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Abstract

Fast Scan Cyclic Voltammetry (FSCV) is a widely used electrochemical technique for real-time
measurement of the brain’s chemical messengers, including the molecule dopamine, with high
temporal resolution. Currently the financial burden of performing FSCV is quite high, ranging
from $8,000 to $20,000+ making the barrier to entry nearly insurmountable for laboratories and
classrooms at small institutions. The purpose of this project was to develop a Do-It-Yourself
(DIY), portable, and cost-effective FSCV system for use in laboratory and classroom settings.
The project aimed to create a compact and cost-effective system that could be used by
researchers and educators to study dopamine levels and dynamics in various settings. By
utilizing a Hercules Launchpad by Texas Instruments, a device was designed to perform FSCV
of dopamine. The device was able to successfully produce the required waveform and collect the
results. This project offers proof of concept for the use of Pulse Width Modulation (PWM) in the

generation of a FSCV triangle waveform for dopamine concentration measurements.
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Chapter 1 Introduction

Introduction

The field of neuroscience and research into chemical signaling in the brain is of great
importance for several reasons including: understanding brain function, studying neurological
disorders and mental health conditions, designing new treatments for those disorders and
conditions, and developing new technology [1].

Neuroscience research aims to uncover the complex workings of the brain, including how
it processes information, controls behavior, and regulates various bodily functions. By studying
chemical signaling, researchers can gain insights into the fundamental mechanisms underlying
brain function, such as learning, memory, emotions, decision-making, and sensory processing
[2]. Their research also helps shed light on the causes, mechanisms, and potential treatments for
neurological disorders and mental health conditions. Chemical signaling abnormalities, such as
imbalances in neurotransmitters are often implicated in conditions like Parkinson's disease,
Alzheimer's disease, depression, anxiety disorders, and schizophrenia [1]. Understanding the
chemical signaling disruptions associated with these conditions can aid in the development of
targeted interventions and therapies.

Investigating chemical signaling in the brain provides critical insights for drug discovery
and development. Many drugs act on specific receptors or modulate neurotransmitter levels to
treat neurological and psychiatric disorders. Research into chemical signaling pathways helps
identify potential drug targets and aids in the development of more effective and specific
pharmacological interventions. Additionally, advancements in understanding chemical signaling
contribute to the development of brain-computer interfaces (BCls). BCIls enable direct

communication between the brain and external devices, offering potential solutions for



individuals with paralysis or sensory impairments. Research in chemical signaling assists in
designing interfaces that can interpret and modulate neuronal activity, facilitating bidirectional
communication between the brain and external devices [3].

Fast Scan Cyclic Voltammetry (FSCV) is a widely used electrochemical technique for
real-time measurement of the brain’s chemical messengers, including the molecule dopamine,
with high temporal resolution. FSCV involves applying a voltage waveform to a carbon-fiber
electrode and measuring the resulting electrical currents as the molecules undergo oxidation or
reduction reactions [4].

Currently the financial burden of performing FSCV is quite high, ranging from $8,000 to
$20,000+. This makes the barrier to entry nearly insurmountable for laboratories and classrooms
at small institutions. A low cost, portable FSCV device would make classroom demonstrations
and proof of concept research for grant proposals possible in these more resource-restricted
environments.

Purpose

The purpose of this project was to develop a DIY, portable, and cost-effective FSCV
system for use in laboratory and classroom settings. The project aimed to create a compact and
cost-effective system that could be used by researchers and educators to study dopamine levels
and dynamics in various settings, including resource-constrained environments such as small
university laboratories and classrooms. The project sought to achieve the following objectives:

1. Affordability and Accessibility: The focus of the project was on utilizing low-cost
components and creating easily implementable, open-source software to develop a ‘DIY”

FSCV device that is affordable and accessible to a wide range of users. By reducing the



production cost, the project aimed to remove financial barriers and promote widespread
access to FSCV technology.

Portability and Compact Design: The device was designed to be portable and lightweight,
allowing for easy transportation and use in different settings. Its compact form factor was
intended to enable researchers and educators to conduct experiments and demonstrations
outside the confines of a traditional laboratory.

Real-Time Data Acquisition and Analysis: The device incorporated hardware and
software designed to enable real-time data acquisition, analysis, and visualization of
dopamine levels. In order to accomplish this the device was required to perform the
following tasks:

a. Generation of the stimulus waveform: The present device was designed with the
ability to produce just one triangle waveform. The waveform selected is a very
commonly used one when measuring dopamine concentrations.

b. Measurement of the current flow in the electrode: The device was designed with
the intention to be compatible with a single carbon fiber ‘working’ electrode and a
single carbon fiber ‘reference’ electrode.

c. Amplification of the recorded current waveform: Due to the miniscule nature of
the current waveform produced, the device required circuitry to amplify this
waveform to make it interpretable.

d. Conversion of the current waveform to a digital signal: In order for the data to be
retrieved by the device, the analog signal would have to be converted into a

digital one.
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e. Communication of the digital signal to a PC: Once the signal had been converted
to be digital, it was then required to be sent to a PC for analysis.

f. Analysis and display of the resulting current signal: The final signal would then
have to be interpreted by an algorithm and displayed in order for it to be useful to
researchers.

4. Versatility and Compatibility: The open-source, ‘DIY’ nature of the FSCV device was
intended to allow for future users and developers to build on the current work. With
further development, future iterations of the device could be made compatible with a
variety of electrode configurations and be made capable of producing multiple
waveforms in order to support the measurement of different neurotransmitters, such as
serotonin and glutamate.

5. Educational and Research Applications: The project aimed to foster educational and
research opportunities by providing an affordable tool for studying neurotransmitter
dynamics. The device will empower students, educators, and researchers to explore the
principles of neuroscience promoting scientific discovery and understanding.

The final objective of this project was to attempt to address the limitations in the portable
FSCV system developed by Foster at Grand Valley State University. The intent was to
consolidate the system to just one microcontroller capable of performing both the waveform
generation and data acquisition simultaneously. It was also a goal to, if possible, ensure the
system performs well thermally at ambient temperatures without the need for makeshift cooling

methods.
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Chapter 2 Review of Literature

Mechanism of Neurotransmitters

The human body uses its nervous system to think, move, feel, see, hear, speak, taste, and
smell. The brain, spinal cord, and a network of peripheral neurons make up the nervous system
and are able to communicate and process massive amounts of sensory data, control the voluntary
muscular system, ensure life supporting organ functions work seamlessly, store memories, think
critically, and much more [2]. It is able to accomplish all of this simultaneously and at incredible
speeds. Much of this nervous tissue is constructed of a powerful cell type called neurons [1]. A

neuron and its basic anatomy are shown below in Figure 1.
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Figure 1. Neuron Diagram [5]
Neurons are similar to other cell types in that they have a cell body which contains a
nucleus responsible for the cell’s maintenance; however, they have other highly specialized

structures which allow them to participate in the momentous task of operating the human body.
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These structures include the dendrites (long tendrils protruding from the cell body), the axon (the
long cable like structure that makes up much of the cell), the axon hillock (the junction where the
cell body meets the axon), and the axon terminal (the branched end of the axon) [2]. Each of
these structures is identified above in Figure 1.

Neurons transmit data to, from, and throughout the brain via electrical impulses that
propagate along the length of each cell. When the dendrites of a cell are stimulated, ion channels
are opened which create a local change in the potential difference across the cell membrane. This
impulse, known as a graded potential, travels through the cell body toward the axon. When a
great enough graded potential arrives at the axon hillock, a strong impulse known as an action
potential is triggered and travels down the length of the axon to the axon terminal. This terminal
end does not physically connect to the following neurons, so in order for the signal to pass from
one neuron to the next, the signal must be converted into a chemical one. Specialized molecules
called neurotransmitters are released from the axon terminal into the extracellular space between
cells known as the synapse. These molecules bind to receptors on the dendrites of the
postsynaptic neuron, stimulating another graded potential and thus the signal continues. Once the
signal has been successfully passed, the neurotransmitter molecules are taken back up by the
presynaptic neuron. This allows the synapse and the postsynaptic receptors to be cleared so that a
future signal can be transmitted. [1].

There are many dozens of neurotransmitters that have been identified in the human body
to date. Some function as excitatory, meaning they aid in triggering further action potentials as
discussed above, and others as inhibitory, meaning they work to stop or reduce further action
potentials, and still others can do both of these depending on the specific circumstances [1]. Both

are critical to keeping all functions of the body working properly and in balance. Although there
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are many neurotransmitters present and working in the nervous system, there are just several key
ones which do much of the work and are specialized to regulate and govern certain functions
within the brain and body. Some of these molecules are Glutamate, Gamma-Aminobutyric Acid
(GABA), Epinephrine, Norepinephrine, Histamine, Serotonin, Oxytocin, Acetylcholine, and
Dopamine [2]. For the purposes of this project, the focus will be on dopamine.

Dopamine

The importance of the role of the dopamine molecule in the human body cannot be
overstated. Considered both a neurotransmitter and a hormone, dopamine plays a vital role in
many bodily functions [1]. To name a few: movement, attention, motivation/reward, learning,
and mood [2]. Additionally, the dopamine molecule functions as a precursor to epinephrine and
norepinephrine [6], two pivotal neurotransmitters/hormones in the human body responsible for

producing the critical “fight-or-flight” response to perceived danger [2].

One of the first known roles of dopamine was its impact on coordination and smooth
movement [7]; however, in recent years, the findings suggest that one of the primary roles of
dopamine is governing motivation and reward [8]. It is thought that the release of this molecule
is necessary for the initiation of an action as well as the reinforcement of that action [9]. If the
outcome of an action is as expected, the dopamine release in response to the outcome reflects
that. Likewise, if the outcome is either better or worse than expected, the dopamine release
increases or decreases correspondingly to either positively or negatively reinforce that action

[10].

It is also hypothesized that the release of dopamine in the hippocampus in response to a
novel event induces long term memory storage [11], and that dopamine plays a role in memory

deletion as well [12]. In this way, dopamine has a massive impact on how the human brain learns
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from actions and experiences. It is well known that drugs like amphetamines form dependencies
because they act directly on dopamine terminals, but it is now also suggested that any substance
that triggers dopamine’s reward system can become habit forming including things like cannabis
and caffeine [13]. All of these roles of dopamine reveal just how important it is when it comes to
human behavior at large. There is still plenty that neuroscientists do not understand when it
comes to dopamine and its functions, and it is an ongoing area of research to understand how to
manipulate and maintain proper dopamine function.

Measurement Techniques

Over the years of research into neurotransmitters and more specifically dopamine, many

techniques have been developed and used to measure dopamine levels in the brains of animals
and humans. Some of these methods include:

1. Mircodialysis: This method of neurotransmitter measurement is invasive and is most
commonly used in animal models. This method involves inserting a semipermeable
membrane on the end of a probe into a particular brain region through which a sample
of the extracellular fluid can be collected and then analyzed [14]. While not
considered the preferred method, this technique has been historically used to measure
dopamine concentrations in the interstitial space of a brain structure or region [15].

2. Positron Emission Tomography (PET): This method utilizes a PET scan and is
therefore considered a non-invasive measurement technique. This procedure, “enables
the direct measurement of components of the dopamine system in the living human
brain. It relies on radiotracers which label dopamine receptors, dopamine transporters,

precursors of dopamine or compounds which have specificity for the enzymes which
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degrade dopamine,” [16], all of which give researchers an abundance of information
about the dopamine system at large.

3. Functional Magnetic Resonance Imaging (fMRI): This method employs an MRI
which has the advantages of being non-invasive as well as non-radiological.
However, it is more limited than its more invasive counterparts in that it cannot
directly measure dopamine levels. This technique instead utilizes proxy measures that
can then be extrapolated to a high-level understanding of “long term dopamine
function or degeneration of dopaminergic neurons”, [17].

4. Single-Cell Recordings: This method, while more cutting edge, is considered invasive
and highly technical. This technique involves the insertion of very fine
microelectrodes directly into individual neurons in order measure changes in voltage
and current. This allows single cells to be monitored for activity in response to
various external stimuli [18]. This makes single cell recordings highly detailed and
granular, but also cost-prohibitive as well as technically prohibitive.

5. Fast Scan Cyclic Voltammetry (FSCV): This invasive method can measure dopamine
concentrations with a high level of sensitivity in real time. This technique involves
the placement of two single carbon-fiber electrodes into a brain sample or brain
region. Changes in the electrical current as dopamine is oxidized and then reduced
can be measured and then used to determine the concentration of dopamine present in
the sample with great accuracy and temporal resolution [4]. It is noteworthy that this
method is also quite cost-prohibitive.

While not comprehensive, this list represents some of the most common measurement techniques

for neurotransmitters and for dopamine specifically. When to employ a given technique can only
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be decided based on the requirements of the experiment in light of the strengths and weaknesses
of each method. For the purposes of this project, the focus will be on FSCV.

FSCV Overview

Since only discussed very briefly above, this section will be used to delve deeper into the

measurement technique known as Fast Scan Cyclic Voltammetry or FSCV. As mentioned
previously, this method involves the placement of two single carbon-fiber electrodes into a brain
sample or region; one is known as the working electrode and the other is known as the reference
electrode. These electrodes are then used both to incite an oxidation-reduction reaction of
dopamine and to measure the changes in the electrical current that result from that reaction.
Systems that perform these tasks typically need the following components:

1. Electrode: A thin carbon fiber around 5-30 um in diameter that is usually insulated
aside from the very end which is placed into the solution or sample. These electrodes
are highly conductive in order to be sensitive enough for neurotransmitter detection.

2. Potentiostat: An electronic device that is used to apply the correct voltage waveform
to the working electrode and to measure and amplify the very small electrical currents
produced by the experiment.

3. Data Acquisition System: Equipment used to capture and record the measurements
from FSCV using an analog-to-digital converter (ADC). This takes the true analog
measurements and digitizes them so they can be processed and stored by a computer.

4. Control and Analysis Software: Specialized software to control the initiation,
recording, and visualization of incoming data in real time. May also include

additional tools and algorithms for data analysis and neurotransmitter quantification.
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The most common waveform used for FSCV of dopamine is a triangular waveform. The
triangular waveform is simple, effective, and widely employed due to its favorable
characteristics for dopamine oxidation and reduction measurements. The specific voltage
parameters associated with the triangular waveform include: the initial potential (the starting
voltage of the triangular waveform commonly set to a slightly negative potential such as -0.4V to
establish a baseline and prepare for the oxidation phase of dopamine), the peak potential (the
highest voltage reached during the positive phase of the triangular waveform, commonly 1.3V),
the final potential (the voltage at the end of the negative phase of the triangular waveform,
typically the same value as the initial potential), and the scan rate (the speed at which the
triangular waveform is scanned, for instance, 400V/s).

This waveform is typically repeated 10 times per second for the duration of the
measurement. During the positive phase of the triangular waveform, the voltage applied to the
carbon-fiber electrode increases. As the voltage exceeds around 0.6V, dopamine molecules near
the electrode undergo oxidation to form dopamine-o-quinone. During this reaction dopamine
loses 2 electrons which incites a measurable electrical current at the electrode. This electrical
current is directly proportional to the rate of dopamine oxidation, which can then be extrapolated
to calculate the concentration of dopamine in the electrodes immediate proximity. During the
negative phase of the triangular waveform, the voltage applied to the electrode decreases. At
around -0.1V, the reduction of dopamine-o-quinone occurs and the molecule gains 2 electrons to
once again become dopamine. The reduction reaction also generates an electrical current, which
is proportional to the rate of dopamine reduction and, hence, the concentration of dopamine-o-

guinone near the electrode.
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The electrical currents generated during both the oxidation and reduction reactions are

measured by the FSCV setup which amplifies and records these currents as a function of the

applied voltage. By analyzing the recorded current data, researchers can determine how

dopamine concentration changes over time. An image of the waveform as well as the chemical

reactions and the resulting current measurements can be seen in Figure 2.
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Figure 2. Waveform and Oxidation-Reduction Reactions [19]

Existing Devices and Previous Work

Devices such as the WaveNeuro Potentiostat by Pine Research are typically used to

perform FSCV. National Instruments data acquisition cards as well as their LABVIEW®

software are also required to perform the experiment. The cost of all of this equipment can range

from around $8000 on the low end for simple setups all the way up to $20000+ for more

complex setups. With this sort of price tag, FSCV is incredibly cost-prohibitive for smaller

institutions, researchers, and educators who wish to demonstrate and utilize the effectiveness of
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FSCV for the measurement of dopamine. This reveals an opportunity to provide a lower cost
option.

The effort to lower the financial burden of this measurement technique is not novel.
Previous work in this area was completed by Jayson Foster of Grand Valley State University in
which he designed an Arduino based system to perform the waveform generation and data
acquisition and utilized MATLAB to analyze the data and display the result. In the course of that
project, it was determined that the microcontroller was unable to simultaneously perform the
signal generation for the triangle waveform and the data collection through the ADC. In order to
combat this, the tasks of waveform generation and data acquisition were divided between two
separate microcontrollers. Additionally, it was discovered that the thermal load resulting in the
system was producing inaccurate data and makeshift cooling methods were required to perform

the measurements.
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Chapter 3 Methodology

The development of the device was broken down into two distinct areas: hardware and
software. Tasks categorized under the hardware category included: researching and selecting a
microcontroller and designing the circuit for the waveform signal conditioning and result signal
amplification. Tasks categorized under the software category included: writing the firmware for
the microcontroller to perform the waveform generation and data collection (written in C) and
writing the script for the data analysis and display (written in python).

Hardware

The board chosen for this project was the Hercules RM42x LaunchPad, a development
kit offered by Texas Instruments (TI) specifically designed for the Hercules RM42x series of
microcontrollers. The Hercules line of microcontrollers is designed for safety-critical designs and
as such is commonly used in biomedical applications. The Hercules microcontrollers often
include specialized peripherals and modules to support real-time operations making them a good
option for this application. The launchpad utilizes the Hercules 100-pin RM42L432
microcontroller. Key specs for this launchpad that are most relevant to this project are a 12-bit
analog to digital converter (ADC), and a programmable high-end timer (HET) module designed
for highly accurate real-time operations. The HET module is capable of using Pulse Width
Modulation (PWM) to generate complex waveforms independently of the main CPU. This
makes it an ideal solution for the current project in that all of the signal generation can be done
separately from the data acquisition, ensuring the two processes do not conflict without the need
for a second microcontroller.

PWM is a method of encoding a voltage onto a fixed frequency carrier wave. The

frequency of the PWM will be fixed while the duty cycle will vary between 0% and 100%. The
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percentage of the on-time will be proportional to the output signal voltage. For example, a 0%
duty cycle produces a 0 V output while a 100% duty cycle produces a peak-to-peak voltage Vp-p
equal to the Vccio, which is the 1/0 power supply voltage to the microcontroller. The nominal
Vccio is 3.3 V in Hercules microcontrollers so a 50% duty cycle would have produced an output
voltage equal to 1.65 V. The PWM method is a low-cost way of implementing a digital-to-
analog converter (DAC). By time-varying the duty cycle percentage, it is possible to generate an
arbitrary analog waveform. The output signal needed to go through a simple analog low-pass
filter to remove the high frequency components. This filter is constructed from a 220Q resistor
and a 10uF capacitor, which can be seen in Figure 3. The full schematic for the project can be
found in Appendix I. The filtered signal was the expected triangle shape; however, it is also
noteworthy that the microcontroller is only capable of producing signals between 0V and 3.3V.
As discussed previously, the parameters for the present triangle wave require the signal to range
from -0.4V to 1.3 V. The purpose of the remainder of the circuit shown in Figure 3 is to shift the

triangle wave signal down to the required level utilizing a voltage divider.

220 Ohm H0uF

|

1

! I

|

—WV &

l ! 100 Ohm
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2.5k Ohm

| Voltage Divider

Figure 3. Waveform Generation Signal Conditioning Circuit
The first strategy to shift the signal down was simply to run the signal through a 10uF capacitor

since this would essentially equalize the amount of signal that exists above and below QV. It was
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determined that this strategy did not shift the signal enough to satisfy the requirements, so a
voltage divider was utilized to further bias the signal down by almost 0.2V. Equation 1 was used

to design the voltage divider circuit.

Vour = Vi 1)

N RI+R,

Where V,,,; is the output voltage, V;, is the input voltage, R; is the voltage side resistor, and R,
is the ground side resistor. It was found that an input voltage of -5V, a voltage side resistor of
2.5kQ, and a ground side resistor of 100Q2 produced the required output voltage of -0.192V.
Once the triangle waveform had been sufficiently modified by the circuitry to meet the
FSCV parameters for dopamine oxidization and reduction, the signal could be sent to the
working electrode, where the reference electrode could pick up the resulting fluctuations in the
current present in the sample. The resulting signal was then passed through a current-to-voltage
converter and amplifier circuit shown in Figure 4. This circuitry was left largely unchanged from

the previous work completed by Jayson Foster at GVSU.

Signal Amplifier
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Figure 4. Current-to-Voltage Converter and Amplifier Circuit
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The current follower equation shown below would then allow the current at the reference

electrode to be calculated.
Vour = _in 2)

Where V,,,; is the output voltage of the current-to-voltage converter, i is the current at the
reference electrode, and Ry is the feedback resistor. For this project a feedback resistor of 10kQ
was used. The signal next needed to pass through the amplifier portion of the circuit so that the

very small signal could be read by the board. This part of the circuit is governed by equation 3:
R
Vour = _VinR_}ic (3)

Where V,,,, is the output voltage of the amplifier, V;,, is the input voltage, R, is the feedback

resistor, and R; is the input resistor. For this portion of the circuit a feedback resistor of 10kQ
and an input resistor of 560Q were used. This signal was then passed back to the Hercules board
to be measured by the onboard ADC.

Software

The first software step for this project was the development of the code to produce the
PWM signal for the custom triangle waveform required for the oxidation and reduction reactions.

The block diagram for this code is shown below in Figure 5.
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Figure 5. Block Diagram for PWM Triangle Wave Generation Code

The implementation is as follows:

1. The specified PWM is generated starting with 0% duty cycle. The duty cycle will be self-

3.

modified by the N2HET1. Wait until one full PWM period is generated before changing

to a new duty cycle.

decrease. The flag will be initialized to zero after reset, meaning to increment the duty

cycle, thus increasing the resulting PWM voltage. If the flag is 1, the duty cycle will

The up/down flag is evaluated to determine whether the duty cycle should increase or

decrement instead, thus decreasing the resulting PWM voltage.

parameter determines the maximum voltage the PWM signal will reach. The maximum

The existing duty cycle is compared to the programmed maximum duty cycle. This
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duty cycle is a parameter changeable by the host CPU before the N2HET program starts.
If the maximum is reached, go to step 5.

. The next duty cycle percentage is incremented by the programmed amount. This
parameter determines the slope of the incline of the PWM wave.

. A programmed timer is started. The timer is used to hold the PWM at the maximum duty
cycle for a programmable amount of time. This step would be needed for creating
trapezoid waveforms. In the present case, since a triangle wave is required, this timer
delay was set to zero.

. The existing duty cycle is compared to the 0% duty cycle. If 0% is reached, go to step 8.

. The next duty cycle is decremented by the programmed amount. This parameter
determines the slope of the decline of the PWM wave. Note that the amount to decrement
can be different than the amount to increment to generate a sawtooth; however, this was
not required in the present work.

. A programmed timer is started. The timer is used to hold the PWM at the 0% duty cycle
for a programmable amount of time. Note that this minimum duty cycle timer length can
be different from the maximum duty cycle timer length. This was used to implement the
time delay between individual triangle waves.

