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Abstract The top-down methodology and CAD tools are important in development of electronic circuits. Mainly when
design is in high level of abstraction and many levels of representation can be used to modeling the electronic circuits. This
way is necessary to use atool to execute the synthesis of models, i.e., changing a representation in high level of abstraction in
another in lower level. This paper presents the experiences in use synthesis computational tools to support the synthesis of
digital-to-analog converter models by translating between different tools used in modeling systems and electronic circuits.
This tool is named MS?SV and works directly with the following two commercial tools: MATLAB / Simulink and
SystemVision. The MS2SV synthetizes block diagram developed in Simu link representing a mixed-signal circuit into a lower
level of abstraction in VHDL-AMS. To compare the simulation results was used SystemVision environment, because the
MS?SV generates all design structure to SystemVision. The method validation was performed by analyzing the power

spectral of signal obtained by discrete Fourier transform of three different kinds of digital-to-analog converters.
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1. Introduction

Nowadays, computational tools are indispensable in
electronic circuits design due to the increase in comp lexity
of design and the necessity to manage a large amounts data.
Advances in the development of new design methodologies
and computational tools have led to the emergence of ever
more complex designs, i.e., the necessity for more complex
electronic circuits in a greater range of applications has
added to advances in computational tool development.

The development of new methodologies and new tools
has become a strategic area of concern in development of
new technologies, in particular the development of CAD
(Computer Aided Design) tools[1].

CAD tools can be best understood as design information
management systems, along with graphic creation based
design entry and simulation of designs created. These
simu lations can be used, shared, published, republished and
reused in different formats, scales and levels of detail.
Further reference on the operation of CAD tools can be seen
in[2].

Commercial CAD tools work typically with several
different possible design description formats. In order to
incre-ase designer efficiency and to allow a designer to
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utilize different design tools within a particular design, it
has become necessary to automate the steps involved in the
synthesis of a design or to aid the translation between
different formats. According to[3] there are two design
methodologies. Firstly, the bottom-up methodology, where
the modeling of the project is initiated at a low level of
abstraction with many details about physical structure of the
final system being added to until reaching a high level
behavioral or functional model of a system. Secondly, the
top-down methodology, where the modeling is always
initiated at a high level of abstraction and it considers
initially only the behavior of the system with details then
added until the physical and a detailed implementation is
created.

The top-down approach has been focus of many reported
works and also this paper. In[3] and[4], the importance of
using hardware description languages (HDLs) is considered
in many aspects of design of electronic circuits and systems,
ranging from documentation through to simulation and
synthesis into physical implementation. However, in[4]
there is a particular focus on the VHDL-AMS (VHSIC
Hardware Description Language - Analog and Mixed
Signals).

In this context, this paper presents an improvement of a
computational tool named MS?SV (MATLAB/Simulink to
SystemVision) which was developed to support the
development of projects presented in[5] and[6]. This tool
works directly with two commercial tools: MATLAB /
Simulink from Mathworks and SystemVision from Mentor
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Graphics. Model translation of an electronic circuit is
achieved by translating a mixed-signal block diagram
developed in MATLAB / Simulink into a lower level of
abstraction in VHDL-AMS and simulation project structure
in SystemVision.

The case studies of digital-to-analog converters (DAC)
design were considered expanding the paper[1]. Data
converters are circuits that transform a given representation
to another. The ADC (analog to digital converter) is used to
convert analog signals to digital data. The digital to
analogue converter works in the opposite manner to the
ADC, converting digital data input to analogue signal
output proportional to value of input digital[1].

Considering the DAC operation, n binary input bits
(which can be considered as representing the binary code of
a decimal value) are received and there are 2" possible
combinations of binary input. There is also an additional
input to the circuit design that is used as a reference signal,
represented by Vi and the reference is a voltage level,
which is used to determine the maximum value that
converter can generate on its output. The analog value is
generated by the weighted sum of n inputs, multiplied by
the reference voltage.

