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Covering your HDL
chip-design bets

Better quality Verilog or VHDL code
results in better, more testable chip
designs. Code-quality-enhancement
tools help you find coding errors and
guestionable code constructs before
synthesis. Code-coverage tools help
determine your simulator’s efficiency
in checking all parts of a design.

Jim LIPMAN, TECHNICAL EDITOR

and VHDL, just as it applies to application software. With HDL-
based chip designs, problems in source code may not show up
until far into the design cycle, perhaps not even until first silicon. The
farther down the design path you find such problems, the more expen-
sive it is to fix them in terms of actual engineering time and in “lost-
opportunity” time for product introduction. EDA tools that inspect
behavioral-level or RTL code help you find coding errors, poorly
designed constructs, and potential hardware-testability problems early
in your chip-design cycle.
Another class of HDL-checking products, code-coverage tools, works
on HDL designs before and after synthesis, during simulation. These
tools check whether your simulation vectors are testing all portions of

T he term “garbage in, garbage out” applies to HDL code, Verilog,

the design with a minimum of redundancy during simulation. Code-coverage tools thus help you optimize

your design testbench for high fault coverage and minimize your test-vector suite.

Saving time and money

Unless you are an exceptionally skilled HDL-
based-chip designer, your RTL code will be less
than perfect. Non-ideal code can contain prob-
lems at different levels. Minor code inefficien-
cies may do nothing more than take extra space
and run more slowly on simulation and logic-
synthesis software. You may catch moderate
errors during simulation or synthesis runs, but
you then have to debug the code after wasting
simulation and synthesis time. You may not
catch serious errors until late in the chip-design
cycle—sometimes not until after placement
and routing. These errors largely impact engi-
neering time and design costs; they give code-
enhancement, or code-purification, tools a
chance to earn their keep.

You use a code-enhancement tool early in
your chip-design cycle, before any time-con-
suming simulations or logic synthesis. These
tools inspect Verilog and VHDL RTL code, look-
ing for syntax, semantic, synthesis-construct,
and simulation-construct problems. Code-
enhancement-tool checks include those con-
tained in most logic-synthesis and simulation
tools (see sidebar “In situ checking also en-
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module sys SYNTAX ERROR

input & :—, SEMANTIC ERROR
rega;

assignw=a;
and (w, b, c) ;

reg [15:0] r1;
reg [31:0] 12 ; :—> WIDTH MISMATCH

r2=rl;

MULTIPLE DRIVERS ON A NET

——— \JARIABLE USED BEFORE IT'S ASSIGNED

and (a, b, ¢) ;
assignd=-~a;
always @ (d or e) LOOP DETECTED

c=dle;

always @ (a)
c<=a&h; :_’ INCOMPLETE SENSITIVITY LIST

;i\}vays @(posedge clk or =

posedge rst) === |NFERRED FLIP-FLOP
begin
if (rst)
I""p = 2 BLOCKING DELAY ASSIGNMENT
ass : IN SEQUENTIAL ALWAYS BLOCK
tmp = rtmp;

end

casex ({in1[0], in2[0:1]})
3'bx10: rtmp=in1[2]; ==
3'b100: rtmp=in1[3];
3'bOx1: rtmp=in1[3];
default: rtmp=in1[4]; ==
endcase

NOT ALL CASES ARE COVERED,
BUT A DEFAULT CASE IS USED

This RTL-code segment annotates examples of the kinds of
Verilog-coding errors you can find by running a code-enhance-
ment tool, such as Verilint, on RTL code.
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hances HDL code”). The benefit of
code-enhancement tools is that you
run these checks earlier, faster, and
less expensively with these tools
than with design tools that embed
these checks. For example, inter-
HDL’s Verilog-code purifier, Verilint,
processes as many as 5000 lines of
Verilog per second; its VHDL purifi-
er, VHDLIint, runs 4000 lines of
VHDL in less than one minute.

RTL code-enhancement tools also
have additional checks beyond those
found in simulation and synthesis
tools. Figure 1 shows the types of
errors that Verilint finds on a seg-
ment of RTL code. The errors include
syntax and semantic errors as well as
examples of poor design style. Ver-
ilint includes more than 600 design
checks, and VHDLIint has more than
300 checks.

Some code-enhancement tools go
beyond syntax, semantic, and design-
tool-construct checks. These tools help
you create reusable designs—designs
you develop with a consistent design
methodology that can run on different
vendors’ simulation and synthesis
tools. Although many companies have
HDL-coding guidelines for design porta-
bility between different design teams, a
consistent set of industrywide coding
guidelines would facilitate chip design
with reusable soft cores coming from
multiple vendors (see sidebar “The ben-
efits of language independence”).