In order to implement the HET code, the N2HET Assembler from Tl was used. The

assembler translates the higher-level HET code, which can be found in Appendix 11, so that it

could be used by the HALCoGen software from TI to generate all the needed ¢ and header files

for the project. HALCoGen stands for Hardware Abstraction Layer Code Generator. Once

HALCoGen had generated the project it was opened in Code Composer Studio where the main.c

file could be written. This file was also pre-generated by HALCoGen with a skeleton code
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consisting mainly of comments outlining where various parts of the code should be written so the
file can remain interpretable by the HALCoGen tool. The code added to the main.c file includes
8 configurable macros which control the parameters of the triangle wave to be produced. They
are: LRPFC, PWM_PERIOD, PWM_DUTY, DUTY_INCREMENT, DUTY_DECREMENT,
MAX_DUTY_TIMER, MIN_DUTY_TIMER, and NHET1_PIN_PWM.

The carrier frequency of the PWM signal can be expressed in terms of the Loop
Resolution Period (LRP). This is the frequency at which the HET module will loop through the

HET code.

LRP = VCLK2 x 2LRPFC x pPWM_PERIOD (4)

In the equation shown above the VCLK2 is the clock speed which equals 11.11ns. LRPFC is the
first configurable macro and stands for Loop Resolution Pre-scaler Factor Coefficient. The
possible values for this macro are 5, 6, or 7. PWM_PERIOD is the second configurable macro
and can be set to an integer in the range of 1 to 32. So if, for instance, LRPFC is set to 6 and
PWM_PERIOD is set to 1, the NHET has 64 clock cycles for 1 LRP. This means the NHET can
modulate the duty cycle between these 64 steps, giving a 6-bit resolution for the amplitude of the
output signal. This resolution can be improved by increasing either LRPFC or PWM_PERIOD.
For example, with and LRPFC set to 7 and PWM_PERIOD set to 32, 1 LRP is equivalent to
4096 clock cycles giving a 12-bit resolution. The higher the resolution the less noise present in
the final analog signal. However, this comes with a tradeoff; the higher the resolution, the lower
the possible output frequency that can be generated. If a higher frequency output signal is

required, some resolution would have to be sacrificed. For the purposes of this project LRPFC
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was set to 6 and PWM_PERIOD was set to 32 giving an LRP of 2048 clock cycles or an 11-bit
resolution.

The next configurable macro is PWM_DUTY, which represents the maximum duty cycle
the NHET will be allowed to reach. Practically speaking this is the max amplitude of the filtered
output signal. This variable is expressed as a percentage of the total possible duty cycle and has a
possible range of 0.1% to 100% which would allow the output signal to have a max amplitude
anywhere in the range of 0.33mV to 3.3V.

DUTY_INCREMENT and DUTY_DECREMENT are the next configurable macros, and
they represent the amount to increase or decrease the duty cycle from one step to the next. This
variable is also given as a percentage in the range 0.1% to 100%. In the output signal these
control the slope of the rise and the fall. These two macros can be set to different values to
generate a sawtooth wave if that is required. The present work required a triangle wave so they
were both set to the same value.

MAX_DUTY_TIMER and MIN_DUTY _TIMER represent the amount of time for which
the system will maintain either the maximum or minimum duty cycle and is expressed in terms
of number of LRP. This is used to change the amount of time the output signal will hold at either
the maximum or minimum value and is thus useful for generating a trapezoid wave. The signal
produced in this project is a triangle pulse with a delay between each during which the signal
remains at baseline. In order to accomplish this, the MAX_DUTY_TIMER was set to 0 and the
MIN_DUTY_TIMER was set to around 4000 LRP which produced a delay of around 90ms.

The final macro is NHET1 _PIN_PWM which defines the pin number at which the PWM

signal will be produced. For this project, PIN_HET 0 was used.
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The next software to be written was the code to read the signal coming into the ADC for
measurement. All the necessary include files for this portion of the code were also generated
with the HALCoGen tool. These included the files for utilizing both the ADC module to read the
voltage at the input pin, as well as the SCI module to print the values in a terminal window on
the PC. Additional code was added to the main.c file to implement both of these tasks. The key
pieces of code for this part of the main function are shown below in Figure 6. The full main.c file

with all of these parameters and functions can be found in Appendix II.

adc_data; //ADC data structure
*adc_data_ptr = &adc_data; //ADC data pointer
unsigned int NumberOfChars, value; //Declare variables

sciInit(); //Initializes the SCI (UART) module
adcInit(); //Initializes the ADC module

while(1)

{

adcStartConversion(adcREG1, adcGROUP1); //Start ADC conversion
while(!adcIsConversionComplete(adcREG1, adcGROUP1)); //Wait for ADC conversion
adcGetData(adcREG1, , adc_data ptr); //Store conversion into ADC pointer
value = (unsigned_int)adc_data_ ptr->value;

NumberOfChars = ltoa(value, (char*)command);

sciSend(scilinREG, 2, (unsigned char *)"0x"); //Sends hex designation
sciSend(scilinREG, NumberOfChars, command); //Sends the data
sciSend(scilinREG, 2, (unsigned char *)"\r\n"); //Sends new line character

}

Figure 6. Main Function Code for ADC and SCI Modules
The final software step in this project was the development of a python script to process
the raw data from the board and make the necessary calculations to visualize the current change
in the sample. This script utilized both equations 2 and 3 to perform these calculations and then
used a basic digital lowpass Butterworth filter to remove the noise. The simple block diagram for

this script is shown below in Figure 7.
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Figure 7. Block Diagram for Data Processing Python Script
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Chapter 4 Results

The PWM output from the board as well as the resulting waveforms after both the initial
analog lowpass filter as well as the voltage divider were visualized using an oscilloscope. These
can be found below in Figure 8. Measurement A in Figure 8 shows a single, raw PWM signal
coming from the Hercules board. This makes it possible to visualize the duty cycle increasing
and then decreasing. Measurement B in Figure 8 shows three PWM signals both before (bottom)
and after (top) the analog low pass filter. The low pass filter produced a triangle wave from the
variable duty-cycle PWM signal. Measurement C in Figure 8 shows that the triangle wave, after
the low pass filter, has a period of 99.9ms, a peak-to-peak voltage of 1.72V, and a rise time of
4.2ms. Measurement D in Figure 8 shows the triangle wave after the voltage divider biasing
circuit has the same period, peak-to-peak voltage, and rise time as that of Measurement C but

now with a minimum voltage of -0.4V and a maximum voltage of 1.32V.

Measure X
10. 10.01Hz
99.90ms 99.90ms
Pl~Pk Pk=F

1.72V

1 .77’2v
4.200ms

Figure 8. Oscilloscope Measurements of Triangle Wave Generation
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In place of a dopamine solution, a dummy cell constructed from a 1nF capacitor and a
100kQ resistor was used to test the device. Figure 9 below shows the dummy cell current
waveform measurement taken with the present device both before and after the filtering done
within the algorithm, compared to the same measurement made with the gold standard
equipment. Chart A in Figure 9 shows the measurement taken with the Hercules device without
the digital Butterworth filter applied, chart B in Figure 9 shows the measurement taken with the
Hercules device with the digital Butterworth filter applied, and chart C in Figure 9 shows the

measurement taken with the gold standard equipment.

Hercules Device Dummy Cell Current Waveform Unfiltered Hercules Device Dummy Cell Current Waveform

400 -
400

200 4 200

Current (mA)
Current (mA)

-200 4 -200 A

-a00{ A 00| B

'
Time (us) Time (us)

Gold Standard Equipment Dummy Cell Measurement

Current (nA)

z

Time (us)
Figure 9. Current Waveform Outputs for Dummy Cell, (A) Hercules Device Unfiltered, (B)
Hercules Device with Butterworth Filter, (C) Gold Standard [20]
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All three measurements show the current steeply increasing from 0 to around 400nA,
holding there for around 6ps, steeply decreasing to -400nA, and holding there for around 6ps.
The measurement from the gold standard equipment held very steady at both the high and low
ends, whereas the Hercules device was quite noisy in these areas. A digital lowpass Butterworth
filter was used to combat some of this noise.

The price of all the components that were purchased to construct the device was tabulated
so that the total cost could be calculated. The bill of materials can be found below in Table 1.
The total cost to develop the device came to $108.

Table 1. Project Bill of Materials

Item Cost

Hercules Development Kit $50
Basic Electronics Kit $15
Resistors Kit $10

Op Amp Kit $15
Capacitor Kit $13
DC-DC Pos+Neg 5V Reg $5

Total $108

For the sake of discussion, the cost of just the individual components used rather than the
full cost of the electronics kits that were purchased for the development of the circuit was also
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tabulated. This information can be found below in Table 2. The total cost to build the device as
described in this paper is $61.29.

Table 2. Component Only Bill of Materials

Item Cost
Hercules Development Kit $50
LM2902n Op Amp $0.43
10kQ Resistor (X3) $0.30
560 Q Resistor $0.10
220 Q Resistor $0.10
100 Q Resistor $0.10
2.5 kQ Resistor $0.64
2.2 nF ceramic Capacitor $2.25
3 10 uF capacitor $2.37
DC-DC Pos+Neg 5V Reg $5
Total $61.29
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Chapter 5 Discussion and Conclusion

Discussion

The Triangle wave produced met all the required parameters for FSCV. These parameters
are: a period of 100ms, a rise time of 4.2ms, a resting voltage of -0.4V, and a peak voltage of
1.3V. The PWM signal produced by the board met the first two of these parameters once it was
passed through the analog low pass filter. The voltage divider biasing circuit was then able to
successfully shift the signal down to a resting voltage of -0.4V in order to achieve the final two
parameters. The peak voltage this device was able to achieve was 1.32V, which varies just
slightly from the ideal parameter. This 20mV error is likely due to simplicity of the circuitry and
the nature of filtering a PWM signal into a triangle wave. Because FSCV of dopamine simply
requires that dopamine’s oxidation voltage of 0.6V and subsequently, its reduction voltage of -
0.1V be reached within a certain timing, the maximum value is less critical and therefore the
20mV difference is acceptable. The key advantage of utilizing PWM to generate the triangle
waveform as opposed to a DAC as seen in previous work is that the process requires nothing
from the main CPU once the NHET is configured leaving all available processing power
available for data collection and transmission to the PC. In addition, the PWM signal generation
method remains highly configurable allowing for the possibility of configuring different triangle
waves with ease within the code. A key disadvantage however is that due to the nature of
variable duty cycle PWM there is an inherent tradeoff between noise and frequency: the higher
the resolution (lower noise) the lower the possible output frequency. This disadvantage is
acceptable given that the goal of the system isn’t to achieve a perfect, noiseless signal, but to

produce a passable signal at a low cost.
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The Python script accurately calculated the current based on the data collected by the on-
board analog to digital converter. The dummy cell measurement taken with the device matches
the characteristic waveform seen with the gold standard equipment. This indicates that the device
is capable of performing Fast Scan Cyclic Voltammetry for dopamine solutions. The
discrepancies between the measurements taken with the Hercules device and the measurements
taken with the gold standard equipment were to be expected. The simple, low cost, DIY nature of
this project meant the resulting measurements would be noisier and less accurate than those
taken on very expensive equipment. There are a couple of likely sources of this noise. The first is
inherent noise within the ADC on the launchpad. This is likely a minor contributor to the noise.
Another potential source would be noise introduced into the signal during waveform generation.
It is the nature of PWM as a very high frequency signal of variable duty cycle which is then
filtered into a much lower frequency signal to retain some of that high frequency component
after the filtering process. The method utilized in the present work to mitigate the noise was the
use of a digital lowpass Butterworth filter during the signal processing phase, but an analog
lowpass filter prior to data collection by the ADC may also have been an effective noise
reduction method to explore. All that said, this tradeoff between the quality of the measurement
and the cost to perform the measurement is acceptable, provided that the information able to be
obtained with the Hercules device is still accurate enough to give researchers an indication of
what more expensive measurement techniques may reveal. Given the similarity between the
measurements taken with both the gold standard equipment and the present device, it’s safe to
say these measurements are indeed accurate enough.

The Device consists of just one microcontroller with total bill of materials for

development coming in well under budget at $108. This means the project achieved the
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objectives to simplify the device put forth by Jayson Foster, GVSU and to keep the device under
$200. Additionally, if the device were to be built as specified in this paper, the need for the
hardware ‘kits’ that were purchased would be eliminated and the total cost would be just $61.29.

Conclusion

All of the objectives of this project were achieved. The device was able to successfully
produce the required waveform and collect the results. This project offers proof of concept for
the use of PWM in the generation of a FSCV triangle waveform for dopamine concentration
measurement. By utilizing a PWM signal generated with a module independent from the main
CPU to produce the triangle wave, the need for two microcontrollers, as seen in previous work,
was eliminated, thus simplifying the device. All of the materials used in this project are readily
available from online retailers, making this device highly accessible. The final cost to construct
the device came to $108 making the project highly affordable.

Future Work

Due to COVID closures and personal constraints, it was not possible to test the system in
a lab setting with dopamine solutions. A critical next step for this work would be to verify its
effectiveness in lab use. Additionally, the current process requires the user to take the output
from the microcontroller and manually run it through the python script in order to generate the
output. An important next step would require the development of an app that’s capable of
initiating the microcontroller, starting a cycle, and then automatically processing the data with
the python algorithm. This would greatly improve the usability of the device. Finally, with
further development, the device could be made compatible with a variety of electrode
configurations and be made capable of producing multiple waveforms to allow the measurement

of different neurotransmitters, such as serotonin, thus making the device more flexible.
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Appendix | — Schematic
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Appendix Il — Hercules Microcontroller Code

High Level HET code

......

IIIIDID

; This example code is to be loaded into N2HET1l's RAM. This code will generate a
; time-varying PWM signal to render either triangle waves or trapezoid waves.

......

IIIDIDID

; PWM frequency to be generated

PWM_PERIOD .equ 2

5 The pin number that will output the PWM signal

PWM_PIN_NUM .equ 9

5 The initial maximum duty cycle (LR compare value) to be generated.
INIT_COMPARE .equ 3

; The initial maximum duty cycle (HR compare value) to be generated.
INIT_COMPARE_HR .equ ©

; amount of increment in terms of LRP. Note the total amount to increment is
; equal to DUTY_INCREMENT + DUTY_INCREMENT_HR.

DUTY_INCREMEMT .equ ©

; amount of increment in terms of HR.

DUTY_INCREMEMT _HR .equ 1

; amount of decrement in terms of LRP

DUTY_DECREMEMT .equ ©

; amount of decrement in terms of HR

DUTY_DECREMEMT_HR .equ 1

; amount of timer delay to keep the PWM at 0% duty cycle

LOW_DELAY .equ ©

; amount of timer delay to keep the PWM at maximum duty cycle

HIGH_DELAY .equ ©

; key to unlock N2HET

UNLOCK_KEY .equ ©OxA

; The data field of the MOV32 instruction contains an initial value (©x5) that
; 1s not equal to the key to unlock the N2HET program. First the MOV32

; instruction moves the initial value to a temporary register T

Lee MOV32 { remote=DUMMY,type=IMTOREG,reg=T,data=0x5};

; Compare the register T value with the key to unlock N2HET. The key to unlock
; is @xA. If the key is not matched then go back to Le@. The CPU is supposed
; to write the proper key (OxA) to unlock the N2HET

LO1 ECMP { next=L@0,hr_lr=LOW,cond_addr=L02,pin=0,reg=T,data=UNLOCK_KEY};

; Creating a virtual counter using CNT which will determine the period of

; the PWM to be generated. The initial small max count allows for quick

;5 simulation which can later be changed by the host CPU.

L@2 CNT { reg=A,irq=0FF,max=PWM_PERIOD};

; Use ECMP to determine the duty cycle of the PWM on the specified pin. The
; pin field and the duty cycle are changeable by the CPU.

L@3 ECMP { hr_1lr=HIGH,en_pin_action=0N,cond_addr=L04,pin=PWM_PIN_NUM,

action=PULSELO,reg=A,irq=0FF,data=0,hr_data=0};

; Only when the CNT reaches the max count will the program go to the

; conditional address. We want to wait for one complete PWM waveform to be
; generated before changing the duty cycle. When CNT reaches the max

; value it will set the Z flag.
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Le4 BR { next=L00,cond_addr=L05,event=Z};

; the data field in this ADD acts as a up/down flag. To create either a triangle

; or a trapezoid wave we first need to create a ramp up waveform. The PWM will first
; increase the duty cycle until it reaches the specified maximum duty cycle before

; it starts to decrease the duty or stay at the maximum duty. The up/down flag is

; used to create two different paths in the flow to alternate before increasing duty
; cycle vs decreasing duty cycle.

L05 ADD { srcl=ZERO,src2=ZERO,dest=NONE,data=0};

; Move the up/down flag to a temp register T.

Le6 MOV32 { remote=LO5,type=REMTOREG, reg=T};

; Compare this up/down flag to ©. © means to increase the duty cycle and 1

; means to decrease the duty cycle.

Le7 ECMP { next=L16,cond_addr=L08,pin=0,reg=T,data=0};

; move the ECMP DF which contains the compare value for duty cycle creation

; to register R

Le8 MOV32 { remote=L03,type=REMTOREG, reg=R};

; Subtract the current compare value from the max duty cycle stored in

; REM_DUTY. The result will be stored in register S.

Le9 SUB { srcl=REM,src2=R,dest=S,remote=REM _DUTY,data=0};

; If the subtraction result is more than © then it means it has not

; reached the max duty cycle we will increase the duty cycle. If it is

5 zero or less than zero then we have reached the max duty cycle and we

; will change the up/down flag to down position.

L10 BR { next=L12,cond_addr=L11,event=GT};

; Add specified amount to the existing compare value (duty cycle) to specify the new
; duty cycle. The amount to increment is changeable by CPU before the N2HET program

starts.

; After the addition, jump back to the beginning of the program

L11 ADD { next=L15,srcl=R,src2=IMM,dest=S,rdest=REM,remote=L03,data=DUTY_INCREMEMT,

hr_data=DUTY_INCREMEMT_HR};

; Insert a timer delay after the maximum duty cycle is reached. A timer delay here
has the
; effect of creating the high side of a trapezoid waveform. If the timer is zero then
it
; becomes a triangle wave.
L12 DJZ { next=L00,cond_addr=L13,reg=NONE,data=HIGH_DELAY};
; After the above DJZ expires on its counter we need to reload the DJZ counter to the
; specified amount of delay.
L13 MOV32 { next=L14,remote=L12,type=IMTOREG&REM, reg=NONE,data=HIGH_DELAY};
; Now change the up/down flag to down by moving a 1 to the up/down flag
L14 MOV32 { remote=LO5,type=IMTOREG&REM, reg=NONE,data=1};
; Branch to the beginning
L15 BR { next=L0@0,cond_addr=L00,event=NOCOND};
; move the ECMP DF to register R which contains the current compare value
(duty cycle)
L16 MOV32 { remote=L@3,type=REMTOREG, reg=R};
; Subtract the current duty cycle by the specified amount. This amount of decrement
is
; changeable by CPU before the N2HET program starts. When this instruction is
executed
; the first time, the current duty cycle is at the maximum duty cycle. Here we are
creating
; the ramp down part of the triangle/trapezoid waveforms.
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L17 SUB { srcl=R,src2=IMM,dest=S,rdest=NONE,data=DUTY_DECREMEMT,
hr_data=DUTY_DECREMEMT_HR};

; As long as the subtraction result is greater than zero, we will keep

; decreasing the duty cyle or otherwise we will again change the up/down

; flag to up position. The destination register is S which contains the

; subtraction result.

L18 BR { next=L19,cond_addr=L20,event=N};

; Move the subtraction result to the ECMP DF as the new duty cycle

L19 MOV32 { next=L0@0,remote=L03,type=REGTOREM, reg=S};

; Insert a timer delay after the 0% duty cycle is reached. A timer delay here has the
; effect of creating the low side of a trapezoid waveform. If the timer is zero then
it

; becomes a triangle wave.

L20 DIZ { next=L00,cond_addr=L21,reg=NONE,data=LOW_DELAY};

; Reset the increment delay to the specified amount.

L21 MOV32 {remote=L20,type=IMTOREG&REM, reg=NONE,data=LOW_DELAY};

; Move the value @ to the up/down flag so in the next LRP the program

; flow will execute the path to increase duty cycle.

L22 MOV32 { remote=L@5,type=IMTOREG&REM, reg=NONE,data=0};

; Branch to beginning

L23 BR { next=L00,cond_addr=L00,event=NOCOND};

; REM_DUTY data field stores the maximum duty cycle the PWM to be generated.

; The host CPU can change this value.

REM_DUTY ECMP { next=REM_DUTY,cond_addr=REM_DUTY,pin=0,reg=A,data=INIT_COMPARE,

hr_data=INIT_COMPARE_HR};

DUMMY BR { next=DUMMY, cond_addr=DUMMY, event=NOCOND,irq=0FF};

main.c

/** @file sys_main.c

*  @brief Application main file

*  @date 16.Feb.2015

*  @version 04.03.00

*

* This file contains an empty main function,

*  which can be used for the application.

*/

/*

* Copyright (C) 2009-2015 Texas Instruments Incorporated - www.ti.com
%

*

* Redistribution and use in source and binary forms, with or without
* modification, are permitted provided that the following conditions
* are met:

%

* Redistributions of source code must retain the above copyright

*

notice, this list of conditions and the following disclaimer.
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Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the
distribution.

Neither the name of Texas Instruments Incorporated nor the names of
its contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

X X X X X X K X X X X X X X X ¥ X X X ¥ ¥

*
~

/* USER CODE BEGIN (@) */
#include "sci.h"

#include "adc.h"

#include "stdlib.h"
#include "sys_core.h"
#include "Trapezoid_Wave.h"
#include "het.h"

#include "system.h"

void calculate_ecmp_compare();
void configNHET1();

/* USER CODE END */

/* Include Files */
#include "sys_common.h"

/* USER CODE BEGIN (1) */
/****************************************************************************
* Below 8 macros are changeable by user to generate various different *

* waveforms. *
****************************************************************************/

PWM_PERIOD defines the period of the carrier PWM frequency. PWM_PERIOD is
expressed in terms of number of LRP (Loop Resolution Period). The frequency
of the carrier PWM will remain constant. However, the N2HET will

modulate the duty cycle to generate a time-varying PWM signal. This
time-varying PWM signal is then passed through a low pass filter to remove
unwanted high frequency components, an analog waveform is thus rendered.

* X X X X ¥ ¥ %

The LRP period depends on the reference VCLK2 frequency to the N2HET
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¥ X K X X X X X X X X X X X X ¥ ¥ ¥ ¥

*/

module as well as the programmable LR Prescaler factor (lr). It can be
expressed as:

1 LRP = VCLK2 * 1r

If VCLK2 = 11.11ns and lr = 128 then

1 LRP = 11.11 ns * 128 = 1.42us

Note that for this example, the high resolution prescale factor (hr)

is always confed to 1.

The width of the PWM_PERIOD also defines the resolution of the output
analog signal to be rendered. With PWM_PERIOD = 1, there are a total
of 128 VCLK2 cycles. This means that the N2HET will module its duty
cycle between these 128 steps. Thefore, with PWM_PERIOD = 1, the
output analog signal will have a log2(128) = 8-bit resolution. If
user desires higher resolution, the PWM_PERIOD can be changed to a
higher value such as 32. With PWM_PERIOD = 32, the duty cycle can be
modulated among a total of 32 * 128 = 4096 steps and hence render a
log2(4096) = 12-bit of resolution. The higher the resolution the
less noise on the final output. However, the higher the resolution,
the lower the final output frequency of the signal to be generated.

#define PWM_PERIOD 32

/

* X ¥ X X ¥

*

PWM_DUTY defines the maximum duty cycle the N2HET is allowed to
modulate to. The PWM _DUTY is expressed in terms of percent (%).
With PWM_DUTY = 100%, the maximum amplitude on the output signal
will be equal to Vccio. Setting PWM_DUTY = 50% will create a
maximum amplitude of Vccio / 2. Note that the maximum amplitude
will also depend on the type of filter used and its respective
RC values. */

#define PWM_DUTY 77.5

/*
*
*

L
*

*
*

*/

allowable LR Prescaler factors are 32, 64 and 128. Anything less
than 32 will not have enough time slots for the N2HET program to
run.

