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Simulation of Verilog-HDL-based Design using Xilinx Webpack - 11

Welcome. So, this is the continuation of the previous lecture. Here, we want to show using

the Xilinx ISE simulator, we want to demonstrate.

(Refer Slide Time: 00:34)

Example of 4 Bit Ripple Carry Adder:
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So, we want to consider one 4-bit ripple carry adder as an example here. So, we want to

implement using Verilog HDL. So, let us go to our Verilog block.
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And, you know we are going to implement this Verilog. So, let us open a project, I mean what

we have discussed already.
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So, in this, we will create a new project and here the name of the project is I will say 4 ripple
carry adder, ripple carries adder it is like a 4-bit, 4-bit ripple carries adder. So, this is my

project name.
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Next, I will go to this Spartan device and we are talking about the Spartan6 ok. And, this is a
package we will be using, I have discussed and you can take VHDL or Verilog, but we will

be using Verilog. All other blocks keep it as it is.
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Then, this is the description of the project, the summary you can double check because even
though we are simulating here; that means, in the simulation, you can arbitrarily take any
device. But, we want to make sure that when you do the harder implementation, the device

must match, the device as well as the package ok, and also the device family.
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Next, now the project is created. So, you can see this project is like an IC, where we want to
implement a 4-bit adder. So, in the 4-bit adder, if you go back to our presentation; so, we
need vector data, 4-bit a, 4-bit b, carry in scalar, some vector 4-bit, and carry out scalar. So,

here let us know you know just a minute.
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So, if you right-click, New Source.
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So, we want to create a Verilog module and we call it an RCA. So, RCA four-bit, four-bit
ripple carry adder. So, this is a Verilog file name and it is different from our location, the

project name.
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Next, [ am not specifying any input-output.
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So, you can go ahead and this is a dot v file created.
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Now, I want to zoom in. So, I have discussed the time scale here, it is just for simulation
purposes. So, it is 1 nanosecond the time. So, any unit of time you provide will be just
multiplied by you know 20 nanoseconds and 30 units, which will be multiplied by 1

nanosecond.
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And, these are all comments.
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module RCA_four bit(Sum, C out, A, B, C_in);
input (3:0] &, B;
6 input C in;
4| 7 output 3:0) Sum;
€ out;
c2, c3
.S(sum[0]), .c out(c 1),.a(A[0]),.b(B(0]),.c in(C in));
sum(1]),.c out(c 2),.a(A[1]),.b(B[1]),.c i ;
[2]),.c_out(c_3),.a(A[2]),.b(B[2]),.c_i
.8(Sum(3)),.c_out(C_out),.a(A[3]),.b(B[3])),.c
] Deg Sy
CLLY]

So, you can remove this line ok. So, you can remove this line with no issue. So, you can
remove this line. Now, this is a four-bit ripple carry adder. In this ripple carry adder, if you
look at the port; that means, if you go to our presentation, and I am taking a 4-bit data input b
4-bit data input, C in, C out S; that means, we are writing we can sum we can write sum like

Sum, then we can write C out, then we can write A, B, C in.

So, this is the four-bit ripple, ripple carries adder has four-bit data input A and B anthe d sum

will be four-bit carryout and carry in are scalar. Then, we have to define the what is the input.



So, our input is like initially, we are defining the vector input which is a four-bit number and

those are A comma B.

The A and B both are four-bit numbers. Another input is the scalar, we have to specify which
is nothing but our C in. Another output will be vector output will be our sum which will be
Sum and then another output is C out ok. So, this is a port declaration. We have declared

which are input, output, vector, and so on.

Now, if you go to the diagram, you see there are three internal ¢ 1 ¢ 2 ¢ 3. So, those things
will make a wire; that means, we will make sorry ¢ 1 ¢ 2 ¢ 3; that means, we will define wire

like ac 1, ¢ 2, and ¢ 3. There are three wires. Next, what we can see in the diagram?

That means, if we look at the diagram first, the first full adder will have a carrying input sum;
that means, we have to go; that means, let us instantiate. That means, we have a full adder,
assuming that we will make a full adder block, full adder then the instant name may be gate
1. Now, inside the full adder, we are assuming there will be a sum, the full adder will have a

sum.

Full adder will also have to carry out C 0, just to make you know you should not confuse,
then full adder will have a data a, data b, and full adder will also have a carry, we are writing
in small. So, here it is. So, here you can write ¢ out, ¢ small. So, this is for full adder carry-in
carry out ok. Now, this is a structure of the full adder and we want to create a full adder

circuit and we are making a dot; that means, we are calling by name, not by sequence.