For information on a good set of gen-
eral coding guidelines and techniques,
check out the Reuse Methodology Man-
ual (RMM) developed by Mentor

® Code-enhancement tools spot syntax,
semantic, and code-construct problems
before simulation and synthesis. Some tools
also check your design style.

® Code-coverage tools help you increase
design testability by identifying nontested
code.

® Code-coverage increases simulation time.
The added time depends on code quality,
coding style, the extensiveness of the cover-
age feature set, and the simulator interface.

® The increased use of imported soft cores and
core testbenches in chip designs increases
the value of using a code-coverage tool.

® By spotting problems early, code-enhance-
ment and -coverage tools save valuable
design time and resources.

design-verification products, adds
design-style checking for subse-
quent cycle-based simulation and
emulation. The tool checks your RTL
design for design features, such as
asynchronous feedback loops
(which cycle-based verification tools
cannot handle), flip-flop-generated
glitches, and weak clocking of state
devices. Checkit, an interHDL tool
that you use on RTL code, identifies
asynchronous loops and identifies
and analyzes mixed-clock domains
in your design.

Although it’s not the focus of this
article, a class of RTL and gate-level
code-enhancement tools used to
analyze a design’s testability before
simulation, design-for-test (DFT)

Graphics (www.mentorg.com) and Syn-
opsys (www.synopsys.com). Because
one of the authors is from Synopsys,
parts of the book dealing with coding
guidelines may have some Synopsys-
tool specificity. However, the book pro-
poses a reasonable set of general-coding
suggestions that can help you develop
reusable HDL-based designs. Along
with coding hints, the book’s authors
address design flow and outline the
proper use of tools and methodology to
capture design information in a consis-
tent, easy-to-read format. You'll find an
RMM description and ordering infor-
mation at Reference 1. For consistent
HDL design, EDA tools StyleCheck and
Checkit help you check for good coding
style.

StyleCheck, introduced by Quick-
turn to complement its emulation and

analysis tools, is worth a brief men-
tion. Examples of testability- analysis
tools are interHDL'’s Testit and SynTest’s
TurboCheck-RTL. Testit, with more
than 30 technology-independent testa-
bility checks, looks for DFT violations
and other constructs that may result in
questionable testability. These viola-
tions include uncontrollable clock,
reset, and memory-control signals;
unscannable flip-flops; unobservable
logic; and other potential test problems.
When Testit finds a problem, the tool
recommends ways to improve DFT,
allowing you to add scan logic and other
design changes to meet your testability
requirements. TurboCheck-RTL com-
bines Verilog-testability analysis with
some design-code error checking.

A code-coverage tool monitors an
HDL simulation and collects data on
how completely the simulation exe-

IN SITU CHECKING ALSO ENHANCES HDL CODE

Many tools you use for HDL-based chip design include some code-
enhancement features, as either separate “up-front” operations or
integrated within the design tool. If available, such features almost
always include Verilog- and VHDL-syntax checks. In addition, simula-
tion and synthesis tools may contain checks to help determine
whether you can successfully simulate or synthesize your code. A cou-
ple of examples helps show the kinds of code-enhancement features
you will find in your design toolbox.

If you use Synplify, Synplicity’s (www.synplicity.com) programma-
ble-logic-synthesis tool, you can run HDL-code syntax and synthesis
checks before actually running a synthesis. If there are Verilog and
VHDL key-word and punctuation errors, you can correct them at that
time. Synthesis checking includes warnings for incomplete flip-flop
definitions; latch generation; unused input pins; and partially assigned

buses, in which the tool sets the unassigned bits to zero. Synplify also
has a few language-specific checks, such as one for unused signals
defined in a VHDL sensitivity list.

A number of Synopsys (www.synopsys.com) tools have code-
checking features integrated within their analysis, simulation, and syn-
thesis products. Sample checks include one in the company’s VSS sim-
ulator that determines whether VSS can synthesize the HDL
specification you are simulating; a “check_design” option in the
Design Compiler synthesis engine that catches RTL-coding errors,
such as combinatorial feedback loops, before synthesis; and checks for
incompletely specified CASE statements read by HDL Compiler.

