN BEIT LR IPEL)T
Design 08 x| g e R R N N PR -~
5 | view: @ fF tmplementation O & Simulation S 21 mwodule decoder( count, seven_seg ):
] | Herarchy 22
. 23 input [3:0] count:
@ fﬂ“"fe")’“r"ng - 24 output [6:0] seven_seg:
— = £3 xc3s500e-4fg3z0 25
=% 26 reg [6:0] seven_seg: // required for the always Statement
= d - decoder (decoderv) = e
[ counteruct 28 /¢ create & set of constants for the seven segments
A| 29 parsmeter zero = 7'b100_0000:
%| 30 paremeter one - 7'p111 1001
[« 31 parsmeter two = 7'b010_0100;
= Al 2z parameter three = 7'b011_0000;
% | 33 paramster four = 7'h001_1001;
34 parsmeter five = 7'b001_0010:
35 paremeter six - 7'k000_DO10:
P | €2 HoProcesses Running 36 parameter seven = 7'b111_1000;
gt [ Processes: courter 37 parsmeter eight = 7'b000_0000;
¥ Design Summery/Reports 38 parameter nine = 7'n001_DOOO; 4
Bl St Citoe 39 paremeter dash = 7'b100_0000; // incorrect value
24 g User Constraints b ; g
0@ Sirthesize - 157 a1 /4 creat & cyclic block [like process statment in VHDL)
Bl = 5358 roicrent vesn a2 /7 will create a multiplexer (combinational cizcmit)
T2@ Generate Programming Fils 43 // note that seven seg must be declared as type reg
B Confiqure Target Device & always E{count)
&% Analyee Design Lising ChipScope b cassioount)
a5 0: seven_seg = zero:
17 1: seven seg = one: -
< ] »
[ sart | =2 pesign | Fles [ Ubraries | | Design Summary (Frogramming Fie Generated) | | [2) decoderviz BlE counterviz B
Console 08 x
Started : "Generate Programuing File’. ~
Funning bitgen. ..
Command Line: bitgen -intstyle ise - counter.ut counter.ncd
1) INFO:ebTalk: 4 - E:/ece3810/counter_verilog/usage_statistics_vebtalk.html
WenTalk report has been successfully Sent to Xilinx. For additional details
about this file, please refer to the UebTalk log file at
H:/ece3810/counter_verilog/webtalk. log
WebTalk is complete.
Process "Generate Programming File” completed successfully =
-
< | >
Canscle ‘@ Errors | 1\ Warnings | (@6 Find in Files Results |
Ln23Col22  verilog
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Synthesized Results:

og (RTL6)]
= File Edit View Project Source Process Tools Window Layout Help (= |{E)
o . ) 2 A P BB B A D=3, £
Design 0@ X 1

View: @ &} Implementation () [ simulation

Hierarchy
) €] counter_verilog
| = g3 xc3s500e-4fg320
= =
d1 - decoder_verilog (decoder_verilo
@ counter_verilog.ucf
&
&
P
clk_50M seven_seg(6:0)
< »
P €2 No Processes Running
%: Processes: counter_verilog =
@ 10 Pin Planning (PlanAhead) - P...
£ @ Floorplan AreanoyLogic (Planah...
= 2@ Synthesize - XST
1)

view Technology Schematic
m 2@ Check Syntax
#) Generate Post-Synthesis Simula...
= 2@ Implement Design
+ E2@ Translate
= 8@ Map
# £2E Place & Route
(,}O Generate Programming File
= & Configure Target Device
€+ Analyze Design Using ChipScope

= counter_verilog.v 3% counter_verilog_tb.v 3¢ decoder_verilog.v 3¢

counter_verilog (RTL6)

D ¥ = 2.4
Design
view: @ &} Implementation ) [ simulation

Hierarchy
&
) €] counter_verilog
| 5. g1 xc3s500e-4fg320
] 2

d1 - decoder_verilog (decader_verilo
E counter_verilog.ucf

< »
P €2 No Processes Running

%: Processes: counter_verilog
@ 10 Pin Planning (PlanAhead) - P...

£ € Floorplan AreanoyLogic (Planah...
= 2@ Synthesize - XST Block: counter
5t [] View RTL Schematic 1
[£] view Technology Schematic
m 2@ Check Syntax
&2

= 2@ Implement Design
+ E@ Translate
= Q@ Map
# £)E) Place & Route
(,}O Generate Programming File
= &  Configure Target Device
€= Analyze Design Using ChipScope

= counter_verilog.v 3 counter_verilog_tb.v 3¢ decoder_verilog.v 3{ | /« counter.ngrl

¢ ] counter (RTL1) 3¢ |4|»

Download the design to the board and test the operation.