Inputs are weighted according to magnitude of each bit,
where n is the magnitude of input bit, x is total number of
inputs, and b is DAC input value contained in the bit of n
magnitude, where b, < {0,1}, as described in:

=1
VP :;an (1)

Using Equation (1), the analogue output voltage from the
data converter is obtained by multiplying the result of
Equation (1) by the reference voltage to obtain:

Vout :VP eref )

There are several methods possible to implement the DAC
operation (i.e., there are several different DAC design
architectures possible). One common method used is R/2R
ladder circuit, where only two values for resistors in circuit
are used (Rand 2R), and output current depends on positions
of switches that are controlled by inputs[7].

2. Related Research

The research in synthesis of electronic systems is
multi-disciplinary area and presented a lot of papers with
different goals. One of the most important papers is the[8],
where it was presented a matching algorithm based on time
to extract the probability distribution of the stochastic
behavior of the circuit. The proposed method has been
extended to deal with high dimension problems with almost
linear complexity. Experiments showed the proposed
method can provide up to 1666X runtime speedup with the
same accuracy when compared with Monte Carlo method.

[9] proposed an approach to automatic synthesis of
additional decoders. The method attempts to find and
remove cases where there are no equivalent decoders. To

discover all decoders that can exist simultaneously, an
algorithm based on functional dependency has also been
proposed. To select the correct decoder another algorithm is
used to infer formula of each decoder precondition.

[L0] has developed a framework for synthesis of
electronic systems at high level based on abstract finite state
machines. The framework called synASM is capable of
generating a CDFG (Control Data Flow Graph) from
hardware descriptions based on C language The authors
extended the definitions of abstract state machines to
support the parallelism and timing. After generating the
CDFG extended, it was possible the automatic generation of
optimizable hardware descriptions in VHDL and implement
ation in FPGA.

[11] presented a complete approach decoder forcommuni
cation systems. The modelling was based on finite state
machines and the method was capable of identifying
whether decode exists or not, by observing the input
sequence and output of encoder.[12] presented a method of
representation and synthesis of Boolean expressions
recursively. The method performs a sequence of operations
denial implications of using two memristors. With the
method proved possible to reduce the number of necessary
implications for the expression representation and inference
using multiple inputs can reduce the computation of
memristor imp lementation.

[13] proposed an algorithm for identifying flowcharts
structure. Twelve structures were identified and then the
algorithm was used to generate the code flowchart
identified using recursion. The technologies and algorithms
were used in an integrated development platform.[14]
presented a approach of output bit selection based on
counter for output response compaction in test systems
observable. The hardware implementation requires only a
counter and a multiplexer. Thus, the complexity was
reduced and the control area was simplified. Furthermore,
since no change in the ATPG (Automatic Test Pattern
Generation) tool was not required. Two output selection
algorithms have been developed in several operations which
counters can be employed.

[15] discussed some work and the importance of
developing CAD tools for the synthesis and design of
systems and multi-core architectures, highlighting the
importance of multi-core optimized and efficient resource
allocation. In[16] was revised performance measures of
some data type converters ADC (Analog-to-Digital
Converter), such as SNR (Signal to Noise Ratio), SINAD
(Signal to Noise Ratio more distortion), SFDR (Spurious
free Dynamic Range), THD (Total Harmonic Distortion)
and ENOB (Effective Number of Bits). These metrics were
analyzed with the case study of an ideal 14-bit converter in
MATLAB and a converter with 12-bit commercial
manufactured by Analog Devices.

In[17] was developed a methodology to implement
processors FFT (Fast Fourier Transform) on reprogramma
ble devices using VHDL language. The description used in
the implementation in VHDL is called FFT radix-2 and
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decimation in time.[18] proposed a classification model
tools electronic systems design known as ESL (Electronic
System Level). The paper details the features and
approaches that differ computational tools for both
modeling the hardware level and at the level of software. At
work was still pointed the incompatibility problems
between tools and weaknesses they have.

[19] has developed an algorithm for automatic generation
of analog circuit models for modeling of circuit failures on
high level. The algorithm was written in MATLAB and
generates a description in VHDL-AMS for the simulation
and analysis of model failures SystemVision environment.
In[20] was presented a methodology for genetic optimizatio
n based on VHDL-AMS for Fuzzy Logic controllers. The
fuzzy logic controller was used for modeling work in
automotive systems in mixed physical domain. A genetic
algorithm was developed and simulated in SystemVision
environment, is employed in the generation of rough fuzzy
sets.