So, we are just making a name, we will internally connect. This name must be consistent with
the actual full adder that we are going to build. Now, we want to connect the local variable
here; that means, the local variable here. So, local variable here, local variable. So, if you take
the first gate, what is the sum out of the first full adder? If you go to the first full adder, the
first full adder sum out is the S 0; that means, it will be we have already defined a sum that

will be Sum 0.

Because, here we mention Sum 0 is the LSB and Sum 3 is the MSB, Sum 0. What will be ¢
out of this full adder? It will be the wire connection of ¢ 1; that means, let us copy ¢ 1. What
will be that first data? It will be A 0; that means, it will be A 0 LSB. Then, what will it will be
B 0, and, the carry-in will be the same as the actual carry which is here; that means, we will

mention this one as the carry-in. So, this is the local value.



Now, we have made it, next I will just copy and paste this, next line. Here, we have to change
the second gate; that means, the second full adder. See, the second full adder naturally will be
the first S Sum 1, this will be bit 1, bit 1. And, this will be if you go to that block, you will
find the second case the carry-in is the carry-out of the first, and its carry-out will be ¢ 2 in
the wire. So that means, its carry-in will be ¢ 1 which is the local variable which is the wire

variable, and its carry-out will be ¢ 2 ok.

Then, we will copy paste copy-paste, and make it. So, g 3, then we will make Sum 2, this will
be ¢ 3, this will be A 2, this will be B 2, this will be ¢ 2. Why ¢ 3? Because, if you go to the
diagram c 3 is the out and c 2 is the in, ¢ 3 is the out, and ¢ 2 is the in. Again, [ am copying it

here. So, 4 full adders are connected in sequence. So, it will be the fourth one.

The fourth one will be Sum 3, which is the MSB, it will be the actual carry-out because this
will be the output of the fourth full adder will be the actual carry out. And, this will be the
third that is the MSB, MSB and this will be the ¢ 3. So, now this circuit is complete, but it is

incomplete because it needs a full adder, you see there is a full adder. So, you have to define.

(Refer Slide Time: 09:44)
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That means, now we are going for a circuit.
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And we have to keep the same name; that means, we are creating a Full Adder.

(Refer Slide Time: 09:57)

’
BHAIL[ KOO X|wal 428 2R AEE0] SR b P
3 “B8X &) “timescale lns / lps B
o @ e O @i 5| /e
g ey 1
[’ ) Rea 4ot
51 @ sctit g1t 4 module RCA_four bit (Sum, C out, A, B, C_in);
By e scuon e 5 input [3:0] A, B;
| ’
d S 6 input C in;
] 20 4| 7 outpur T3:0) Sun; paT—— X
‘ We-mo % 8 output C out; kit
p % 9 wirec 1, ¢ 2, ¢ 3; Soucy ors o ok
%) 10
YT oy
o) 0| 11 EA gL(.S(Sum(0]), .c_out(c_1), .a| ™=l
L"""“":“-'“;‘-”“ o 12 FA q2(.S(sum(1]),.c out(c 2),.a Port e Oreion B M U8 A
: ; oty 13 FA g3(.5(sun(2]), .c - w FD
o g vuumias 14 FA g4(.5(Sum(3)), .c_out (C_out), a0
2108 omheet 5 0
083 gl Osgn ‘ 0
§ Somsrmente 16 e HJ0
08 Congueugt Dot . ot
@ Analyze Design Using ChipScape 17 endmodule ot 0 M
o 8 ,
7w % own O e D) e [ N ot b olE | oot (8]
— ORI ] —
[/ 1VFOIProjectiymt - Pursing desigh Pierarchy compltted successtully. M0
wa 10 ’
e T e

<
U conse @ bmn L varngr ) FednFmhet

Add s new source t the poject

Ln1d Col 9 Verlog

P Type here o search

(Refer Slide Time: 09:57)



NAHG X X|0 0| » RRAQIA RBIO SR PLL
[ QL[ timescale ln: . -
ST ; imescale lns / lps
g ey 2
f| & rcasi
" u.amvmnwwu 4 module RCA four bit (Sum, A, B, C_in);
b 5 B RCA ot B o ) 5 input (3:0] A, B: -
a A & input C_in;
2 gi-FA0 4| 7 output [3:0] Sum; 2 New Soure Vizard X
0 Wetmo »| 8 output C_out; -
- 3 9 wirecl, c2, c3 v e o e e i et
5| 10
P02 e Process kunnng
— 0| 11 FA ql(.8(sum(0]),.c_out(c_1),.a i i M
| el 12 FA g2(.S(Sun(1]),.cout(c_2},.a| [Swummw
U0 g v 13 FA g3(.S(sun(2)),.c_out(c 3),.a| [
(o @ tseCoais 14 FA g4(.S(3un[3]), .c_out (C_out) , | |mawwmem
o lemem Deign 15
Gererve Progamming Fle 16
Colge et Devce :
b ingCoscpe | | 17 endmodule .
. )
7o % ow D Do o ot
o “o8¥

