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Abstract—The concept and importance of Internet of Things
(IoT) has been increasing in recent years. IoT aims to monitor,
analyse and control the environment that surrounds us through
the connection of devices that exchange data among them. These
devices are normally embedded systems consisting of sensors,
actuators and microcontrollers, which deal with the processing
and control of the information received. In this work, it is
presented the synthesis and adaptation of a microcontroller to
be inserted into a sensor node that will monitor water quality,
as part of the PROTEUS project. The Verilog open source
16-bit microcontroller, openMSP430, was used due to its low
power characteristics and compatibility with MSP430 Texas
instruments microcontrollers. The front-end of the digital flow
for the synthesis process is presented. Using this flow the register
transfer level description of openMSP430 was configured and
implemented in logical gates of the 130nm UMC technology using
Cadence tools. Due to the limitation of the TimerA peripheral
when implemented in an ASIC technology it is presented a
modified architecture for the peripheral, the TimerAx, that
enables the usage of low power modes. It is also described how to
write a C program for this microcontroller and configure and use
the compiler tool chain to get an executable binary code. From
a code in C, whose binary code is executed in the processor, a
simulation of the whole circuit was made to verify the correct
operation of the microcontroller with the new TimerAx and other
functionalities of the circuit.

Index Terms—OpenMSP430 Synthesis, Low-power Microcon-
troller, Wake-up Timer, C Tool Chain, Cadence Frond-End for
UMC 130nm

I. INTRODUCTION

THE internet of things (IoT) is a network of devices
constituted with a set of sensors and actuators that have

communication capabilities to exchange data among them
and a host computer [1]. This concept has the objective to
connect the nodes/objects to each others to improve products
and services. Therefore the use of IoT nodes for monitoring,
analysing and control the environment that surround us have
been increasing in the last years. Hence, in today’s world, there
is a demand for the construction and creation of products on
the scope of IoT node.

The research PROTEUS project has the main objective of
building a re-configurable microfluidic and nano-sensor plat-
form for water quality monitorisation [2]. These autonomous
IoT devices are going to be installed under water or in difficult
accessibility places, therefore the power consumption of the
node should be reduced in order to increase it longevity. The
embedded system that will integrate the sensors and the con-
troller will be implemented as System-on-a-chip (SOC). The

integration of a ultra-low power consumption microcontroller
that is able to do some basic computation and control the node
sensors is crucial for the project success.

The Texas Instruments MSP430, a commercial low-power
microcontroller, was identified with the features and char-
acteristics adequated for the PROTEUS project. The open-
MSP430, a synthesisable open source compatible version of
the MSP430, is a candidate to be integrated in the project
SOC. However, circuit has to be synthesised for the target
technology and tuned for the project requirements.

II. OPENMSP430 OVERVIEW

The openMSP430 is a public available hardware description
based on the digital part of MSP430 microcontroller family
[3]. Therefore, these microcontrollers are very alike but with
slight differences that distinguishes them. The structure of this
microcontroller is shown in Figure 1.

Fig. 1. OpenMSP430 design structure from [3]

Frontend contains the execution state machine and a circuit
that performs the instruction fetching and decoding. The
execution unit has an ALU, a register file and is responsible
to executes the current instruction accordingly with the state
machine of the Frontend. To communicate with a host a debug
interface is available with two standard two-wire interfaces:
an UART 8N1 or an I2C protocol. The memory backbone
performs a simple arbitration among all other modules. A basic
clock module has the task to manage the low power mode
and to generate the Master Clock (MCLK), Auxiliar Clock
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Fig. 2. RTL compiler work flow

(ACLK) and Sub-Main Clock (SMCLK). The Special Func-
tion Registers (SFRs) implement flags and interrupt enable bits
for Non Maskable Interrupt (NMI). The watchdog performs a
controller system reset every time there is a software problem.
There is also the DMA controller that performs block data
transfer from one memory address to another without the CPU
intervention [3].

