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Abstract—Analog Hardware Description Languages (AHDLSs)
provide a valuable alternative to existing proprietary means
of implementing defect models and generic templates. Analog
defect modeling in SPICE engines and in event-driven digital
simulators is discussed, with a review of the state-of-the-art, an
analysis of possibilities, and proposals for future enhancements
of tools and standards to meet the challenges of achieving good
coverage estimations at the system level. Moreover, we discuss
the possibilities of using the EDACurry open-source framework
to instrument transistor-level analog circuits to support defects
templates written through AHDL, e.g., Verilog-A.

Index Terms—Analog Circuits, Fault Simulation, Defect Model
Templates, AHDLs.

I. INTRODUCTION

The IEEE P2427 draft standard [1] establishes a clear base-
line on how to set up defect models and use them to evaluate
the fault coverage in analog circuits [2]. However, the actual
implementation of those defect models is left open, and several
commercial alternatives have appeared with a natural tendency
to fracture the market. There is a lack of portability of fault
models today, and the present paper proposes to investigate
how standardized AHDLs could be used to overcome that
gap. AHDL implementation of fault templates provides an in-
teresting complement to available defect modeling techniques,
which up till now have focussed on hard defects such as opens
and shorts while leaving parametric defects and the block-
level modeling of failure modes [3] somewhat on the side.
The need to achieve thorough fault coverage at the system
level will likely bring more focus on these shadow areas in
the future, which is why the present paper attempts to spur
the discussion.

II. COMMERCIAL STATE-OF-THE-ART

The methods available from commercial circuit simulators
can be summarized in the following steps. First, add one or
more specific circuit elements representing a defect model.
Specific simulator commands may do this, typically modifying
the circuit matrix by injecting shorts or opens or creating
modified netlists for circuit blocks with the additional elements
and substituting them to an instance of the original circuit.
Second, the substitution of the instance of a circuit block by
the instance of another, representing the faulty behavior. This
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is done using dedicated simulator commands that perform
the substitution within a circuit-alteration command block.
Substituting the instance of an original design-intent circuit
block with the instance of another representing a faulty be-
havior is a fundamental fault-injection operation supported by
most frameworks offering this type of analysis. Often, this
operation might also improve simulation speed during fault-
injection simulations. The idea is to replace detailed models of
some circuit blocks with pin-compatible simplified behavioral
ones that put less burden on the simulator, thus requiring
it to solve fewer or simpler equations. Some fault-injection
frameworks support alternative optimized mechanisms of in-
jecting complex faults, e.g., opens and shorts, using dedicated
commands that bypass the parsing of modified netlists by
operating directly on the circuit matrix in memory. These
mechanisms focus only on elementary faults, leaving the
substitution mechanism as the only option for the other types.

III. FAULT-INJECTION WITH AHDLS FOR SPICE SOLVERS

SPICE-like solvers are characterized by the ability to solve
Kirchoff’s conservation laws implied by the circuit topology,
along with the constitutive equations of primitive components,
at once by constructing and resolving a large system of
equations. The main standardized AHDLs targetting SPICE-
like solvers are Verilog-AMS and its variant Verilog-A [4].

A. Requirements for AHDL Defect Templates

To be a meaningful complement to existing fault injec-
tion methods, AHDL-based defect templates should meet the
following requirements: (1) Allow instantiating the original
fault-free component; (2) Be pin-compatible with the original
component and support direct substitution mechanisms; (3)
Transfer instance parameters to the fault-free component and
use some of them to compute the circuit characteristics of
the defect; (4) Allow activating specific defects on a specific
instance using simple mechanisms.

