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4 GATE-LEVEL COMBINATIONAL CIRCUIT

A signal in a digital cirenit frequently contains multiple bits. The std_logic_vector
data type, which is defined as an array with ¢lements of std_logic, can be used for this
purpose. For example, let a be an 8-bit input port. It can be declared as

a: in std_logic_vector{7 downto 0);

We can use term like a (7 downto 4) to specify a desired range and term like a (1) to access
a single element of the array. The array can also be declared in ascending order:

a: in std_logic_vector{(0 to 7);

We generally avoid this format since it is more natural to associate the MSB with the leftmost
position.

Logical operafors Several logical operators, including not, and, or, and xor. are de-
fined over the std_logic_vector and std.logic data type. Bit-wise operation is used
when an operator is applied to an object with the std_logic_vector data typc. Note that
the and, or, and xor operators have the same precedence and we need to use parentheses
to specify the desired order of evaluation, as in

{a and b) or (¢ and 4}

1.2.5 Architecture body

The architecture body,

architecture sop_arch of sgl is
signal p0, pl: std_logic;
begin
— sum of two product ierms
eq <= pl or pl;
— product ferms
p0 <= {(mot i0) and (net i1);
pl <= 10 and 1i1;
end sop_arch;

describes operation of the circuit. VHDL allows multiple bodies associated with an entity.

and thus the body is identified by the name sop_arch (“sum-of-products architecture™).
The architecture body may include an optional declaration section, which specifies con-

stants, internal signals, and sc on. Two internal signals are declared in this program:

signal p0., p1l: std_logic;

The main description, encompassed between begin and end, contains three concurrent
statements. Unlike a program in C language, in which the staternents are executed sequen-
tially, concurrent statements are like circuit parts that operate in parallel. The signal on the
left-hand side of a statement can be considered as the output of that part, and the expression
specifies the circuit function and corresponding input signals. For exumple, consider the
statement

ag <= p0 or pil;

It is a circuit that performs the or operation. When p0 or p1 changes its value, this statement
i5 activated and the expression is evaluated. The new value is assigned to eq after the defauli
propagation delay.
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Figure 1.1 Graphical representation of a comparator program.

The graphical representation of this program is shown in Figure 1.1. The three circuit
parts represent the three concurrent statemenis. The connections among these parts are
implicitly specified by the signal and port names. The order of the concurrent statements
is clearly irrelevant and the statements can be rearranged arbitrarily.

1.2.6 Code of a 2-bit comparator

We can expand the comparator 1o 2-bit inputs. Let the input be a and b and the output be
aeqgb. The aeqb signal is asserted when both bits of a and b are equal. The code is shown
in Listing 1.2.

Listing 1.2 Gate-level implementation of a 2-bit comparator

library ises;
use ieee.std_logic_1184. all;
entity eqg2 is
port(
a, b: in std_logic_vector{(l downto 0);
aegb: out std_logic
5.

end eq?2;

v architecture sop_arch of eg2? is
signal p0,pl,p2,p3: std_legic;
begin
e st of product terms
aeqb <= pl or pl or p2 or p3;
i e P?’()dﬂ(.’f terms
pG <= {((not a{1)} and (net b(1})) and
((not a{0)) and {(not bL{0)});
pl <= {(not a{1)) and (not b(1))) and (a(0) and bB{0)};
P2 <= (a(l} and (1)) and ((not a(0}) and {(not b(0})};
" p3 <= (a(t} and b{1}) and {(a(0) and b{0));
end sop_arch;

The a and b ports are now declared as a two-clement std_logic_vector. Derivation
of the architecture body is similar to that of a 1-bit comparator. The p0. p1, p2. and p3
signals represent the results of the tour product terms. and the final result, aegb, is the logic
expression in sum-of-products format.
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Figure 1.3  Testbench for a 2-bit comparator.