The register file contains 16 registers each one with 16 bits.
From those sixteens registers, 4 of them are dedicated registers
for a special purpose. One of the them is the Status register
that has a huge importance on this microcontroller because has
the value of the signals that controls the low power modes.

These internal signals are shown in Table I and also the
relation that they have with each low power mode.

TABLE I
DEFINED LOW POWER MODES FOR MSP430/OPENMSP430

One of the advantages of the openMSP430 against the
MCUs of the MSP430 family is the fact that this system is
configurable. Therefore, the user can select the size of the
program memory, data memory, and peripherals and include

or exclude some peripherals. In other words, it allows the user
to choose its own structure of the openMSP430.

An internal important peripheral of the MSP430 is the
basic clock module. The implementation of the clock module
functionality on the OpenMSP430 is different according to
the target technology. For the FPGA implementation the clock
module is very different from the MSP430 family since doesn’t
support any of the lower power modes. However, for the
ASIC implementation is very alike to the MSP430 basic
clock module. Since on the PROTEUS project the power
consumption is an important factor, the ASIC implementation
is more appropriated.

III. SYNTHESIS PROCESS - RTL COMPILER

Before reaching the layout process is needed to synthesise
the circuit into a gate-level netlist in the target technology from
a description hardware language file. These files are written
in Verilog or VHDL language at RTL (register-transfer-level)
level.

The synthesis of the design for ASIC technology can be
divided in two major steps: the definition of the synthesis
configuration and the synthesis process. At the synthesis
configuration are set all the necessary libraries of the target
ASIC technology and the Verilog source files. At the synthesis
process a sequence of commands are executed in order to
synthesise the circuit and evaluate its characteristics (eg. area,
delay, etc) [4]. Figure 2 shows the work flow of the synthesis.

A. Synthesis Configuration

The synthesis configuration starts by assigning the name of
the top level design. Then to set the files that describe the
circuit, in this case the openMSP430. Finally, the user needs
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to define the libraries that contains the technology to be used,
for this project an UMC 130nm technology. The library to be
used is called Synopsys Library Format. This contains a set
of cells and its information, such as, the power consumption,
cells and pins name, delay arcs, area, etc.

B. Synthesis Process

The first step of synthesis process is to read the Verilog
files. After having all the configurations done, the next step
is to perform the elaboration of the design, where the tool
makes the following procedures [5]. 1) Checks the semantics
of the Verilog or the VHDL files that describe the system.
2) Performs the High-Level Hardware Description Language
(HDL) optimisation. 3) Finally, it is created a data structure of
the design. Therefore the elaboration performs the translation
of the design into a database of interlinked generic elements,
such as: registers, multiplexer, logical gates and others.

The user can now apply the constraints in the design once a
data structure for the design was created. But, before moving
forward the user has to take into account the sensitive modules
that exists in the design.

1) Sensitive Modules: These modules corresponds to mod-
ules that have very specific architectures which have to be
preserved during synthesis, for example, to not create logical
glitches at the design.

The sensitive modules can be identified during the project
design by the designer or if it is used some IP (Intellectual
Property), the companies usually identify these modules.

Three sensitive modules exits on the openMSP430:
omsp and gate.v, omsp clock mux.v and omsp clock gate.v.

The problem that can emerge during the synthesis process
results from the optimisation of system that can change the
architecture of these sensitive modules and generate non-
glitches free paths. To solve this issue the user can prevent
these modules to be optimised. There are two possible ways to
fix this problem. 1) Modify the module, in other words, at the
file that describe the module the designer instantiate manually
the logic gates from the target technology library and apply
the don’t touch attribute on it before starting the synthesis
compile step. 2) Don’t change the file and on the synthesis
process, synthesise this block first and apply the don’t touch
attribute before proceeding with the synthesise of the other
modules.

2) Constraint file: After identifying the sensitive modules
and guarantee that they are correctly implemented the user can
proceed to apply the design constraints. This can be easily
done by creating a Synopsys Design Constraints (.sdc) file
where the information about the constraints of the design are
defined. There are two types of constraints: constraints related
with the internal part of the circuit, such as, defining the
clock, identifying false paths; and constraints that are related
with the creation of a realistic environment where the circuit
will be implemented. Therefore, it is important to know the
environment that surrounds the system.

