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Abstract—The present paper presents a new approach for
bridging the gap between design and test of mixed signal cores.
The proposed methodology allows the direct application of the
testbench input stimuli and output results used during the
design validation to perform the automatic configuration of
the test equipment and Device Under Test interconnections, to
control data acquisition and to convert test data into a format
compatible with the simulation interface tools. The main goal
is to offer to the designer the possibility to interact directly
with the test process through the use of the same type of
interfaces employed during design simulation: SPICE netlists
and waveform viewers. Additionally, the software is based on
Virtual Instrumentation allowing instruments interchangeability.
This methodology contributes to the reduction of test cost and
inserts the test process in the design flow which can operate an
important quality improvement.
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mentation;

I. INTRODUCTION

The innovations registered over the years in the area of
Integrated Circuits (IC) allowed paramount improvements of
performance but also lead to more dense and complex ICs.
In this context, reliability and performance of ICs are crucial
factors [1] since quality requirements are today more challeng-
ing, leading to a reduction of the number of defective parts
allowed to be shipped [2, 3]. Thus, it is mandatory to develop
new and efficient test methods. In fact, ITRS 2009 [4] refers
that the high cost of analogue test equipments and long test
times associated with these devices remain key challenges.

The main problem faced when testing analog and mixed-
signal ICs relies in the circuit complexity due to distinct
design characteristics associated with these devices [5]. In this
context, it is mandatory to bring design and test closer in order
to increase ICs testability. Unfortunately, although the design
of testable circuits is a topic having reasonable solutions in
respect to the digital circuits, for mixed-signal ICs it is a more
recent topic and still an open subject [6].

Moreover, in IC manufacturing, the design and test pro-
cesses usually work with little though about how each activity
affect those of the other, ie, without considering the benefits
that the interaction between them can produce. In fact, a
challenge facing design and test communities consists in turn

test technology available to the designers without the need to
turn designers into test experts [7].

Nevertheless, there are some examples of works considering
the test of analogue ICs. For instance, the IEEE 1149.4 [8] that
promotes the use of a standard mixed-signal bus. However, it
can introduce various side-effect as costing overhead or even
performance degradation [9].

In [10], one can observe an approach that consists in
the development of Automatic Test Equipments instruments
models to be applied to a mixed-signal design simulator in
order to generate test data and allow sharing these data with the
test programming environments. This approach enable the test
program development to start during the simulation process,
allowing test engineers to work in parallel with designers.
However due the fact that methodology is based on ATE that
is not affordable for the research world and do not facilitate
the integration of the designers in the test process.

At commercial level there are also some solutions. For
instance, the software described in [11] allows designers to
compare the results from their circuit simulation tools with
the real-world measurements. Another example is the platform
presented in [12] that provides a test system to characterize
power management devices. Both solutions have significant
costs and show several restrictions to its inclusion in the design
flow.

The concept behind the present work is to offer to the
designer the tools to characterize the DUT using an interface
similar to that normally used during the design process. In
fact, the design testbench, used for design validation purposes,
can be reused in the characterization test. In this context,
SPICE netlists act as vehicle between the design and the test
processes.

The methodology implementation involve three main areas:
1- test equipment; 2- control and synchronization of test
equipment; 3- software development. The present paper will
focus mainly on the software development, in particular the
interface between the simulation tools and the test equipment.
Nevertheless, the main objectives associated to the method-
ology will be described in section II. Section III present a
description of the software implementation and the section IV
presents an application example of the proposed methodology.
Finally, the section V describes the conclusions of the work.



II. PROPOSED METHODOLOGY

The present methodology is based on the development of a
tool (SATCCIM), to be used by designers, to allow the test of
mixed-signal cores without the need of a deep knowledge of
test procedures. Thus, the proposed methodology addresses,
among others, the following topics: 1- increase mixed-signal
IC testability; 2- shortening product development time; 3-
promoting the participation of the IC designers in the test
process. Although this methodology covers all type of ana-
logue and mixed-signal cores, emphasis is given to power
cores, namely: DCDC converters, Low Dropout Regulators,
Charge Pumps and Bandgaps. Thus, the key parameters to
study are the typical ones used in the characterization of this
type of cores: efficiency, accuracy, line and load transient,
power supply rejection ratio, output noise, start-up-time and
power consumption.

In this context, the main concept is to use the design
specification as configuration source, performing the trans-
lation of the design testbench into test equipment and DUT
configurations, and also allow the control of data acquisition
and conversion into a format compatible with simulation tools.
As referred earlier, the SPICE netlist will act as the vehicle
used by the designer engineer to indicate the type of tests to
be performed.