1.4 TESTBENCH

After code is developed. it can be simdated in a host computer to verify the correctness
of the circuit operation and can be synthesized to a physical device. Simulation is usually
pertormed within the same HDI. framework. We create a special program, known as a
testbench. to mimic a physical lab bench. The sketch of a 2-bit comparator testbench
program is shown in Figure 1.3. The uut block is the unit under test, the test vector
generator block generates testing input patterns, and the monitor block examines the
QUIpUL responses.
A simple testhench for the 2-bit comparator is shown in Listing 1.5.

Listing 1.5 Testbench fur a 2-hit comparator

lihrary iece;

use ieees.std_logic_1164.all;
entity eq2_testbench is

end eqZ_testbench;

architecture tb_arch of eq2_testbench is
signal test_in0, test_inl: std_logic_vector{l downto 0);
signal test_out: std_logic;
begin
B! — instantiare rhe civeuit wnder test
nut: entity work.eq2(struc_arch)
port map(a=>test_in0, b=>test_inl, aegb=>test_out);
— reSt vector generdlor
process
- begin
— resft wvecror
test_ind <= "QQ";
test_inl <= "00O";
wait for 200 ns;
U — test vectror 2
test_ind <= "01";
test_inl <= "0Q0";
wait for 200 ns;
—— Test vecior 3
3 test_ind <= "041v;
test_inl <= "11";
wait for 200 ns;
—— fest vecter 4
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test_ind <= "10%;

i test_inl <= "1i0Q";
wait for 200 ns;
— test vecior 5
test_ind <= "1G";
test_inl <= "“0O";
wait for 200 ns;
— - lest vectior 6
test_in0 <= "11";
test_inl <= "11";
wait for 200 ns;

4 —- fest vecter 7
test_inl <= "11";
test_inl <= "Q1";
wait for 200 ns;

end process;
wend tb_arch;

The code consists of & component instantiation statement, which creates an instance of a

2-bit comparator, and a process statement. which generates a sequence of test patterns,
The process statemient is a special VHDL construet in which the operations are performed

sequentially. Each test pattern is generated by three statements. For example,

— test wvector 2
test_ind <= "0O1";
test_inl <= "GQOQ";
wait fer 200 ns;

The first two statements specify the values for the test_in0 and test_inl signals, and
the third indicates that the two values will last for 200 ns.

The code has no monitor. We can observe the input and output waveforms on a simulator’s
display, which can be treated as & “virtual logic analyzer” The simulated timing diagram
of this testbench is shown in Figure 2.16.

Wriling code for a comprehensive test vector generator and a monitor requires detailed
knowledge of VHDL. and is beyond the scope of this book. This listing can serve as a
testbench template for other combinational circuits, We can substitute the uut instance and
modify the tesi patterns according to the new circuit.

1.5 BIBLIOGRAPHIC NOTES

A short bibliographic section appears al the end of each chapter to provide some of the most
relevant references tor further exploration. A comprehensive bibliography is included at
the end of the book.

VHDL. is a complex language. The Designer's Guide to VADL by P. I. Ashenden
provides detailed coverage of the language’s syntax and constructs, The author’s RTL
Hardware Design Using VHDL: Coding for Efficiency, Portability, and Scalability provides
a comprehensive discussion on developing etfective, synthesizable codes, The derivation of
the testbench for a large digital system is a difficult task. Wriring Testhenches: Functional
Verification of HDL Models, 2rd edition. by 1. Bergeron focuses on this topic.
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1.6 SUGGESTED EXPERIMENTS

At the end of cach chapter, some experiments are suggested as exerciscs. The experiments
hetp us to better understand the concepts and provide a hands-on opportunity to design and
debug actual circuits,

1.6.1 Code for gate-level greater-than circuit

Develop the HDL codes in Experiment 2.9.1. The code can be simulated and synthesized
after we complete Chapter 2.

1.8.2 Code for gate-level binary decoder

Develop the HDE. codes in Experiment 2.9.2. The code can be simulated and synthesized
after we complete Chapter 2.