Remember the limitations of code checking and code enhancement
when embedded in other design tools. They are not a substitute for
the stand-alone tools described in this article and listed in Table 1.
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cutes the HDL code (Reference 2). You
use code-coverage tools to check the
effectiveness of your simulation test
suites at testing your design’s HDL mod-
els (see sidebar “Code coverage versus
fault coverage”). When developing a
testbench, you want to be able to exer-
cise all parts of the model. If the test
suite does not check some parts of the
design, a design bug may go undetect-
ed. Conversely, redundancy in HDL-
code checking is inefficient and wastes
simulation time. You run a code-cover-
age tool during simulation to track met-
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rics, such as how often statements exe-
cute, how often each branch of a con-
ditional statement (IF or CASE) exe-
cutes, and which signals have changed
state. Using HDL-code-coverage tools
helps you develop better chip test suites
and helps you focus your efforts on por-
tions of the design that you are not suf-
ficiently exercising (simulating). Other
benefits of code-coverage-tool usage are
a reduction in the number of simula-
tion cycles and more confidence when
signing off on the RTL phase of your
design. However, this extra checking is

not free—it increases simulator time.
Running a code-coverage tool with
your simulation increases simulator
time because of code-coverage over-
head. The overhead depends on a num-
ber of factors, including HDL-code
quality (how error-free the code is), cod-
ing style, the extensiveness of the cov-
erage feature set, and the efficiency of
the coverage-tool/simulator interface.
The amount of coverage overhead
varies among coverage tools. Code-cov-
erage-tool vendors each have their own
claims of simulator-time overhead,

TABLE 1T—COMMON CODE-COVERAGE-TOOL CAPABILITIES

Design level
General HDL VHDL/Verilog Summit
coverage applicability Description Behavioral RTL Gate Design TransEDA
Statement Both Shows whether a Yes Yes HDLScore VHDLCover,
(block, line) simulation has executed VeriSure
an HDL statement
Branch Both Shows whether a Yes Yes HDLScore VHDLCover,
simulation has executed VeriSure
conditional branches of IF
or CASE statements
Condition Both Shows whether all input Yes Yes HDLScore VHDLCover,
(expression) conditions to an VeriSure
IF or CASE statement
have been executed
Toggle Both Shows which signal bits Yes Yes Yes VHDLCover,
have changed state VeriSure
Path Both Calculates sequential paths Yes Yes HDLScore VHDLCover,
through IF and VeriSure
CASE statements
Variable-trace Verilog Shows how well specific Yes Yes Yes HDLScore VeriSure
coverage variables, such as state
variables or ROM addresses,
have been tested with
a range of values
Signal-trace VHDL Shows how well specific signals, Yes Yes Yes VHDLCover
coverage such as state variables or ROM
addresses, have been tested
with a range of values
Triggering VHDL Shows whether Yes Yes VHDLCover
one of the signals in the
process’ sensitivity list has
uniquely triggered each process
State-machine
coverage
State visitation Both Shows whether a valid HDLScore StateSure
state has been reached
Arc (transition) Both Shows whether a state HDLScore StateSure
transition has occurred
Expression Both Shows whether the expressions HDLScore StateSure
controlling a state transition
have been fully tested
Sequence Both Shows whether specific state HDLScore StateSure
sequences have been tested
Pair arc Both Shows whether a pair of state StateSure
machines has simultaneously
executed specific transitions
Pair and sequence Both Shows which complex multiple StateSure
combinations state-machine interactions
have been tested
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ranging from as low as 5% (for relative-
ly clean code and basic statement and
branch checks) to as high as 100%. As a
rule, the more coverage checking the
tool does, the higher the tool’s over-
head. For example, deeper levels of
expression coverage require more time.
Running code coverage with your sim-
ulations may affect other simulator and
platform requirements as well.

Along with overhead time, coverage
tools may require additional memory
than that needed for stand-alone simu-
lation. When asking about a code-cov-

THE BENEFITS OF LANGUAGE INDEPENDENCE

STEVE CARLSON, ESCALADE

The most powerful form of control you have
over synthesis is HDL-composition style. You
can consider RTL written for synthesis as a
metanetlisting specification of the design’s
logic architecture. Technology mapping
notwithstanding, “good” RTL code pro-
duces few surprises when you run it through
logic synthesis. The problem with using RTL
constructs as a basis for the functional design
is that you constantly need to change the
basis throughout the implementa-
tion process. Reverifying modified
designs is costly and time-con-
suming.

