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Figure 7-4. Classic Timing-Related Settings in the HardCopy Il Advisor
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Classic Timing Analyzer, unlike the TimeQuest timing analyzer,
supports some timing constraints that are incompatible with the
HardCopy II design. In the HardCopy II Advisor, the Remove
Unsupported Global Timing Assignments option and the Remove
Unsupported Instance Timing Assignments option in the Check for
Incompatible Assignments list (Figure 7-5) together list all the timing
constraints that are incompatible with the HardCopy II design flow.
These constraints are explained in “Unsupported HardCopy II Timing
Constraints for Classic Timing Analyzer” on page 7-21.

Although Quartus II successfully completes timing analysis if you do not
remove these timing constraints, it is very important that you correct all
unsupported timing assignments before you transfer the HardCopy II
design to the HCDC. Failure to remove these incompatible constraints
may result in delays during back-end timing closure.
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Figure 7-5. Classic Timing Analyzer Unsupported Timing Assignments in HardCopy Il Advisor
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The Compilation Report for both the Stratix I and HardCopy II
revisions of your project includes a Timing Constraints Check section
(Figure 7-6). This section reports all unconstrained paths based on the
coverage provided by the timing constraints used in the design. You
should examine this report and verify that all internal and I/O paths and
all clock domains are constrained for both setup and hold checks.

Figure 7-6. Classic Timing Analyzer Constraints Check in Compilation Report
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When using Classic Timing Analyzer, just as when using the TimeQuest
timing analyzer, you should review the Quartus II timing report sections
in the Compilation Report and resolve all reported timing violations.

To ensure that the timing of the HardCopy device meets performance
goals, the HardCopy Design Center runs static timing analysis on the
design database. For this timing analysis to be meaningful, all timing
constraints and timing exceptions that you applied to the design for the
FPGA implementation, must also be used for the HardCopy
implementation. If you did not use timing constraints or you used only
partial timing constraints for the design, you must add constraints to
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make the design fully constrained, and use the same constraints for both
FPGA and HardCopy revisions in the flow. If you do not do this, you
cannot determine whether the HardCopy series device meets the
required timing of the end target system. The SDC format timing
constraints can be generated using the Quartus II SDC File Editor which
provides line numbering, syntax coloring, and call tips. You can enter
timing constraints and exceptions directly or specify them from the
Constraints menu. An example of the SDC commands is shown in the
following section.

The following constraints must be included:

Clock definitions

Primary input port timing
Primary output port timing
Combinational timing
Timing exceptions

«®  Forinformation on the SDC editor, refer to the TimeQuest Timing Analyzer
chapter in volume 3 of the Quartus II Handbook.

P For more information on timing constraints for the TimeQuest timing
analyzer, refer to the TimeQuest Timing Analyzer chapter in volume 3 of
the Quartus II Handbook.

«®  For more information on timing assignments for Classic Timing
Analyzer, refer to the Classic Timing Analyzer chapter in volume 3 of the
Quartus II Handbook.

Clock Definitions

You can use these definitions to describe the parameters of all different
clock domains in a design. Clock parameters that must be defined are
frequency, time at which the clock edge rises, time at which the clock edge
falls, clock uncertainty (for example: jitter, noise, and designed in timing
margin), and clock name. Figure 7-7 illustrates the attributes.

Altera Corporation 7-15
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Figure 7-7. Clock Attributes
Clock Period = 10.0 ns
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The clock settings for PLL clocks are derived automatically based on the
PLL settings and reference clock characteristics. You can also override the
default PLL clock settings for timing analysis by specifying clock settings
for the input clock port on the PLL.

Clock uncertainty in PLL clock outputs is not modeled by default. You
should usethe set clock uncertaintycommand tomodeljitter and
any other uncertainty and margin in your PLL clocks.

=" Consult with your Altera Field Applications Engineer (FAE) or
use MySupport regarding PLL clock uncertainty calculation for
your design.

The SDC format provides a simple and easy method to constrain the
simplest to the most complex designs. The following example illustrates
the simplest SDC commands for a clock (port or pin) and for a generated
clock at the PLL output pin for a design:

#Constrain the base clock
create clock -period 10.000 [get ports clkin]

#Constrain the PLL output clock
derive pll clocks

Ils~  Althoughderive pll clocks isin the sdc_ext package, it is
the unique exception to the requirement that all timing
constraints in the HardCopy II design flow must be in the sdc
package. This command is automatically translated to the
sdc-package command generated pll clock prior to
transfer to the HCDC.
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‘e For a full list of available report APIs, refer to the SDC and TimeQuest API
Reference Manual.