3) Synthesise the Design: After the synthesis configuration,
identification of the sensitive modules and the creation of
a constraint file we can proceed with the synthesis process

itself. Since the elaboration, the information from Verilog files
was translated into a data structure. The synthesis process
will perform the link of the cells in the target technology
library, mapping of the design, and low-level optimisation. The
Figure 3 illustrates each step during the synthesis process from
the Verilog file to logical optimisation. The main objective
of optimisation is to make the smallest area implementation
for the design where the constraints are met. Note that the
optimisation is made throughout the whole process.

Fig. 3. Synthesis process

Before export the design, the user needs to check with detail
the timing report, area report and power report. With these
reports the user can check if there is any violation and if the
projects requirements have been met. If there is any issue,
it is necessary to go back to the beginning of the synthesis
process and identify which step have to be modified. The
report timing shows the period of each clock and its own
critical path slack in picoseconds. The area report gives to
the user the information of the area of each module and total
area of the circuit in square micrometers.The power report has
the information of the power consumption of each module and
the total power consumption of the circuit. The report divides
the power in two parts: the leakage power and the dynamic
power. The leakage power corresponds to the energy dissipated
by the circuit when it remains at the same state [6]. Therefore,
when the circuit change the state, the energy dissipated is the
dynamic power.

The final step of the synthesis process is to export the
synthesised design by writing out the circuit gate-level netlist
in the selected technology library. This is essential to continue
with the back-end (place and routing). Another important file
to export to the back-end is the one containing the current
design constraints because these are going to be used during
the place and route of the circuit. Therefore, these files are
required to build the core layout.

IV. TIMERA - ANALYSES AND UPGRADE

Most of low power MCUs exits from any low power modes
through peripherals interruptions. One of the peripherals avail-
able on the openMSP430 project [7] is the TimerA. Hence,
would be desired that after a certain period of time of being in
low power mode the TimerA would send an interrupt to awake
the system. However, at the documentation of openMSP430
[3] it is mentioned that TimerA is FPGA only and it is not
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suited for the ASIC implementation. However, there is no
explanation that justify this sentence.

Therefore, in this chapter it is study and evaluate the
TimerA restriction (FPGA only) and purpose an architecture
modification of the TimerA to make it also compatible with
ASIC implementation.

A. Architecture and features

The top module of TimerA with all the inputs and outputs
of this peripheral are shown in Figure 4.

Fig. 4. Top module of TimerA

The TimerA is constituted with a Timer Block and three
identical capture/compare registers blocks, called CCRx;
where x is an integer that identifies the block (0, 1, 2).

The main module of Timer Block is a 16 bit counter register
(TAR) that can be incremented or decremented. To control this
block there is a control register, called TACTL.

One of the characteristics of this timer is that each CCRx
block works separately and has two operation modes: compare
mode and capture mode. Each CCRx block has also a register
that controls its configuration, called TACCTLx.

The compare mode aim is to check when the timer register
value (TAR) reach a specific counting value and the capture
mode works by storing the ”time” (timer register value) when
a capture event occurs.

The reason why the TimerA is not suited for the ASIC
implementation is because the clock domain of this peripheral
is MCLK and in any low power mode this clock is always
disabled and so the TimerA will not work. This explains why
the documentation [3] mentions that the TimerA is FPGA
only, because that implementation only has the active mode.
This doesn’t mean that the TimerA could not be used in an
ASIC implementation but this would imply a peripheral that
wouldn’t work in any circumstances when the MCU is in low
power mode. Specially, in a project like PROTEUS that needs
a system to wake it up periodically, and for that, there is
nothing better than having a timer to perform it.

B. OpenMSP430 Modification

In certain circumstances it is not intended to use the TimerA,
therefore, turning off this peripheral would be useful to reduce
the power consumption. This is the main objective of the

lower power modes, turning off some functionalities with the
aim to manage the current consumption. However, on the
openMSP430 (in any low power mode) the TimerA never
works because the clock domain of this peripheral (MCLK)
is always off. Hence, it is needed to change something at the
basic clock module to make sure that there is a working clock
for the timer when the system is in low power mode.