Thus, this paper follows the same tendency in these
papers. Thus, it was built computational tools demonstrate
in section 3.

3. Methodology

Two key features were then added to the tool:
1. The designer is able to add new components from the
Simulink libraries. With this feature, the designer can use

different elements previously defined in the standard
Simulink libraries.

2. The addition of new Simulink libraries developed by
the designer with more complex models, or to change the
library named LIB_MS2SValso used in previously paper[1].

This added flexibility is made possible by creating a
directory structure and configuration. From the root director
y bin configuration files are split between configurations of
elements from libraries of MATLAB / Simulink (lib
directory) and elements of toolbox Simulink (blk directory)
subject to translation. The pseudo-code concerning the
VHDL-AMS models are also arranged between directories.

The translation of the modelstarts with reading a Simulink
generated file with an .mdl extension. Initially, a check is
made of elements and libraries used in model. If there are no
unknown libraries or elements, the translation process starts.
The tool stores a list of components in model, the list of
connections between these components and other important
information for generation of circuit netlist. Then, project
structure required for simulation and analysis in SystemVisi
on is generated too[1]. Finally, all descriptions in VHDL -
AMSand files for debugging for project needs are generated.
Figure 1 shows the functional diagram of the MS?SV tool.

If subsystems are used, a VHDL-AMS model for each
subsystem used is generated. The MS?SV enables the
relationship between elements in the same library by creating
hierarchical models.
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Figure 1. Functional diagram of the MS*SV tool illustrating the steps involved in translating the model to generate input file structure in SystemVision

environment[1]
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Figure 4. Sequence diagram of MS?SV tool representing translation process of elements being user libraries or even using primitive elements

The Figure 2 represents the class diagram of tool MS?SV
in a software perspective. Even all interface layers is
represents because some aspects do not change the MS*SV
functionality. In Figure 2 only the classes Main, Save and
VHDL are into interface layer. The others class makes the
translation inference engine. The SystemFile class is
responsible to generate all project structure to simulate in
SytemVision environment. The TranslateCode isresponsib
le to generate all VHDL-AMS files. This class inherits the
features of Checking class, and Checking class checks if
there is any primitive of Simulink, user libraries or
subsystems. Checking inherits the features of Lib class and
Lib class is responsible to catch the models into libraries.
Last one, Lib inherits the features of ReadMDL, it
responsible to reads the models in MATLAB/ Simulink.

Figure 3 shows the sequence diagram of MS?SV tool to
case of primitive elements translation in Simulink toolbox
The translation process is started with a verification of
elements inside the model using Checking class operation.
The Checking class uses the operation of ReadMDL class
to read the Simulink file. The reading the Simulink file is
done more than once because the interface that controls the
inference engine allowing different file being loaded without
translation.

Figure 4 shows the sequence diagram of MS?SV tool to
the case of translate of elements inside libraries created by

designer. The process is quite similar to the Figure 3, but it
includes the Lib class. Lib class copy the descriptions saved
into internal libraries in tool MS?SV to represent libraries
described by designer.

4. Case Study

The DACO08, AD7524 and AD7528 DAC were chosen to
model and simulate to evaluate the proposed methodology.
All of them are monolithic data converter with 8 bit
resolution used in applications such gain control circuit and
stereo audio.

4.1. DACO8

DACO08 is simpler operating model consisting basically of
a converter with a resolution of 8 bit parallel input, which
performs the digital to analogue conversion.

The conversion of digital data into analog is done using
the ladder R/2R where the binary inputs control the
switching between the current arrival of resistors and current
coming directly from the reference voltage.

Based on the specifications found in the datasheet of
DACO08 converter[21], it was possible to model in MATLAB
/ Simulink. Other details of the imp lementation on a physical
level, such as compatibility with TTL (Transistor-Transistor
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Logic) and CMOS (Complementary Metal Oxide
Semiconductor) technology were not considered, because
the focus of this paper is modelling at high level of
abstraction.

The creation of the subsystems involved the use of
Equation (2) in order to adjust the weights of each bit, as
shown in Figure 5[22].

Figure 5 shows the subsystem that represents the ladder
R/2R, which was constructed with basic components
available in Simulink libraries. The multiplication between
the digital input and weights of each input was made with the
“Gain components”, the sumwith seven “Sumcomponents”
of two values and multiplying the result by the reference
voltage using “Product component”. In this systemthere are
two outputs, the analog signal and the difference between the
output and the reference voltage.