RPFC can be either 5, 6 or 7.
7 -> one lr = 128 VCLK2
6 -> one lr = 64 VCLK2
5 -> one lr = 32 VCLK2

t#tdefine LRPFC 6

/

* K X X X X X X X X ¥ ¥ *

The NH2ET1 program will automatically increase the PWM
modulation from 0% duty cycle to maximum duty cycle
specified in PWM_DUTY. When PWM_DUTY is reached it starts
to decrease the duty cycle from PWM_DUTY to 0%.
DUTY_INCREMENT specifies the delta amount of duty cycle to
change from one duty cycle to the next duty cycle while
the duty cycle is increasing. Increasing DUTY_INCREMENT
has the effect of decreasing the duty cycle resolution for
a given PWM_PERIOD. This is expressed in terms of (%).

For example specifying DUTY_INCREMENT equal to 5 will mean
the duty cycle will start at 0% and the next duty cycle
will be 5% at a 5% increment. If @ is specified, then the
N2HET1 will increment the duty cycle at 1 VCLK2 clock resolution */
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#define DUTY_INCREMENT 20

/* DUTY_DECREMEMT specifies the delta amount of duty cycle to
* change from one duty cycle to the next duty cycle while
* the duty cycle is decreasing. This is expressed in terms
* of (%). */

#tdefine DUTY_DECREMENT 20

/* The MAX_DUTY_TIMER is the amount of wait time to stay at
the maximum duty cycle. Change to a non-zero value will
create trapezoid waveform. A zero value will create a
triangle wave

* ¥ ¥ X %

The MAX_DUTY_TIMER is expressed in terms of number of
* LRP. */
#define MAX_DUTY_TIMER ©

/* The MIN_DUTY_TIMER is the amount of wait time
* to stay at the minimum duty cycle. Change to
* a non-zero value will create trapezoid waveform.
* A zero value will create a triangle wave */
#define MIN_DUTY_TIMER 4480

/* Pin number in N2HET1 to generate the PWM. */
#define NHET1_PIN_PWM PIN_HET_®

/****************************************************************************/

/* Below macros are for internal calculation. Do not change. */
[ H Rk kst ok sk ok ok kb ok ok ok stk ook ok sk stk sk ok stk ook kskok sk ok sk stk ok skskokok ok skt ok skokokokok ok kskok ok f

/* The PWM Period to be loaded to N2HET1 CNT instruction */
#tdefine CNT_MAX_PERIOD (PWM_PERIOD - 1)

/* The max PWM Duty to be loaded to N2HET1 ECMP Instruction */
#define ECMP_MAX_DUTY (PWM_PERIOD * PWM_DUTY / 100.0)

/* DELTA_INCREMENT is the amount to be loaded to N2HET1 to increment the
* duty cycle */
#define DELTA_INCREMENT (CNT_MAX_PERIOD * DUTY_INCREMENT / 100)

/* DELTA_DECREMENT is amount to be loaded to N2HET1 to decrement the
* duty cycle */
#define DELTA_DECREMENT (CNT_MAX_PERIOD * DUTY_DECREMENT / 100)

/* Unlock key to for N2HET2 */
#define UNLOCK_KEY ©xAU

unsigned char command[8];
/* USER CODE END */

/** @fn void main(void)

*  @brief Application main function
*  @note This function is empty by default.
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This function is called after startup.
* The user can use this function to implement the application.
*/

/* USER CODE BEGIN (2) */
uint32 ecmp_compare_value = 0;
/* USER CODE END */

void main(void)
{
/* USER CODE BEGIN (3) */
/* This example uses the N2HET1 to generate either a triangle wave
* or a trapozoid wave by modulating the PWM duty cycle.
* N2HET1 program: Trapezoid_Wave.het
*/

/* initialize N2HET1 based on HalCoGen settings */
hetInit();

/* Configure additional settings of N2HET1 based on the macros settings */
configNHET1();

adcData_t adc_data; //ADC data structure
adcData_t *adc_data_ptr = &adc_data; //ADC data pointer
unsigned int NumberOfChars, value; //Declare variables

sciInit(); //Initializes the SCI (UART) module
adcInit(); //Initializes the ADC module

while(1)

{

adcStartConversion(adcREG1l, adcGROUP1); //Start ADC conversion
while(!adcIsConversionComplete(adcREG1, adcGROUP1)); //Wait for ADC conversion
adcGetData(adcREG1, 10, adc_data_ptr); //Store conversion into ADC pointer
value = (unsigned_int)adc_data_ptr->value;

NumberOfChars = ltoa(value, (char*)command);

sciSend(scilinREG, 2, (unsigned char *)"ox"); //Sends hex designation
sciSend(scilinREG, NumberOfChars, command); //Sends the data
sciSend(scilinREG, 2, (unsigned char *)"\r\n"); //Sends new line character

}

/* USER CODE END */
}

/* USER CODE BEGIN (4) */

/* this function is to configure additional settings for the N2HET1 */
void configNHET1()

{

/* calculate_ecmp_compare() will calculate the compare value as well as
* the high resolution delay values to be loaded into the N2HET1 ECMP1
* instruction for PWM Duty generation based on the input ECMP_MAX_DUTY */
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calculate_ecmp_compare();

/* Set NHET1_PIN PWM to output */
hetREG1->DIR = 1 << NHET1_PIN_PWM;

/* Change the LRPFC according to user input */
hetREG1->PFR = (LRPFC << 8);

/* Initialize the PWM period and duty cycle based on the defined parameters */
hetRAM1->Instruction[pHET_L@2_@].Control = (uint32)CNT_MAX_PERIOD |
(hetRAM1-
>Instruction[pHET_L@2 ©].Control & ©xFD00OO);
hetRAM1->Instruction[pHET_REM DUTY_©].Data = ecmp_compare_value;

/* Configure the N2HET1 pin to output the PWM */
hetRAM1->Instruction[pHET_L@3_0].Control = (hetRAM1-
>Instruction[pHET_L@3_0].Control & OXFFFFEQFF) |
(NHET1_PIN_PWM << 8);

/* Configure the amount of delay to stay at the maximum duty cycle */
hetRAM1->Instruction[12].Data = ((uint32)MAX_DUTY_TIMER << 7);
hetRAM1->Instruction[13].Data = ((uint32)MAX_DUTY_TIMER << 7);

/* Configure the amount of delay to stay at the minumum duty cycle */
hetRAM1->Instruction[20].Data = ((uint32)MIN_DUTY_TIMER << 7);
hetRAM1->Instruction[21].Data = ((uint32)MIN_DUTY_TIMER << 7);

/* Duty cycle increment amount */

if ( (uint32)DELTA_INCREMENT == 0){
hetRAM1->Instruction[pHET_L11_@].Data

} else {
hetRAM1->Instruction[pHET_L11 ©@].Data

1 << (7 - LRPFC);

(uint32)DELTA_INCREMENT << (7 -
LRPFC);

}

/* Duty cycle decrement amount */
if ((uint32)DELTA_DECREMENT == @) {

hetRAM1->Instruction[pHET_L17_0].Data
} else {
hetRAM1->Instruction[pHET_L17_0].Data

1 << (7 - LRPFC);

(uint32)DELTA_DECREMENT << (7 -

LRPFC);
}
/* Unlock the N2HET program. Initially after reset the N2HET program is locked
*
/ hetRAM1->Instruction[pHET_LO0@ 0].Data = UNLOCK_KEY << 7;
¥

/* This function calculates the compare value and the high resolution delay
* to be loaded into the N2HET1 ECMP instruction for generating the PWM
* DUTY cycle according to the user supplied % in PWM_DUTY
*/

void calculate_ecmp_compare()

{
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uint32 uint32_high_phase_width;
float float_high_phase_width;

float_high_phase_width = ECMP_MAX_DUTY;
uint32_high_phase_width = ECMP_MAX_DUTY;

~
*

the (float_high_phase_width - uint32_high_phase width) expression will
obtain the decimal value of one LRP (loop resolution period)

clock. Once we get the deciminal value we will multiply by 128 to
obtain the number of HR (high resolution) clocks. 1 LRP = 128 HR as
configured in the HalcoGen for this example.

(uint32_high_phase_width << 7) will form the LRP compare value
((float_high_phase_width - uint32_high_phase_width) * 128) forms the
high resolution delay

* ¥ X X ¥ ¥ ¥ %

*/
ecmp_compare_value = (uint32)(uint32_high _phase_width << 7) |
(uint32) ((float_high_phase_width -
uint32_high _phase_width) * 128);
¥

/* USER CODE END */

Python Script

csv

matplotlib.pyplot plot

numpy np

ci signal butter, filtfilt

xchar = [1 i data
ychar i i data
xchar
ychar
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butter lowpass filter(y, cutoff
normal cutoff = cutoff / nyqg

b, a = butter (order, normal cutoff
ynew = filtfilt (b, a
ynew

y _current, cutoff, fs

)
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Appendix Il — Data Sheets

Q&A:
Q1 : Why output voltage is less than the nominal voltage

A1: Input power supply power is too low.Test the input voltage with a multimeter,a t this time of the
input voltage is very low

Q2 : Why is the negative voltage not output or the output too low?

A2 : The negative voltage cannot be used alone. When using a negative voltage, the same load must be
connected at the positive voltage terminal.

Specification:
Input voltage: 3~24V

Output voltage: +5V/+6V/+9V/+10V/+12V/+15V/+18V/%24V (Optional)
Maximum output power: 1-8W

Conversion efficiency :70-90%

Quiescent current: 3-4mA

Accuracy : Positive voltage 3%, Negative voltage +5%

Working frequency: 400kHz

Operating temperature: -40~85

Size: 42x24x15mm / 1.65%0.94x0.59in Weight: 12g (approx.)

Package List: 1 x Positive Negative Voltage Converter
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Triangle/Trapezoid Wave Generation Using PWM With
Hercules™ N2HET

Charles Tsai

ABSTRACT

This application report illustrates how to generate various forms of triangle and trapezoid waves using the
versatile programmable high-end timer (N2HET). The examples can be run in either the Hercules
hardware development kit (HDK) or the LaunchPad™ development kit. The application report shows the
N2HET program examples, the steps to setting up the N2HET registers as well as basic system settings
utilizing the HalCoGen.

This document assumes that you have some basic understanding of the N2HET terms as well as some
understanding of both the HET integrated development environment (IDE) and HalCoGen tools.

Project collateral and source code discussed in this application can be downloaded from the following
URL: http:/iwww ti_com/lit/zip/spna220.
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1 Introduction

N2HET is a fifth-generation Texas Instruments (T1) advanced intelligent timer coprocessor module based
on the very long instruction word (VLIW) instruction set architecture. The instruction set, based mostly on
very simple, but comprehensive instructions provides sophisticated timing functions for real-ime
applications. The high resolution hardware channels allow greater accuracy for widely used timing
functions such as period and pulse measurements, output compare and PWMs.

Pulse Width Modulation (PWM) is a method of encoding a voltage onto a fixed frequency carrier wave.
The frequency of the PWM will be fixed while the duty cycle will vary between 0% and 100%. The
percentage of the on-time will be proportional to the output signal voltage. For example, a 0% duty cycle
produces a 0V output while a 100% duty cycle produces a peak-to-peak voltage V, equal to the Vccio,
which is the /O power supply voltage to the microcontroller. The nominal Vecio is 3.3 V in Hercules
microcontrollers. A 50% duty cycle would have produced an output voltage equal to 1.65 V. The PWM
method is a low cost way of implementing a digital-to-analog converter (DAC). By time-varying the duty
cycle percentage, it is possible to generate an arbitrary analog waveform.

Using the PWM method as a DAC is nothing new. Many microcontrollers on the market can accomplish
this simple task. What is needed is a PWM capable hardware in the microcontrollers. This normally
involves a simple time-based counter that will either count up or count down until the counter expires. The
programmable width of the counter will determines the frequency of the PWM. While the counter is either
counting up or down, the current counter value is compared against a programmable match value that
defines the duty cycle. The output PWM signal could be setup to remain set while a match is not found.
As soon as the counter value matches the programmable match value, the PWM will clear the PWM
output. The pin remains clear until the counter expires and sets the pin again. Figure 1 illustrates the
generation of an un-modulated PWM signal.

Com!ar‘

-t Duty Cycle B

| P Period L

Figure 1. An Unmodulated PWM Signal

However, for a time-vary PWM output, the duty cycle needs to be changed. This normally involves
generating an interrupt to the CPU upon a compare match or when the counter reaches its pre-loaded
count. For example, to generate a ramp waveform, this could mean generating an interrupt to the CPU
each time the counter expires at its programmable pre-load value. In the interrupt service routine, the CPU
increments the duty cycle by a desire amount and updates the compare value register, see Figure 2.
Generating interrupts to the CPU has some drawbacks; it can slow down the CPU from doing other tasks.
The interrupt latency can also impact the maximum achievable output signal frequency.

2 Triangle/Trapezoid Wave Generation Using PWM With Hercules™ N2HET SPMA2Z0-May 2015
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time
«Duty X~ -t DutyY > - Dutyz

- PWM Period Ll

interrupt |
» » >
CPU updates the duty cycle to X CPU updates the duty cycle to Y CPU updates the duty cycle to Z
Figure 2. A Modulated PWM Signal

On the other hand, some of the mentioned drawbacks can be avoided using the N2HET since itis a
coprocessor. You can write N2HET code to modulate the duty cycle of the PWM without involving the
CPU at all. How and when to modulate the duty cycle is under the N2HET's control. This capability is the
main focus of this application note.

In this application note, we will use the N2HET to generate time-varying PWM signals. The output signal
will go through a simple analog low-pass filter to remove the high frequency components. The filter output
renders various forms of triangle and trapezoid waves. The versatility of the N2HET allows you to control
the slope of the ramp up and ramp down when forming a triangle. By controlling the amount of time the
PWM stays at its maximum duty cycle and at 0% duty, an arbitrary trapezoid waveform can also be
generated. Figure 3 shows the waveforms that are demonstrated in this application report.

lsosceles triangle Isosceles triangle with reduce amplitude Scalene triangle sawtooth triangle

kosceles trapezoid Scalene trapezoid Right trapezoid
Figure 3. Triangle and Trapezoid Waves
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2

Low-Pass Filter

The low-pass filter is used to remove the high frequency components that are produced on the PWM
output. For simplicity reason, a first order passive low-pass filter using only the low-cost RC components
are used, as shown in Figure 4. The focus of this application report is to show how to write the N2ZHET
code to produce various waveforms. This document does not touch on the optimum filter to use. Extra
information on the analysis of filters is provided in Section 7.

N2HET1 PWM Pin 220.chin
TMS570/RM
Win Vaut
Mcu 10 uf
Figure 4. Low-Pass Filter
4 Tnangle/Trapezoid Wave Genersfion Using PWM With Hercules™ NZHET SPMNA2Z20-May 2015
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3 N2HET Implementation

N2HET implementation

3.1 N2HET1 Triangle/Trapezoid Wave Generation Flow Chart
N2HET1 Triangle/Trapezoid Wave Flowchart

Figure 5. N2HET1 Triangle/Trapezoid Wave Flow Chart
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1. The N2HET1 is put into a self-loop until a proper unlock key is wntten to the N2HET1. While the
NZHET1 is still locked, the host CPU can setup various parameters for the N2HET1 program.

2. Generate the specified PWM starting with 0% duty cycle. The duty cycle will be self modified by the
NZHET1 itself either in increasing order or decreasing order. Wait until one full PWM period is
generated before changing to a new duty cycle.

3. Evaluate the up/down flag to determine whether the duty cycle should increase or decrease. The flag
will be initialized to zero after reset, meaning to increment the duty cycle.

4. Compare the existing duty cycle to the programmable maximum duty cycle. The maximum duty cycle
is a parameter changeable by the host CPU before the N2HET program starts. If the maximum is
reached, go to step 6.

5. Increment to the next duty cycle percentage by the amount that is programmable by the host CPU
before the N2HET program starts.

6. Start a programmable timer. The timer is used to hold the PWM at the maximum duty cycle for a
programmable amount of time. This step is needed for creating trapezoid waveforms. To generate a
triangle wave, this timer delay will be set to zero. The timer length is programmable by the host CPU
before the N2ZHET program starts.

7. Compare the existing duty cycle to the 0% duty cycle. If the 0% is reached, go to step 9.

8. Decrement to the next duty cycle by the amount that is programmable by the host CPU. Note that the
amount to decrement can be different than the amount to increment.

9. Start a programmable timer. The timer is used fo hold the PWM at the 0% duty cycle for a
programmable amount of time. Note that this minimum duty cycle timer length can be different from the
maximum duty cycle timer length. This step is needed for creating trapezoid waveforms. To generate a
fnangle wave this imer delay will be set to zero. The timer length is programmable by the host CPU
before the N2ZHET program starts. *DEKiY Between Cy,des

N2HET1 Triangle/Trapezoid Wave Program

The example N2HET1 program code is illustrated below. Directives using .equ are parameters used to
configure the program; you can change these parameters. By default, these parameters have initial values
that are small for quick simulation using HET IDE. The host CPU will overwrite these parameters in the
host side application code.

; Thi= example code is to be loaded into W2HET1'=s REM. This code will generate a

; time-warying FWH =ignal to render sither triangle waves or srapssoid waves.

-------------------------------------------------------------------------------------------

; PWM freguency to be generated

PFWM_PERIOD .equ 2

; The pin number that will output the PHM =ignal

FHM_FIN_NUM cequ 8

7 The initial maximum duty cycle (LR compare value) to be generated.
INIT COMPRRE .equ 3

7 The initial marmimum duty cycle (HR compare value] to be generated.
INIT COMPARE HR cequ O

; amount of increment in terms of LRF. Hote the total amount to increment is
; =gual to DUTY_INCREMENRT + DOUTY INCREMENT HR.

DUTY_INCREMEMT .equ O
; amount of increment in berms of HE.
DUTY_INCREMEMT HR cequ 1
; amount of decrement in terms of LRF
DUTY_DECREMEMT -equ O
; amount of decrement in terms of HR
DUTY_DECREMEMT HR .equ 1
; amount of timexr delay to keep the FWM at 0% duty cycle
LOW_DELAY .equ O
; amount of timexr delay to keep the FWH at maxmimum duty cycle
HIGH DELAY .equ O
; key to unlock NZHET
UMLOCE. FEY .equ OxA
& Tnangle/Trapezoid Wave Generafion Using PWM With Herculee™ NZHET SPNA220—-May 2015
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; The data field of the MCV32 instruction contains an initial value (0x5) that
; is not equal to the key to unlock the NZ2HET program. First the MOV3Z

; instruction moves the initial value to a temporary registex T

Loo MOV3Z { remote=DUMMY, type=IMTCREG, reqg=T,data=0x5};

Compare the register T wvalue with the key to unlock NZHET. The key to unlock
is OxA. If the key is not matched then go back to L00O. The CPU is supposed
to write the proper key (0xA) to unlock the N2HET

Lol ECMP { next=L00,hr_ lxr=LOW,cond_addr=L02Z,pin=0, reg=T, data=UNLOCK_KEY};

Creating a virtual counter using CNT which will determine the period of
the PWM to be generated. The initial =mall max count allows for quick
simulation which can later be changed by the host CPU.

02 CNT { reg=A,irg=OFF,max=FWM_PERIOD};

Hoseos o

; Use ECMP to determine the duty cycle of the FWM on the =pecified pin. The

; pin field and the duty cycle are changeable by the CPU.

Lo2 ECMP ( hx'_lz=HIGH, en_yin_a:f.ion=0ﬂ, :Dnd_addx'=l'.04,pin=PHH_PIN_NUM,
action=FULSELC, reg=A,irg=0FF,data=0,hx_data=0};

Only when the CNT reaches the max count will the program go to the
conditional address. We want to wait for one complete FWM waveform to be
generated before changing the duty cycle. When CNT reaches the max

; value it will set the Z flag.

LO4 BR { nexe=LOO,:ond_add:=L05,evene=Z);

the data field in this ADD acts as a up/down flag. To create either a triangle

or a trapesoid wave we first need to create a ramp up waveform. The PWM will first
increase the duty cycle until it reaches the specified maximum duty cycle before
it starts to decrease the duty or stay at the maximum duty. The up/down £flag is

used to create two different paths in the flow to alternate before increasing duty
; cycle vs decreasing duty cycle.
LOS ADD { =rcl=ZEROQO, src2=ZERC,dest=NONE, data=0};

; Move the up/down flag to a temp register T.
Lo& MOV32 { remote=L0S5, type=REMTOREG, reg=T};

; Compare this up/down flag to 0. 0 means to increase the duty cycle and 1
; means to decrease the duty cycle.
LO7 ECMP [ next=L16, :ond_addx=]’.03,pin=0, reg=T,data=0};

; move the ECMP DF which contains the compare walue for duty cycle creation
; to register R
Los MOV3Z { remote=L03, type=REMTOREG, reg=R};

; Subtract the current compare value from the max duty cycle stored in
; REM DUTY. The result will be stored in register 3.
LOS SUB { srcl=REM, src2=R,dest=3, remote=REM DUTY,data=0};

; If the subtraction result is more than 0 then it means it has not

; Treached the max duty cycle we will increase the duty cycle. If it is
; sero or less than serc then we have reached the max duty cycle and we
; will change the up/down flag to down position.

L1l0 BR { next=L1l2, cond_addz=L11,event=GT);

Add specified amount to the existing compare value (duty cycle) to specify the new

duty cycle. The amount to increment is changeable by CPU before the NZHET program starts.
; After the addition, jump back to the beginning of the program

L11 ADD { next=L1l5, srcl=R, sxc2=IMM, dest=8, rdest=REM, remote=L03,data=DUTY_INCREMEMT,
hr_data=DUTY_INCREMEMT HR};

; Insert a timer delay after the maximum duty cycle is reached. A timer delay here has the
; effect of creating the high side of a trapesoid waveform. If the timer is sero then it

; becomes a triangle wave.

L12 DJZ { next=L00, :ond_addz=l.1 3, xeg=NONE, dat:a=HIGH_DEI_AY} <

SPNA220-May 2015 Triangle/Trapezoid Wave G ion Using PWM With Hercules™ N2HET 7
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; BAfter the above DJZ expizes on its counter we need to reload the DJZ counter to the
; mpecified amount of delay.
L1z MOV3Z { nerxt=Ll4, remote=L1Z, type~IMTOREGEZREM, reg=HONE, data=HIGH_ DELAY};

; How change the up/down flag to down by moving a 1 to the ap/down flag
L14 MOW3Z { remote=L0S, cype=IMIOREGEREM, reg=HOHE, data=1};

; Branch to the beginning
L1l5 BR { mext=L00,cond_addr=L00, ewvent=NOCOND} ;

; move the ECHMP OF to register R which contains the curzent compaze value
; (duty cycle}
L1& MOW3Z { remote=L03, type=REMTOREG, reg=Rl;

;7 Jdubtzact the current duty cycle by the specified amount. This amount of decrement is
; changeable by CFU before the NZHET program starts. When this instruction is emecuted
; the first time, the curzent duty cycle i= at the manimum duty cycle. Here we are creating
; the rzamp down part of the triangle/tsrapezocid waveforms.
L17 8UE { =rcl=R,srci=IMM,dest=3, rde=t=NOHE, data=DUTY DECREHEMT,
hr_ data=DUTY DECREMEMT HR};

; B= long as the subtrzaction result is greater than sero, we will keep

; decreasing the duty cyle or otherwise we will again change the up/down
; flag to up peosition. The destination register is 3 which contains the
; =mubtraction zesult.