The key to solve this issue it is represented in Figure 5.

Fig. 5. Basic clock module modification

The solution consists to catch the signal between the output
of the divider and the input of the NAND, which has the
objective to turn off the clock MCLK. The previous MCLK
will work as the clock domain for the openMSP430 CPU and
the new signal as the clock domain for the TimerA. In this
way, it is possible to provide a working clock to the peripherals
when the system is in low power mode. Hence, the basic clock
module updated will generate 4 clocks.

C. TimerAx - TimerA upgrade

Although there were modifications on the basic clock mod-
ule, the TimerA is not able to wake-up the openMSP430 CPU.
One of the steps to wake-up the system is by assert the wkup
input of the openMSP430 CPU. Hence, for this to be achieved
the peripherals needs to have an wkup output to be connected
to this openMSP430 CPU input. Looking at Figure 4 there
is no wkup output. For this reason it is impossible to wake-
up the circuit. Therefore, it is needed to change the TimerA
architecture. This TimerA upgrade was called TimerAx.

The change of the architecture has to accomplish the
procedures of how to exit from a low power mode that are
mention in the openMSP430 documentation. The Figure 6
shows what it was needed to add to the TimerA to fulfill all
these requirements.

Fig. 6. Added circuit for TimerA upgrade
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Fig. 7. Tool chain flow generation of the ELF executable and extract the hexadecimal TXT file

Since the original TimerA is FPGA only, at the timer
configuration file there is no option where the user has to
configure if it is a FPGA or ASIC implementation. However,
in this TimerAx there are some differences between the two
implementations, therefore the timer configuration file was
modified, because now the user needs to define if it is a FPGA
or ASIC implementation. Note that the irq_wkup1 and
irq_wkup2 signals corresponds to the irq ta0 and irq ta1
interrupts before any modification on this peripheral (Figure
4), respectively.

Since the TimerAx is an upgrade and extended version of
the original TimerA the power consumption and the area of the
system will increase, however, this TimerA upgrade is suited
for the FPGA and for the ASIC implementation. The Table II
displays the area and power consumption of the TimerA before
and after the changes obtained by the synthesis tool.

TABLE II
TIMERA AND TIMERAX AREA AND POWER CONSUMPTION

In terms of power consumption there was not a large
increase once the maximum power increase is below 5%. Note
that for this project the system will be most of its time at a

low power mode, and in these modes, normally, to reduce
the power consumption the frequency that will be used is the
32kHz, which has a 1.45% increase in power consumption.

V. SOFTWARE COMPILATION PROCESS

After this a full simulation has to be made to make sure
that the openMSP430 global system works properly with this
new TimerAx. This can be accomplished by a full simulation
of the system running a program that needs to be loaded at
the memory from a C source. To accomplish that it will be
explained how to compile a program to generate a code for the
openMSP430 using the open source MSPGCC compiler and
for this to be achieved a linker script must be used. The file
that is obtained from the compiler will be an executable file in
ELF format (extensible linking format), therefore, the process
to convert this executable file into an hexadecimal file with
the TXT extension, so that it can be loaded by the simulator
into the MCU memory, will be explained.

A. Tool Chain Flow
The Figure 7 shows the diagram flow which contains each

step to obtain a hexadeciaml TXT file from a C code. In this
flow all the tools used were provided by the MSP430 open
source toolchain but were tuned for our configuration of the
openMSP430.

The first step is complying the C code to generate an
executable file. The C code has to correctly use the hardware
resources available that are configured in the header files.
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During the compilation it is created an object file (file.o).
This file contains the code separated in different sections. The
most typical are: i) .text (include the program code); ii) .data
(contains the initialised global and static variable); iii) .bss
(uninitialised global and static variable); iv) .rodata (initialised
static constants). After being created the linker script it will act
on this object file, to map these sections into memory locations
correctly. The file obtained, after the code being compiled, is
called an executable file, that will be written in ELF format.