Primary Input Port Timing

You must specify the primary input port timing constraint for every
primary input port in the design (and for the input path of every
bidirectional port). The following two subsections describe how to
constrain input port timing.

External Input Delay Specification

To constrain the input port timing, describe the external timing
environment in terms of the maximum and minimum arrival times of the
external signals that drive the primary input ports of the HardCopy series
device or FPGA. Figure 7-8 shows the external timing constraint that
drives the primary input port. The static timing analysis tool can use this
external input delay time to check if there is enough time for the data to
propagate to the internal nodes of the device. If there is not enough time,
a timing violation occurs.

Figure 7-8. External Timing Constraint Driving a Primary Input Port

External Device
Primary Input to
b Q Daga |Pam PLD/HardCopy DagalPath D Q
elay Series Device elay
dff dff

External Input Delay » HardCopy Device or FPGA

Internal Input Delay Specification

This approach describes the acceptable maximum on-chip delay for your
design. For example, you can use this approach to describe the setup time
of a primary input to any register in the design relative to a specific clock.
Figure 7-9 shows a generic circuit with an on-chip setup-time constraint,
which may be different for each clock domain. You may specify the
minimum on-chip delay from any primary input port to describe input
hold-time requirements.
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Figure 7-9. Internal Input Delay Specification (Setup)
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Figure 7-10 shows a generic circuit with an on-chip hold-time constraint.

Figure 7-10. Internal Input Delay Specification (Hold)
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Clock
olk Delay >

Primary Output Port Timing

You must specify the output port timing constraint for every primary
output port in the design and for the output path of every bidirectional
port. There are two ways to capture the output port timing, as described
in the following two sections.

Altera Corporation
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External Output Delay Specification

One way to capture output port timing is to describe the external timing
environment, which is the maximum and minimum delay times of
external signals that are driven by the primary output ports of the
HardCopy series device. Figure 7-11 shows the external timing
constraint driven by the primary output port. The static timing analysis
tool uses this information to check that the on-chip timing of the output
signals is within the desired specification.

Figure 7-11. External Timing Constraint for a Primary Output Port

External Device
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—o o Data Path FPGA/HardCopy bata Path D Qa
elay Series Device elay dff

dff
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Internal Output Delay (Tco) Specification

This approach describes the acceptable maximum and minimum on-chip
clock-to-output (T¢p) delay. For example, you can use this approach to
describe the time it takes from the active edge of the clock to the data
arriving at the primary output port. Figure 7-12 shows a generic circuit
with an on-chip T¢q time constraint. In addition, there can be a minimum

Tco requirement.

Figure 7-12. On-Chip Clock-to-Output (T,,) Time Constraint
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Combinational Timing

In combinational timing circuits, a path exists from a primary input port
to a primary output port. This type of circuit does not contain any
registers. Therefore, it does not require a clock for constraint
specification. You only need the maximum and minimum delay from the
primary input port to the primary output port to constrain the path for
timing requirements. Figure 7-13 shows the placement requirement for a
combinational delay arc constraint in a generic circuit.

Figure 7-13. Combinational Timing Constraint

Data Path
Delay

input — > output

Combinational Delay Arc

Timing Exceptions

Some circuit structures warrant special consideration. For example, you
can ignore all timing paths between two clock domains when a design
has more than one clock domain and the clock domains are not related.
You can ignore all timing paths using the static timing analysis tool by
specifying false paths for all signals that go from one clock domain to the
other clock domain(s). Additionally, some circuits are not intended to
operate in a single-clock cycle. These circuits require that you specify
multi-cycle clock exceptions.

After capturing the information, the Altera HCDC directly checks all
timing of the HardCopy series device before tape-out occurs. If any
timing violations occur in the HardCopy series device due to overly
aggressive timing constraints, Altera must fix them, or you must waive
them.
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The Quartus II software supports a wide variety of complex timing
constraints. When using Classic Timing Analyzer for HardCopy II
design, however, some of these constraints are not translated to SDC
format constraints when the design is transferred to the HCDC. The
unsupported timing constraints for HardCopy II are listed below:

Clock enable multicycle paths
Inverted clocks

TSU, Th, TCO, and Min T¢g
Internal Tpp

Virtual clocks

Maximum clock and data skew
Maximum and minimum delay

If these constraints are used, you can still perform timing analysis in the
Quartus II software and produce the correct results. However, when a
HardCopy II archive for handoff is created, they will be ignored. The
translation of Quartus II timing constraints to SDC constraints simply
drops unsupported constraints; they do not feed forward to the HCDC.
Any unsupported constraints in a design are listed under the
Incompatible Assignments section in the HardCopy II Advisor (see
Figure 7-5).