L1B BR { next=L1l%,cond addr=L2Z0,ewvent=H};

; HMove the subtzaction result to the ECMF OF as the new duty cycle
L1 MOV3Z { nent=L00, remote=L02, type=REGTOREM, reg=31;

Insert a timer delay after the 0% duty cycle i= reached. R simer delay here has the
; m=ffect of creating the low side of a trapesoid waveform. If the timer i= pero then it
; become= a triangle wave.
LZ0O DJZ2 { nexs=L00,cond addr=LZ1, reg=HONWE, data=L0OW DELAY};

; Reset the increment delay to the specified amount.
Lzl MIV3Z {remote=LI0, type=IMICREGLREM, reg=HCORE,data=LOW_DELAY};

; Move the value 0 to the up/down f£lag =0 in the next LRF the program
; flow will execute the path to increase duty cycle.
Lz2 MOW3Z { remote=L0S, cype=IMIOREGEZREM, reg=HOHE, data=0};

; Branch to beginning
LZa3 BR { mnext=L00J,cond addr=L00,ewvent=HOCOND];

; BEM DUTY data field stores the marmimum duty cycle the FAM to be generated.

; The host CFU can change this walue._

BEM_DUTY ECMP [ nent=REM DUTY,cond addr=REM DUTY, pin=0,reg=3,data=INIT_COMEARE,
hr_ data=INIT COMPARE HR};

DUMMY BR [ next=DUMMY, cond addr=DUMMY, =vent=NOCOND, irg=0FF};

3.3 NZHET Assembler
The N2HET code needs to be translated into the opcode that the N2HET can execute. This is done with
the N2HET assembler hetp. The assembler can be executed on the command line. Here is an example of
the command line to use for assembling the code for N2HET1 instance:
hetp —nl -hcd32 Trapesoid Wave.het
The -hc32 argument produces C header file Trapezoid_Wave_h and source file Trapezoid_Wave.c for the
Texas Instruments TI's C compiler. Specifying the -n0 argument will allow the assembler to produce
unigue header and source files for the N2HET1 instance.
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4 Analog Output Waveform Frequency Calculation

The analog output frequency after the low-pass filter depends on the reference clock frequency (VCLK2)
for the N2HET as well the duty cycle resolution. The resolution is the smallest increment in the analog
output voltage that can be divided between 0 V and the power rail (Vccio). For a 10-bit resolution, there
are a total of 1024 steps that can be divided between 0 V and Vccio = 3.3 V. Each step is equal to 3.3 V/
1024 ~= 3.2 mV. The higher the resolution, the less errors on the output voltage. However, the higher the
resolution, the lower the output frequency.

The tnangle wave frequency Fo can be calculated using Equation 1.
F, = - PWM
(2x0CR) 1)
where:
Fewye = the carner PWM frequency

DCR = duty cycle resolution or 2 where N is the number of bits

Fep can also be expressed as shown in Equation 2.
1

M 2)
where:

TP =VCLKZx DCR (3)
VCLKZ = the reference clock cycle to the N2HET module
Therefore,

F = 1

@ Pum « 2 00R ) (4)

1
F= =
(VELK2x DCR = 2xDCR) (2 <DeR2
) @ VLK 2 xDOR ) )

For example,
VCLKZ2 =90 MHz or 11.11 ns and
DCR = 1024 steps of resolution

Fu:EniJm“imz):mz ©)
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e
.
v
s
/s
s
Fd
s
/
A
1/DCR
L4 .,
AT japal
- 1% DER * Tewm >
- 1/Fy =2%DCR * Toum

Calculating the output frequency for a trapezoid wave is similar. The triangle wave frequency F, can be
caleulated using Equation 7.
1

B é;mzmc&z +HTIME +LTIME)

)]
where,
HTIME = time duration on the high phase of the trapezoid wave
LTIME = time duration of the low phase of the trapezoid wave
4 HIME B
s
s
#
v
s
s
s’
'y
1/ DER
¥ ¥
AT - LTIME —»
- 1% DCR * Teua > - 1x DCR * Toun >
- 1/Fy =2 5% DCR ® Topa+ HTIME + LTIME >
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5 CPU Side Setup

5.1 HalcoGen Setup

This example utilizes the HalCogen tool to configure the device. The target device selected in the
HalCoGen is the TMS570LS3137. It can easily be ported to other devices by following the below steps.

1. Create a new project: File — New — Project. Name the project Trapezoid_Wave.
2. Enable the N2HET1 driver and disable the rest.

Vorkspace NHET \‘T_ apezoid _Wévé\i’rapemid_Wave.hcg -0

HAL Code Generator - C\Users\a0321879\Documentsy
© File Edt View Tools Window Heip
ilin"-ﬁddl‘ @ =3 .::': o Bl @Qa: !:E%:‘IKE‘@:J "i:jj:\

TMSS70LS2137ZWT | PINMUX RTI GIO SCI LN SCR2 MIBSPN SPI2 MIBSPE SPM  MIBSPIS SPLL  SPB SPIS

General | Driver Enable | SAFETVINIT RA-MPU-PMU Irterupts VIM General VIMRAM VIM Channel0-31 VIM Channel
Enabie Driver Compilation

K& Click and mark the required modules for criver compilation fram below:

7 Nark/Unmark zll d
" | Enable RTI driver - Gl

" Enable GIO driver =
" Enable SCI criver ™
| Enable LIN criver / | Eneble SCI2 driver {SCILIN.LIN in SClmode)

_ Enzble SP! drivers
Enatie SP12 drver ™
| Enable SPM4 driver =

_ | Enable MIBSP! drivers
Enable MIBSPI1 dnver ™ / | Enable SPI1 cnver ™
| Enable MIBSPI3 driver = / [ Enddle SP13 diver =
~| Enable MIESPI5 driver ™ / |I'" Enable SPIS criver =

Enable CAN dnvers
~ Enable CAN1 driver
~ Enatle CAN2 criver
Enable CANJ aiver

_ | Enable ADC drvers
"~ Enable ADCT criver =
Enable ADCZ anver ™

| Enable HET drivers
i/ Enable HET1 criver =
Enable HETZ cnver ™

3. Configure the N2HET1. Make sure to enable the checkbox for "Enable Advanced Config Mode/Disable
BlackBox Driver" and provide the header file (Trapezoid_Wave.h) and source file (Trapezoid_Wave.c)
generated in Section 3.3. This step bypasses the default blackbox N2HET code provided by HalCoGen
so that the custom N2HET code in Section 3.2 can be loaded to the N2HET module.

le/T
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I8 HAL Code -c 20221273\ Documentihly CCS Werkspace NHET Ecampla\Trapezoid Wave\Trapezaic Wave heg - [HET1] -
© Fee Edi View Tools Window Help

@SB DP AR 9 QRIL  (($ioe3DAs

TMSSTOLSIIZZZWT  PINMUX RTE GIO SC1 LN SCD MIBSPH O MIESOE DI BRSPS SPN SPR- SPIS CANI  CAM2 CANZ ADCI  ADCI |Hem |

HETJ.GIobaITxmingCenﬁ;:minn Pawm0-7 Pwmintemupts Edge0-7 Edgeinterrupts CapQ-7 Pin0-7 Pin8-15 Pin16-23 Pin24-3l

Glebel Timng Cocfiguration NHET Drtver Settings
H Chack (s 90060 ¥ Master Cock Mode | Enaths Ram Party )
HE Fioacak Ahasl HA Clock MHz2) ¥ Ercble Advarced Comig Mode / Dtsable BlackBox Daver
VCLKZ (MHz} 50 0900 —0 —# 50.000
Select Header H Fle Seect Sours T Fle
Tne -
come T lh 00 LA Pisscas AenalLR Tine bt HET codé\Trapezcid_WaverTrapel w.| | HET code\Trapezoid_Wave Trapel ..
HF Chck (MHzL 90.000 —_—T —w 422222
it Enable Settigs
o R . Aok D/32/B4/. I A 13NES. | Addr IS
nn [ Ak 4/16/63/ I A 5737063 I Add 772871/
i 1 Aok /40772 I A 9041/730 ; Add 11/42/75/
HRCLK _rU-Ln_n_n_rUU = | | | | | | | I | | | | | | l A ZAUTE. T A 13ASTTL. T Add 140460TRY. Add 154779
i i A 1674020/ Tl Adar 174981 17 Add- 1/5veR) Addr 19/51/8%
LAOLK J'[ 1
' Y Add 205288 Flada 2153850 17 Add 22/54/08 Addr 22/5587/
pogame [1]2]3]a[s]e]7] ~ [=5]=e]s7]58) 1]2 Aok 456788/ I Adr BSUSTARSY. I Add- 265830/ Adde 27/59/91/
Tl A 288092 IAE 296190 1T AMROVEZ/SY. 7 Add- 318295

Vllanzee Sueoend

HET1 Debug Optiors: ’

4. Select File — Generate Code to generate the code.

5.2 CPU Main() Code Setup

On the host CPU side, its main task is to first initialize the device and configure both the N2HET1 module.
Various macros are utilized to configure the N2HET1 module. Below are the list of changeable macros.

N R R R L L s

* Below £ macros are changeable by user to generate various different &
* waveforms. L
l'.kﬂﬁ’ikit'i*ﬁﬁ’\hﬁlﬁ"kﬁ’l'iQk"iﬁt"ﬁﬁt.il*ﬁ’.iQt'lkhﬁ'ikit'iﬁﬁﬁ'ﬁﬂﬁh'ihth'/

oy

L e A I T T T N I R Y

PWM_PERIOD defines the period of the carrier PWM frequency. PWM_PERIOD is
expressed in terms of number of LRF (Loop Resclution Period). The freguency
of the carrier PWM will remain constant. However, the NZHET will

modulate the duty cycle to generate a time-varying PWM signal. This
time-varying PWM signal i= then passed through a low pass filter to remove
unwanted high frequency components, an analog waveform is thus rendered.

The LRP period d d= on the £ VCLK2 frequency to the N2HET

module as well as the programmable LR Prescaler factor (lrx). It can be
expressed as:

1 LRP = VCLRZ * 1x

If VCLR2 = 11.11lns and 1lr = 128 then

1 LRP = 11.11 ns * 128 = 1.42us

Note that for this example, the high resclution prescale factor (hx)
is always configured to 1.

The width of the PWM_PERIOD also defines the resolution of the output
analog signal to be rendered. With PWM_PERIOD = 1, there are a total
of 128 VCLKZ cycles. This means that the NZHET will module its duty
cycle between these 128 steps. Thefore, with PWM_PERIOD = 1, the
output analog signal will have a log2{128) = 8-bit resclution. If
user desires higher resolution, the PWM_PERIOD can be changed to a
higher value such as 32. With PWM_PERIOD = 32, the duty cycle can be
modulated among a total of 32 * 128 = 4096 steps and hence render a

12 Tnangle/Trapezoid Wave G ion Using PWM With Hercules™ N2HET SPNA220-May 2015
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* logZ (40%6] = 1l2-bit of rescolution. The higher the resolutiom the

¥ less noise on the final output. However, the higher the resclution,
¥ the lowexr the final cutput freguency of the =ignal to be generated.
*

f§d=fine PWM_FERICD az

f* PHM _DUTY defines the maximum duty cycle the HIHET i= allowed to
* modulate to. The FWM DUTY is expresased in terms of percent (%).
* With PWM_DUTY = 100%, the mamimom amplitude on the cutput signal
* will be =gual to Vocio. 3etting FWH DUTY = 50% will create a

* manimum amplitude of Wocic / £. Mote that the maximom amplitade
¥ will als=so depend on the type of filter used and its zespective

* RC walues. */

fd=fine DWM_DUTY 100.0

f* allowable LR Frescaler factors aze 32, €4 and 12ZB8. Anything les=
* than 32 will not have encugh time slots for the NZHET program to

* ran.

LRPFC can be sither S5, 6§ or 7.
* 7 -> one 1lr = 128 VCLEZ
¥ & -> one lr = 64 VCLEZ
¥ & -> one lr = 32 VCLEZ
*f
gdefine LRPEC 7
f* The WHZET1 program will automatically increase the PR
modulation £from 0% duty cycle to maximum duty cycle
=pecified in PFWM DUTY. When EFWM DUIY is reached it starts
to decrease the duty cycle from EWH DUTY to 0%.
DUTY IWNCREMENT specifies the delta amount of dusty cycle to
change from one duty cycle to the next duty cycle while
the duty cycle i= increasing. Increasing DUOTY INCREMENT
ha= the =ffect of decreasing the duty cycle resolution for
a giwven PWM PERIOD. This i=s empresassd in terms of (&) .
Fox example_:lpe:ifging DUTY_ INCREMENT egqual to 5 will mean
the duty cycle will =tazt at 0% and the nent duty cycle
will be 5% at a 5% increment. If 0 i= specified, then the
HZHET1l will increment the duty cycle at 1 VCLEZ clock re=olution */
fdefine DOUTY INCREMEMT o.o

* 3 2 F F F R R OF R R OF N

f* DUTY DECREMEMT specifiss the delta amount of dusy cysle to
* change from one duty cycle to the next duty cycle while

* the duty cycle is decreasing. This is expressed in terms

* of (%). */

$define DUTY_DECREMENT 0.0

i* The H&K_DUTY_TI}!ER i= the amount of wait time to stay at
the maximum dusy cycle. Change to a non-sero value will
create traposoid wavefozm. A sero value will create a

The MAK DUTY TIMER is expressed in term= of number of
LRP. */
f§define MBX DUTY TIMER O

*
*
®
* trianagle wawve
*
*
*

i* The MTH DUTY TIMER i= the amount of wait time

* to =tay at the minisum duty cycle. Change to

* a2 non-sero values will cre=ate trapescid waveform.
* I peroc value will create a trainable wave */
fdefine MIN DUTY _TIMER O

f/* Pin number in WZHET1l to generate the PRM. */
$d=fine WEET1_DIN PWM EIN HET &

B L e
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f* Below macros are for internal calculatiom. Do not change. s}

B R L

f* The FWM Period to be loaded to NZHET1 CHT instzuctiomn *J
£define CNT_MAX FERIOD (PWM_FERIOD — 1}

f* The max PWM Duty to be loaded to MZHET1 ECMP Instruction */
fdefine ECHMF_MAX DUTY ([PWM _PFERIOD * EWM DUTY f 100.0)

f* DELTA INCREMENT is the amount to be loaded o NZHET1l to increment the
* duty cycle *f
#define DELTA INCEEMENT (CNT MAX FERIOD * DUTY INCREMENT / 100}

f* DELTAR DECREMENT is amount to be loaded to HZHETL to decremeant the

* duty cycle */
fdefine DELTA DECREMEMNT (CMT MAX FERICD * DUTY DECREMENT / 100}

f* Unlock key to for MEZHETZ */
gdefine UNLOCK _FEY OxAT

Table 1. Triangle Wave Frequency for Different LRPFC and PWM_PERIOD With VCLK2 = 90MHz

PWM_PERIOD

LRPFC 1 2 4 B 16 32 B4 128
5 43.9KHz 11KHz 2.7KHz 686.7Hz 171.7Hz 42.9Hz 10.7Hz 2.7Hz
L] 11KHz 27KHz 5B8.7Hz 171.7Hz 42.8Hz 10.7Hz 2.7Hz 0.87Hz
T 2.7KHz 586.7Hz 171.7Hz 42.89Hz 10.7Hz 2.THz D0.87Hz 0.17Hz

Table 2. Triangle Wave Resolution for Different LRPFC and PWM_PERIOD

PWM_PERIOD

LRPFC 1 | 2 x| s 6 | a2 sy 128

5 5-bit B-bit 7-bit a-bit o-bit 10-bit 11-bit 12-bit
5 B-bit 7-bit B-bit bt 10-bit 11-it 12-bit 13-bit
7 7-bit £-bit o-bit 10-bit 11-bit 12-bit 13-bit 14bit

NOTE: Table 1 and Table 2 do not take into account the type of analog low-pass filters used.

The triangle and trapezoid waveform generation mainly handles the N2HET itself without CPU
intervention. The host CPU's job is to first initialize the device and configure the N2HET 1. The rest of the
time the host CPU stays in a loop.
void main (void) Data CO”EC"O”
{
/* USER CODE BEGIN (3] */

f* Thi=s example use= the HZFET]1 to generate either a triangle wave

* or a trapssoid wawve by modulating the PWM dusy cycle.

* WZHET1 program: Trapesoid Wawe_ het
*f

J* initialise HZHET]1 based on HalCoGen setting= */
hetInit{];

f* Configure additional setting= of WZHETL bas=ed on the macros =ettings */
configHHETL1{);

while (1) ;

/* USER CODE END */

14 Tnangle/Trapezoid Wave Genersfion Using PWM With Hercules™ NZHET SPMNA220-May 2015

Submit Documentation Feedback
Copyright & 2015, Texas Instruments Incorporated

63



TExXAS
INSTRUMENTS

weanw_ficom CPU Side Setup

1

f* this function i= to configure additional =ettings for the HZHET1 */
woid configMHETL {}
i

*

f* calculate scmp compare(] will calculate the compare wvalue as well as
the high zesclution delay values to be leoaded into the HZHET1 ECHMPL
instruction for FHM Duty gereration based on the input ECMP_MAX DUTY */

calculate ecmp compaze(];

*

>

f* Bet WMHET1 _PIN PWM to output */
hetREG1->DIR = 1 <« WHET1 FIN PWM;

f/* Change the LRPFC according to user input */
hetREG1->PFR = (LRFFC << &);

f* Initialize the FAM period and duty cycle based on the defined parametezr= #/
hetBAMl->Instruction [pHET L02Z_0].Control = (uintd2)CNT MARX PERIOD |
(hetRAM1—-
>Instruction[pHET_ LOZ 0].Contzol & O=EDO000};
hetRAMl->Instruction [pHET REM DUTY 0] .Data = scmp compars_wvalue;

f* Configure the MZHET] pin to output the FRM */
hetRAM]1->Instruction [pHET L03_0] .Control = (hetREM1-
>Instruction[pHET_L02_0].Control & O=FFFFEOFF) |
(RHET1_ PIN_ PWM << B];

/* Configure the amount of delay to =tay at the maxisum duty cycle #/
hetRAM1->Instruction[12] .Data = ({uintd2)MAX DUTY TIMER << T7);
hetPEM]1->Instruction[12] .Data = | [uinl:ﬂEH{.!l}C_DUTY_TIHER =< Th;

f/* Configuzre the amount of delay to =tay at the minusum duty cycle #/
hetPAMl->Instruction[20] .Data = [[(uwintd2)MIN_DUTY TIMER << T);
hetRAMl->Instruction[Z1] .Data = [[(uwintd2)MIN DUTY TIMER << T);

/* Duty cycle increment amount */

if | {wint3Z)DELTA INCREMENT == 0]{
hetBEAHM1->Instruction [pHET_Lll_CI] .Data = 1 ««< (7 - LRPFC);
} =l=a= |
hetRAM1->Instruction[pHET L11_0].Data = (uint32)DELTA INCREMENT «< (7 - LRPFC);

f/* Duty cycle decrement amount *,
if ((uwint32)DELTA DECREMENT == 0] {

hetREM1->Instruction[pHET L17_0]1.Data = 1 «< (7 — LRFFC);
1 ela= |
hetBAM1->Instruction [pHET_L17 0] .Data = (uint32)DELTA DECREMENT << {7 - LRPFC];

/* TUnlock the HZHET program. Initially after re=set the HZHET program is locked */
hehﬂmﬂ.—}ln:htuctinn[FHET_I.DIJ_D] .Data = UHI.OEK_EEY << T;

t
The complete main{) can be found in the project folder under Trapezoid_Wave/source/sys_main.c.
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5.3 Project Directory Structure
This example project is named Async_ NHET1_PWM_NHET2_Monitoring; Figure 6 shows the project
directory structure. The two N2HET programs are contained under the HET code folder.
. Trapezoid_ Wave
. .settings
.. Debug
. HET code
Trapezoid Wave
include

. source

Figure 6. Trapezoid_Wave Project Directory Structure
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6 Examples

By changing the parameters listed in Section 5.2, various forms of triangle and trapezoid waveforms can
be rendered.

6.1 AnIsosceles Triangle 1

In this example, a basic isosceles triangle (triangle with two equal sides) is created. With PWM_DUTY set
to 100%, the output amplitude is equal to the rail voltage.

$define PWM_PERIOD az
$define PWM_DUTY 100.0
$define LRPEC 7
$§define DUTY_ INCREMENT 0.0
$§define DUTY_ DECREMENT 0.0
$define MAX _DUTY_TIMER 0
$#define MIN DUTY TIMER o

TelStop |

(-

Chi Freq
2.674 Hz

VYT

O 1.00V & M400ms| A Ch1 s 1.48V

1 May 2015
05:55:11

Figure 7. An Isosceles Triangle 1
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6.2 AnIsosceles Triangle 2

In this example, a basic isosceles triangle (triangle with two equal sides) is created. With PWM_DUTY set
to 50%, the output amplitude is equal to half of the rail voltage (Vccio / 2). Reducing the maximum duty
cycle to 50% also has the effect of reducing the duty cycle resolution by half. Reducing the resolution by
half increases the output frequency by 2X.

fdefine PWM_FERIOD 2z
$define PWM_DUTY 50.0
#define LRPEC 7
$§define DUTY_ INCREMENT 0.0
$§define DUTY_ DECREMENT 0.0
fdefine MAX DUTY_TIMER 0O
fdefine MIN DUTY_TIMER 0O
Tek Prevu | f . ]
Chi Freq
5.344 Hz
Wl 1.00V & M[100ms| Al Chl /£ 1.48V|
30 Apr 2015
07:31:41
Figure 8. An Isosceles Triangle 2
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6.3 A Scalene Triangle

In this example, a scalene triangle (triangle with no equal sides) is created.

fdefine FWM_FERICD 23Z
fdefine FHM DUTY 100.0
fdefine LRPFC 7

fdefine DUTY_INCREMENT  10.0
fdefine DUTY_DECREMENT 0.0
fdefine MRX DUTY TIMER O
fdefine MIN DUTY TIMER O

Tek Stop | [ = ]
Chl Freq
4.030 Hz
Wil 1.00V & ' M100ms| A Ch1 = 1.48V
30 Apr 2015
07:38:54
Figure 9. A Scalene Triangle
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6.4 A Scalene Triangle
When DUTY _INCREMENT is increased to 100%, it is approaching a right triangle that is also a sawtooth

wave.

fdefine PHM_FERIOD
fdefine PWM_DUTY
gdefine LRPFC

$define DUTY_INCREMENT
$define DUTY_DECREMENT
fdefine MAX DUTY TIMER
§define MIN DUTY TIMER

2z
100.0

100.0

Tek Stop | E = ]
Chi Freq
5.159 Hz
1.00V & M100ms| A Ch1 & 1.43V
30 Apr 2015
07:94:50
Figure 10. A Sawtooth Triangle
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6.5 AnlIsosceles Trapezoid

In this example, a basic isosceles trapezoid (trapezoid with two equal sides) is created. With PWM_DUTY
set to 100%, the output amplitude is equal to the rail voltage. Reducing the LRPFC to 5 is equivalent to
generating 10-bit resolution on the ramp up and ramp down.

f§d=fine PWM_FERICD 2z
fdefine FWM DUTY 100.0
fd=fine LRPEC 5

$define DUTY_INCREMENT 0.0
#define DUTY _DECREMENT 0.0
fdefine MAX DUTY TIMER 2048
fdefine MIN DUTY TIMER 2048

Tek Stop | ! é ]
. : : 3 ﬁ ;
Ch1 Freq
14.30 Hz
S| T.00V & ' M[20.0ms A Ch1 4 1.48V
30 Apr 2015

50.00 % | 07:51:29

Figure 11. An Isosceles Trapezoid

SPMAZ2Z0-May 2015 Triangle/Trapezoid Wave Generafion Using PWM With Hercules™ NZHET 21
Submit Documentafion Feedback
Copyright & 2015, Texas Instruments Incorporated

70



Texas

INSTRUMENTS
Examples www _ti.com
6.6 An Right Trapezoid
fdefine PWM_PERIOD 2z
fdefine PWM_DUTY 100.0
#define LRPEC 5
f#define DUTY_INCREMENT  100.0
$define DUTY_DECREMENT 0.0
fdefine MAX DUTY TIMER 4096
fdefine MIN DUTY_TIMER 1024
Tekstop | E i ]
: : ; ! N .
3 £ g : « i Chi Freq
e S 1 1 14.15 Hz
g : : : <+
: \: & : \
B e
@ 1.00V 8 ' ‘M[20.0ms| A Ch1 ~ 1.48V
30 Apr 2015

19/50.00 % | 07:55:20

Figure 12. A Right Trapezoid
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6.7 An Scalene Trapezoid
fdefine PWM_PERIOD 2z
fdefine PWM_DUTY 100.0
#define LRPEC 5
$define DUTY INCREMENT 10.0
$define DUTY DECREMENT 0.0
fdefine MAX DUTY TIMER 1024
$define MIN DUTY TIMER 2048
TekRun | f i ] Trig'd
ey > G
5 : 7] ; 3
i Chi Freq
: 19.77 HZz
€
W 1.00v & M10.0ms Al Chl & 1.48V
30 Apr 2015

19/50.00 % | 08:00:54

Figure 13. A Scalene Trapezoid
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third party, or a license from Tl under the p ts or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is ied by all iated ies, conditions, limitati and noti Tlis not ible or liable for such altered

Inf tion of third parties may be subject to additional restrictions.