The methodology implementation, from the hardware point
of view, is based in the development of a system interfacing
with the DUT, having its own signal sources and loads, and
in the controlling of external measurement equipment in a
synchronized way, in order to perform the complete electrical
characterization of power management ICs. Thus, the system
will be based on the development of two types of boards:
a daughterboard where the DUT connection are hardwired
and a main board that contains the main test structures (ex.
programmable voltage sources, programmable loads). Using
this hardware approach, one can guarantee the reuse of the
main board whenever a new DUT needs to be characterized.
Nevertheless, a detailed description of the hardware develop-
ment can be found in [13] [14].

From the software point of view, the main goal is to develop
a program having the same input as the simulation tools and
producing the configuration data of the test test equipment
and the storage of the test results. Fig. 1 presents the IC
project flow resulting from the application of the proposed
methodology.

The software will be viewed by the designer just as an
additional simulation feature. However, the conversion of the
SPICE format to stimuli and physical configurations should
consider the real limitations of those physical test equipments.
Additionally, it is mandatory to find a common interaction
frontier between both teams and the IC itself, defining the
IC inputs/outputs as the common interface for both laboratory
characterization and design testbench simulation.

A Test Library (TL) was developed using the designer’s
schematic entry system. The objective is to develop cellviews
that represent the hardware board structures and the available
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Fig. 1. Proposed IC Design and Test flow.

equipment in order to allow the designer to use them directly
on his testbench, as additionally circuit blocks. Moreover,
the TL only use native elements of the designer schematic
entry to guarantee that all the developed testbenchs continue
compatible with the test system and simulation tools and the
TL elements was developed in order to be as detailed as possi-
ble, ie, considering the physical instrumentation specifications.
To allow the actualization of the system, the library can be
updated with new cellviews in order to represent new test
instruments.

Finally, to allow the expansion of the system and to
promote interchangeability, the software was based on the
Virtual Instruments Software Architecture (VISA) and on the
Interchangeable Virtual Instruments (IVI) architectures.

III. SOFTWARE IMPLEMENTATION

The software presented was developed in Python program-
ming language that is a open-source, object oriented program-
ming language, being widely use in industry and research, for
instance, in [15] is presented a tool to support the designer
during CMOS circuits’ development, proving that Python can
be successfully applied to SPICE based application. Further-
more, the software is based on a modular approach in order
to allow the expandability of the system.

The objective of the presented software is to create an
interface between SPICE commands and the hardware control
commands necessary to perform the tests. The software main
tasks are: interpretation of SPICE netlists, hardware configu-
ration, data acquisition control and conversion into a format
compatible with the simulation tools.

The test control system can be divided into two main layers,
the first one is responsible for the configuration and control of
the test hardware, the second one act as the interface between
test and design. In this context, the software implementation
has five main functions: 1 - development, in Cadence R©, of the
Test Library; 2- translation of SPICE like test data in order
to perform the desired test; 3- implementation of the control
software to parse the acquired results and translate them in a
format compatible with the simulation tools; 4- development
of a module to control and synchronize the measurement



equipment; 5- development of a graphical interface to allow
direct interaction with the system.

After the circuit design, the process must involve the veri-
fication and validation of the designed core. In this context, a
testbench is developed to allow the electrical simulation of the
circuit, and, in this case, the generation of the SPICE netlist to
be applied to SATCCIM. In order to ensure the compatibility
with the test platform, the cellviews used in the testbench and
the TL should be the same. At this time, the SPICE netlist is
passed to the developed software to be parsed. The SATCCIM
software will collect all the information required to configure
the test setup according the directives imposed by the SPICE
netlist. Fig. 3 illustrate the operation that is behind the present
software.
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Fig. 2. Proposed IC Design and Test flow.

In order to understand the proposed software approach, it is
mandatory to consider a description of each one of the three
main elements: 1- Test Library (TL); 2- Testbench and SPICE
netlists; 3- software SATCCIM.

A. Test Library (TL)

The TL acts as an interface between the designer and the
test system. The main goal of the TL is to present the available
resources that can be used within the SATCCIM, in this
context, the TL will include, as Cadence R© representations,
the available equipment in the hardware platform [13] [14]
and the lab setup. Moreover, all cellviews present in TL are
developed using Cadence R© native components, those present
in the AnalogLib, insuring that the designed testbenches are
compatible with electrical simulations.

B. Testbench and SPICE netlists

The design testbench will act as the interface between the
design requests and the test execution. Once a designer creates
a testbench using the TL cellviews and then applies it to the
SATCCIM, it is necessary to ensure that the SPICE netlists
generated are supported by the SATCCIM.