While it is possible to translate unsupported constraints to constraints
that are supported, the process is difficult and error-prone, often
requiring detailed analysis of the particular context in which the
constraint is used.

For this reason, Altera recommends that you use timing constraints in the
industry-standard SDC format with the TimeQuest timing analyzer or
use only supported timing constraints for Classic Timing Analyzer from
the start of your HardCopy II project. This approach avoids any
translation or constraint coverage issues that may occur later in a project
and the inevitable delay and risk that results.

In some cases, a HardCopy II project in the Quartus II software may
already be using the unsupported constraints, and you may choose either
to translate the existing, unsupported constraints, or replace them with a
new set of constraints that use only the recommended HardCopy II
timing assignments. In many cases, you may find it easier to rebuild the
constraints rather than translate existing constraints. This is because of
the ambiguous nature of many unsupported timing constraints, which
often require additional information outside of the Quartus II software
before the translation can be properly resolved. Verifying that the
translations produce the same timing constraint coverage and the same
timing analysis results can also be a time-consuming and error-prone
exercise.
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If you do wish to translate existing, unsupported timing constraints to
recommended constraints, use Table 7-1 as a rough guide. It shows how
values used in TCO, Th, TSU, and Min T assignments normally convert
to values used in recommended HardCopy II assignments. In the table,
unsupported constraints are listed in the left hand column.
Recommended constraints are listed along the top row. To use the table,
cross-reference the unsupported constraints you wish to translate against
a recommended constraint. The cross reference cell contains the
conversion of the original, unsupported constraint value that should be
used with the new, recommended constraint. It is very important to note
that these translations are not valid in every design scenario.

Table 7-1. TSU, TH, TCO, and Minimum T;o Timing Constraint Conversion Notes (1), (2), (3), (4), (5)
setup_relationship set_input_delay hold_relationship set_output_delay
TSU Req -max <TCK-TSU>
Th Req -min Th -Th

TCOReq -max <TCK-TCO>
Min Min Tco -min <- Min Tgo>
Teo
Req

Note to Table 7-1:

(1) TSU = value used in the TSU requirement assignment.

(2) TCO = value used in the TCO requirement assignment.

(3) Th =value used in the Th requirement assignment.

(4) Min T¢o = value used in Min T requirement assignment.

(5) TCK = period of the clock for registers associated with the TSU and TCO requirements.

Conclusion
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This chapter described timing considerations and Quartus II timing
constraint recommendations for HardCopy II projects. By understanding
these considerations and following the recommendations in your design,
you ensure a smooth transition through the Quartus II software and
subsequent transfer to the Altera HardCopy Design Center for the
back-end design of your structured ASIC. Following the
recommendations in this chapter will help ensure success in your
HardCopy II project.
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Table 7-2 shows the revision history for this chapter.

Revision History

Table 7-2. Document Revision History

v2.2

Date and D_ocument Changes Made Summary of Changes
Version
September 2008, Updated chapter number and metadata. —

June 2007, v2.1

Minor text edits.

December 2006
v2.0

Major updates for the Quartus |l software version 6.1.0

Added information on TimeQuest timing analyzer, newly
available in Quartus Il software version 6.1.0, and
recommended for use in HardCopy Il design timing
analysis.

Added “Using the TimeQuest Timing Analyzer” section.
Brought in “Constraining Timing of HardCopy Series
Devices” section, previously in Chapter 22.

Updated “HardCopy Il Timing Closure Methodology”
section.

Added revision history.

A major update to the
chapter, due to changes in
the Quartus Il software
version 6.1 release,
especially the inclusion of
the TimeQuest timing
analyzer; most changes
were in the “HardCopy I
Timing Closure
Methodology” section, and
the addition of the “Using
the TimeQuest Timing
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“Constraining Timing of
HardCopy Series
Devices”sections.

March 2006, v1.0

Added document to the HardCopy Series Handbook.
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