Resale of T| components or services with statements different from or beyond the parameters stated by T1 for that oomponent or senm:e
voids all express and any implied warranties for the associated Tl component or service and is an unfair and d i
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely ible for

1ce with all legal, latory and safety ted

conceming its products, and any use of TI components in its icati notwith ding any applicati lated infi tion or support
!hat may be provided by TI. Buyer represents and agrees that it has all the necessary expemse to create and implement safeguards which
ar of fi fail and their consequences, lessen the Ilkellhood of failures that might cause
harm and hke appropriate remedlal actions. Buyer will fully i ify Tl and its rep g t any d. ges arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl P ts may be p ted specifically to facilitate safety-related applicati With such components, Tl's goal is to

help enable customers to design and erea’ae their own end-product solutions that meet licable functional safety standards and

q ts. Nonethel such ts are subject fo these terms.

No Tl cornponents are auﬂ’:onzed for use in FDA Class llI (or similar life-critical medical equip t) unless authorized officers of the parties
have d a sp g t specifically goveming such use.
Only ﬂlose T eomponents which Tl has specifically designated as military grade or “enh d plastic™ are designed and i ded for use in
military or envir ts. Buyer acknowled and agrees that any military or P use of Tl ts
whleh have not been so desmnated is solely at the Buyer's risk, and that Buyer is solely responsible for pl with all Iegal and

y req tion with such use.
T has specifically designated certain ents as ISOITS 18849 requi ts, mainly for aut tive use. In any case of use of
non-designated pmducts Tl will not be respons:ble for any failure to meet ISO/T 516049,
Products Applications
Audio www_ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com C icati and Tel www. i /i i
Data Converters dataconverter.ti.com Computers and Peripherals www._ti.com/computers
DLP® Products www._dlp.com Consumer Electronics www._ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www_ti.com/clocks Ind I www.ti.com/industrial
Interface interface.ti.com Medical www._ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ticom Space, Avionics and Defe www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www_fi.com/video
RFID
OMAP Applicati P S Tl E2E Community e2e.ti.com
Wireless Connectivity www i cornlmrelessconnecﬁw_k!

Mailing Ad : Texas Instr ts, Post Office Box 855303, Dallas, Texas 75265

Copyright @ 2015, Texas Instruments Incorporated
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Welcome
to the

Hercules™
LaunchPad

\

TExas
INSTRUMENTS

Additional resources at:

www.ti.com/launchpad

© 2013 Texas Instruments Incorporated. The platform bar, Hercules and Code Composer Studio are
of Texas All other are the property of their respective owners.

SPNUS588

Hercules RM42x LaunchPad
Quick Start Guide

Welcome to the Hercules RM42x LaunchPad ion Kit. The F L. isaUSB-
based evaluation platform that provides everything you need to start evaluation and development
with Hercules MCUs.

1. Software and Driver Installation

Go to www ti.com/Aaunchpad. Select Launchpads tab and then select Hercules. Here you can
download and install Code Composer Studio™ (CCS). This will install the necessary drivers for
LaunchPad. If you choose the custom install option of CCS, select “Cortex-R4F MCUs' support at
a minimum. Select 'Free CCS License — For use with XDS100 emulators'. Note: Complete the
CCS installation before connecting the board.

software and ion can be found on the Hercules LaunchPad wiki page:
wiki.ti ercules LaunchPad
2. Connecting the Hardware
Connect the LaunchPad using the included USB cable to
wig port

a Windows PC (XP or 7). The board will be powered via

the PC's USB port. If prompted, allow Windows to

automatically install the driver software for the on-board GER
XDS100v2 JTAG emulator and the Virtual COM Port.

3. Quick Start Application

The MCU on the Hercules LaunchPad comes pre-
programmed with the Hercules Safety MCU Demo
Software. This software can be used stand alone on the
LaunchPad or in junction with the PC icati
shown in section 4 of this guide. When the board is
powered on via the USB port the demo software will
show a startup blinking sequence on the GIOA2 and
NHETO2 LEDs. The demo also lets you toggle the
GIOA2 LED through the push button GIOA7.

oRST .

GIOAT

Gesitisng nial @

AmbientLight

You can start leaming about the Hercules MCU's built-in . t
safety features right out of the box. Inject an Oscillator neeTos ¢ hm;u osc‘mm
fault by connecting OSCIN to GND (close jumper JP1). LED LED 1
Upon detecting the fault, on-board Hercules MCU will respond by asserting the error pin
(nERROR) low, indicated by the red LED on the bottom right comer of the board. Note: Open
jumper JP1 and reset the board before continuing with other demos.
4. Hercules Safety MCU Demos
Go to the Hercules LaunchPad wiki page to download and install
the Hercules Safety MCU Demos. Once the installation is
complete, start the Hercules demo software. The software will be

ilable in "Start->All Prog Texas Hercules-
>Hercules Safety MCU Demos'.
It includes a safety features demo and other demos using LEDs and amblent light sensor that let
you interact with and learn about features on Hercules MCUs.
5. Project0
When you are ready to take the next step, complete Project 0. For more information go to
woww.ti.com/launchpad and click on the Project 0 link for Hercules LaunchPad.

[Explore LaunchPad BoosterPacks at www.ti. com/5ogz! ks
Watch Hercules ‘How-to° videos ar www.ti.com/herculesraming. Technical support: www.ti com/hercules-support
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STANDARD TERMS AND CONDITIONS FOR EVALUATION MODULES

Dellvery TI delivers Tl luation b . kits, or dulk including any ds trati fhy s, or
(collectively, an 'EVM' or EVMs ) to the User ('User') in aocotdsnoe vmth the terms and eondmons set forth herein.

Acceptance of lhe EVM |s {s] ly subject to the g terms and conditions.

1.1 EVMs are intended solely for product or soft developers for use in a h and develop setting to facilitate feasibility
evaluation, experimentation. or scientific lysis of Tl i ductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any sofh or software tools provided with the EVM (*Software™) shall not be subject to the terms and conditions

set forth herein but rather shall be subject to the applicable terms and conditions that accompany such Software
1.2 EVMs are not mtended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned.

or otherwise distributed for ial purp by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranfy and Related Remedies/Disclaimers:

2.1 These terms and conditions do not apply to Software. The warranty, if any, for is d in the i e
License Agreement.

2.2 Tl warrants that the TI EVM will to TI's published specificati for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregomg T shall not be liable for any defects that are d by lect, misuse or mistreatment
by an entity other than TI, including liation or testing. or for any EVMs that have been altered or modified in any

way by an entity other than T Moteover TI shall not be liable for any defects that result from User's design, specifications or

instructions for such EVMs. Testing and other quality control techniques are used o the extent Tl deems necessary or as
dated by gove t requi ts. Tl does not test all parameters of each EVM.

2.3 If any EVM fails to conform to the warranty set forth above, TI's sole liability shall be at its option to repair or replace such EVM,

or credit User's account for such EVM. Tl's liability under this warranty shall be limited to EVMs that are retumed during the
warranty period to the address designated by Tl and that are determined by Tl not to oonfonn to such warranty. If Tl elects to

repair or replace such EVM, Tl shall have a reasonable time to repair such EVM or providi ts. Repaired EVMs shall
be warranted for the inder of the original y period. Replaced EVMs shall be warranted for a new ﬁ.lﬂ ninety (80) day
warranty period.

Regulatory Nofices:

3.1 United States
3.1.1  Notice applicable to EVMes not FCC-Approved:

This kit is designed to allow product developers fo luate electroni P its, cm:um'y or software associated with the kit
to hether to incorporate such items in a finished product and software pers to write sofh licatis for
use with the end product. This kit is not a finished product and when assembled may not be resold or otherwise marketed unless

all required FCC equip authonzats are first obtained. Operation is subject to the condition that this product not cause
harmful interference to licensed radio stations and that this pmduo‘t accept harmful interference. Unless the assembled kit is
designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must operate under the authority of
an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.12 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compiiant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the followii two eondlhons (1) This device may not
cause harmful interference, and (2) this device must accept any interference i ir g that may cause
undesired operation.

Changes or modificati not exp ly app d by the party ponsible for pli could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices
NOTE: This equipment has been fested and found to oomply mth lhe Ilm:ts for a Class A dlgdal device, pursuant to part 15 of

the FCC Rules. These hmdeare igned to provids p terfe when the equipment is
fed in a ‘This i t ‘.,umandcanrad:ateradrohequencyenergyand ;fnot

msialedandusedmaooordanoewﬂhﬂremdmchonmanualmaycause‘ ful interfe to radio

Operation of this equi tin a resi ial area is likely to cause harmful interference in which case the user will be required to

correct the interference at his own expense.
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FCC Interference Statement for Class B EVM devices

NOTE: Thiz equipment has been tesfed and found fo comply with the imitz for a Clase B digital device, pursuant fo part 15 of
the FCC Ruwles. Thesze limitz are designed fo provide reazonable protection againet harmful inferference in a2 residentia!

tallation. Thiz equi t generates, uses and can radiafe radio frequency energy and, if not inetalled and veed in accordance
with the instructions, may cause harmful inferference fo radio communications. Howewver, there iz no guaranfee that inferference
will not ocour in a parlicular insfalation. Iif this equipment does cause harmiful interference to radio or televizion reception, which
can be determined by furning the eguipment off and on, the user iz encouraged fo fry fo correct the inferference by one or more
of the following measures:

= Reorient or relocafe the receiving anfenna.

= incregze the separation between the equipment and receiver.

= Connect the equipment info an outlet on a circuit different from that fo which the receiver iz connecfed.
= Consult the dealer or an experenced radiodTV fechnician for help.

Canada
3.21  For EVMs issued with an Induetry Canada Certificate of Conformance fo R55-210
Concemning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSS standard(s). Operation is subject fo the following two conditions:
(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concermnant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitaion
est autorisée aux deux condifions suivantes: (1) Fappareil ne doit pas produire de brouillage, et (2) I'uiisateur de Pappareil doit
accepter tout brovillage radicélectrique subi, méme si le brouillage est susceptible d'en compromettre |2 fonctionnement.

Conceming EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radic transmitter may only operate using an antenna of a fype and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.irp.) is not more than that necessary for
successful communication. This radic fransmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concemant les EVMs avec antennes détachables
Conformément & la réglementation dindustrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal {ou inférieur) approuvé pour I'émetteur par Indusirie Canada. Dans le but de réduire les risques de brouillage
radioelectrigue a l'intention des autres ufilisateurs, il faut choisir le type d'antenne et son gain de sorfe que la puissance isotrope
rayonnée éguivalents (pire.) ne dépasse pas lintensitdé nécessaire & |'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuve par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et limpédance requise pour chagque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est superieur au gain maximal indique, sont strictement interdits pour I'expleitation de
I'émetteur
Japan
331 Notice for EVMs deliverad in Japan: Flease see hiip:/www tij co.jp/lsds/i_ja/general/eStore/notice_01.page BFREML
WAENDFEAEY b, F—RE2VTR, ROECBECRLS<EEL,
hittp:fifweww tij.co jpisdsiti_jalgeneralleStorefnotice_01._page

3.32  Nofice for Users of EVIWz Considered “Radio Frequency Products™ in Jspan: EVMs entering Japan may not be cerlified

by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required by Radio Law of

Japan to follow the instructions below with respect to EVMs:

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Aricle 8 of the Ministry's Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Stafion as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice abowe to the transferee. Please note
that if User does not follow the instructions abowe, User will be subject to penalties of Radio Law of Japan.
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3.33 Nofice for EVIMs for Power Line Communication: Please see hitp:l'www_tij.co_jpllsdsii_ja‘generalleStore/notice_02.page

RIBRERBECOVTOMRESFY FESBEVCEIRORENHELSVTR, ROEISECHIE
L' http:fhwwew fij.co jpllsdsiti_ja/generalleSiore/notice_02.page

4  EVM Uze Resfrictionz and Warnings:

4.1 EVME ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM pricr to handling
or using the EVM, including without imitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safely-Related Warmningz and Resfrictions:

4.31 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the wser
guide, other available documentation provided by TI. and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are guestions conceming performance rafings and specifications, User should contact a Tl
field representative prior fo connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result im unintended andfor inaccurate operation andior possible
permanent damage to the EVM and/or interface elecfronics. Please consult the EVM user guide prior to connecting any
load to the EWVM output. If there is uncertainty as to the load specification, please contact a T1 field representative.
During normal operation. even with the inputs and oculputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be idenfified using the
information in the associated documentation. When working with the EVM. please be aware that the EWVM may become
VEry warm.

432 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiiates, confractors or designees. User assumes all responsibility and liability fo ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handliing or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and Eability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EWVM and. if applicable. User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable intermnational, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, T1 attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY WRITTEN DESIGN MATERIALS PROVIDED WITH THE EVM (AND THE
DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS* AND "WITH ALL FAULTS." Tl DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY
THIRD PARTY PATENTS, COPYRIGHTS, TRADE SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS AND
CONDITIONS SHALL BE CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY
OTHER INDUSTRIAL OR INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD
PARTY, TO USE THE EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY
INVENTION, DISCOVERY OR IMPROVEMENT MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF
THE EVM.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS AND CONDITIONS. THIS OBLIGATION
SHALL APPLY WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY
OTHER LEGAL THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL., CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS ANDCONDITIONS OR THE USE OF THE EVMS PROVIDED HEREUNDER, REGARDLESS OF WHETHER Tl HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED
TO. COST OF REMOVAL OR REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES, RETESTING, OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS,
LOSS OF SAVINGS, LOSS OF USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL
BE BROUGHT AGAINST TI MORE THAN ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION
ARISING OUT OF OR IN CONNECTION WITH THESE TERMS AND CONDITIONS, OR ANY USE OF ANY Tl EVM
PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO Tl FOR THE PARTICULAR UNITS SOLD UNDER
THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE
OF MORE THAN ONE CLAIM AGAINST THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND
CONDITIONS SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)

will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in

a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable

order, User should contact Tl. All refunds will be made in full within thirty (30) working days from the return of the components(s),
luding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and lnterpreted in aceocdance mth the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that ion for any disp arising out of or relating to
these terms and conditions lies within courts located in ihe State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judg may be enfi d in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 855303, Dallas. Texas 75285
Copyright ® 2015, Texas Instruments Incorporated
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IMPORTANT NOTICE

Texas Instruments Ineorporated and its subsidiaries (Tl) reserve the right to make correcti i ts and other
h to its iconductor products and semces per JESD46, Iatest issue, and to d:sconhnue any product or semoe per JESDA48, latest
issue. Buyers should obtain the latest rel il before g orders and should verify that such information is current and
All iconductor products (also referred to herein as * P ts™) are sold subject to TI's terms and conditions of sale
supplled at the time of order aelcnowledgment

T1 warrants perfi of its ts to the specifications applicable at the time of sale, in accordance with the warranty in Tl's terms

and conditions of sale of semneonductor products. Testing and other quality control techniques are used to the extent Tl deems neeessary

fo support this warranty. E: pt where dated by applicable law, testing of all p ters of each p is not

performed.

TI assumes no liability for applications assistance or the design of Buyers' products. Buyers are responsible for their products and
licati sing T1 p ts. To minimize the risks iated with Buyers' products and applications, Buyers should provide

adequate desugn and operating safeguards.

fy

Tl does not warrant or rep t that any b either exp or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating fo any inati hine, or p in which Tl components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the p ts or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is ied by all iated ies, conditions, limitati and noti Tlis not ible or liable for such altered

Inf tion of third parties may be subject to additional restrictions.

Resale of T| components or services with statements different from or beyond the parameters stated by T1 for that oomponent or senm:e
voids all express and any implied warranties for the associated Tl component or service and is an unfair and d i
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely ible for

1ce with all legal, latory and safety ted

conceming its products, and any use of TI components in its icati notwith ding any applicati lated infi tion or support
!hat may be provided by TI. Buyer represents and agrees that it has all the necessary expemse to create and implement safeguards which
ar of fi fail and their consequences, lessen the Ilkellhood of failures that might cause
harm and hke appropriate remedlal actions. Buyer will fully i ify Tl and its rep g t any d. ges arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl P ts may be p ted specifically to facilitate safety-related applicati With such components, Tl's goal is to

help enable customers to design and erea’ae their own end-product solutions that meet licable functional safety standards and

q ts. Nonethel such ts are subject fo these terms.

No Tl cornponents are auﬂ’:onzed for use in FDA Class llI (or similar life-critical medical equip t) unless authorized officers of the parties
have d a sp g t specifically goveming such use.
Only ﬂlose T eomponents which Tl has specifically designated as military grade or “enh d plastic™ are designed and i ded for use in
military or envir ts. Buyer acknowled and agrees that any military or P use of Tl ts
whleh have not been so desmnated is solely at the Buyer's risk, and that Buyer is solely responsible for pl with all Iegal and
y req tion with such use.
T has specifically designated certain ents as ISOITS 18849 requi ts, mainly for aut tive use. In any case of use of
non-designated pmducts Tl will not be respons:ble for any failure to meet ISO/T 516049,
Products Applications
Audio www_ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com C icati and Tel www. i /i i
Data Converters dataconverter.ti.com Computers and Peripherals www._ti.com/computers
DLP® Products www._dlp.com Consumer Electronics www._ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www_ti.com/clocks Ind I www.ti.com/industrial
Interface interface.ti.com Medical www._ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ticom Space, Avionics and Defe www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www_fi.com/video
RFID
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RM42L432 16- and 32-Bit RISC Flash Microcontroller

1 Device Overview

1.1 Features

High-Performance Microcontroller for Safety-
Cntical Applications

— Dual CPUs Running in Lockstep

— ECC on Flash and RAM Interfaces

— Built-In Self-Test for CPU and On-Chip RAMs
— Error Signaling Module With Error Pin

— Voltage and Clock Monitoring

ARM® Cortex®-R4 32-Bit RISC CPU

— Efficient 1.66 DMIPS/MHz With 8-Stage Pipeline
— B-Region Memory Protection Unit (MPU)

— Open Architecture With Third-Party Support
Operating Conditions

— 100-MHz System Clock

— Core Supply Voltage (V) 1.2-V Nominal
/O Supply Voltage (Veoio): 3.3-V Nominal

— ADC Supply Voltage (Vegap): 3-3-V Nominal
Integrated Memory

— 3B84KB of Program Flash With ECC

— 32KB of RAM With ECC

- E%%B of Flash for Emulated EEPROM With
Hercules™ Common Platform Architecture

— Consistent Memory Map Across Family

— Real-Time Interrupt (RTI) Timer (OS Timer)
— 96-Channel Vectored Interrupt Module (VIM)
— 2-Channel Cyclic Redundancy Checker (CRC)
Frequency-Modulated Phase-Locked Loop
(FMPLL) With Built-In Slip Detector

IEEE 1149.1 JTAG Boundary Scan and ARM
CoreSight™ Components

Advanced JTAG Security Module (AJSM)

Multiple Communication Interfaces
— Two CAN Controllers (DCANs)
= DCANT - 32 Mailboxes With Parity
Protection
« DCANZ - 16 Mailboxes With Parity
Protection
+  Compliant to CAN Protocol Version 2.0B
— Multibuffered Serial Peripheral Interface
(MibSPI1) Module
= 128 Words With Panty Protection
— Two Standard Senal Peripheral Interface (SPI)
Modules
— UART (SCI) Interface With Local Interconnect
Network (LIN 2.1) Interface Support
Next Generation High-End Timer (N2HET) Module
— Up to 19 Programmable Pins
128-Word Instruction RAM With Parity
Protection
— Includes Hardware Angle Generator
— Dedicated High-End Timer Transfer Unit (HTU)
With MPU
Enhanced Quadrature Encoder Pulse (eQEP)
Module
— Motor Position Encoder Interface
12-Bit Multibuffered Analog-to-Digital Converter
(ADC) Module
— 16 Channels
— 64 Result Buffers With Parity Protection
Up to 45 General-Purpose Input/Output (GPIO)
Pins
— 8 Dedicated Interrupt-Capable GPIO Pins
Package
— 100-Pin Quad Flatpack (PZ) [Green]

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications.
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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1.2 Applications
= Industrial Safety Applications
— Industrial Automation
— Safe Programmable Logic Controllers (PLCs)
— Power Generation and Distribution
— Turbines and Windmills
— Elevators and Escalators

Medical Applications

— Ventilators

Defibrillators

Infusion and Insulin Pumps
Radiation Therapy

Robotic Surgery

2 Device Overview
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1.3 Description

The RM42L432 device is a high-performance microcontroller for safety systems. The safety architecture
includes dual CPUs in lockstep, CPU and Memory BIST logic, ECC on both the flash and the data SRAM,
parity on peripheral memories, and loopback capability on peripheral I/Os.

The RM42L432 device integrates the ARM Cortex-R4 CPU. The CPU offers an efficient 1.66 DMIPS/MHz,
and has configurations that can run up to 100 MHz, providing up to 166 DMIPS. The device operates in
little-endian (LE) mode.

The RM42L432 device has 384KB of integrated flash and 32KB of data RAM. Both the flash and RAM
have single-bit error correction and double-bit error detection. The flash memory on this device is a
nonvolatile, electrically erasable, and programmable memory implemented with a 64-bit-wide data bus
interface. The flash operates on a 3.3-V supply input (the same level as /O supply) for all read, program,
and erase operations. When in pipeline mode, the flash operates with a system clock frequency of up to
100 MHz. The SRAM supports single-cycle read and write accesses in byte, halfword, word, and double-
word modes throughout the supported frequency range.

The RM42L432 device features peripherals for real-time control-based applications, including a Next
Generation High-End Timer (N2HET) timing coprocessor with up to 19 /O terminals and a 12-bit Analog-
to-Digital Converter (ADC) supporting 16 inputs in the 100-pin package.

The N2HET is an advanced intelligent timer that provides sophisticated timing functions for real-time
applications. The timer is software-controlled, using a small instruction set, with a specialized timer
micromachine and an attached I/O port. The N2HET can be used for pulse-width-modulated outputs,
capture or compare inputs, or GPIO. The N2HET is especially well suited for applications requiring
multiple sensor information and drive actuators with complex and accurate time pulses. A High-End Timer
Transfer Unit (HTU) can perform DMA-type transactions to transfer N2HET data to or from main memory.
A Memory Protection Unit (MPU) is built into the HTU.

The Enhanced Quadrature Encoder Pulse (eQEP) module is used for direct interface with a linear or
rotary incremental encoder to get position, direction, and speed information from a rotating machine as
used in high-performance motion and position-control systems.

