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You will next test the full adder circuit that you built in the last tutorial via the 1Sim simulation
tool so that you can be sure that it functions per specification. Now let’s look at our full adder.
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The full adder has three inputs (A, B, Cin) and two outputs (S, Cout). If you have not yet saved
your schematic, do so and close the Schematic Editor.

2. Now for the simulation, go to the Design tab and Double Click on synthesize-XST. You should get a
green check mark, which means that no error was detected in your schematic.
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To start the simulation, change your view from Implementation to simulation, as shown below:

& ISE Project Navigator (P.15xf) - C:\Users\n02420365\Documents\XILINX\MyALUI\MyALULxise - [C:\Users\n02420365\Documents\XILINX\MyALU1\MyFullAdder.sch]

o o S

[©) File Edit View Project Source Process Add Tools Window Layout Help

NEE

] »

AT 5 Xwa| AR RAREBEE TS| LRIPT £
g |Design
5 [ |View: € {8} implementatig
Behavioral
<& -
2 (3] | Hierarchy e
N =] MyaLuL "J—
a5 | B E1 xc3s500e-4fg320 1)
% E [2] MyFullAdder (MyFullAddersch) | p—
S =
=
[ o
== £
=l —
o ™
fat 3
5 s
S O
iR : ) Mo Processes Running A
1! | No single design module is selected E
i % Design Utilities 2
A a
m 7
4
2
-8
-
¥ | | .
[ C:Wsers\n02420365\Documents WILINX My ALU 1 WMyFullAdder.sch @‘ L Design Summary (Synthesized) J
Console

Process "Synthesize — XST" completed successfully

[l ——

Console |° Errors | 4\ Warnings | (6 Find in Files Results

[-580,1244] [456,80] [1468,1348]

3. Next, go back to the Project Navigator. Highlight the source that you want to simulate. In this

case, we want to simulate the circuit named MyFullAdder. Then, right click on

MyFullAdder and select New Source.
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4. This will open a dialog box. Select “VHDL Test Bench” as the type of design entry and pick
a name for your test-bench file.
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Pick the design file that your test bench is suppose to simulate. In this case, there is only “MyFullAdder”
is listed as your associated source.
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5. This opens the “.vhd” file editor window. This is a template for VHDL code for the full-adder
circuit. VHDL code can be used to design circuits as well as simulate existing circuits. In this
case, we want to use the VHDL code to simulate our full adder circuit. To do so, we need to
make modifications to the code so that at each step, a different value is assigned to the three

input (A, B, Cin). The simulator then determines the resulting Sum and Cout and displays it

graphically.
d|l > 2R ARIAREN| LIPS L)@
E3 E 9 -—- 2} To use this template as your testbench, change the filename to any
L~ 10 -— name of your choice with the extension .vhd, and use the "Source->hdd’
3 f— 11 —— menu in Projeect Navigator to import the testkbench. Then
= 12 -- edit the user defined section below, adding code to generate the
© 13 —-— stimulus for wyour design.
- 14 -—- ~
15 LIBEARY ieee;
th| < 16 USE ieee.std logic 1164.ALL;
g — 17 USE ieee.numeric std.ALL;
A | 18 LIBRARY UNISIM: >/
(1! o 19 TUSE UNISIM.Vcomponents.ALL:
114 20 ENTITY MyFulllidder MyFullAdder sch tbh IS
112y A 21 END MyFullAdder MyFullfAdder sch th;
A 4 22 ARCHITECTURE behavioral OF MyFullRAdder MyFullZdder =sch _th IS
— 23
O 24 CCMPCHENT MyFullidder
O 25 PCORT ([ Cin H IN 5TD LOGIC:
— 26 A : 1IN 5TD LOGIC:
27 B : IN 5TD LOGIC:
28 5 CUT 5TD LOGIC:
z9 Cout : ouT 3TD_LOGIC):
30 END COCMPONENT:
31
£ 32 SIGNAL Cirl : STD LOGIC:
33 SIGNAL A : STD LOGIC: This will allow us to apply 1's and 0's to our circuit.
- 34 SIGNAL B : STD LOGIC: ¥ We need to add a vector (like array in C language) so that
35 SIGHAL 5 : 5TD LOGIC:
36 SIGNAL Cout : STD LOGIC: we can apply testing combinations to our circuit inputs:
&17)
gg SEGIN SIGNAL TESTVECTOR :STD_LOGIC_VECTOR(2 DOWNTO 0);
40 UUT: MyFullAdder PORT MAP(
41 Cin =» Cin,
42 B = L,
43 B => B, . .
az 5 = 5. We need to edit this
45 Cout =» Cout section so that we put an
:g Ve input testvector, wait and
48 —-— ##*% Test Bench - User Defined Section #*##® then put a different
49 tk @ PROCESS . . .
=0 S combination of input
51 WAIT; -- will wait forever testvector, waitl
52 END PROCESS; .
53 -—- #*** End Test Bench - User Defined Section *%% see next for detail!
54