The second step is to generate from the executable file
(file.elf) the hexadecimal TXT file so that it can be loaded
into the program memory. This is achieved by executing the
elf2mem.tcl program, written in Tool Command Language
(TCL). The elf2mem.tcl program starts to convert this file
to a binary file. If it takes too much time for the conversion
it means that there is an issue related with the linker script.
Hence, it is crucial to change the linker script and go to the
beginning of the flow. If the binary file is created then it
will be converted to an hexadecimal representation. After this
process, the size of the code has to be equal to the program
memory size of the target MCU. If this is not true, there is a
problem at the linker script that has to be corrected. Therefore,
the C code needs to be compiled again but with a linker
script updated to generate the right code. Since the compiler
generates code using big endian representation and this MCU
has a little endian architecture the next step it is to change
the representation from big endian to little endian. Finally, the
code is stored in a TXT file, called program.txt, to be
loaded into the program memory. On the final step, it is also
created a file with zeros to initialise the data memory.

B. C Code Program

Before moving to the linker script It is essential to know
how to create a code in C language that is adequate for the
openMPSP430 (e.g., that allows to make interrupts service
routines (ISR), read and write in peripherals, etc.).

The including of the header files is crucial because they
contain the definition of the peripheral addresses, the bits
masks, etc. They also includes the functions declarations and
macro definitions. The open source openMSP430 offers the
omspsystem.h that includes all the peripheral registers
addresses and the bit mask of each of this registers. However,
this does not cover all the information. Therefore, it was
created a header file, called vardef.h, which contains the
bits mask for the low power mode, the variables stored at the
RAM memory and the interrupt positions.

The first thing is to understand how a variable is created.
The ’int’ keyword is enough to define this variable but
’static’ and ’volatile’ attributes have also an important
role on the characterisation of the variables. The ’static’
makes sure that the variable is preserved over time. The
’volatile’ informs the compiler that the variable can
change its value without being aware of it (i.e., the variable
can change its value due to an external interaction outside of
the running program) [8].

To enter in a low power mode (LPM) the macro function
BIS SR() has to be used. This macro tells the compiler to

perform the BIS instruction on the status register and updates
its value. Note that the status register manages the bits that
controls the low power modes. Inside the parenthesis are the
bit masks that define the LPM.

C. Linker script

The linker script enters at the end of compilation with the
main purpose of describing how the input sections, provided
by the objective file, should be mapped to the memory
mapping of the MCU [9]. For this reason to generate the
right code for the openMSP430, a correct linker script must
be provided.

The memory layout is described in a file that is constituted
normally by a set of keywords that works as commands. For
the openMSP430 two commands were used, called ’MEM-
ORY’ and ’SECTIONS’. The ’MEMORY’ command defines
the memory layout, i.e, the location of the program memory
(ROM), data memory (RAM), etc. The ’SECTIONS’ com-
mand is related with the sections provided by the object file
and as mentioned before the major sections are; .text, .data,
.rodata, .bss. With this command the user defines where
each of these sections will be stored in the memory layout.

Since compilers, such as MSP430 gcc, are dedicated to a
specific architecture they are able to interpret extra sections
from the linker script. One of those is the ’.vector’ section
that defines a space at ROM for the interruption vectors
[9]. Therefore, at the ’MEMORY’ command and ’SECTION’
command this vector section has to be defined.

VI. FULL SYSTEM SIMULATION

To simulate the entire system (including memories, CPU
and peripherals), the code generated must test and use different
functionalities of the system, such as, read/write in the mem-
ories/peripheral, managing the basic clock module and enter
and exit of low power modes. The ASIC implementation is
going to be used to verify if after all the modifications done
on openMSP430 CPU and on the TimerA, the TimerAx is
able to wake-up the system from a LPM and if the rest of the
system continuous to working properly.

A. Code

The code used for this system simulation is shown in
Figure 8. It begins by including two header files (vardef.h
and omspsystem.h) that were mentioned in Chapter V,
which contains the bits masks, the functions declarations and
macro definitions.

