Timing Considerations with Verilog-Based Designs

This tutorial describes how Altera’s QuartusR |1 software deals with the timing issues in designs based on the
Verilog hardware description language. It discusses the various timing parameters and explains how speci ¢ tim-
ing constraints may be set by the user.
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Quartus|| softwareincludesa Timing Analyzer modulewhich performsadetailed analysis of all timing delays
for a circuit that is compiled for implementation in an FPGA chip. This tutorial discusses the types of analyses
performed and shows how particular timing requirements may be speci ed by the user. The discussion assumes
that the reader is familiar with the basic operation of Quartus Il software, as may be learned from an introductory
tutorial.

Doing thistutorial, the reader will learn about:
Parameters evaluated by the Timing Analyzer
Specifying the desired values of timing parameters

Using timing simulation

The timing results shown in the examples in this tutorial were obtained using Quartus Il version 5.0, but other
versions of the software can also be used.

1 Example Circuit

Timing issues are most important in circuits that involve long paths through combinational logic elements with
registers at inputs and outputs of these paths. As an example, we will use the adder/subtractor circuit shown in
Figure 1. It can add, subtract, and accumulate n-bit numbers using the 2's complement number representation.
The two primary inputs are numbersA = an 18, 2 @ and B =by 1by 2 bp, and the primary output is
Z =17n 1Zn 2  Zo. Another input isthe AddSub control signal which causesZ = A + B to be performed when
Addsub=0andZ = A B when AddSub = 1. A second control input, Sdl, is used to select the accumulator
mode of operation. If Sel = 0, the operation Z = A B is performed, but if Sl = 1, then B is added to or
subtracted from the current value of Z. If the addition or subtraction operations result in arithmetic over ow, an
output signal, Over ow, is asserted.

To make it easier to deal with asynchronousinput signals, they are loaded into ip- ops on a positive edge of
the clock. Thus, inputs A and B will be loaded into registers Areg and Breg, while Sel and AddSub will be loaded
into ip- ops SelRand AddSUbR, respectively. The adder/subtractor circuit places the result into register Zreg.
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Figure 1. The adder/subtractor circuit.

The required circuit is described by the Verilog code in Figure 2. For our example, we use a 16-bit circuit as

speci ed by n = 16. Implement this circuit asfollows:

Create a project addersubtractor.

Include a le addersubtractor.v, which correspondsto Figure 2, in the project. For convenience, this leis
provided in the directory qdesigns.

Choose the Cyclone |1 EP2C35F672C6 device, which isthe FPGA chip on Altera’s DE2 board.

Compilethedesig

n.



// Top-level module

module addersubtractor (A, B, Clock, Reset, Sel, AddSub, Z, Over o w);
parameter n = 16;
input [n 1:0] A, B;
input Clock, Reset, Sel, AddSub;
output [n 1.0] Z;
output Over ow;
reg SelR, AddSubR, Over ow;
reg [n 1:0] Areg, Breg, Zreg;
wire [n 1.0]G,H, M, Z;
wire carryout, over_ow;

/I De ne combinational logic circuit

assign H=Breg” fnfAddSubRgg;

mux2tol multiplexer (Areg, Z, SelR, G);
defparam multiplexer.k = n;

adderk nbit_adder (AddSubR, G, H, M, carryout);
defparam nbit_adder.k = n;

assign over_ow =carryout ~ G[n 1] " H[n 1]~ M[n 1];

assign Z =Zreg;

// De ne ip- opsand registers
always @(posedge Reset or posedge Clock)
if (Reset==1)
begin
Areg <=0; Breg <=0; Zreg <=0;
SelR <= 0; AddSubR <= 0; Over ow <=0;
end
ese
begin
Areg <= A; Breg <=B; Zreg <= M;
SelR <= Sel; AddSubR <= AddSub; Over ow <= over_ow;
end
endmodule

Il k-bit 2-to-1 multiplexer
module mux2tol (V, W, Selm, F);
parameter k = 8;
input [k 1:.0] V, W,
input Selm;
output [k 1:.0] F;
reg [k 1L.0|F;

always @(V or W or Selm)
if (Selim==0) F=V,

ese F=W;
endmodule

... continued in Part b

Figure 2. Verilog code for the circuit in Figure 1 (Part a).