The device has a 12-bit-resolution MibADC with 16 channels and 64 words of parity-protected buffer RAM.
The MibADC channels can be converted individually or can be grouped by software for sequential
conversion sequences. There are three separate groupings. Each sequence can be converted once when
triggered or configured for continuous conversion mode. The MibADC has a 10-bit mode for use when
compatibility with older devices or faster conversion time is desired.

The device has multiple communication interfaces: one MibSPI, two SPls, one UARTI/LIN, and two
DCANs. The SPI provides a convenient method of serial high-speed communications between similar
shift-register type devices. The UART/LIN supports the Local Interconnect standard 2.1 and can be used
as a UART in full-duplex mode using the standard Non-Return-to-Zero (NRZ) format. The DCAN supports
the CAN 2.0 (A and B) protocol standard and uses a senal, multimaster communication protocol that
efficiently supports distributed real-time control with robust communication rates of up to 1 Mbps. The
DCAN is ideal for applications operating in noisy and harsh environments (for example, automotive and
industrial applications) that require reliable serial communication or multiplexed wiring.

The Frequency-Modulated Phase-Locked Loop (FMPLL) clock module is used to multiply the external
frequency reference to a higher frequency for internal use. The FMPLL provides one of the five possible
clock source inputs to the Global Clock Module (GCM). The GCM manages the mapping between the
available clock sources and the device clock domains.

The device also has an Extemnal Clock Prescaler (ECP) module that when enabled, outputs a continuous
external clock on the ECLK pin. The ECLK frequency is a user-programmable ratio of the peripheral
interface clock (VCLK) frequency. This low-frequency output can be monitored externally as an indicator of
the device operating frequency.
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The Error Signaling Module (ESM) monitors all device errors and determines whether an interrupt is
generated or the external NERROR pin is toggled when a fault is detected. The nERROR pin can be
monitored extemally as an indicator of a fault condition in the microcontroller.

The /O Multiplexing and Control Module (IOMM) allows the configuration of the input/output pins to
support altemate functions. See Table 4-17 for a list of the pins that support multiple functions on this
device.

With integrated safety features and a wide choice of communication and control peripherals, the
RM42L432 device is an ideal solution for real-time control applications with safety-critical requirements.

Device Information(!)

PART NUMBER PACKAGE | BODY SIZE
RM42L432PZ LQFP (100) 14.00 mm x 14.00 mm
(1) For more inft ion, see Section 8, Mechanical Packaging and O, ble Infi i
4 Device Overview Copyright © 2012-2015, Texas Instruments Incorporated
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1.4 Functional Block Diagram
Figure 1-1 shows a functional block diagram of the device.

RM421.432

—SEPTEMBER 2012—REVISED JUNE 2015
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Figure 1-1. Functional Block Diagram
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2 Revision History

This data manual revision history highlights the technical changes made to the SPNS180A device-specific
data manual to make it an SPNS180B revision.

Scope: Applicable updates to the Hercules™ MCU device family, specifically relating to the RM42L432
devices, which are now in the production data (PD) stage of development have been incorporated.

Changes from October 30, 2013 to June 30, 2015 (from A Revision (October 2013) to B Revision) Page
* Updated/Changed section title t0 "Device OVervIeW" ... .. s 1
* Added Section 1.3 (Description): Added paragraph describing IOMM ... .. <
» Section 1.3 (Description): Added the Device Information fable............ 4
* Added Section 3, Device Comparison ................c..cccoeee... 8
= Section 5 (Specifications): Updated/Changed section title ... ... .. 18
= Section 5.1 (Absolute Maximum Ratings): Added Latch-up Performance Specification .................................. 18
. Saclion'52{ESD Ralings): ASded ' Sortion ... .....:io.ooivoitiiimiiiitite it it shvtsa st et eSS fema s sodat i S ma o 18
« Section 5.3 (Power-On Hours (POH)): Added table (NeW) ... eees 18
= Table 5-3 (Output Buffer Drive Strengths): Added the "SPI3nCS[0]" signal to the 2 mA zero-dominant signals

PO L T e s s 23
» Table 5-4 (Selectable 8mA/2mA Control): Clarified impact of SPI2PC9 register on drive strength of SPI2SOMI

DI T IOOMMI .. oo e B s B o R A S S S A G M e B et 23
= Section 6.4.1 (Summary of ARM Cortex-R4 CPU Features). Added Quantity of Breakpoints and Watchpoints ...... N
= Section 6.20.3 (JTAG Identification Code): Added a table showing JTAG ID code for each silicon revision. .......... 64
* Table 7-7 (MibADC Operating Characteristics ). Added missing footnote for Zger 10-/12-bitmodes. ................... 73
» Section 7.7.1 (Features [MibSPI]): Updated/Changed size of SPI baud clock generator from “8-bit" to "11-bit"....... 83
+ Section 8 (Device and Documentation Support): Updated/Changed section outline structure ........................... 95
= Section 8.1 (Device Support). Added SeCtion (MeW) ... ... ... e eaas 95
= Section 8.1.1 (Development Support, Hardware Development Tools): Updated/Changed the JTAG-based

ermiatorsspeciied oo S mn e T nene TS s s e e 95
= Section 8.1.2 (Device Nomenclature): Updated/Changed sectionftitle....... ... ... 96
= Figure 8-1 (Device Numbering Conventions). Updated/Change figure to include "Die Revision™ ........ 96
= Section 8.7 (Device Identification Code Register): Added silicon revision B device identification code 97
= Section 8.8 (Die Identification Registers): Updated/Changed the DIEIDL and DIEIDH to point to the original

registers at location OxXFFFFFF7C and OXFFFFFFB0 ... ... i 98
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3 Device Comparison

Table 3-1 lists the features of the RM42L432 devices.
Table 3-1. RM42L432 Device Comparison !

FEATURES | DEVICES |
mm RM4ELBSZWT™ | RMJA4LE22ZWT RMA4LO20PGE RM44L920°Z RMA4LS20PGE RM44L520PZ RM42L432PZF RM41L232PZ
Package 337 BGA 337 BGA 144 QFP 100 OFP 144 OFP 100 OFP 100 GFP 100 QFP
cPU ARM Conex-R4F | ARM Corex-R4F  ARM Corex-R4F | ARM Corlex-R4F =~ ARM Cortex-RAF | ARM Cortex-RAF ~ ARM Cornex-R4 ARM Corlex-R4
Frequency (MHz) 200 120 200 120 100 80
Fiasn (KB) 1280 1024 1024 1024 768 768 384 128
RAM (KB) 192 128 128 128 128 128 32 2
Data Flash

1

[EEPROM] (XB) &4 &4 64 B4 54 B4 16 6
e a 2400r 141 - - - _ _ _ _
‘Emac 101100 = | = = | = | = | = I = 1
CAN 3 3 3 2 3 2 2 2
MBADC 2 (24cn) 2 (24cn) 2 (24cn) 2 (24ch) 2 (24ch) 2 (16ch) 1(16¢h) 1(16cn)
12-bit (Ch)
EEray | 200 200 | 200 A ) S ) N ) S L L I ML 1]
2PWM Channels 14 R 14 8 14 8 - -
eCAP Channels 6 6 6 4 6 4 - -
e@m 2 2 2 1 2 1 1 1
MIbSPI (CS) 3(6+6+4) 3(6+6+4) 3(5+6+1) 204+2) 3(5+6+1) 2(4+2) 144) 1@
SP1(CS) 2(2+1) 2(2+1) 1(1) 1(1) 1(1) 1(1) 2(4+4) 2(4+4)
SCI (LIN) 2 (1with LIN) 2 (1with LIN) 2 (1 watn LIN) 1(with LIN) 2 (1 wEh LIN) 1(with LIN) 1(witn LIN) 1{win LIN)
12c 1 1 1 - 1 - = e
GPIO (INT)@ 101 (with 16 101 (with 16 B4 (with 16 4S(win 9 64 (win 10 45 (wkn 9 45(with 3 45 (with 8
| | IntesTupt capatie) | IntesTupt capable) | InteTupt capable) | Intemupt capable) | Intemupt capable) | Infemupt capable) | infernupt capabie) | inferupt capabie) |
EMF 16-bit data - - - - - - -
ETM [Trace] = & i & £ i 5= =
>(M) - . . . . . 4
RTPYOMM (Data) - - - - - - - -
m —30°C fo 105°C —40°C fp 105°C -40°C to 105°C =40°C to 105°C —40°C to 105°C -40°C to 105°C —40°C to 105°C —40°C 10 105°C
CoeSupply (V) | 114V-132V | 114V-132V | 114V-132V | 1.14V-132V | 114V-132V | 114V-132V | 114V-132V | 114V-132V |
11O Supply (V) 30V-36V 30V-36V 30V-36V 30V-36V 30V-36V 30V-36V 30V-36V 30V-36V
(1) For additional device variants, see www.ti.com/rm
(2) This table reflects the i nfiguration for each peripheral. Some ft ions are multiplexed and not all pins are available at the

same time.
(3) Superset device
(4) Total number of pins that can be used as general-purpose input or output when not used as part of a peripheral.
8 Device Comparison Copyright © 2012-2015, Texas Instruments Incorporated
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4 Terminal Configuration and Functions

4.1 PZ QFP Package Pinout (100-Pin)
Figure 4-1 shows the 100-pin PZ QFP package pinout.

ADIN[10]
nTRST ADN{il :
oI ADINE]
'%C: VSSAD/ADREFLO
VCCADIADREFHI
RTCK ADIN[21]
nRST ADINE0]
NERROR ADIND)
N2HET[10] ADND]
£ o
N ADIN(16]
s MIBSPI1nCS(3)
oy SPBACSYP]
NZHETI12) SPOOLX
N2HET[14] SPIISIMO
CAN2TX SPI3SOMI
CANZRX vss
MIBSPI1nCS{1) e
LINRX nPORRST
LINTX
voeP s
N2HET[18] VeCIo
N2HET[18] MIBSPInCS{2)
vee [« NZHETI6)

Figure 4-1. PZ QFP Package Pinout (100-Pin)

Note: Pins can have multiplexed functions. Only the default function is depicted in Figure 4-1.
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4.2 Terminal Functions

Table 4-1 through Table 4-16 identify the external signal names, the associated pin numbers along with
the mechanical package designator, the pin type (Input, Output, I/O, Power, or Ground), whether the pin
has any intemnal pullup/pulldown, whether the pin can be configured as a GPIO, and a functional pin

description.

L

www ti.com

terminal by the IOMM control registers.

NOTE
In the Terminal Functions table below, the "Reset Pull State" is the state of the pull applied to
the terminal while nPORRST is low and immediately after nPORRST goes High. The default
pull direction may change when software configures the pin for an alternate function. The
"Pull Type" is the type of pull asserted when the signal name in bold is enabled for the given

All /0 signals except nRST are configured as inputs while nPORRST is low and
immediately after nPORRST goes High. While nPORRST is low, the input buffers
are disabled, and the output buffers are disabled with the default pulls enabled.

All output-only signals have the output buffer disabled and the default pull enabled
while nPORRST is low, and are configured as outputs with the pulls disabled
immediately after nPORRST goes High.

4.2.1 High-End Timer (N2HET)

Table 4-1. High-End Timer (N2HET)

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 1Pozo L= :.'.UAI':'E
N2HET[0] 18 1o Pulid Prog b Timer input cap or output pare. The
v Z Sl LT
| N2HET[4] 25 Each terminal has a suppression filter with a
N2HET[6] 26 programmable duration.
'NZHET[S] 74
N2HET[10] 83
N2HET[12] 80
N2HET[14] 20
N2HET[16] a7
MIBSPI1nCS[1VEQEPS/ a3
N2HET[17]
N2HET[18] 28
MIBSPI1nCS[2YN2HET[20)/ 27
N2HET[19]
MIBSPI1nCS[2YN2HET[20)/ 27
N2HET[18]
N2HET[22] 11
N2HET[24] 84
MIBSPI1nCS[3YN2HET[26] 38
ADEVT/N2HET[28] 58
GIOA[T/N2HET[29] 18
MIBSPI1nENA/N2HET[23Y 68
N2HET[30]
GIOA[B)/SPI2ZnCS[1/N2HET([31] 12
10 Terminal Configuration and Functi Copyright © 2012-2015, Texas Instruments Incorporated
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4.2.2 Enhanced Quadrature Encoder Puise Modules (eQEP)

Table 4-2. Enhanced Quadrature Encoder Pulse Modules (eQEP)

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 1Pozo Lt S

SPI3CLK/EQEPA 36 Input Pullup Fixed 20 pA Enhanced QEP Input A
SPI3nENA/EQEPB 37 Input Enhanced QEP Input 8
SPI3nCS[0)EQEPI 38 1o Enhanced QEP Index

MIBSPI1nCS[1VEQEPS/N2HET
[17]

03

1o

Enhanced QEP Strobe

4.2.3 General-Purpose Input/Output (GPIO)
Table 4-3. General-Purpose Input/Output (GPIO)

TERMINAL

SIGNAL NAME

100
PZ

SIGNAL
TYPE

RESET
PULL
STATE

PULL TYPE

DESCRIPTION

GIOA[0)/SPI3nCS[3]

GIOA[1)/SPI3nCS[2]

GIOA[2)/SPI3nCS[1]

GIOA[3)/SPI2nCS[3]

| GIOA[4)/SPI2nCS[2]
| GIOA[SJEXTCLKIN
GIOA[6]/SPI2nCS[1)/N2HET[31]

GIOA[7]/N2HET[29]

1o

Pulld
F

o
:

20 pA

General-purpose input/output
All GPIO terminals can g

CPU on rising/falling/both edges.

pts to the

4.2.4 Controller Area Network Interface Modules (DCAN1, DCAN2)

Table 4-4. Controller Area Network Interface Modules (DCAN1, DCAN2)

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION

TYPE PULL
SIGNAL NAME 100 STATE

PZ
CAN1RX 63 1o Pullup Prog b CAN1R . or general-purpose /O (GPI10)
CAN1TX 82 20.pA CAN1 Transmit, or GPIO
CAN2RX 82 CAN2 Receive, or GPIO
CAN2TX 21 CAN2 T it, or GPIO
Copyright © 2012-2015, Texas Instruments Incorporated Te | Config and Fi 1
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4.2.5 Multibuffered Serial Peripheral Interface (MibSPI1)

Table 4-5. Multibuffered Serial Peripheral Interface (MibSPI1)

TERMINAL SIGMAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 1 | TYFE HI
Pz STATE
MIESPHCLK 87 o Pullup Programmable, MibSPI1 Serial Clock, or GPID
MIBSPHNCS[0] 73 G MibSPI1 Chip Select, or GPIO
MIBSPHnCS[1JEQEPSMNZHET | &3
7]
MIBESPHNCS[2YMZHET[20)/N2 7
HET[18]
MIESPHnCS[AVMIHET[26] il
MIBSPHNENAMZHET[23WMZH 88 Mib5SFI1 Enable, or GPIO
ET[20]
MIESPHSIMO 65 MibEPI1 Slave-in-Master-Out, or GPIO
MIESPHSOMI 86 MibSPI1 Slave-Out-Master-in, or GPIO

4.2.6 Standard Serial Peripheral Interface (SPI2)

Table 4-6. Standard Serial Peripheral Interface (SPI2)

' TERMINAL | SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 1o | ENEE RULY

PZ STATE
SPIZCLK 71 o Pullup Programmable, SPI12 Serial Clock, or GPID
SPIZnCS[0] 23 = SPI12 Chip Select. or GPIO
GIDABSPIZnCS[1)/N2HET[31] 12
GIOAMSPIZnCS[2] g
GIOA[BVSPIZnCS[3] g
SPI2SIMO 70 SP12 Slave-In-Master-Out. or GPIO
SPIZSOMI ag SP12 Slave-Out-Master-In, or GPIO

The drive strengths for the SPI2ZCLE, SPI2Z5IMO, and SPI2Z50MI signals are selected individually by configuring the respective SRS bits of

the SPIPCE register fo SPIZ.

SRS = 0 for B-mA drive (fast). This is the default mode as the SRS bits in the SPIPCH register default to 0.

SRS =1 for 2-mA drive (slow)

SPI3CLK/EQEPA 8
SPI3NCS[OYEQEPI a8
GIOA[ZJSPI3nCS[1] 5
GIOA[1J/SPI3nCS[2] 2
| GIOA[O}/SPI3nCS[3] 1
| SPIINENA/EQEPB a7
SPI3SIMO a5
SPI3SOMI 4

Vo

Pullup Programmabile,

20 pA

SP12 Serial Clock, or GPIO

SPI13 Chip Select, or GPID

SP12 Enable, or GPIO
SP13 Slave-In-Master-Out, or GPIO

SP13 Slave-Out-Master-in, or GFPIO

4.2.7 Local Interconnect Network Controller (LIN)

Table 4-7. Local Interconnect Network Controller (LIN)

DESCRIPTION

TERMINAL | SIGNAL | RESET PULL TYPE
SIGNAL NAME 100 Lz s
STATE
PZ
LINRX =23 o Pullup Programmable, LIN Receive, or GPID
LINTX 85 20 pA LIN Transmit, or GPIO
1z Terminal Configurafion and Funcfions Copyright © 2012-2015, Texas Instruments Incorporated
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4.2.8 Multibuffered Analog-to-Digital Converter (MibADC)

Table 4-8. Multibuffered Analog-to-Digital Converter (MibADC)

TERMINAL SIGNAL TYPE | RESET PULL TYPE DESCRIPTION

SIGNAL NAME 1Pozo S

ADEVT/N2HET[28] 58 l[e] Pullup ngrzaom“r;\\able. ADC event trigger or GPIO
| ADIN[0] 42 Input N/A None Analog inputs
| ADIN[1] 49

ADIN[2] 51

ADIN[3] 52

ADIN[4] 54

ADIN[5] 55

ADIN[6] 56

ADIN[7] 43

ADIN[8] 57

ADIN[9] 48

ADIN[10] 50

ADIN[11] 53

ADIN[16] 40

ADIN[17] 41

ADIN[20] 44

| ADIN[21] 45

| VCCAD/ADREFHI 46 Input/Power N/A None ADC high reference level/ADC operating supply
VSSAD/ADREFLO 47 Input/Ground N/A None ADC low reference level/ADC supply ground

4.2.9 System Module

Table 4-9. System Module

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME Tl R | e
STATE
PZ
ECLK 84 l[e] Pulid Prog bl External prescaled clock output, or GPIO.
20 pA

GIOA[SVEXTCLKIN 10 Input Pulldown 20 pA External Clock In

nPORRST 31 Input Pulidown 100 pA Power-on reset, cold reset External power supply
monitor circuitry must drive nPORRST low when
any of the supplies to the microcontroller fall out
of the specified range. This terminal has a glitch
filter.

nRST 81 o Pullup 100 pA The external circuitry can assert a system reset
by driving nRST low. To ensure that an external
reset is not itrarily ger ted, T1 d
that an exts | pullup resi: is cted to
this terminal. This terminal has a glitch filter.
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4.2.10 Error Signaling Module (ESM)

Table 4-10. Error Signaling Module (ESM)

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION

TYPE PULL
SIGNAL NAME 100 STATE

PZ
nERROR 82 o Pulidown 20 pA ESM error signal. Indicates error of high severity.
4.2.11 Main Oscillator
Table 4-11. Main Oscillator

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION

TYPE PULL
SIGNAL NAME 1"020 STATE
OSCIN 14 Input N/A None From cry tor, or exts | clock

input

OSsCcouT 16 Output N/A None To external crystaliresonator
KELVIN_GND 15 Input N/A None Dedicated ground for oscillator

4.2.12 Test/Debug Interface

Table 4-12. Test/Debug Interface

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 100  TYPE LA
STATE
PZ
nTRST 76 Input Pulldown Fixed, 100 pA JTAG test hardware reset
RTCK 80 Output N/A None JTAG return test clock
TCK 79 Input Pulldown Fixed, 100 pA JTAG test clock
TDI 77 l[e] Pullup Fixed, 100 pA JTAG test data in
TDO 78 QOutput Fixed, None JTAG test data out
100-pA
Pulidown
T™S 75 1o Pullup Fixed, 100 pA JTAG test select
TEST 24 [l[e] Pulldown Fixed, 100 pA Test enable. This terminal must be connected to
ground directly or through a p ist
4.2.13 Flash
Table 4-13. Flash
TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME 100 | TYPE EEpe
STATE
PZ
FLTP1 3 Input N/A None Flash test pins. For proper operation this terminal
must connect only to a test pad or not be
FLTP2 4 Input NIA None connected at all [no connect (NC)].
The test pad must not be exposed in the final
product where it might be subjected to an ESD
event.
VCCP 86 3.3-v N/A None Flash external pump voltage (3.3 V). This
Power terminal is required for both flash read and flash
program and erase operations.
14 Te | Config and Functi Copyright © 2012-2015, Texas Instruments Incorporated
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Table 4-14. Core Supply
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TERMINAL SIGNAL | RESET PULL TYPE DESCRIPTION
TYPE PULL

SIGNAL NAME 100 A

PZ
vce 13 1.2V NIA None Digital logic and RAM supply
vce 21 | Power
vce 30
vce 32
vce 81
vce a8
vce 09
4.2.15 1/O Supply

Table 4-15. /O Supply
TERMINAL SIGNAL | RESET PULL TYPE DESCRIPTION
TYPE PULL

SIGNAL NAME 100 S

PZ
VvCCIO [} 3.3-v N/A None 17O supply
vceio 28 Power
vccio 60
vCCIo 85

4.2.16 Core and I/O Supply Ground Reference

Table 4-16. Core and I/O Supply Ground Reference

TERMINAL SIGNAL RESET PULL TYPE DESCRIPTION
SIGNAL NAME T |
PZ
VSS 7 Ground N/A None Deviee) Gr‘ound Reference. Tr,is is a single
VSS 17 ;Dc ook for all supplies except for the
VSS 20
VSS 28
VSS 33
VSS 50
VSS 72
VSS 86
VSS 87
VSS 100
Copyright @ 2012-2015, Texas Instruments Incorporated Te I Configuration and Functi 15
Submit D tation Feedback

Product Folder Links: RM42L432

94



L

www ti.com

RM421.432
SPNS180B —SEPTEMBER 2012—REVISED JUNE 2015

4.3 Output Multiplexing and Control

Output multiplexing will be used in the device. The multiplexing is used to allow development of additional
package and feature combinations as well as to maintain pinout compatibility with the marketing device
family.

In all cases indicated as multiplexed, the output buffers are multiplexed.

4.3.1 Notes on Output Multiplexing

Table 4-17 shows the output signal multiplexing and control signals for selecting the desired functionality
for each pin.
« The pins default to the signal defined by the DEFAULT FUNCTION column in Table 4-17

= The CONTROL 1, CONTROL 2, and CONTROL 3 columns indicate the multiplexing control register and the bit
that must be set in order to select the corresponding functionality to be output on any particular pin.

For example, consider the multiplexing on pin 18, shown in Table 4-18 .