1) INPO: HDLConpiler : 1845 - Analyzing Ve
INFO: Projecthymt = Parsing design hier

file "D:/TPGA Inplenentotion/NPTEL Course/RCA_dbit

onpleted successtully

U cone @ Emn I varnsr 8 FodnFatat
£ v souce 1 the e Ln 4G50 Veog

£ Type here to search

And, this is a Verilog module. So, full adder. Now, we have created a full adder.
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Again, we can remove this line, a redundant line.
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So, we have to make sure that we should name the same thing. We cannot change the name;
that means, we just copy and paste this and if we go here we will use only we will use this S,
not internal. So, we will remove this. We will use this ¢ dot, remove this. Then, you will use

this a, remove this and we will use b, we will remove this, will you ¢ in, remove it.

Now, these are our names. So, the name must be consistent. So, this is the name. We have to
declare the port. So, here all are scalar. So, there is no problem, with input. So, input is what?
a comma b comma c in. And what is the output? Output is S comma c out. So, the name must
be consistent. Now, we have to write the code. What is the full adder? Again, a full adder

consists of 2 half adders.
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Connecting Ports to External Signals by ordered list

Connecting by ordered list Half Adder Module

module — FA(S,Coa.bic_in); module  HA(S,C,ab);

inpul a,b;

HA  hal(s_l.c_lab);

output S,C;
HA  ha2(S.c_2.s e in); P

xor gl(S,ab);
and g2(C.ab);

endmodule
endmodule

Carry = AB+(,(AeB]
[Source: Electrical" 4U)

That means if you go to our block, the next level. If you look at this diagram; that means, half
adder, so this is a half adder and half adder will make. So, half adder input a and b are the
input, the output is I am taking some small s and small ¢, small s, small c, small a, small b ok.

So, I am creating a half adder; that means, half adder I am calling.

Half adder, let us say we are using 1 instance, where we are using sum, again [ am using a
dot-bracket I will connect the link with that. Then, ¢ the half adder ¢, comma dot half adder a,
you know you can say a local variable. So, it may be the same, or I will just avoid the al dot,
I will say dot bl ok. So, this will take half adder and will have 2 inputs, and 2 outputs. So,

this 1s done.

Now, you have to link. So, we will link with that. First half adder if you check, if you go the
first adder half adder inputs are the same as that a, b. So that means, we will go a, b, inputs
are a, b; that means, we will simply connect local variable a, local variable b. And, first half

adder, what is the carry in; sorry carry out?

So, some of this first half adder; means, there will be s, which means internal variable. So, we
call it s 1, the sum of first that is a wire connection and ¢ 1 is the output. So that means, we
have to define wire here s 1 comma c 1. There will be ¢ 2, s 2 may not be needed because the

sum will be the actual sum.

So; that means, it will be what? It will be ¢ 1 and this will be s 1, the local variable. Next, we

will copy-paste. We will go next. Here, we will make g 2. Now, if you go to the diagram, the



second half adder input will be the sum 1 and the carry-in; that means, the input will be sum 1

which is the s 1, 1 input.

Another will be carried which will be the actual carry-in which means, this carry-in, is the
actual carry. Then, what is the output? The output will be if you go output to the second will
be the actual output; that means, this output will be the actual sum. So, this output will be the

actual sum, and the carry we are mentioning 2, carry 2 output.

Then, if we go further the actual carrier will be or of this carryout, the carry out of the second
half adder and first adder half adder; that means, we will use the gate, gate 3. Here, we have

to make sure we have to maintain the sequence. The output of the or gate will be ¢ out, c out.

Then, input to the or gates is ¢ 1 comma c 2 that is it. Now, this level module is implemented.
Next, we have to create this half adder; that means, if you go inside, you will see there is a
half adder also. So, now, with this full adder; that means if you want to synthesize let us say
first block; that means, you know because we have to go actually, I am coming from top to

bottom. I should have gone from bottom to top, but that is ok.
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c_1),.a(A[0]),.b(B[0]),.c_in(C_in));
ut(c_2),.a(A(1]),.b(B[1]),.c_in(c_1));
3),.a(A[2]),.b(B[2]),.c_in(c_2));
ut (C_out),.a(A[3]),.b(B(3]),.c_in(c_3));