11 k-bit adder
module adderk (carryin, X, Y, S, carryout);
parameter k = 8;
input [k 1:0] X,Y;
input carryin;
output [k 1.0] S;
output carryout;
reg [k 1:0]S;
reg carryout;

always @(X or Y or carryin)
fcarryout, Sg =X + Y + carryin;
endmodule

Figure 2. Verilog code for the circuit in Figure 1 (Part b).

2 Timing Analyzer Report

Successful compilation of our circuit generates the Compilation Report in Figure 3. This report provides a lot
of useful information. It shows the number of logic elements, ip- ops (called registers), and pins needed to
implement the circuit. It gives detailed information produced by the Synthesis and Fitter modules. It also indicates
the speed of the implemented circuit. A good measure of the speed is the maximum frequency at which the circuit
can be clocked, referred to as fmax. This measure depends on the longest delay along any path, called the critical
path, between two registers clocked by the sameclock. Quartusl| software performsatiming analysisto determine
the expected performance of the circuit. It evaluates several parameters, which are listed in the Timing Analyzer
section of the Compilation Report. Click on the small + symbol next to Timing Analyzer to expand this section of
the report, and then click on the Timing Analyzer item Summary which displays the table in Figure 4. The last
entry in the table shows that the maximum frequency for our circuit implemented on the speci ed chip is 214.27
MHz. You may get a different value of fmax, dependent on the speci ¢ version of Quartus|| softwarethat you are
using. To see the pathsin the circuit that limit the fmax, click on the Timing Analyzer item Clock Setup: 'Clock’
in Figure 4 to obtain the display in Figure 5. Thistable showsthat the critical path beginsat the ip- op AddSubR
and ends at the ip- op Over ow .
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Figure 3. The Compilation Report.
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Figure 4. The Timing Analyzer Summary.
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Figure 5. Critical paths.

Thetablein Figure 4 also shows other timing results. While fmax is afunction of thelongest propagation delay
between two registersin the circuit, it does not indicate the delays with which output signals appear at the pins of
the chip. The time elapsed from an active edge of the clock signal at the clock source until a corresponding output
signal is produced (from a ip- op) at an output pin is denote d asthe tco delay at that pin. In the worst case, the
tcoinour circuit is 7.750 ns. Click on tco in the Timing Analyzer section to view the table given in Figure 6. The

rst entry in the table showsthat it takes 7.750 ns from when a n active clock edge occurs until a signal propagates
from bit 8 in register Zreg to the output pin zg. The other two parameters given in Figure 4 are setup time, tsu, and
hold time, th.



Figure 6. Thecodelays.

3 Specifying Timing Constraints

So far we have compiled our Verilog code without indicatinghe Quartus Il software the required speed per-
formance of the circuit. In the absence of such timing camsts the Quartus Il software implements a designed
circuit in a good but not necessarily the best way in ordeetpkthe compilation time short. If the result does not
meet the user's expectations, it is possible to specifyagetiming constraints that should be met. For example,
suppose that we want our example circuit to operate at a dteckiency of at least 250 MHz, rather than the
214.27 MHz as indicated by the value fofiaxin Figure 4. To see if this can be achieved we can sefrtfex

constraint as follows:

1. SelecAssignments > Timing Settings to reach thdiming Requirements & Options window in Figure
7. In this window it is possible to specify the requirememtsd number of different parameters.

2. In the box Clock Settings specify that the required valuenaxis 250 MHz. ClickOK.

3. Recompile the circuit.

4. Open the Timing Analyzer Summary to see that the freaxis 263.02 MHz, as indicated in Figure 8. You
may get a slghtly different result depending on the versich® Quartus Il software used.