An aspect that is important to emphasize in the creation of
the R/2R ladder model shown in Figure 5 is that there are
“Data Type Conversion components”. These components are
used to change the way representation of the binary signal
(logic 0 or 1) for decimal representation (0 V or 1 V) and
subsequent multiplication by weight. In MATLAB /
Simulink this component is not necessary, however, in
VHDL-AMS component that becomes important due to
different ways of representing a signal in this language (i.e.
the signal types used in VHDL and VHDL-AMS).

4.2.AD7524
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AD7524 has internally a flip-flops set of latch type
capable of storing last digital input and a logic interface
capable of controlling reading and storing digital input.

The mode selection is controlled by CSg and WRg inputs.
When CSg and WRg are at logic low (0) is enabled writing
mode, that is, the analog output representing the binary value
at input bus DBy-DB;. But when CSg or WRg assumes a
logic high (1), AD7524 is in hold mode, analog output has
the value corresponding to last input in DBy-DB; before
WRg or CSg assume logic high. Table 1 shows the
relationship of control inputs and selection mode of
AD7524[23].

Table 1. Selection mode pinsto control the AD7524
Selection
CSs WRs mode Comments
. The output corresponds to activity
0 0 Write onthe input bus (DBg to DBy).
1 X Hold The output correspondstothe last
X 1 valid entry, stored in flip-flops.

Figure 6 represents the buffers used by the AD7524 to
store last valid digital input. This component is basically
formed by a set of latches and an input common to all latches
to enable the output.

Figure 7 illustrates the circuit capable to represent a
selection mode in Table 1. This circuit is minimum using
only three logic gates (two NOTs and one AND) and Figure
8 shows a complete AD7524 with a circuit of selection mode,
a latch buffer to store last input and ladder R/2R.

O

FProduct

ouTA

"-.-"_ref@

Figure 5. Subsystem in Simulink that represents ladder R/2R using basic components of the Simulink toolbox, such as Product, Sum, Gain and Data

Type Conersion
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4.3.AD7528

AD7528 is equivalent to two AD7524 converters in a
single IC (integrated circuit). The data bus of the AD7528 is
also numbered from DBy to DB;. Each internal converter
(DAC A and DAC B) has an individual reference pin, both
can vary £ 25 V. The AD7528 has only three control pins
called DACA/DACB, CSg and WRg. The relationship
between control pins is illustrated in the Table 2. At a
moment when the AD7528 is in hold mode the last valid
input is stored in buffers individually in each internal
converter[24].

Table 2. Selection mode pinto controlthe AD7528 indicating write mode
of the DAC A with all pins active low logic level or in write mode DAC B
only with pin in DACA/DACB active-high level, any change inthe CSg pin
or WRg both convertersare in hold mode

DACA/DACB WRs CSs DAC A DACB
0 0 0 Write Hold
1 0 0 Hold Write
X 1 X Hold Hold
X X 1 Hold Hold

According to the approach described in[24], we created
two identical blocks to represent the ladder R/2R, one for the
DAC A and one for the DAC B. Similar to R/2R ladder
subsystem of Figure 5, the subsystem of Figure 6 was used
twice in the complete system, i.e. one for each block of the
AD7528 internal converter (DAC A and DAC B).

Figure 9 represents the logic controller responsible for the
selection of which internal drive will be chosen and if

converter is in hold or write mode representing behaviour
described in Table 2. This subsystem is basically formed by
simple logic gates available in toolbox of Simulink as basic
primitive[22].