Ad d - Second-generation high-level
Techno;/c?;yceCenter interHDL Acce?z:’%gion design automation (HLDA) uses an
CoverMeter Coverlt Coverscan/ RTL description that is language-
Statescan construct-independent. This inde-
pendence allows a single function-
CoverMeter Coverlt Coverscan/ al description to automatica”y
Statescan generate multiple-construct for-
mulations. Broader design-space
CoverMeter Coverscan/ coverage using multiple-construct
Statescan formulations of a design gives you
better results without the cost of
CoverMeter Coverlt design reverification.
Second-generation  HLDA
Coverlt affords a language independence
that provides at least a partial
answer to the challenges of retar-
St S %’gfégg:ﬂl geting intellectual-property (IP)
blocks for different speed and area
goals. Language-independent
design lets you capture a single
description that you can use as the
source for multiple-implementa-
tion targets. You can implement
performance-oriented or area-effi-
cient versions of a design without
modifying the design source. The
higher abstraction level of second-
generation HLDA also offers better
CoverMeter Coverlt Coverscan/ results with process-technology
Statescan migration.
COvEEE Craails %%g:ggﬂl ~ An gxtension of the ret.argeting
[—v— Coverscan/ issue is support of multiple EPA
Statescan targets. Second-generation
HLDA’s language independence
Coverlt Coverscan/ lets you generate VHDL and Ver-
Statescan ilog from one source. Language-
Coverscan/ independent design also reduces
Statescan .
HDL- and synthesis-knowledge
requirements. Designers have
immediate access to high-quality

results without the estimated four to nine
months of “learning” time for HDL and syn-
thesis proficiency. In non-English-speaking
countries, English-centric VHDL and Verilog
languages further hamper the adoption of
HLDA. Key words and semantic structures
make sense to those well-versed in English
but are difficult for others to understand. The
universality of a language-independent
HLDA makes a tremendous difference in the
adoption of HLDA methodologies.

The style in which you write your HDL-
design function is the most powerful form of
control you have over synthesis. Mere syn-
thesis-tool-subset compliance does not
ensure the production of a high-quality post-
synthesis design implementation. Without
running synthesis on HDL code, how do you
predict what is good code and what is bad
code? You can apply a number of analysis
levels to your HDL source with code-
enhancement tools that yield correspond-
ingly deeper pictures of coding-style quality.
Level 1: Syntax analysis. Ensure that the
HDL complies with the lexical rules of the
language—for example, parentheses and
semicolon use.

Level 2: HDL semantic analysis. Ensure that
the HDL is consistent with the semantics of
the language specification, such as opera-
tors and operands of compatible types and
sizes.

Level 3: Subset compliance. Ensure that the
HDL constructs and construct combinations
you use fall within the target tool’s guide-
lines. An example is use of the VHDL wait
statement when targeting a synthesis tool.
Level 4: Simulation robustness. Ensure that
semantics are not simulation-language-
dependent. Examples include blocking ver-
sus nonblocking assignments, net merge
and value resolution, and event-queue
manipulation.

Level 5: Hardware semantic analysis. Ensure
that a code-enhancement tool reports basic
hardware structure and resources, such as
registers, state machines, and datapath ele-
ments. The tool should also report possible
design flaws, including clock- and reset-
edge misuse, dangling circuit nodes, and
multiple driver nodes.

Steve Carlson is the vice president of marketing
at Escalade (www.escalade.com).
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erage tool, ask the vendor if you
need additional memory and, if
so, how much you need. Another
point to consider is simulator
compatibility. Code-coverage
tools differ in the range of HDL
simulators they support. When
talking to a code-coverage-tool
vendor, make sure you find out if
the tool is compatible with your
simulator.

A good time to start using
code-coverage tools is during
early development of functional-
verification vectors—not after
you finish the verification test-
bench and are ready to simulate
your design. An early start lets
you catch functional-verification
inadequacies early, when they are
still easy to fix. You work with code-
coverage and simulation tools design
module by design module, indepen-
dently verifying each module’s cover-
age. After you develop testbenches for
each module, you then check the com-
plete chip’s coverage. The hierarchical
features of a code-coverage tool, such as
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Summit’s HDLScore, give you quantita-
tive indications on coverage effective-
ness for different parts of your chip (Fig-
ure 2). By seeing which blocks have
insufficient test coverage after assembly
with other blocks, you can concentrate
your efforts on the insufficiently tested

By analyzing code-coverage results
on different pieces of your chip, you
can find where “holes” exist in sim-
ulation coverage and focus your
efforts on increasing design testa-
bility. In this HDLScore example,
instance MUX1 in module fifo_tb.
FIFO_INST has 100% block and path
coverage but only 85% expression
coverage (indicated by “ok ok 85"
in the center of the figure next to
fifo_tb.FIFO_INST.MUX1). The bot-
tom of this photograph indicates
the cumulative coverage of module
fifo_tb.FIFO_INST as 89% block,
85% path, and 83% expression.

modules to bring full-chip coverage to
an acceptable level.