This code has the purpose to verify different functionalities
of the circuit: i) Write/Read from the peripherals registers; ii)
Write/Read from the memory RAM; iii) Manage the interrupt
service routine; iv) enter in different low power modes and
exit from them by a TimerAx interruption. This program just
executes the main function once and then enters in a low
power mode and only wakes-up the system to perform service
interrupt routines.

To run a program it is necessary that the openMSP430 CPU
starts working, which is done through a reset cycle. When
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Fig. 8. Final code for the full simulation

the reset is released, the CPU will access the top address of
the program memory to fetch the instruction that contains the
address where the PC has to jump (memory location of the
main() function).

At the main() function it is selected the clock source for
the MCLK clock (line 28), in this case, LFXT clock. It also
configure the TimerAx registers and at the end of the main()
function the system goes into low power mode 3.

The system will wake up by an interrupt provided by
the TimerAx. If the interrupt is irq ta0 then the service
interrupt routine will perform the restore() function else
the verification() function will be executed.

The restore() function just updates the TAR register
value and then re-enters into the lower power mode 3. The
verification() function will calculate the average of the
data input values of the GPIO. This average will be written
at the MEDIA variable that is stored at the RAM memory. If
the value is higher than 0x0050h the LED1 will be set else it
will be the LED0 to be set. At the vardef.h file the LED0
and LED1 are defined in a way that when they are written on
P1OUT they activate the corresponding led.

B. Simulation

After invoking the NCLaunch program (Version 14.10-s004)
the main window of the NCLaunch graphical user interface
and console window that makes a debug analyse of the

simulation are opened. This main window is represented at
Figure 9.

Fig. 9. NCLaunch graphical user interface

To simulate the circuit some files have to be selected as
part of the design (right side of the window). Some of them,
as expected, are the files that have the circuit description in
Verilog Language. This simulation tool is able to simulate the
circuit either at RTL level or at logic level as in the case of the
pos-synthesis simulation. To do a pos-synthesis simulation it
is also necessary to have a Verilog file that contains the gate-
level netlist of the circuit on the selected technology and the
libraries that contains the delays in this technology. Therefore,
the tool has in consideration these delays and a more realistic
simulation is performed. The files that have this information
have the extension, lib.src, as shown at the design part in
Figure 9. Although there are two files of this type for this sim-
ulation only the fsc0l d generic core 30.lib.src
is needed. The other file must be added for a pos-layout simu-
lation because it contains the IO cells technology information.
To run the simulation a test bench has to be created and added
to the design.

1) Waveform: Although the simulation verify different
functionalities of the system, the most important one is to
check if the the system can enter and exit from a low power
mode through a TimerAx interrupt.

At the beginning, as it is written in the C code, the cap-
ture/compare block registers (CCRx) are configured. Having
the CCRx blocks configured, the next step is to configure the
timer block, as it is demonstrated at Figure 10.

The register that controls the timer block is the TACTL
register. On this register, the value 0x022h was stored (at
1109µs), which implies that this block can generate interrupts
and will work in the continuous mode. In this mode, the
timer increments its value until reaching the value 0xFFFF.
Therefore, after updating the TACTL register, the TimerAx
starts working and the value of the TAR register starts in-
creasing. However, at 1330µs, the TAR value change its value
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Fig. 10. Timer block configuration

Fig. 11. Wake-up the system by the irq1 interrupt

to 0xFF00, due to the instruction that performed the writing
of this value in this register (line 34). The final instruction
of the main function is to get the system to enter into a
LPM. This occurs at 1390ns, and match with the LPM3
because the SCG0, SCG1 and CPUOFF bits are set to 1 (Table
I). Therefore, at this point the MCLK clock is turnoff, as
expected. The GIE bit is also enabled to let the openMSP430
CPU to receive interrupts.