1 e NOT
DADE_D >
R _D
HOTA AND >
—|—> i AND
NET e ADR En_B
AHD3I =
(=3
HOTZ2
Figure 9. Subsystem that represents logic controller of AD7528 and

formed only by using AND and NO T gates

Figure 10 shows the complete AD7528 converter model
created in MATLAB/ Simulink. In each converter, there are
two separate outputs, first one is analog output signal
generated by the converter and second one is the difference
between analog output and reference voltage. Based on[25],
in order to generate a sine wave signal, MATLAB was able
to send the signal to each bit according to its magnitude of
the pins of the AD7528 with the “From Workspace”
component. Subsequently, the outputs were captured and
sent back to MATLAB with the “To Workspace” component
to generate the graphic simu lation. The reference voltage and
the pin configuration for each internal converter were created
using “Constant” components (pins DACA/DACB, CSg and
WRg).
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Figure 10. Complete model of AD7528 converter in Simulink with components From Workspace that receive digital signals from MATLAB and sends
output back to MATLAB after simulationthrough To Workspace component
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The DACA/DACB pin could have been used to carry out
switching between two converters internally creating two
different waveforms from one input. However, as the
converters are exactly the same, the kind of simu lation does
not alter the analysis of signal generated.

After construction and simu lation in MATLAB/ Simulink,
the MS?SV translates model to the SystemVision
environment. The hierarchy structure of model in Simulink
was maintained in VHDL-AMS codes and MS?SV generated
the same configuration of components. The below listing is
part of code generated by MS?SV using ladder R/2R in
Figure 5.

105

EDULIB (Educational Library).

To perform the simulation, SystemVision was used the
same input used in MATLAB / Simulink. Thus was created
an input file with the extension “.dat”. It was created to an
additional VHDL-AMS code to read this file and send the
signal each bit input to the converters, as listed below.

-- Digital Systems and Signals Processing Laboratory
-- genhdI\. .\Ladder_R2R.vhd

-- Generated by MS25V (Matlab / Simulink to
SystemVision) version 1.7

-- File created Tue Sep 08 16:00:12 2009
library IEEE;

use ieee.std logic_1164.all;

use ieee.electrical_systems.all;

library EduLib;

use WORK.all;

entity Ladder_R2R is

port (
signal D1 D: in std_logic;
signal D2 D: in std_logic;
signal D3 D: in std _logic;
signal D4 D: in std _logic;
signal D5 D: in std_logic;
signal D6 D: in std logic;
signal D7 D: in std logic;
signal D8 D: in std_logic;

terminal Al: electrica
)
end entity Ladder_R2R;
architecture arch_Ladder_R2R of Ladder_RZ2R is
terminal \1$NO\: electrical;
terminal \1$N1\: electrical;

begiﬁ--
DataType: entity EDULIB.D2A BIT(IDEAL)
generic map ( VHIGH =>"1.0,
VLOW => 0.0 )

ortm
POrt i, %1_0,
A => \1$NO\
)

E_Gain: entity EDULIB.E_GAIN(BEHAVIORAL)
generic map ( K == 0.5 )
port map (
INPUT => \1$NO\,
OUTPUT => \1$N8\

E_Sum: entity EDULIB.E_SUM
port map (
IN1 => \1$N8\,
IN2 => \1$N9\,
OUTPUT => \1$N16\
)

end architecture arch_Ladder_R2R;

use std.textio.all;

library IEEE;

use ieee.std logic_1164.all;
use IEEE.std_logic_textio.all;

entity lerarqp is
port (relogio: in std_logic;
saida: out std_ulogic_vector (8 downto 1));
end entity lerargp;

architecture behavior of lerargp is
begin
testing: process
file f_in: text open READ_MODE is "input.dat";
variable L: LINE;
variable L_BIT: std_ulogic_vector (8 downto 1);
begin
%hile not endfile(f_in) loop
readline (f_in,L);
hread (L,L_BIT%;
wait until (relogio®event) and
(relogio="1%);
saida <= L_BIT;
end loop;
end process testing;
end architecture behavior;

It was used to save the simu lation results in SystemVision
in another file with the extension “.dat” to that was possible
to analysis the signal generated also in MATLAB, as listed
below.