The present software must be able to read the SPICE
netlist and also the main auxiliary files, namely: Header,
Footer, Alter and Generic. In fact, although the SPICE netlist
includes information about the selected cellviews, the test to
be performed and simulation parameters, the referred auxiliary

SPICE files can also be used used to redefine simulation
models and additional simulation commands.

Header and Footer files include simulation commands that
are not be considered in the main SPICE netlist, Alter files
include sequence of commands that allow to redefine simula-
tion models or the value of the simulation parameters and the
Generic files include the definition of the parameters values.
The combination of all these files delivers the necessary sim-
ulation information to allow the complete interaction between
the design and test environments.

C. SATCCIM software

The SATCCIM consist in several software routines de-
veloped in Python and organized in modules. At this time,
the software consist in eight different modules, the most
important are: Parser Netlist, Parser Generic, Parser Alter,
Menu Initial, Instruments Config.

Menu_Initial

Instruments_Config

Parser_Header Parser_FooterParser_AlterParser_Generic

Parser_Netlist

Fig. 3. SATCCIM modular organization.

1) Parser Netlist: The Parser Netlist module is responsible
for the parsing of the SPICE netlist file. The routine starts
by verifying if the netlist is valid. After this verification, the
routine parses the data to collect useful information based on
the main SPICE directives: .PARAM, .TEMP and .INCLUDE.
Moreover, the parsing operation also detects the existence
of .MEASURE directives. The collected data is stored. This
module analyses other SPICE files included through the .IN-
CLUDE directive and their location will be stored in memory
structures accessible to the other modules.

2) Parser Header and Parser Footer: These modules are
responsible to parse the header and footer files, and collect
all important information. In particular, those related to the
inclusion of other auxiliar files. Once identified the inclusion
of an auxiliary file the respective module is executed in order
to parse them.

3) Parser Alter: The Alter module is responsible for the
parsing Alter files included in SPICE netlists. This module
starts by verifying if the file is valid and, afterwards, parses
the file in order to collect the contained information. When the
parsing is complete, the routine will save the collected data in
memory using the attributes of the Python memory structure
of list of lists. The information contained in an Alter file is
related to the simulation corners. An Alter file enumerates all
the test parameters to be altered through the use of several
.ALTER directives. Therefore, the Alter module analyses each
directive in order to identify the tests to be executed, knowing
that all the data available between each .ALTER directive



corresponds to the declared Alter identified by the previous
referred directive. Taking this fact into account, this module
builds a list of parameters to be changed for each detected
Alter and, afterwards, will create a list of the collected Alters
themselves. Hence, the list of lists memory structure is the
most appropriate to use in order to save and to access to the
information.

4) Parser Generic: The objective of the Generic module
is parsing Generic files. The module verifies the file validity
and then starts the construction of a Python dictionary. The
Generic files present the values of the parameters used in all
sub-circuits. The information is normally organized in a 1:1
relation, i.e., .PARAM Parameter = Value. Thus, the Python
dictionary memory structure is the most appropriate to be used
since it organizes the information as associative arrays with
non-integer indices. The present module also accepts the use
of units prefix (e.g.: u for micro) or expressions (for instance,
a parameter value can be defined as parameter = expression)
during the definition of values. Therefore, the user does not
need to make any changes to its original Generic file since the
SATCCIM software will be able to interpreter it as the SPICE
electrical simulator would do.

5) Menu Initial: A graphical interface is being developed
to improve a user-friendly interface with the user. The GUI
developed is based on the Tkinter Python library that, as previ-
ously referred, works on a multiplatform basis. All operations
needed to interface the software may be done using the GUI
menus and information text boxes.

6) Instruments Config: This module is responsible for the
test equipment configuration for both developed hardware and
measurement equipment. The TL has cellviews that represent
the available test equipment. Thus, the design of a testbench
results in the instantiation of a set of instruments and the
respective SPICE netlist generation. The netlist includes the
information about the operation mode (AC, DC, etc) of the
test equipment. Considering the instruments range and other
configuration parameters, the developed solution considers
an automatic range and configuration for all the devices,
except when the user explicitly defines a specific range or
configuration. The tests will start after the detection of the
instruments involved and the identification of the tests to
perform. There are two different approaches to configure the
test instrumentation. An ASCII proprietary protocol is used
to control the hardware structures of the main board. This
protocol implements an ASCII dictionary of commands with
specific keywords. The instructions are streamed into the local
control system, which will execute them sequentially. The
use of a dictionary based programming protocol allows the
implementation of new routines whenever needed. In fact,
with this implementation, the commands can even be directly
sent by a hyper terminal program without the need to use the
hardware platform with additional control software. The sec-
ond approach is used to configure commercial measurements
instruments. Over the years, industry and research worlds have
struggled to find a common interface protocol that can be
used with any type of programmable measurement equipment.