Now, I want to create another module or I can just create another module. You can click

anywhere, New Source.
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I am telling you this is my half-adder. It should be a Verilog Module ok.
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So, in the half adder, again I can remove this redundant part; what is there in the full adder?
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1 “tim ns / 1ps
2
3

4 mocule HA(s,c,al,b
5 input al,bl;
6 output a,c;

xor gl(s,al,bl)i
o| 9 and g2(c,al,bl)|

J| 12 encmodule

“Ofx

So, if you go to the full adder, the half adder consists of s ¢ al bl, s c al bl. So, it has to be s,
c, al bl. So, we have to make sure that we make it consistent; that means, s c; that means,
this dot symbol s, ¢, al bl ok. And, what is the input? At the al comma b1l. And, what is the
output? The s comma c. You may or may not give any space because it will be ignored. Now,

what is the half-adder circuit?

Again, if you go to the half adder, you can see here half adder is nothing but xor for the sum
and the carry; that means, I can get xor gate 1, which will be my sum comma al comma b1
and or sorry and gate 2 which will be my carry out; that means, ¢ comma al comma bl. So,

that is it, looks like we are all set. Now, let us try to first synthesize.
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So, we synthesize this.
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Yes, we will synthesize. Let us
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We have to check where it is, half adder line 4, module, end module not defined; oh I made a

1n6Cal9 Veslog

mistake. So, sorry that was a typo. So, now, it is synthesized.
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And, you give you see each block. So, first I want to see the RTL block; that means, you go
to the RTL block, View the RTL block.
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So, is a ripple carry adder.
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And, if you go inside each block; that means, you know if I again open the RTL block. This is
a four-bit ripple carry adder. Go inside, you will have such a full adder.

(Refer Slide Time: 18:58)



0em

1841160

u £ Type hereto search i @ & 35°C Lightan ~ G W@ b o6

Then, you have a half adder and so on. So, it is designed. If you go further half adder, you
will find that half adder consists of you know all these blocks. So that means, we are all set,

we have designed our half-adder and all these RTLs are ready.
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And, it looks fine. Now, you have to create a test signal. Now, we are creating a test signal.

So, we have to test the circuit.
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So, again you go to New Source. Then, you go to a Test Fixture and I get that test RCA.
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We want to test the RCA. There are many options. You can test separately half adder and full

adder RCA.
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So, I have to test the full adder and full four-bit RCA.
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Now, again there will be a lot of redundant lines.

(Refer Slide Time: 19:59)



Jr 156 Project Navigatc (420" 31013 CAFHGA Implameniation\WPTEL Coure\CA 4DTRCA 4itase - st RCAY) 0 x

B Be [dt Yiw Ppjet Sowce process Jook Window Laout Help x
130 Xwa|» ALPRRAQIA RETC SR PLL
3 C-LESE | T AR, .
Vo ® 8 st O fl smisen 53| ) B(B),
di ey 21 .c_in(c_in)
| 8 rase || e =
0 xchi agiu 2 )i
o [ RChfeu e RCAfou ) | ~ | 23
20 initial begin
d 2 .
a A
; {F:
k)
! o 28
P [ €2 e e ' 2
9 [Prcenes R fu bt 190 3 Wait § for globa
¢ Desga Summury Aepors 3 #1005
09 Deignliities
G108 ourme = s
= |5 820 Synihesie- 5T 33 Add stim 4
View K1 kchenaic 3
e A
€2 GenentePostSyrthsis 36 v
a6 inshmenDeian o e )
3 o 5% ooy [ 5 e [N e U = ) = r—————
= w8y

Started

ISE Text Editer to edit tas RCAY"

U conce @ Enn L varos W FodnFetents

Bl 5 v

1n3Cel1 Veilog

So, I can remove that. So, now, here there is data, you have to define the data.

(Refer Slide Time: 20:07)

15 Poject Novigatc (120'31013) - CAFFGA Implerentair\PTEL Courie\KCA ADMRCA bt - st R 0 x
D Ble ot Yiew Pojet Sowce Process Jool Mindow Layout el x
3D Xwa| W pLRRLQA RSTO [ SR DL
o ~eox g 5 -
Ve © § oot Ol smiven 35| ¢ S
g |iechy 7 reg [3:0) A!
) hca oot £ g
Ll P BT 8 reg (3:0) B:
[ RCA four bt RCA four bits) 9 reg C_in;
d i[l’
a A .
- [ sun;
5 " 13 wire C_out;
o 1
PR oo g 15 Instantiate the Unit Under t (UuT)
[ Procemes: R fow bt A|¥l 16 ReA_four_bit wut (
l DesignSunmuy Reports 17 .sum(Sum)
9P egninite ¢ out (¢ out!
~ (6 83 Synihesze- 35T 19 AR,
Vi R Schemakc 20 B(B),
Vie TchrolagySchemtic R
€ CheckSyniax 21 .C_in(C_in)
@ Genente PostSyrhess§. ol )i 5
@8 InlementDeian LI (] )
7w e O Dowe B e e e D) |0 e ) Wy g
Gruce CLLY]