This VHDL-AMS code has a structural abstraction. It
represent the linkage between the components which compos
all DAC system. The exactly behavior of components are in
internal libraries in SystemVision environment named

use std.textio.all;

library IEEE;

use IEEE.std logic_1164.all;

use IEEE.std logic_textio.all;
--use IEEE.electrical_systems.all;

entity writewaveform is

port _( B ) B
signal relogio: in std_logic;
entrada: in real);

end entity writewaveform;

architecture behavior of writewaveform is
file T _out: text open WRITE MODE is
"C:\Mentor_Projects\DAC08_Test\hd I\output.dat";
--quantity escreve_sinal across entrada to ref;
begin _
writying: process
variable L: LINE;
begin
write(L,REAL" (entrada));
writeline(f_out,L);
wait until (relogio®event) and
(relogio="1");
end process writying;
end architecture behavior;

For each case study was used a different reference voltage
in simulation, 10V, 8V, 6V and 4V, for DAC08, AD7524,
AD7528 A and AD7528 B, respectively. Figure 11 shows
the simulation results for 1 second.
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Tirne (s)
Figure 11. Result of simulation of all case studies in Simulink and signal from SystemVision in simulation total time of 1 second

The different voltages were used to a better view
waveform in Figure 11. However, in SystemVision
environment was used 10V for all converters and it was
plotted only one wave at Figure 11 because all converters
presented the same simulation results. In MATLAB /
Simulink the AD7524, AD7528 A and AD7528 B presented
noise in output because the delays in flip-flop of type latch.

Another difference noted in Figure 11 is low delay in
simulation in SystemVision environment compared with
simulation MATLAB/ Simulink. This happened because the
way how the VHDL-AMS see the frequency inside the
SystemVision environment is different of frequency in
MATLAB / Simulink.

5. Analysis of Simulation

To verify the quality of signal generated, it was made an
analysis of signal obtained through simulation. This analysis
was performed through power spectral analysis of the signal
obtained from discrete Fourier transform.

Figure 12 illustrates amplitude spectrumofy(t) for all case
studies, in MATLAB / Simulink and VHDL-AMS. The
graph was generated using the discrete Fourier transform
described as[26]:

N
X (k)= Y x(Daofi Do ©
=

N
x()) =@/ N)z X (k)a)g“‘l)(k‘l’ @)
k=1
=27 i)IN
w, =" (5)

The DC (Discrete Current) level of signal was extracted
through shifting the signal along the y axis at zero. This
resulted in a sine wave signal ranging from -5 to 5 for 10V,
-4to 4 for 8V, -3to0 4 for 6V and -2 to 2 for 4V.

The process of conversion digital to analog represents an
interpolation between values of samples provided as inputs,
for 20001 points. In this case studies are used linear
interpolation, which points of adjacent samples are
connected by a straight line. The system output x.(t) is given
by:

+00
X (t)= > x(nT)h(t—nT) (6)
n=-o

At the same time, the system has unity gain and linear
phase. Systems with this frequency response features
produce an output that is a shift in the time of input[26].
Importantly, this is a pseudo-conversion to analog, as the
conversion happens only while V¢ is constant.

In Figure 12 is possible note difference in AD7524,
AD7528 A and AD7528 B because of noise in signal. The
signal from DAC08 and AD7524 presented a distortion in
sine wave showed in Figure 12 too. At the end, the most
perfect signal presented by amplitude spectral was the signal
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from SystemVision environment.
Single-Sided Amplitude Spectrum of y(t)
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Figure 12. Graph of spectral power all ouput signals in Simulink and
SystemVision with peak in frequency at 2.9297 Hz

6. Conclusions

The use of CAD tools and a top-down methodology is a
reality that is present in the most electronic circuit design
projects, and the development of new co mputational tools to
aid in project implementation is highly desirable, because the
range of CAD tools used introduces incompatibilities that
can be time consuming and costly in translating between
them. Hence, there is the need for suitable tools to be able to
translate models between different representations.

The improvement of tool MS?SV presented in[1] proved
extremely convenient as it allows for the creation of multiple
libraries for different projects and also recycle the libraries
for use in others projects. This allows asignificant savings of
time and hence costs.

By analyzing power spectral of a discrete-time signal, one
can say that the output signals in MATLAB / Simulink and
VHDL-AMS are almost identical. It fact was different in first
paper[1l] when was used only one case study. This fact
allows us to change our vision about the abstraction levels
and details in modelling. Even in the same environment
(MATLAB/ Simulink) we have difference in spectral signal.
If the system be simulating in another environment, we will
also have different simulations.

This point let our hypothesis of importance explorer more
alternatives and standard methodologies of electronic circuit
design.

Nevertheless, our methodology and tool need further
investigation and analysis to consider the need for the
development of larger and more complex systems. To allow
expand our conclusion even more.
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