Table 4-17. Output Mux Options

100 PZ PIN ot CONTROL 1 OPTION2 CONTROL 2 OPTION 3 CONTROL 3
1 GIOA[D)] PINMMRO[E] SPI3nCSE3] PINMMRO[S] - _
2 GIOA[1] PINMMR1[0] SPI3nCSE2] PINMMR1[1] - _
5 GIOAL2] PINMMR1[8] SPI3RCSI1] PINMMR1[2] = =
8 GIOAR] PINMMR1[16] SPI2nCS[3] PINMMR1[17] = =
) GIOAK] PINMMR1[24] SPI2nCSE2] PINMMR1[25] = =
10 GIOA[S) PINMMR2(0] EXTCLKIN PINMMR2[1] = =

12 GIOAE] PINMMR2[8] SPIznCS[1] PINMMR2[2] NZHET[31) PINMMR2[10]
18 GIOA[T] PINMMR2[16] N2HET[29] PINMMR2[17] = =

03 MIBSPIInCS[1] | PINMMRE[E] EQEPS PINMMRS[2] NZHET[17] PINMMRE[10]

27 MIBSPIInCS[2] | PINMMR3[0] NZHET[20] PINMMR3[1] NZHET[10] PINMMR3[2]
a0 MIBSPIInCS[3] | PINMMRA4[E] N2HET[26] PINMMRA[2] = =

88 MIBSPInENA | PINMMRS[S] N2HET[23] PINMMRS[2] NZHET(30] PINMMR5[10]
38 SPI3CLK PINMMR2[16] EQEPA PINMMR3[17] = =
a8 SPI3nCS(0] PINMMRA[0] EQEPI PINMMRA[1] = =
a7 SPI3NENA | PINMMR3[24] EQEPB PINMMR3[25] Z =
58 ADEVT PINMMRA4[16] NZHET[28] PINMMRA[17] - _

Table 4-18. Muxing Example
100 PZ PIN DEFAULT CONTROL 1 OPTION2 CONTROL 2 OPTION 3 CONTROL 3
FUNCTION

18 GIOA[T] PINMMR2[18] N2HET[29] PINMMR2[17] - -

« When GIOA[7] is configured as an output pin in the GPIO module control register, then the programmed output
level appears on pin 18 by default. The PINMMR2[16] bit is set by default to indicate that the GIOA[7] signal is
selected to be output.

« If the application must output the N2HET[29] signal on pin 18, it must clear PINMMR2[16] and set PINMMR2[17].

= The pinis connected as input to both the GPIO and N2HET modules. That is, there is no input multiplexing on this
pin.
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4.3.2 General Rules for Multiplexing Control Registers
« The PINMMR control registers can only be written in privieged mode. A write in a nonprivileged mode will
generate an error response.

« If the application writes all Os to any PINMMR control register, then the default functions are selected for the
affected pins.

« Each byte in a PINMMR control register is used to select the functionality for a given pin. If the application sets
more than 1 bit within a byte for any pin, then the default function is selected for this pin.

« Some bits within the PINMMR registers could be associated with internal pads that are not brought out in the 100-
pin package. As a result, bits marked reserved should not be written as 1.

4.4 Special Multiplexed Options

Special controls are implemented to affect particular functions on this microcontroller. These controls are
described in this section.

4.4.1 Filtering for eQEP Inputs

4411 eQEPA Input
« When PINMMRS[0] = 1, the eQEPA input is double-synchronized using VCLK.

« When PINMMRSI[0] = 0 and PINMMRS[1] = 1, the eQEPA input is double-synchronized and then qualified through
a fixed 6-bit counter using VCLK.

« PINMMRE[0] = 0 and PINMMRS[1] = 0 is an illegal combination and behavior defaults to PINMMRS[0] = 1.

4412 eQEPB Input
= When PINMMRS[8] = 1, the eQEPB input is double-synchronized using VCLK.

+ When PINMMRS[8] = 0 and PINMMRS[9] = 1, the eQEPB input is double-synchronized and then qualified through
a fixed 6-bit counter using VCLK.

« PINMMRS[8] = 0 and PINMMRS[9] = 0 is an illegal combination and behavior defaults to PINMMRS[8] = 1.

4413 eQEPI Input
« When PINMMRS[16] = 1, the eQEPI input is double-synchronized using VCLK.

«  When PINMMRS[16] = 0 and PINMMRS[17] = 1, the eQEPI input is double-synchronized and then qualified
through a fixed 6-bit counter using VCLK.

+ PINMMRE[16] = 0 and PINMMRS8[17] = 0 is an illegal combination and behavior defaults to PINMMRS8[16] = 1.

4414 eQEPS Input
« When PINMMRS[24] = 1, the eQEPS input is double-synchronized using VCLK.

« When PINMMRS[24] = 0 and PINMMRS[25] = 1, the eQEPS input is double-synchronized and then qualified
through a fixed 6-bit counter using VCLK.

* PINMMRS8[24] = 0 and PINMMRS[25] = 0 is an illegal combination and behavior defaults to PINMMRS8[24] = 1.

4.4.2 N2HET PIN_nDISABLE Input Port

« When PINMMRII[0] = 1, GIOA[5] is connected directly to N2HET PIN_nDISABLE input of the N2HET module.

« When PINMMRI[0] = 0 and PINMMR9[1] = 1, EQEPERR is inverted and double-synchronized using VCLK before
connecting directly to the N2HET PIN_nDISABLE input of the N2HET module.

« PINMMR9[0] = 0 and PINMMR9[1] = 0 is an illegal combination and behavior defaults to PINMMRI[0] = 1.
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5 Specifications

5.1 Absolute Maximum Ratings!
Ower Operating Free-Air Temperature Range

MIN MAX UNIT
Vecl® -0.3 143
Supply voltage Veoig. Vecp®! 03 48 v
Viecan 0.3 38
All input pins 03 48
Input voltage W
[ ADC input pins 03 48
A5 pins, excapt ADT 20 20
Input clamp curmrent Iy (Vy = 0 or Wy = Vocan) _10 10 mé
ADIN
Total 40 40
E;EJZ:EE:" 40 108 °c
g‘;_lepr::mr':_“.ﬁ““ _ag 130 °c
Latch-up performance |-test, All VD pins —100 100 md
Storage temperature, Tﬂ -85 150 C

{1} Stresses beyond those listed under Absolute Maximum Rafings may cause permanent damage to the device. These are stress ratings
only, and functional operaticn of the device at these or any other conditions beyond those indicated under Recommended Operafing
Conditions is not implied. Exposure o absolute-maximum-rated conditions for extended periods may affect device reliability.

{2} Maximum-rated conditions for extended periods may affect device reliability. All voltage values are with respect to their associated

grounds.

5.2 [ESD Ratings

. VALUE | UNIT
o Human Body Medel (HBM), per ANSIVESDAUJEDES J5001(0 +2 KV
v = e e B30 | angd Deviee Motk [GOM JESDZ2-
[E20) performance: C1glﬁg’ evice Model ( ). per ~ | a1 pins £750 v

(1) JEDEC document JEP155 states that S00-V HEM allows safe manufacturing with a standard ESD control process.
{2} JEDEC document JEF15T states that 250-W CDM allows safe manufacturing with a standard ESD control process.

53 Power-On Hours {POH)!"?

NOMINAL CORE VOLTAGE (Vcc)

JUNCTION

12

10820

A ELAUILE

LIFETIME POH

100K

(1) This information is provided solely for your convenience and does not extend or modify the warranty provided under TI's standard terms

and conditions for Tl semiconductor products.

(2) Teo avoid significant degradation. the device power-on hours (POH) must be limited to those specified in this table. To convert fo
equivalent POH for a specific temperature profile, see the Calculating Equivalent Power-on-Hours for Hercules Safefy MCUs Application

Report (SENAZ0T).
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5.4 Recommended Operating Conditions(!

) MIN NOM MAX | UNIT
:U;;g Digital logic supply voltage (Core) 1.14 12 1.32 W
Voo Digital logic supply voltage (W0} 3 33 3.8 W
Veran 1 VADREFHI MibADC supply voltage [ A-to-D high-voltage reference source 3 33 3.8 W
Veop Flash pump supply voltage 3 33 38 W
gz Digital logic supply ground (1] v
Vazan r VADREFLD MibADC supply ground f A-to-D low-voltage reference source =01 0.1 v
Vo ew Maximum positive slew rate for Voo, Vocap and Viocp supplies 1| Wius
Ta O perating free-air temperature —40 i05| °C
Ts Operating junction 1nem|:|'enaiu.|recza —40 130 b o

{1} All voltages are with respect to Wgg. except Vigcap, which is with respect to Vsgap

(2) Reliability data is based upon a temperature profile that is equivalent to 100,000 power-on hours at 105°C junction temperature.

55 Switching Characteristics Over Recommended Operating Conditions for Clock Domains

Table 5-1. Clock Domains Timing Specifications

PARAMETER CONDITIONS MIN MAX | UNIT
fracye HCLHK - System clock frequency 100| MHz
fiii ??;.I{ - CPU clock frequency (ratio fooix @ fHok = P MHz
figcLi VCLK - Primary peripheral clock frequency 100| MHz
fgcLiz WCLKZ - Secondary peripheral clock frequency 00| MHz

VCLKEAT - Primary asynchronous peripheral clock
fucLiat frequency 00| MHz
fRmICLE RTICLK - dlock frequency fyc | MHz
Copyright @ 2012-2015, Texas Instruments Incorporated Specificationz 19
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5.6 Wait States Required

The TCM RAM can support program and data fetches at full CPU speed without any address or data wait states
required. There are no registers which need to be programmed for RAM wait states.

The TCM flash can support zero address and data wait states up to a CPU speed of 50 MHz in nonpipelined
mode.The flash supports a maximum CPU clock speed of 100 MHz in pipelined mode with no address wait
states and one data wait state.

The proper wait states should be set in the register fields Address Setup Wait State Enable (ASWSTEN
0xFFF87000[4]), Random Wait states (RWAIT 0xFFF87000[11:8]), and Emulation Wait states (EWAIT
0xFFF872B8[19:16]) as shown in Figure 5-1.

Flash Address Wait States
ASVBTEN.L_E 0
Main Memory Data Wait States (Bank 0)
RWAIT [~ 0 il i 1 i
EEPROM Emulation Memory Wait States (Bank 7)
H 2 3 4
il ! e e s s
Figure 5-1. Wait States Scheme

The flash wrapper defaults to nonpipelined mode with address wait states disabled, ASWSTEN=0; the main
memory random-read data wait state, RWAIT=1; and the emulation memory random-read wait states, EWAIT=1.
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5.7 Power Consumption
Over Recommended Operating Conditions

[ PARAMETER TEST CONDITIONS | MIN TYP MAX [UNIT |
fhork = 100 MHz
Ve digital supply current (operating mode) fycik = 100 MHz, 150"
Flash in pipelined
A mode, Voomax =N
'cC A
Vg digital supply current (LBIST mode) el 1652%)
PBIST ROM clock
Ve digital supply current (PBIST mode) frequency = 150 (A&
100 MHz
lccrReFH ADRggFsi supply current (operating mode) ADREFHIMax 3| mA
lccan Vecap supply current (operating mode) Vecapmax
lecio Vo digital supply current (operating mode) No DC load, Vecmax 454 ma
Icce Vcep pump supply current Read mode
Read from one bank
lece, and program or (@)
1 lccap 3.3-V supply current efase another. B85 mA
Vecemax

(1)

(2)

(3)
4)

The maximum I¢cc, value can be derated

= [linearly with voltage

= by 0.76 mA/MHz for lower operating frequency when fyc k= fycik

= for lower junction temp by the ion below where T is the junction temperature in Kelvin and the result is in milliamperes.
36 - 0.001 02T

The maximum lcc, value can be derated

= [linearly with voitage

« for lower junction temp by the ion below where T is the junction temperature in Kelvin and the result is in milliamperes.
36 - 0.001 02T

LBIST and PBIST currents are for a short duration, typically less than 10 ms. They are usually igl d for th | calculati for the

device and the voltage regulator

A current requi of the three combined supplies
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5.8 Thermal Resistance Characteristics for PZ
Table 5-2 shows the thermal resistance characteristics for the PQFP - PZ mechanical packages.
Table 5-2. Thermal Resistance Characteristics
(S-PQFP Package) [PZ]
PARAMETER °“C/wW
Raia 48
Reauc 5
5.9 Input/Output Electrical Characteristics "
Over Recommended Operating Conditions
[ PARAMETER TEST CONDITIONS MIN MAX | UNIT
Vhys Input hysteresis All inputs 180 mV
ViL Low-level input voltage All inputsm -03 08| v
ViH High-level input voltage All inputsm 2 Veco+03| V
lot = loumax 0.2 Veoio
V Low-level output volta low = 50 pA. v
oL el cuiput voleae. standard output 0.2
mode | |
ToH = loHmax 0.8 Vecio
i loq = 50 pA,
VoH High-level output voltage standard output Vecio - 0.3 V'
mode
Iic Input clamp current (YO pins) :'\70\0,.??623 ar Vi -35 35| mA
I 20-pA pulidown Vi=Veoio 5 40
Ii4 100-pA pulidown | V; = Vegio 40 195
I Input current (1/O pins) lu 20-pA pullup Vi=Vss = ] pA
I 100-pA pullup V)= Vss -185 —40
All other pins :::ll:::runp or -1 1
Cy Input capacitance pF
Co Output capacitance pF

(1) Source currents (out of the device) are negative while sink currents (into the device) are positive.
(2) This does not apply to the nPORRST pin.
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5.10 Output Buffer Drive Strengths

Table 5-3. Output Buffer Drive Strengths

RM421.432
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LOW-LEVEL OUTPUT CURRENT,
lov for ViEVormax
or SIGNALS
HIGH-LEVEL OUTPUT CURRENT,
lox for Vi=Vormin
EQEPI, EQEPS,
8 mA TMS. TDI, TDO, RTCK.
nERROR
TEST.
4mA MIBSPI1SIMO, MIBSPI1SOMI, MIBSPI1CLK, SPI3CLK, SPI3SIMO, SPI3SOMI,
nRST
AD1EVT.
CAN1RX. CAN1TX, CAN2RX, CAN2TX,
GIOA[0-7],
2 mA zero-dominant LINRX, LINTX,
MIBSPI1nCS[0-3], MIBSPI1nENA
N2HET[0], N2HET[2]. N2HET[4], N2HET[8], N2HET[S]. N2HET[10]. N2HET[12]. N2HET[14],
N2HET[16]. N2HET[18]. N2HET[22]. N2HET[24],
SPI2nCS[0-3], SPI3nENA, SPI3nCS[0]
ECLK,
selectable 8 mA/ 2 mA SPI2CLK, SPI2SIMO, SPI2SOMI
The default output buffer drive strength is 8 mA for these signals.
Table 5-4. Selectable 8 mA/ 2 mA Control
| siGNAL CONTROL BIT ADDRESS 8mA 2mA |
ECLK SYSPC10[0] OxFFFF FF78 0 1

SPI2CLK SPI2PCO[g] OxFFF7 FB68 0 1

SPI2SIMO SPI2PCE[10] OxFFF7 FB68 0 1

SPI2SOMI spizercopi1)t! OxFFF7 F868 0 1

(1) Either SPI2PC8[11] or SPI2PC2[24] can change the output strength of the SPI2ZSOMI pin. In case of a 32-bit write where these 2 bits

differ, SPI2PC2[11] determines the drive strength.
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l—  t —
- e e Veoo
Input Vo Vm'\-
UI_ K \-Vl_ 0

Figure 5-2. TTL-Level Inputs

5.11 Input Timings

Table 5-5. Timing Requirements for Inputs!

MIN MAX UNIT

Input minimum pulse width tevoug + 10%@ ns

fpw
(1) tequcak) = peripheral VBUS clock cycle time = 1/ frugixg
(2) The timing shown in Figure 5-2 is only valid for pin used in GIO mode.

Copyright © 2012-2015, Texas Instruments Incorporated
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5.12 Output Timings

RM421.432
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Table 5-6. Switching Characteristics for Output Timings versus Load Capacitance (CL)

| PARAMETER MIN MAX UNIT
CL=15pF 25
o CL =50 pF 4
R fme: & CL = 100 pF 7.2
PeTo CL =150 pF 125 =
CL=15pF 25
Fall time, t Lt 4
CL =100 pF 7.2
CL = 150 pF 125 |
CL=15pF 56
Ry CL = 50 pF 104
CL =100 pF 18.8
Ak ks CL = 150 pF 232 =
CL=15pF 5.6
Fall ime, § CL=50 pF 104
CL =100 pF 16.8
CL = 150 pF 232
CL=15pF 8
o CL =50 pF 15
Risedme-dr CL = 100 pF 23
2-mA-z pins zt i ::OP:F 383 ns
) CL =50 pF 15
Fallfme. % CL = 100 pF 23
CL = 150 pF 33
CL=15pF 25
Rise time, t; oL 90pk o
CL = 100 pF 7.2
SR CL = 150 pF 125
CL=15pF 25
) CL=50pF 4
Fall fime. CL = 100 pF 7.2
Selectable 8-mA/ 2-mA-z CL = 150 pF 125 =
pins CL=15pF 8
: CL =50 pF 15
s fme. ke CL =100 pF 23
CL = 150 pF 33
2-mA-z mode
CL=15pF 8
R CL =50 pF 15
CL = 100 pF 23
CL = 150 pF 33
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L4 o,

Figure 5-3. CMOS-Level Outputs

output : m———‘v“‘ - Veew
N

Table 5-7. Timing Requirements for Outputs("

| PARAMETER MIN MAX | UNIT
Delay between low-to-high. or high-to-low transition of general-purpose output
ta(paratiel_out) signals that can be configured by an lication in parallel, for ple, all signals in 5 ns
= a GIOA port, or all N2HET signals.
(1) This specification does not account for any output buffer drive strength diffe or any ext | capacitive loading diffe . Check

Table 5-3 for output buffer drive strength information on each signal.
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6 System Information and Electrical Specifications

6.1 Voltage Monitor Characteristics

A voltage monitor is implemented on this device. The purpose of this voltage monitor is to eliminate the
requirement for a specific sequence when powering up the core and I/O voltage supplies.

6.1.1 Important Considerations

= The voltage monitor does not eliminate the need of a voltage supervisor circuit to ensure that the
device is held in reset when the voltage supplies are out of range.

= The voltage monitor only monitors the core supply (VCC) and the I/O supply (VCCIO). The other
supplies are not monitored by the VMON. For example, if the VCCAD or VCCP are supplied from a
source different from that for VCCIO, then there is no internal voltage monitor for the VCCAD and
VCCP supplies.

6.1.2 Voltage Monitor Operation

The voltage monitor generates the Power Good MCU signal (PGMCU) as well as the 1/Os Power Good
1/O signal (PGIO) on the device. During power up or power down, the PGMCU and PGIO are driven low
when the core or /O supplies are lower than the specified minimum monitoring thresholds. The PGIO and
PGMCU being low isolates the core logic as well as the /O controls during the power up or power down of
the supplies. This allows the core and I/O supplies to be powered up or down in any order.

When the voltage monitor detects a low voltage on the I/O supply, it will assert a power-on reset. When
the voltage monitor detects an out-of-range voltage on the core supply, it asynchronously makes all output
pins high impedance, and asserts a power-on reset. The voltage monitor is disabled when the device
enters a low power mode.

The VMON also incorporates a glitch filter for the nPORRST input. Refer to Section 6.2.3.1 for the timing
information on this glitch filter.

Table 6-1. Voltage Monitoring Specifications

PARAMETER MIN TYP MAX UNI‘LJ

VCC low - VCC level below this
threshold is detected as too low. 075 e 113

AN VCC high - VCC level above this

Vion N rrarog threshold is detected as too high. e ( 21y

VCCIO low - VCCIO level below
this threshold is detected as too 185 24 29
low.

6.1.3 Supply Filtering
The VMON has the capability to filter glitches on the VCC and VCCIO supplies.

Table 6-2 shows the characteristics of the supply filtering. Glitches in the supply larger than the maximum
specification cannot be filtered.

Table 6-2. VMON Supply Glitch Filtering Capability

PARAMETER MIN MAX | UNIT
Width of glitch on VCC that can be filtered 250 1000 ns
Width of glitch on VCCIO that can be fittered 250 1000 ns
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Submit Documentation Feedback
Product Folder Links: RM42L 432

106



i Texas
RM421.432 INSTRUMENTS

SPNS180B —SEPTEMBER 2012—REVISED JUNE 2015 www.ti.com

6.2 Power Sequencing and Power-On Reset

6.2.1 Power-Up Sequence

There is no timing dependency between the ramp of the VCCIO and the VCC supply voltage. The power-
up sequence starts with the I/O voltage rising above the minimum I/O supply threshold, (for more details,
see Table 6-4), core voltage rising above the minimum core supply threshold, and the release of power-on
reset. The high-frequency oscillator will start up first and its amplitude will grow to an acceptable level. The
oscillator start-up time is dependent on the type of oscillator and is provided by the oscillator vendor. The
different supplies to the device can be powered up in any order.

During power up, the device goes through the sequential phases listed in Table 6-3.
Table 6-3. Power-Up Phases

Oscillator start-up and validity check 1032 oscillator cycles
eFuse autoload 1180 oscillator cycles
Flash pump power up 688 oscillator cycles
Flash bank power up 617 oscillator cycles
Total 3497 oscillator cycles
The CPU reset is released at the end of this sequence and fetches the first instruction from address
0x00000000.
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6.2.2 Power-Down Sequence
The different supplies to the device can be powered down in any order.

6.2.3 Power-On Reset: nPORRST

This reset must be asserted by an external circuitry whenever the /O or core supplies are outside the
recommended range. This signal has a glitch filter on it. It also has an internal pulldown.

6.2.3.1 nPORRST Electrical and Timing Requirements
Table 6-4. Electrical Requirements for nPORRST

[ NO. PARAMETER MIN MAX | UNIT
v, L/;;c low supply level when nPORRST must be active during power 05 v
Vg high supply level when nPORRST must remain active during
Vecporn power up and become active during power down 1.14 v
Vecio ! Veop low supply level when nPORRST must be active
VeciopoRL during power up 14 o
Vear cho 1 Veep high supply level wfjen nPQRRST must remain active a0
IOPORt during power up and become active during power down
VILPORRST) Low-level input voltage of nPORRST Vegio> 2.5V 0.2 " Veeoio v
Low-level input voltage of nPORRST Vegio <25V 05 \
Setup time, nPORRST active before Vccio and Ve > VecioporL
3 |tsuporasT) during power up X ms
8 | thporrsT) Hold time, nPORRST active after Ve > Veoceord 1 ms
Setup time, nPORRST active before Vg < Vecpors during power
7 |tsupoRRsT) e 2 ps
8 |thporrsT) Hold time, nPORRST active after Vceio and Vieep > VeciororH 1 ms
8 | thiporRsT) Hold time, nPORRST active after Ve < Vecoort 0 ms
Filter time nPORRST pin;
tnPORRST) Pulses less than MIN will be filtered out, pulses greater than MAX 475 2000 ns
will generate a reset.
33V
Vecio ! Voce
12V
- . h'd Vee
| , ——5
[ | |
| I ! |
| | | |
Ve (1.2V) I | | |
|
Veao ! Veee(3:3V) : : i :
nPORRST TR / Vi Viy N\ AR

NOTE: There is no timing dependency between the ramp of the VCCIO and the VCC supply voltage, this is just an exemplary drawing.

Figure 6-1. nPORRST Timing Diagram
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6.3 Warm Reset (nRST)

This is a bidirectional reset signal. The internal circuitry drives the signal low on detecting any device reset
condition. An external circuit can assert a device reset by forcing the signal low. On this terminal, the
output buffer is implemented as an open drain (drives low only). To ensure an external reset is not
arbitranly generated, Tl recommends that an external pullup resistor is connected to this terminal.