Therefore, in 1998 a consortium called the Interchangeable
Virtual Instruments (IVI) Foundation was created to promote
specifications for programming test instruments that reduce
the cost of program development and maintenance and sim-
plify interchangeability [17]. Thus, the IVI Foundation has
developed the IVI drivers specifications that define drivers
with open driver architecture that provide consistency and
ease of use, in order to attain interchangeability. This second
configuration solution makes use of the features included in
the IVI drivers. Additionally, the communication is based on
the VISA library [16]. The VISA specification, adopted by
the major manufacturers of hardware and software, provides
a common standard for developing multi-vendor software
programs, including instrument drivers. The library presents
the functionalities needed by instrument drivers in an interface
independent fashion, supporting several interfaces like GPIB
or Parallel. The use of IVI drivers to develop generic interface
programs does not require changing the program to use a
different instrument of the same type. Instead, the user just
needs to install the manufacturer driver and update the system
configuration. VISA and IVI drivers represent a fundamental
step to develop a test system open to new external equipment.
In the present work, the use of IVI drivers and the VISA library
was successfully tested with the development of some generic
control commands. The experiment was performed using Class
Drivers, with equipment of different vendors (e.g.: Agilent
Technologies and Keithley Instruments). The developed test
routines allow swapping between instruments of a same class
without the need to modify the application. The user only
needs to change the configuration file of IVI drivers, through
the IVI Configuration Store, in order to identify the new
instrument and driver to be used.

IV. METHODOLOGY APPLICATION

In this section it is presented a initial application example.
In fact, that initial example leads to conclude the validity of
the proposed approach.

In this context, it was developed a testbench, in the
Cadence R© schematic entry system, with cellviews presented
in the test library, that consists in a simple voltage divider.
Observing the Fig. 4, one can verify that, beyond the volt-
age divider, the testbench includes one symbol called ’vin
hp6626a 4’ which represents the fourth channel of an HP R©
6626a DC voltage source and two other symbols, the ’A keith-
ley2000’ and the ’V hp34401a’, that represent, respectively,
one Keithley R© 2000 multimeter in DC current mode and one
HP R© ag34401a in DC voltage mode.

After the conclusion of the testbench development, it was
generated a SPICE Netlist related to the testbench. Moreover,
it was included in the SPICE Netlist one Alter file which
contains a sequence of commands in order to redefine the input
voltage, that is, the voltage given to the circuit by the HP R©
6626a DC voltage source. The referred Alter file includes ten
different parameters that allows to redefine the voltage value
in the interval 1 V to 10 V with a step of 1 V.



Fig. 4. Proposed example testbench.

At this point, the SPICE netlist was applied to the simulator
HSpice R© and the simulation results was collected and plotted
with the CosmosScope R© software.

Afterwards, in order to observe and compare the results
obtained in the simulation with those obtained in the test
under real conditions, the test setup was assembled and the
SPICE netlist was applied to the SATCCIM software. Then,
the SATCCIM software, in a full automatic way, initializes the
parser of the SPICE netlist and, based on the collected data,
initializes the configuration of the test instruments as stated in
the SPICE netlist, followed by the collection of the measured
values and the respective conversion to a format supported by
the CosmosScope R©. One can observe the obtained outputs in
Fig. 5.

Fig. 5. Laboratory characterization versus simulation results.

V. CONCLUSION

A platform was presented to integrate the characterization
test in the design flow of mixed-signal cores. The system is
based in a configurable interface between the computer and
the DUT.

The software development is done in two main areas, one re-
lated to the control of the test sequence and hardware involved
and the other related to the interface with the simulation tools.
The developed software (SATCCIM) allowed to concluding

that SPICE netlists can be used as a bridge between design
and test of mixed signal circuits. In fact, the actual version
of the program proved that it is possible to automatically
configure the test setup according to the testbench schematic
as demonstrated in section IV.

Furthermore, the present methodology allows obtaining test
results directly comparable with schematic simulations carried
out during the design phase. In order to automate the test
of mixed signal power and to allow the participation of the
designer in the test process, a software tool, the SATCCIM, is
being developed in Python programming language. Moreover,
in order to automate the testbenchs development, a TL is also
being developed. The TL includes cellviews representating all
available test equipment at time.

Additionally, to guarantee instruments interchangeability, a
solution based on VISA and IVI drivers is being implemented.
At this point, the solution based on VISA and IVI drivers
proved to be valid and functional.
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