B. Implementation of AHDL Defect Templates

Ahmadian [5] proposed in 2010 to implement defect models
in Verilog-A using compiler directives to activate the various
faults. Although this solution can meet the requirements listed
above, it is not ideal, as the setting of the compiler directives
in most commercial simulators today can only be performed
by setting command-line arguments that are not visible in the
netlist or by working with different module names for each
defect which is also not convenient. Modern revisions of the
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Verilog-AMS [4] and VHDL-AMS [6] standards support "gen-
erate" statements that may be driven by an instance parameter
and provide a much more transparent and flexible mechanism
for controlling the activation of defects with minimal overhead
during the simulation. Using generate constructs, generic de-
fect model templates were constructed and tested in several
simulators in both Verilog-AMS and VHDL-AMS. These
tests showed the flexibility of the selected defect injection
mechanism but also revealed undocumented limitations of the
implementation of the standards in some simulators. Com-
paring the AHDL-based templates to proprietary template-
based approaches in some commercial tools, it appeared that
AHDL-based templates were in general easier to read and
more suitable for the implementation of parametric defects
such as those described in [7], [8]. A current limitation of
the AHDL-based templates is that simulators lack a dedicated
analysis mode to extract defect weighting factors that can be
evaluated inside the code without the need to run a solver
to determine an operating point. Furthermore, by exploiting
the capabilities of the EDACurry open-source framework, it
is possible to instrument systematically transistor-level analog
circuits to be compatible with AHDL defect templates [8], [9].

I'V. FAULT-INJECTION IN ANALOG FUNCTIONAL MODELS

Event-driven simulators for digital circuits are characterized
by the fact that at any simulated time-instant, the circuit
description is a flowchart where function calls can propagate
signals without the need to solve a global system of equations.
These simulators nevertheless offer a mechanism to resolve
driver conflicts on nets, using resolution functions, which
will determine the state of a net when multiple drivers are
competing to steer it. This local mechanism may be used to
iteratively solve a local equivalent of Kirchoff’s equations and
model analog circuits in a meaningful way that can support
fault injection. The following AHDLs support the functional
modeling of analog circuits with resolution functions: VHDL,
SystemVerilog, Verilog-AMS, considering only its flow-chart
modeling capabilities using the WReal data-type [4].

A. State-of-the-art

Fault injection in digital simulators is typically performed
using the “stuck-at” paradigm. It relies on specific simulator
commands allowing to force some logic net at a constant value
corresponding to either the high or low supply voltage or,
eventually, one of the special logic states. This strategy does
not transpose well to analog circuitry modeled with custom
data types and resolution functions, as the forcing of a net to
a constant value corresponds at best to a short to one of the
supplies and fails to account for the effect of an open or a short
to another arbitrary analog net. The practice of fault injection
has focused on modeling the intrinsic failure modes of analog
blocks, which may be captured as a modification in their
functional behavior and implemented by changes in the model
code. However, defects injected in the interconnects between
analog blocks can not, in general, be projected as failure modes
of those blocks. So, there is a need for a more generic approach

for injecting opens and shorts in the interconnects of analog
circuits modeled using resolution functions and custom data

types.
B. Recommandations for defect injection in interconnects

An issue complicating the injection of defects in the inter-
connects of functional models of analog blocks is the usage
of simplified resolution functions. Therefore, it is important
to select a data type and resolution functions for the analog
nets to realize meaningful fault simulations in a functional
model of analog circuits, including injection of defects in
the interconnects. These functions compute the state of the
net, taking the actual impedance state of the drivers into
account without any simplifying assumptions that may be
violated as a consequence of a defect being injected anywhere.
Next, to support the injection of realistic opens and shorts
in analog nets modeled with resolution functions, some new
functionalities should be implemented in the digital simulation
engines. This would eventually require an evolution of the
standards: opens and shorts between nets could be simulated
by splitting or merging the driver lists associated with the nets.
Consequently, it is realistically conceivable that in the future,
simulation engines will acquire the ability to perform splitting
and merging operations on driver lists without compilation.

V. CONCLUSIONS

This paper reviewed how existing standards for analog
hardware description languages support the process of defect
injections and fault simulations. It was shown that modern
versions of those AHDLs provide features allowing to create
meaningful defect modeling and injection constructs that com-
plement what is available today in state-of-the-art commercial
tools. A perspective for improved support of defect injection in
the interconnects of analog circuits modeled using resolution
functions in digital simulators have been outlined.
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