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Schematic and Verilog description

of a half adder.

and (c_out, a, b);

'D 2 sum module Add_half (output c_out, sum, input a, b);
" [ xor (sum, a, b);
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Examples

a m—

b -—Do—- y ﬁnand (y, a, b, c);

c —

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

X _inl m— yl _
X_in2 w———— wire y1,y2;

y_out  nor (y_out, y1, y2);
x in3 and (y1, x_in1, x_in2);
:}_ nand (Y2, x_in3, x_in4, x_inY);
X_in4 w——
- 2
X_indS w—— d




TABLE 4-1 Verilog primitives for modeling
combinational logic gates.

n-Input n-Output, 3-state
and buf
nand not
or bufifO
nor bufifl
XOr notifO
Xnor notifl
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The format of a Verilog module

module my_design (module_ports);
... Il Declarations of ports go here
... Il Functional details go here
endmodule



An AOI Circuit

Module name Module ports
Primary Primary /\
inputs output \
/ module AOI_str_1995 (y_out, x_in1, x_in2, x_in3, x_in4, x_in5);

output y_out;

input x_in1, x_in2, x_in3, x_in4, x_in5;  ~ Fortmodes

x_inl ] Internal wires
X_in2 m—— wire y1,y2; - establish
3 ' connectivity
x_in : nor (y_out, y1, y2); -
x_ind w—— | and  (y1, x_in1, x_in2); <~ Instantiated
x_inS ' and  (y2, x_in3, x_in4, x_in5); PEITHIYES
endmodule
(a)
module AOI_str_2005 (output y_out, input x_in1, x_in2, x_in3, x_in4, x_in5);
wire y1,y2;
nor (y_out, y1, y2);
and (y1, x_in1, x_in2);
and (y2, x_in3, x_in4, x_in5);
endmodule
(b)



Hierarchical decomposition of a full adder: (a)
gate-level schematic and (b) Verilog model

Add_ full M2 (a®b)®c_in
c_inm a sum . Sum
M1 Add_hal —(a@b)c_in
wl ralf w3
a m— sum N b c_out m c_out
Add_half (a@®b) - /
hm c_out 5 (a + b)c_in + ab
W ab =
(a)
C_In w— —& sum module Add_full (output c_out, sum, input a, b, c_in);
wire w1, w2, w3;
“ Add_ full V4 module instance
b w— —a c_out Add_half M1 (w2, w1, a, b); names
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Add_half M2 (w3, sum, c_in, w1);
or (c_out, w3, w2);
endmodule



Hierarchical decomposition of a 16-bit,
ripple-carry adder

a[15:0] b[15:0] c_in

e |
| g

c_out sum|15:0]
(a)
a[15:12] b[15:12] a[11:8] B[11:8] a[7:4] b|7:4] a[3:0] b[3:0] c_in
| ] | | | | [ | | ] | ] | ] [ ]
,/4 x’}él ./4 1/4 ./4 ./4 x"4 ./4
Add _rca_4 Add_recdiss Add _rca_4 LA dd rca 4 [
C_oul ]
1 \—‘ M3 | |
c_inl2 i c_ind
Add rca 16 " . .
sum|15:12] sum|[11:8] sum|7:4] sum|3:0]

(b)



Hierarchical decomposition of a 16-bit,
ripple-carry adder (cont.)

c_in

|

al3] b[3] al2] b[2] al1] b[1] a[0] b[0]
[ ] - [ ] L ] [ ] [ | L § [ |
G4 G3 G2 1
Add_ full L/l(fff__fit?f "‘|—/Adﬁ'_ﬁrﬂ LA(J:I__II;FI =
c_out I
c_inl2 c_in3 c_in2
Add_rca_4 N - - "
sum|3] sun|2] sum|1] sum|0]
(c)
a b c_in a b
¢ 7 7 r ¥
I | —
Add_half
| 2
Add_half
Add_ full l Add_half l
&
c_oul st c_out sum
(d) (e)




Design hierarchy of a 16-bit ripple-carry adder.

XOr

Add _rca_16
L,
M1 M2 T M3 M4
Add_rca 4 Add rca 4 Add _rca_ 4 Add _rca_ 4
L
M1 M2 T M3 M4
Add_ full Add_ full Add_ full Add_ full
(X X ] [ X X J [ X X ]
M1 M2 ﬁ M3 T M4
Add_half Add_half norf201 invf101
T ' ' T
nand not XOr nand not
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Schematic of a 2-bit binary comparator.

wb

" DO_.— wl
A_gt B
n
\ w2
. {>O_.7 = A_li B
w7 —/
L
w3
| §
|
[ —
L i
| A B
) > wS -
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Block diagram symbol of a 4-bit comparator.

Comp_4_str

——a A gt B
—a A [t B

—a A _eq_B
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Hierarchical structure of
a 4-bit binary comparator

Comp_4_str
A3 M1
Al Comp_2_str
It
B2 B0 .
A1 MO
Al Comp_2_str
B1 B1 (g;t > A lt B
A0 A0 ! —’ —\A_eq_B
BO eq 4
B0
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Organization of a testbench for verifying
a unit under test.

Design_unit_test_bench (DUTB)

Stimulus
generator

Unit_under_test (UUT)

_>>7DSETQ
— o — _IT 5

CLR

Response
monitor




Waveforms produced by a simulation of
Add_half , a O-delay binary half adder.

0 20 40 t 60
Name | | L L
a |
b I |
sum B [ | |
c_out | |
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Results of unit-delay simulation of
a 1-bit full adder

0 30 60 90
Name N N N N N N A A A NN A (N MO (O (O MO O
| [ |
| | | |
c_in !
sum | | | L |
c_out | | |
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Results of simulating a 1-bit full adder
Implemented with ASIC cells

0 39.29 ns 78.58 ns
Name |

Sum

%
LRI
C Out QIR
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Final iIssues

* Please fill out the student info sheet before leaving
* Come by my office hours (right after class)

* Any questions or concerns?
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