1 |

Design Summary |:| | TestBench.y




We start the modification, by adding: SIGNAL TESTVECTOR : STD_LOGIC_VECTOR (2 DOWNTO 0);
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69 WAIT FCR 100 ns:
T0 TESTVECTCR <= "110";
TEL {A,B,Cin) <= TESTVECTOR:
T2 WAIT FCR 100 ns=;
T3 TESTVECTOR <= "111";
74 (R,B,Cin) <= TESTVECICR;
75 WAIT; -- will wait forever
76 END PROCESS:
77 -- #%* End Test Bench - User Defined Section *#¥%
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And under the Test Bench -User Defined Section, we need to assign different test cases. Since, we have
three inputs A, B, and Cin, they could take on values from 000 to 111. For each case, we put the value in
the TESTVECTOR, input the TESTVECTOR to A, B, and Cin using (A,B,Cin) <= TESTVECTOR
command, and then wait for a few nanoseconds before repeating the process for a different input
combination. So, the user defined section would look like the following:



-- *** Test Bench - User Defined Section ***

th : PROCESS

BEGIN
TESTVECTOR <= "000"; \
(A,B,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <= "001";
(A,B,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <= "010";
(AB,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <= "011";
(A,B,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <= "100";
(A,B,Cin) <= TESTVECTOR;

WAIT FOR 100 ns;
TESTVECTOR <="101";
(A,B,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <="110";
(A,B,Cin) <= TESTVECTOR;
WAIT FOR 100 ns;
TESTVECTOR <="111";
(A,B,Cin) <= TESTVECTOR;
Wait; -- Will wait forever
END PROCESS;

-- *** End Test Bench - User Defined Section ***

Now save your “.vhd” file



6. Next, highlight the “.vhd” file on the left hand side of the window under the design section, and expand

the ISim Simulator.
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O 51 BEGIN
Q 52 TESTVECTCR <= "000";
— 53 (&,B,Cin) <= TESTVECTOR;
54 WAIT FCR 100 ns;
a3 TESTVECTCR <= "001";
56 (&,B,Cin) <= TESTVECTOR;
o7 WAIT FCR 100 ns;
58 TESTVECTCR <= "010";
J E 53 (&, B,Cin) <= TESTVECTOR:
. 60 WAIT FCR 100 ns;
1 P2 NoProcesses Runnln& e TESTVECTOR <= "0227:
?3: Processes: MyFullAdder_MyFullAdder_sch_tb 62 (k,B,Cin) <= TESTVECTOR;
Ert : ISirn Simulato 63 WAIT FCR 100 ns;

L > - a4 TESTVECTCR <= "100";
gy| G cheionl check i > -

I%: Tt BehevioratHvtodel 65 (%,B,Cin) <= TESIVECICE;
= 66 WAIT FCR 100 ns;

m &7 TESTVECTOR <= "1017;

68 (&,B,Cin) <= TESTVECTOR:
L] WAIT FCR 100 ns:

T0 TESIVECICR <= "110";

71 (&,B,Cin) <= TESTVECTOR:
T2 WAIT FCR 100 ns:

T3 TESIVECICR <= "111";

74 (&,B,Cin) <= TESTVECTOR:
75 WAIT; -- will wait forever
T6 END PROCESS:

77 -- *** End Teat Bench - User Defined Section #***
78

79 END;
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8. Double click on the Behavioral Check Syntax

7. Once you see the green check mark double click on the Simulate Behavioral Model.



8. This will open the waveform “ISIM window”. ZOOM to the full view. Now you can see the
waveforms of your full adder that you just simulated.
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You can position the cursor on the various points and see the corresponding value displayed on the left
side of the display. For example, for the current cursor position, Cin=0, A=0,B =1, resultinginS=1
and Cout = 0; which is the correct result.

Once you are convinced that your design is correct, you can move the next step in your design entry.



Note that to test large circuits, it is not possible to test all possible combinations. So, some reasonable
combinations should be tried. For example for the final case, you may try several testvectors: One for four
bit A, another for four bit B and yet another M, S1, and SO. So, your added signal lines would look
something like:

SIGNAL TESTVECTOR_A : STD_LOGIC_VECTOR (3 DOWNTO 0);
SIGNAL TESTVECTOR_B : STD_LOGIC_VECTOR (3 DOWNTO 0);
SIGNAL TEST_SELECT : STD_LOGIC_VECTOR (2 DOWNTO 0);

In the first and second one, | assume that the order will be A; to Ay, B; to By. That is how we define it 3
downto O -- a total of four bits. Moreover, TEST_SELECT has three bits that can take care of M, Sy, and
So.

So, the following code will allow 0110 to be added to 0010

TESTVECTOR_A <="0110";
TESTVECTOR_B <="0010";
TEST_SELECT <="000"

(A3, A2, A1, A0) <= TESTVECTOR_A,;
(B3, B2, B1, B0) <= TESTVECTOR_B;
(M, S1, S0) <=TEST_SELECT

WAIT FOR 100 ns;

Furthermore, to subtract 0010 from 0110, we only need to change SO t0 1:

TEST_SELECT <= "001"
(M, S1, S0) <=TEST_SELECT
WAIT FOR 100 ns;

Using this, you may simulate your other circuits.

GOOD LUCK!!