Process *Create Verilog Test Fixture* completed siccessfully

Started | "Launching ISE Text Bditor to edit test RCA.v®

< )

U conse @ brn I verngr ) Frdnrmhet

B s oo

In3Col1 Veiog

And, these are the standard you know you can initialize A, B etcetera. Now, I want to create;

that means, I want to change the carry-in signal, I want to create like a clock.
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I want to define a clock for the carry-in; that means, I will make an always block for the
carry-in. So, my carry-in will be; that means after let us say 100 nanoseconds, 100-time unit,
I want to toggle this c in, c it will be equal to ¢ in. I want to toggle. And I want to change; that
means, my data; that means, I also want to change; if you want to give more begin; that
means, this is 1 block. Then, another block I want to create, 20 nanosecond duration I want to

check A data; that means, my A; that means, ok. So, here always fine.
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I want to initialize. So, initialize A B. Now, what I want to make, after let us say 30

nanoseconds, 30-time unit, 30-time unit [ want to change the data; that means, [ want to make



A equal to maybe I will take because by default if you do not specify, it will take decimal. It
is a 4-bit data. So, you can use let us say you know 14 and B to be 10, then after ok.

So, I may not change even B, after another let us say 40 nanoseconds, I want to change B to
be 20, and so on. So, let us check whether we can do it. So, if the test fixture; is so, we have
to first check the behavioral model, Behavioral Syntax. So, I think ¢ is not declared, ¢ in [FL]

we have changed the notation.
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It should be capital C in sorry. So, you have to be very careful about the notation, yes now it

1S coming.
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And, we are ready to go for level simulation.
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So, now, we are trying to check what happened here. So, let us say we are going to check the
simulation. So, you can see our carry signal, I mean if I specify just a minute, I want to show.
So, this is our carry and you can see I am changing the carry-in periodically ok, as a result,
the sum must change ok. So, you can see initially I started with you know if I go all 0 0. The

carry-in was 0.

So, Sum was 0, everything was 0. There was no carryout. Now, at this time I have loaded

with some value; that means, I have changed my B to Sum 0 1 0 because 0 1 0 0. Because



what was the value I inserted? If you go 0 1 0; that means, I have loaded 14. So, if you take
14 so, you can get the corresponding binary number. So, it is showing. As a result, the Sum,
what will be the Sum? The Sum that will be carried out is 1, sorry your carry-in is 0, B
actually is changed to 0 1 0 0 and oh sorry A has changed here.

So, A has become 1 1 1 0 and since there is no carry in B is 0. So, Sum is the same as
carrying that A. So, Sum is equal to A, because B is equal to 0, and carry in equal to 0. At
this time, if you see here, we have now inserted carry-in, also we have changed the B. So, as
a result, this value will be, what is A? 1 1 1 0 plus 0 1 0 0. So, the Sum will be 0 0 1 0 and

there is a carryout.
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So, in that way you can check whether the logical logically whether it is correct or not. So,
you can get the updated value. Now, since well are making 1 and 0, accordingly carry in and
carry out. So, the sum will be computed; that means, we can successfully implement our 4-bit
ripple carry adder and by that way; that means, we have learned that how to you know we

have learned how to simulate.
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And, we have how to simulate behavioral simulation, how check the timing diagram, and can

customize the timing.
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Checking the Simulation Waveforms

And, we can we have checked the simulation waveform, by that way you can check any
logic. You can check your half adder circuit, you can check your full adder circuit, and you

can check the full ripple carry adder.
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Verilog HDL Simulation using Xilinx ISE Webpack

Let us start with Verilog HDL examples

So; that means, we have discussed; let us start we have already discussed that example of the

4-bit ripple carry adder.
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® Steps for simulation using Xilinx ISE simulator

* Example case studies using Xilinx Webpack

In summary, we have discussed the step for simulation using the Xilinx ISE simulator. And,
we have also discussed an example case study using Xilinx Webpack. I hope in the

subsequent lecture when you go to Q format and all, we will show some more case studies.

And, again the interested participant can check the simulation in the Xilinx ISE tool. But,
again it is not mandatory for the exam as well from an assignment point of view. But, it is

important to know the Verilog coding, which will be part of the syllabus, that is for today.



Thank you very much.