The system wakes-up from a low power mode by a pe-
ripheral, in this case, from the TimerAx. With the simulated
configuration there are only two ways for the TimerAx to send
interrupt: when the timer (TAR) exceeds the value 0xFFFF
(irq ta1 interrupt) or the value of the TACCR0 (0xABC6)
register (irq ta0 interrupt). Since the TAR register value is
increasing from the value 0xFF00 (showing that the TimerA
is still working), the system will exit the low power mode
through a irq ta1 interrupt (17390µs), as it is shown in
figure 11. Therefore, the interrupt service routine that will be
performed is the verification() function.

When the timer exceeds the value 0xFFFF the TimerAx
asserts the wkup input of the openMSP430 (17328µs) due
to the timer upgrade shown on Figure 6 and the procedure
to wake-up the system begins. Therefore, at 17390µs, the
mclk active is set to 1 and so the irq ta1 interrupt
is sent to re-activate the CPU state machine to turn on the
mclk clock. In this process, the status register is cleared, this
means that the GIE, CPUOFF, SCG1, SCG0 and OSCOFF bits
are set to 0. Afterwards, since the system is awake the wkup

signal is released. At the beginning of the interrupt service
routine (ISR), in this case the verification() function,
the irq ta1 interrupt is cleared by the software, to make
sure that this ISR is not going to be executed more than once.

VII. CONCLUSIONS

In today’s world the Internet of Things has became one
of the most important topic research in the technological
world because this technology has the objective to allow the
systems to communicate among each others without human
intervention [1]. Since these devices are built for specific
applications, these systems are based on microcontrollers.

This work was integrated in the PROTEUS project with the
intention to build a microcontroller to be inserted in a sensor
that will monitor the water quality. This sensor is going to
be settled under water, therefore, the life of the battery is the
most important characteristic to take into account. For this
reason a low power microcontroller (MCU) has to be used. To
select an appropriated MCU that suits best in this project some
features were compared, such as, current consumption, clock
system, low power modes, etc. Hence, it were compared some
microcontrollers and it was concluded that the best option for
this project was a microcontroller of the MSP430 family from
Texas Instruments. However, in this work it was used the open
source version, called OpenMSP430. This microcontroller is
based on the digital part of the original MCU and is described
in synthesisable Verilog which allowed an implementation
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in the target technology of the project, the UMC 130nm
technology.

Therefore, it was made an overview of the openMSP430
microcontroller architecture and shown the slightly differences
between this microcontroller and the MSP430 microcontroller
family. At the architecture it was emphasised the importance
of the status register inside the register file once it stores
the values of the signals that controls the low power modes.
These modes allows to turn off some functionalities of the
circuit to guarantee a longer batteries life. Another important
aspect is that OpenMSP430 is described targeting two possible
implementation technologies: FPGA or ASIC. The ASIC
implementation has the advantage of allowing to manage the
low power modes, which is of particular importance for the
PROTEUS project in which this work was developed.

The synthesis of the OpenMSP430 targeting the UMC
130nm technology was made using Cadence RTL Compiler
where it was given a special attention on the identification
and implementation of sensitive modules and how to define
the design constraints.

It was made a study and evaluation of the TimerA once it
is mentioned in the openMSP430 documentation that this pe-
ripheral was not suited for the ASIC implementation because
it could not wake-up the system from a low power mode.
Therefore, it was proposed and implemented an architecture
change to make it also compatible with ASIC implementation.
This new TimerA (TimerAx) is able to continue to work even
in a low power mode and wake-up the system from a low
power mode.

It was also explained how to compile a program to generate
the correct executable code (in TXT file format) for the
openMSP430 using the open source MSPGCC compiler. For
this to be accomplished a linker script must be used. Which
allows the user to define the memory mapping of the system.
It was also shown how to write a code in C to configure the
openMSP430, in particular to enter in a specific low power
mode and exit from this mode by a TimerAx interruption.

Then it was explained how to load the hexadecimal TXT
file on the memories that came already synthesised for the
target technology. Finally it was made a full simulation of the
entire system where different functionalities were tested and
as it was shown by the simulation, the TimerAx is now able
to wake-up the system from a low power mode.
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