Searching for insufficient test cover-
age on your HDL- design description
encompasses several types of coverage
(Table 1). The simplest type, statement
coverage, verifies that the simulator has

TABLE 2—REPRESENTATIVE EDA-VENDOR TOOLS FOR CODE-ENHANCEMENT

AND -COVERAGE ANALYSIS

Verilog Unix or Starting
Company Product Function or VHDL Abstraction level Windows price
Advanced Tech- CoverMeter Test coverage analysis Verilog Behavioral, RTL, gate Unix $10,000
nology Center
Design DAI Coverscan/ Test coverage analysis with Verilog RTL Unix $15,000
Acceleration Statescan state-machine extraction
interHDL Verilint Semantics, synthesis, and coding Verilog RTL Both $9500
style checker
VHDLIint Semantics, synthesis, and coding VHDL RTL Both $9500
style checker
Checkit Clock-domain analysis and Both RTL, gate Both $20,900
asynchronous-loop identification
Testit Testability analysis Both RTL, gate Both $20,900
Coverit Test coverage analysis with Verilog RTL, gate Both $14,900
power profiling
Quickturn StyleCheck Syntax and design-rule checking Verilog RTL Both $28,000
Design Systems
Summit Design HDLScore Test coverage analysis with Verilog Behavioral, RTL, gate Unix $22,000
state-machine extraction
SynTest TurboCheck-RTL Testability analysis Verilog RTL Both $20,000
Vel el lafe i FCE-RTL Fault-coverage enhancer Verilog RTL Both $10,000
TurboFault Fault grading Both Gate Unix $50,000
TransEDA VHDLCover Test coverage analysis VHDL Behavioral, RTL, gate Both $20,000
VeriSure Test coverage analysis Verilog Behavioral, RTL, gate Both $20,000
CoverPlus Regression suite optimization Both RTL, gate Both $25,000
StateSure Finite-state-machine verification Both Behavioral, RTL Both $25,000
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CODE COVERAGE VERSUS FAULT COVERAGE

Because fault- and code-coverage tools both
deal with testability, you may be a little con-
fused about the differences between these
two types of EDA tools. You use a fault-cov-
erage tool to check a test-vector suite’s effec-
tiveness in locating manufacturing defects,
usually modeled as “stuck-at” faults. You use
a code-coverage tool to check whether your
simulations are effectively checking all parts
of the design, which you’ve modeled in Ver-
ilog or VHDL. A simple example illustrates the
differences between both types of analysis.

Figure A is the truth table for a two-input

NAND gate. To test for a stuck-at-0 or stuck-at-1 condition on the out-
put, you need only two input test vectors, (1,1) and (0,0). A fault-cov-
erage tool expands on this basic stuck-at-fault principle by applying
stimuli on various nodes in the circuit you are checking to propagate

FIGURE A
INPUT 1 —
OUTPUT
INPUT 2 ——
INPUT 1 INPUT 2 OUTPUT

1 1 0

0 1 1

1 0 1

0 0 1

code-coverage tool checks whether a simulation tested all four input
combinations. If the simulator applied only the same two input vec-
tors used for fault coverage, the code-coverage tool recognizes that
the gate’s expression coverage was only 50%.

Fault-coverage testing of this NAND’s
output pin requires only input vec-
tors (1,1) and (0,0). To verify that the
simulator has completely exercised
the NAND gate, a code-coverage tool
checks whether the simulator has
applied all four possible input vec-
tors.