Copyright © 2010 R James Duckworth, WPI 6 Rev A



Counter Tutorial - Verilog Version

We can also create a Test Fixture (test bench to test and simulate the operation).

Create a Test Fixture module:

2= New Source Wizard

Select Source Type

Select source bype, file name and its location,

X

BMM File

MEM File

Schematic

User Document
‘erilog Module
‘ierilog Test Fixture
WHDL Module

WHDL Library

WHDL Package

5| WHDL Test Bench

| Embedded Processor

&% ChipScope Definition and Connection File
Implemantation Conskraints File
{ IP {CORE Generator & Architecture Wizard)

File name:

| counter _tF

Location:

| H:\eceddl 0fcounter _verilog

Add to project

I Mext = H Cancel

Ele Edit Wew \Window Lawout Help
DAEF E| % IX oo @i ALARAR|ANEEDIE|I,LN
4= Iy SR P TP O T S O P P R R R S O P P PO P PR PR O P TP T |
= 24
— 25 mwodule counter tf;
26
v 27 // Inputs
28 reg resstr
29 reg clk SO0M:
“ 30
i Jf Oucputs
A 3z wire [6:0] seven seg;
S5 wire an0;
e 5 wire led;
* 35
% 36 // Instantiate the Unitc Under Test (UUT)
7 COuUnter uut
38 .reset (reset),
39 .elk SOMiclk SOM),
40 ZEVEN Sy (Seven_seq),
41 ~anl (anl)
42 Llediled)
43 1
44
45 initial hegin
45 /4 Initialize Inputs
47 reset = 0;
48 clk_S0M = O:
49
50 // Wait 100 ns for global reset to finish
Sil #100;
5
53 /4 add stimulus here
S5
55 end
56
57 endmodule 55 |
58 I
< >
counter_tF.v EJ
LnlcCol 1 verilog
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Modity it so it creates a SOMHz clock, and provides the reset signal for 100ns:

B ISE Text Editor, (M.63c) - [counter_tf.v*]

File Edit

Wiew

Window  Layout  Help

DPE& =) & o MErArB RlAmE 0=,
= 32 wire [6:0] seven seq; A
= 33 wire and;
— 34 wire led:
35
“ 36 /f Instantiate the Unit Under Test (UUT)
a7 counter uut |
38 .reset (reset),
“ 39 Lolk S0Miclk 50M),
40 .SEVEN_ SEegiseven seq),
A 41 .an0 (and) ,
% 42 lediled)
43 ):
ol 44
% 45 // create SOMHz clock
46 always
47 hegin
45 clk 50M = O;
49 #10;
50 clk 50M = 1;
il #10;
52 end
53
54 initial begin
55 // Initialize Inputs
56 reset = 1;
57 Jf Wait 100 ns for global reset to finish
58 #100;
58 reset = 0;
&0
61 /¢ Add other stimulus here
B2
63 end
64
65 endmodule
13
67 =
< >
counter_tF.w* x| ‘
Ln 43 Col6 | Werilog

Run the simulation (also add the count internal signal) and verify operation.
Note: don't forget to change the PARAMETER COUNT_50M to speed up the simulation

im (M. 63c) - [Default.wcf

" File  Edit  View Smulation  Window Layout  Help
O L ¥DEX®| oo Mz QiFEIz AR AL LAt =% @ » pE[roos w6 1l
Instances and ... + 0O & X | Objects 08 X

Ol 2G| | 5mesen Cbiscis forus

I A ETET
Instance and Process Name ] ol 161 18118 &
L} counter tf Object Mame Valug
I uut I3 reset ]
(fy Always 450 ch_S0M 0
(Z Tritial_55_1 seven_seqf6:0] 100000
0 bl an0 o
fg led 0
15 dk_1Hz 0
2§ counter_S0M[... 000000
B count[3:0] 0000
&g counT_SOM[... 000000,
< > M
£ Instanc medv] ¢ 3= Default wefg* 8]

Console
SN0 (ST UK

This is & Full version of ISim.

Time resolution is 1 ps

Simulator is daing cireuit initialization process.
Finished circult initialization process.

ISim> run lus

1Sim> run 10us

ISim:> restart

1Sim> run 10us

Simulator is deing circuit initialization process.
Finished circuit initialization process.

ISim>> run lus
1Sim >

& console

® Greskpoirks | [0 Find in Files Results | gy Search Results

Sim Time: 11,000,000 ps
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Zoomed in for more detail:

ulstion  Window  Layout  Help

4 | O o

Default.wefg* B8

Sim Time: 11,000,000 ps

Copyright © 2010 R James Duckworth, WPI 9 Rev A