stuck-at information to an observable point,
generally one of the circuit’s output pins. To
completely verify NAND-gate operation, a

exercised, or checked, each executable
line of Verilog or VHDL code. If you
don’t simulate a line of code, you don’t
know whether that line is correct, or
even whether it’s necessary. A more
complex check, branch coverage, veri-
fies that the simulator has taken every
branch of an IF or CASE statement.
Although statement coverage can fully
check some CASE statements, there are
some that need branch coverage to
fully verify all conditional paths (Refer-
ence 3). Condition coverage expands
an HDL ex- pression, usually as
Boolean-logic combinations, and
checks whether the simulation executes
the expression for each input combina-
tion. Unless you know that unverified

input combinations are illegal or “don’t
cares,” if your simulation has not
checked these combinations, you have
an untested part of the design. To min-
imize the number of test patterns need-
ed to fully test an expression, TransEDA
uses a technology called focused expres-
sion coverage (FEC). FEC allows Trans-
EDA’s coverage tools to test a Boolean
expression having N inputs using N+1
simulation vectors, instead of employ-
ing the exhaustive approach, which
uses 2Nvectors. Reducing the number of
required simulation vectors helps you
choose more effective tests for your
expression coverage. A fourth type of
coverage, path coverage, looks at
sequential paths through IF and CASE

statements to see if particular sequences
occur as expected. To check more com-
plex design circuitry, you need addi-
tional types of coverage.

The complexity of finite-state
machines (FSMs) makes the operation
of these circuits difficult to verify.
Checks you run on FSMs must answer
the following questions:

® Can you reach all desired states
without any states deadlocked?

® Are you reaching any illegal states?

® Has every desirable state transition
occurred?

® Does your FSM have any “holes”
(no response for a given input set)?

® Are there any conflicts (multiple
responses for the same input set)?
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StateSure’s code-coverage analysis of state machines lets you see untested transitions and expressions either in a state dia-
gram (a) or as annotated Verilog or VHDL code (b).
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® Has every condition triggering a
desirable transition occurred?

® Has every desirable interaction
between multiple state machines
occurred?

Graphical-entry tools let you observe
FSM operation and tell you the states
visited and transitions made. However,
these tools cannot measure FSM
sequences, pair arcs, and pair sequences
(Table 1). General code-coverage tools
can measure states, transitions, and
control values for the FSM, but they
cannot verify sequences. Simulation
tools don’t let you look “inside” the
FSM, they only let you observe output
changes. To overcome these FSM-verifi-
cation problems, you have FSM-specific
coverage tools.

To check FSM code coverage, Design
Acceleration, Summit Design, and
TransEDA offer tools that specifically
target these types of circuits. Design
Acceleration’s CoverScan/StateScan
and Summit’s HDLScore, both with
automatic FSM extraction, combine
some general and some FSM-specific
checks. TransEDA’s StateSure, a comple-

BT |Desion Feature

ment to the company’s VeriSure and
VHDLCover code-coverage products, is
only for FSM-coverage checks (Figure
3). Both CoverScan/StateScan and
StateSure have pair-arc capability,
which lets you verify that state transi-
tions in two state machines have
occurred simultaneously.

Are these tools for you?

Even the best HDL designers let prob-
lems slip past the RTL-specification
stage. If undetected, these problems
may lead to time-consuming and
expensive redesigns later in the design
cycle. Code-enhancement tools are
good insurance against certain syntax,
semantic, and EDA-tool-construct errors
that propagate with your HDL code. Pat
Hefferan, CAD manager at Mitsubishi’s
(www.mitsubishi.com) Research Trian-
gle Park (NC) design center, sums up
Mitsubishi’s need for code-coverage
tools in one phrase: The tools help veri-
fy imported intellectual property (IP).

Hefferan and his colleagues work on
a range of chips, including specialized
memories, pCs, ERAMs (embedded

REPRESENTATIVE CODE-COVERAGE EDA COMPANIES
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Advanced Technology
Center

Laguna Hills, CA
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1-408-885-1885
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logic in memories), and hard-disk con-
trollers. Hefferan estimates that 25 to
50% of the circuitry on these chips is
from third-party soft-IP blocks. Using a
code-coverage tool, Mitsubishi finds
functionality and code-quality prob-
lems in many imported-IP cores, espe-
cially in ones that the core vendor has
recently released. In cases in which Mit-
subishi buys a core and testbench from
the same vendor, code coverage may be
as low as 40% for some cores, indicating
to Hefferan that the core vendor has
done inadequate product checking. To
check imported cores that the vendor
has designed for standard functions,
such as Universal Serial Bus or PCI, Mit-
subishi often obtains a testbench from
a vendor that specializes in testbench
products. For these cases, Mitsubishi’s
designers check core and testbench cov-
erage with a code-coverage tool. This
method allows the designer to improve
core and testbench quality before
embedding the core in a chip.

As more system-on-chip (SOC)
designs include IP not developed by the
SOC vendor, the need for code-coverage
and -enhancement tools increases
(Table 2). If you think the price of these
tools is a barrier to their purchase,
remember that you can pay now, or you
can pay much more later. EDN
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