This terminal has a glitch filter. It also has an internal pullup

6.3.1 Causes of Warm Reset

Table 6-5. Causes of Warm Reset

DEVICE EVENT SYSTEM STATUS FLAG

Power-up reset Exception Status Register, bit 15
Oscillator fail Global Status Register, bit 0
PLL slip Global Status Register. bits 8 and @
Watchdog exception / Debugger reset Exceplion Status Register, bit 13
‘CPU Reset (driven by the CPU STC) Exception Status Repister, bit 5
Software reset Exception Status Register, bit 4
External reset Exception Status Repister, bit 2

6.3.2 nRST Timing Requirements

Table 6-6. nRST Timing Requirements

MIN MAX UNIT
WValid time, nRST active after "PORRST inactive 2258tygsgy| !
ns
|t”[“3n Valid time, nRST active (all other system reset conditions) Mguei
Filter time nRST pin;
tnRST) Fulses less than MIN will be filtered out, pulses greater than MAX will 475 2000 ns
generate a reset
(1) Assumes the oscillator has started up and stabilized before nPORRET is released.
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6.4 ARM Cortex-R4 CPU Information

6.4.1 Summary of ARM Cortex-R4 CPU Features

The features of the ARM Cortex-R4 CPU include:
= An integer unit with integral Embedded ICE-RT logic.
= High-speed Advanced Microprocessor Bus Architecture (AMBA) Advanced eXtensible Interfaces (AXI)
for Level two (L2) master and slave interfaces.
= Dynamic branch prediction with a global history buffer, and a 4-entry return stack
» Low interrupt latency.
» Nonmaskable interrupt.
= A Harvard Level one (L1) memory system with:
— Tightly Coupled Memory (TCM) interfaces with support for error correction or parity checking
memories
— ARMVT7-R architecture Memory Protection Unit (MPU) with 8 regions
= Dual core logic for fault detection in safety-critical applications.
» An L2 memory interface:
— Single 64-bit master AXI interface
— 64-bit slave AXI interface to TCM RAM blocks
= A debug interface to a CoreSight Debug Access Port (DAP).
= Six Hardware Breakpoints
» Two Watchpoints
= A Perfomance Monitoring Unit (PMU)
= A Vectored Interrupt Controller (VIC) port.

For more information on the ARM Cortex-R4 CPU, see www.arm.com.

6.4.2 ARM Cortex-R4 CPU Features Enabled by Software

The following CPU features are disabled on reset and must be enabled by the application if required.
= ECC On Tightly Coupled Memory (TCM) Accesses

» Hardware Vectored Interrupt (VIC) Port

= Memory Protection Unit (MPU)

6.4.3 Dual Core Implementation

The device has two Cortex-R4 cores, where the output signals of both CPUs are compared in the CCM-
R4 unit. To avoid common mode impacts the signals of the CPUs to be compared are delayed by 2 clock
cycles as shown in Figure 6-3.

The CPUs have a diverse CPU placement given by following requirements:
- Different orientation; for example, CPU1 = "north" orientation, CPU2 = "flip west" orientation
» Dedicated guard ring for each CPU

North Flip West

F

Figure 6-2. Dual - CPU Orientation
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6.4.4 Duplicate clock tree after GCLK

The CPU clock domain is split into two clock trees, one for each CPU, with the clock of the 2nd CPU
running at the same frequency and in phase to the clock of CPU1. See Figure 6-3.

6.4.5 ARM Cortex-R4 CPU Compare Module (CCM) for Safety

This device has two ARM Cortex-R4 CPU cores, where the output signals of both CPUs are compared in
the CCM-R4 unit. To avoid common mode impacts the signals of the CPUs to be compared are delayed in
a different way as shown in Figure 6-3.

Output + Contral

CCM-R4 |
[ 2.cycle delay P :
— CCM-R4
CPU‘ICLKj compare —}: compar
I
— .
I
______________________ i
: |
|
! CPU 1 CPU 2 |
| |
| l
S S 7
2 cycle delay
f CP:JZCLK
Input + Contral

Figure 6-3. Dual Core Implementation

To avoid an erroneous CCM-R4 compare error, the application software must initialize the registers of
both CPUs before the registers are used, including function calls where the register values are pushed
onto the stack.

6.4.6 CPU Self-Test

The CPU STC (Self-Test Controller) is used to test the two Cortex-R4 CPU Cores using the Deterministic
Logic BIST Controller as the test engine.

The main features of the self-test controller are:

Ability to divide the complete test run into independent test intervals
Capable of running the complete test or running a few intervals at a time

Ability to continue from the last executed interval (test set) or fo restart from the beginning (first test
set)

Complete isolation of the self-tested CPU core from the rest of the system during the self-test run
Ability to capture the failure interval number
Timeout counter for the CPU self-test run as a fail-safe feature

a2 Syt
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6.4.6.1

8

when necessary. This divider is configured by the STCCLKDIV register at address OxFFFFE108.

6.4.6.3 CPU Self-Test Coverage

RMA421 432

SPNS1208 —SEPTEMBER 20M2-REVISED JUNE 2015

NEmm ok w N

Application Sequence for CPU Self-Test

Configure clock domain frequencies.

Select the number of test intervals to be run.
Configure the timeout period for the self-test un.
Save the CPU state if required

Enable self-test.
Wait for CPU reset.

In the reset handler, read CPU self-test status to identify any failures.
Retrieve CPU state if required.

For more information, see the RM42[42x 16/32-Bit RISC Flash Microconiroller Technical Reference
Manual (SPNU516).

6.4.6.2 CPU Self-Test Clock Configuration
The maximum clock rate for the selftest is 50 MHz. The STCCLK is divided down from the CPU clock,

Table 6-7 shows CPU test coverage achieved for each self-test interval. It also lists the cumulative test
cycles. The test ime can be calculated by multiplying the number of test cycles with the STC clock penod.

Table 6-7. CPU Self-Test Coverage

INTERVALS TEST COVERAGE, % TEST CYCLES

o o a

1 B0.06 1385
2 88.71 2730
3 73.35 4085
4 78.57 5460
5 78.7 8825
i} 804 8180
T 81.76 jelitita]
B 82.84 10820
a 83.84 12285
10 84.58 13650
11 85.31 15015
12 85.9 16350
13 86.59 17745
14 8717 18110
15 a7.87 20475
18 28.11 21840
17 88.53 23205
18 88.83 24570
18 808.26 25035
20 80.56 27300
pea | 80.86 2BB65
x 0.1 30030
23 8036 31395
24 80.62 32760
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Table 6-7. CPU Self-Test Coverage (continued)

INTERVALS TEST COVERAGE, % l TEST CYCLES
25 20.86 34125
26 91.08 35400
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6.5 Clocks
6.5.1 Clock Sources

The table below lists the available clock sources on the device. Each of the clock sources can be enabled
or disabled using the CSDISx registers in the system module. The clock source number in the table
corresponds to the control bit in the CSDISx register for that clock source.

The table also shows the default state of each clock source.

Table 6-8. Available Clock Sources

CLOCK
SO'l.lgCE NAME DESCRIPTION DEFAULT STATE
0 OSCIN Main Oscillator Enabled
1 PLL1 Output From PLL1 Disabled
2 Reserved Reserved Disabled
3 EXTCLKIN1 External Clock Input #1 Disabled
4 CLKSO0K Low-Frequency Output of Intemal Reference Oscillator Enabled
5 CLK10M High-Frequency Output of Internal Reference Oscillator Enabled
6 Reserved Reserved Disabled
7 Reserved Reserved Disabled

6.5.1.1 Main Oscillator

The oscillator is enabled by connecting the appropriate fundamental resonator/crystal and load capacitors
across the external OSCIN and OSCOUT pins as shown in Figure 6-4. The oscillator is a single stage
inverter held in bias by an integrated bias resistor. This resistor is disabled during leakage test
measurement and low power modes.

Tl strongly encourages each customer to submit samples of the device to the resonator/crystal
vendors for validation. The vendors are equipped to determine what load capacitors will best tune
their resonator/crystal to the microcontroller device for optimum start-up and operation over
temperature/voltage extremes.

An external oscillator source can be used by connecting a 3.3 V clock signal to the OSCIN pin and leaving
the OSCOUT pin unconnected (open) as shown in Figure 6-4.

(see Note B)
OSCIN Kelvin_GND 0OSCouT | I OSCIN oscour l
c1 c2 T l
I i External
(see Nowe A) Clock Signal
i (togaling0 Vo 3.3V)
i
Crystal

(a) (b)

Note A: The values of C1and C2 should be provided by the resonator/crystal vendor.
Note B: Kelvin_GND should not be cannected to any other GND.

Figure 6-4. Recommended Crystal/Clock Connection
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6.5.1.1.1 Timing Requirements for Main Oscillator
Table 6-9. Timing Requirements for Main Oscillator

[ PARAMETER MIN TYP MAX UNIT
tc{OSC) Cycle time, OSCIN (when using a sine-wave input) 50 200 ns
tc(OSC_SQR) Cycle time, OSCIN, (when input to the OSCIN is a square 50 200 ns
wave )

tw(OSCIL) Pulse duration, OSCIN low (when input to the OSCIN is a 15 BT
square wave)

tw(OSCIH) Pulse duration, OSCIN high (when input to the OSCIN is a 15 s
square wave)

6.5.1.2 Low-Power Oscillator
The Low-Power Oscillator (LPO) is comprised of two oscillators — HF LPO and LF LPO.

6.5.1.2.1 Features

The main features of the LPO are:

» Supplies a clock at extremely low power for power-saving modes. This is connected as clock source #
4 of the Global Clock Module.

= Supplies a high-frequency clock for nontiming-critical systems. This is connected as clock source # 5
of the Global Clock Module.

= Provides a comparison clock for the crystal oscillator failure detection circuit.

BIAS_EN

v

s P
r_TAM =
Low-Power
ke o Oscillator e
HE_TRIM =l P cuxiom vaLD

7y

nPORRST

Figure 6-5. LPO Block Diagram
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Figure 6-5 shows a block diagram of the internal reference oscillator. This is an LPO and provides two
clock sources: one nominally 80 kHz and one nominally 10 MHz.

6.5.1.2.2 LPO Electrical and Timing Specifications

Table 6-10. LPO Specifications

| PARAMETER MIN TYP MAX| UNIT
Oscillator fail frequency - lower threshold, using
immed LPO output 1.375 24 4.875
Clock Defeck Oscillator fail frequency - higher threshold, using Mz
untrimmed LPO output 22 384 &
Untrimmed frequency 55 8 195 MHz
gt ;:;md::q :HWSTANDBY (LPO BIAS_EN High f * = -
-up time from i) igh tor
(rrro) at least 800 ys) 10 us
Cold start-up time 200 us
Untrimmed frequency 36 85 180 kHz
LPO - LF oscillator Start-up time from STANDBY (LPO BIAS_EN High for o
(furpo) at least 900 ps) Hs
Cold start-up time 2000 us
6.5.1.3 Phase Locked Loop (PLL) Clock Modules
The PLL is used to multiply the input frequency to some higher frequency.
The main features of the PLL are:
« Frequency modulation can be optionally superimposed on the synthesized frequency of PLL.
» Configurable frequency multipliers and dividers.
» Built-in PLL Slip monitoring circuit.
« Option to reset the device on a PLL slip detection.
6.5.1.3.1 Block Diagram
Figure 6-6 shows a high-level block diagram of the PLL macro on this microcontroller.
OSCIN /NR INTCLK VCOCLK 0D post_ODCLK R PLLCLK
1o /64 R Mio/8 A to B2
I__ MNE ] feLiouk = (foscin / NR) * NF / (OD * R)
1 t0/256
Figure 6-6. PLL Block Diagram
6.5.1.3.2 PLL Timing Specifications
Table 6-11. PLL Timing Specifications
[ PARAMETER MIN MAX| UNIT
fiNTeLx PLL1 Reft Clock fr 1 20| MHz
fpost_oDCLK Post-ODCLK — PLL1 Post-divider input clock frequency 400 MHz
fucocik VCOCLK — PLL1 Output Divider (OD) input clock frequency 150 550| MHz
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6.5.2 Clock Domains

6.5.2.1 Clock Domain Descriptions

Table 6-12 lists the device clock domains and their default clock sources. The table also shows the
system module control register that is used to select an available clock source for each clock domain.

Table 6-12. Clock Domain Descriptions

CLOCK DOMAIN
NAME

DEFAULT CLOCK
SOURCE

CLOCK SOURCE
SELECTION
REGISTER

DESCRIPTION

HCLK

OSCIN

GHVSRC -

Is disabled through the CDDISx registers bit 1

GCLK

OSCIN

GHVSRC

Always the same freq y as HCLK

In phase with HCLK

Is disabled separately from HCLK through the CDDISx registers
bit 0

Can be divided by 1 up to 8 when running CPU self-test
(LBIST) using the CLKDIV field of the STCCLKDIV register at
address OxFFFFE108

GCLK2

OSCIN

GHVSRC -

Al

ys the same freqg y as GCLK
2 cycles delayed from GCLK
Is disabled along with GCLK

Gets divided by the same divider sefting as that for GCLK when
running CPU self-test (LBIST)

VCLK

OSCIN

GHVSRC .

Divided down from HCLK

Can be HCLK/1, HCLK/2, ... or HCLK/16

Is disabled separately from HCLK through the CDDISx registers
bit 2

Can be disabled separately for eQEP using CDDISx registers
bit @

VCLK2

OSCIN

GHVSRC -

Divided down from HCLK
Can be HCLK/1, HCLK/2, ... or HCLK/16
Frequency must be an integer multiple of VCLK frequency

Is disabled separately from HCLK through the CDDISx registers
bit 3

VCLKA1

VCLK

VCLKASRC -

Defaults to VCLK as the source
Frequency can be as fast as HCLK frequency
Is disabled through the CDDISx registers bit 4

RTICLK

VCLK

RCLKSRC

Defaulis to VCLK as the source

If a clock source other than VCLK is selected for RTICLK, then

the RTICLK frequency must be less than or equal to VCLK/3

— Application can this by prog ing the RTI1DIV
field of the RCLKSRC register, if necessary

Is disabled through the CDDISx registers bit 6
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6.5.2.2 Mapping of Clock Domains to Device Modules
Each clock domain has a dedicated functionality as shown in the figure below.

| GCM |
|
0
1
OSCIN Rl i T GCLK,GCLK2 (to CPU)
n 54 H X1 256 H n.3 Hn azl-ll'—‘ : HCLK (to SYSTEM)
__________ | el VCLK (to System and
80 kH: 4 Mn..16 2
Low Power z T | I—| | Peripheral Modules)
O 10 Mez 4 5 |
4 : {r-1e}— VCLK (to N2HET)

EXTCLKIN ———f— 2 |
'Theflequemyathis node must not |
exceed the maximum HCLK frequency |
= I
1— |
3 — I

4 AVCLK1 (to DCANT1, 2)

5 —f
VCLK —

RTICLK (to RTIsDWWD)

P IY. (on 3 CDDiSx @

AVCLK1 | VCLK

I
I 11.2..1024 n2.2se |l 24 |0 12,32 Nnz i
| = 1) e I| 88538 ||
' I il i I I
e L4 L h L]
[ pron_seo| | %5e- Ji I I I |
| St LN ADCLK ECLK
|| BaudRate || Baud Rate |l | |
| Phase_seg | ________________
| | SPIx,MibSPix LIN MibADC  External Clock
| CAN Baud Rate |
_____ J
DCAN1, 2
Figure 6-7. Device Clock Domains
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6.5.3 Clock Test Mode

The RM4x platform architecture defines a special mode that allows various clock signals to be brought out
on to the ECLK pin and N2HET[2] device outputs. This mode is called the Clock Test mode. It is very
useful for debugging purposes and can be configured through the CLKTEST register in the system

module.
Table 6-13. Clock Test Mode Options
] CLKTEST[3-0] SIGNAL ON ECLK CLKTEST[11-8] SIGNAL ON NZHET[2]
| 0000 Oscillator 0000 Oscillator Valid Status
0001 Ml PLL: “;'L"L“é‘i"'f) clock output 0001 Main PLL Valid status
0010 Reserved 0010 Reserved
0011 Reserved 0011 Reserved
0100 CLK8OK 0100 Reserved
0101 CLK10M 0101 CLK10M Valid status
0110 Reserved 0110 Reserved
0111 Reserved 0111 Reserved
1000 GCLK 1000 CLK80K
1001 RTI Base 1001 Oscillator Valid status
1010 Reserved 1010 Oscillator Valid status
1011 VCLKA1 1011 Oscillator Valid status
1100 Reserved 1100 Oscillator Valid status
1101 Reserved 1101 Oscillator Valid status
1110 Reserved 1110 Oscillator Valid status
[ 1111 Flash HD Pump Oscillator 1111 Oscillator Valid status
40 System Inft tion and Electrical Specificatit Copyright © 2012-2015, Texas Instruments Incorporated
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6.6 Clock Monitoring

6.6.1

6.6.2

6.6.3

6.6.3.1

The LPO Clock Detect (LPOCLKDET) module consists of a clock monitor (CLKDET) and an internal low-
power oscillator (LPO).

The LPO provides two different clock sources — a low frequency (LFLPO) and a high frequency (HFLPO).

The CLKDET is a supervisor circuit for an externally supplied clock signal (OSCIN). In case the OSCIN
frequency falls out of a frequency window, the CLKDET flags this condition in the global status register
(GLBSTAT bit 0: OSC FAIL) and switches all clock domains sourced by OSCIN to the HFLPO clock (limp
mode clock).

The valid OSCIN frequency range is defined as: fyrpo / 4 < fosom < furLro ™ 4-

Clock Monitor Timings
For more information on LPO and Clock detection, refer to Table 6-10.

lower upper 3
ok threshold paos threshold fail
1 T ] T o
1.375 4875 22 78 fiMHz]

Figure 6-8. LPO and Clock Detection, Untrimmed HFLPO

External Clock (ECLK) Output Functionality

The ECLK pin can be configured to output a prescaled clock signal indicative of an internal device clock.
This output can be externally monitored as a safety diagnostic.

Dual Clock Comparator

The Dual Clock Comparator (DCC) module determines the accuracy of selectable clock sources by
counting the pulses of two independent clock sources (counter 0 and counter 1). If one clock is out of
spec, an error signal is generated. For example, the DCC can be configured to use CLK10M as the
reference clock (for counter 0) and VCLK as the "clock under test" (for counter 1). This configuration
allows the DCC to monitor the PLL output clock when VCLK is using the PLL output as its source.

Features
= Takes two different clock sources as input to two independent counter blocks.
« One of the clock sources is the known-good, or reference clock; the second clock source is the "clock under test."
= Each counter block is programmable with initial, or seed values.

« The counter blocks start counting down from their seed values at the same time; a mismatch from the expected
frequency for the clock under test generates an error signal which is used to interrupt the CPU.

6.6.3.2 Mapping of DCC Clock Source Inputs

Table 6-14. DCC Counter 0 Clock Sources

{ TEST MODE CLOCK SOURCE [3:0] CLOCK NAME
Others Oscillator (OSCIN)
0 0x5 High-frequency LPO
OxA Test clock (TCK)
1 X VCLK
Copyright © 2012-2015, Texas Instruments Incorporated Sy Infi tion and Electrical Specificati 41
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Table 6-15. DCC Counter 1 Clock Sources
TEST MODE KEY [3:0] CLOCK SOURCE [3:0] CLOCK NAME
Others - N2HET[31]
0x0 Main PLL free-running clock
output
0x1 n/a
0x2 Low-frequency LPO
0 OxA 0x3 High-frequency LPO
Ox4 Flash HD pump oscillator
0x5 EXTCLKIN
0x6 n/a
0x7 Ring oscillator |
0x8 - OxF VCLK
1 X X HCLK
42 System Inft and Electrical Specificatit Copyright © 2012-2015, Texas Instruments Incorporated
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6.7 Glitch Filters
A glitch filter is present on the following signals.

Table 6-16. Glitch Filter Timing Specifications

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

PARAMETER

MAX

UNIT

nPORRST

HinPORRST)

Filter time nPORRST pin;

pulses less than MIN will be filtered out, pulses greater than
MAX will generate a reset

475

2000

ns

nRST

tnRsT)

Filter time nRST pin;

pulses less than MIN will be filtered out, pulses greater than
MAX will generate a reset

475

2000

ns

TEST

fmesn)

Filter time TEST pin:

pulses less than MIN will be filtered out, pulses greater than
MAX will pass through

475

2000

ns

(1) The glitch filter design on the nPORRST signal is designed such that no size pulse will reset any part of the microcontroller (flash pump,
/O pins, and so forth) without also generating a valid reset signal to the CPU.
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6.8 Device Memory Map
6.8.1 Memory Map Diagram

Figure 6-9 shows the device memory map.

OxFFFFFFFF
SYSTEM Modules
OxFFF80000}— — — — — — — — — — — — — — — 4
0 xF:ZFOZZ; Peripherals - Frame 1
OxFF
0xFE000000 CRC
RESERVED
O0xFCFFFFFF
Peripherals - Frame 2
0xFC000000
RESERVED
0xFO7FFFFF
Flash Module Bus2 Interface
(Flash ECC, OTP andEEPROM accesses)
0xF0000000
RESERVED
0x2005FFFF
Flash (384KB) (Mirrored Image)
0x20000000
RESERVED
0x08407FFF
RAM -ECC
0x08400000
RESERVED
0x08007FFF
RAM (32KB)
0x08000000
RESERVED
0x0005FFFF
Flash (384KB)
0x00000000

Figure 6-9. RM42L.S432 Memory Map

The Flash memory in all configurations is mirrored to support ECC logic testing. The base address of the
mirrored Flash image is 0x2000 0000.
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6.8.2 Memory Map Table
See Figure 1-1 for a block diagram showing the device interconnects.

Table 6-17. Device Memory Map

ADDRESS RANGE RESPONSE FOR ACCESS TO
MODULE NAME | PRAME CHIP FRAME | ACTUAL | \;NiMPLEMENTED LOCATIONS IN
SELECT START END SIZE SIZE
FRAME
Memories tightly coupled to the ARM Cortex-R4 CPU
TCM Flash CSso | 0x0000_0000 0Ox00FF_FFFF 16MB 384KB
TCM RAM + RAM
ECC CSRAMO 0x0800_0000 0x0BFF_3FFF 64MB 32KB Abort
Mirrored Flash fr' a'”m'; MRTRL; 0x2000_0000 0x20FF_FFFF | 18MB 384KB
Flash Module Bus2 Interface
Customer OTP,
TCM Flash Banks 0xFODO_0000 0OxFODO_D7FF 2KB
Customer OTP. BaKs
U .
EEPROM Bank 0xFOOD_E000 OxFODO_E3FF 1KB
Customer
OTP-ECC, TCM 0xFO04_0000 0xF004_DOFF 2568
Flash Banks
8KB
Customer
OTP-ECC, 0xF004_1C00 0xFOD4_1C7F 1288
EEPROM Bank
TLOTE. TCM 0xF008_0000 0xFDOD8_O7FF 2KB
Flash Banks = = Abort
TI OTP, EEPROM i °
H 0xF008_E000 0xFOD8_E3FF 1KB
Bank
TI OTP-ECC,
TCM Flash Banks 0xFOOC_0000 0xFOOC_0OFF i 2588
TI OTP-ECC,
EEPROM Bank 0xFOOC_1C00 0xFOOC_1C7F 1288
EEPROM
Bank—ECC 0xFO10_0000 0xFO10_D7FF 256KB 2KB
EEPROM Bank 0xF020_0000 0xF020_3FFF 2MB 18KB
'E‘”'c c' Data: Space 0xFD40_0000 0xFO40_DFFF | 1MB 48KB
I Cyclic Redundancy Checker (CRC) Module Regi
CRC |crC frame | 0xFE00_0000 | OxFEFF_FFFF | 16MB | 5128 |Accesses above 0x200 generate abort
l Peripheral Memories
MIBSPI1 RAM PCS[7] 0OxFFOE_0000 OxFFOF_FFFF 128KB 2KB Abort for accesses above 2KB
Wrap around for accesses to
unimplemented address offsets lower
DCAN2 RAM PCS[14] OxFF1C_0000 OxFF1D_FFFF 128KB 2KB than Dx7FF. Abort generated for
accesses beyond offset 0x800.
Wrap around for accesses to
unimplemented address offsets lower
DCAN1 RAM PCS[15] 0xFF1E_0000 OxFF1F_FFFF 128KB 2KB than Ox7FF. Abort generated for
accesses beyond offset 0x800.
Wrap around for accesses to
MIBADC RAM 8KB unimplemented address offsets lower
than Dx1FFF.
PCS[31] OxFF3E_0DD0 | OxFF3F_FFFF | 128KB Look-up tabie for ADC wrapper. Starts
MIBADC Look-U; at offset 0x2000 ans ends at 0x217F.
Table P 384 bytes | Wrap around for accesses between
offsets 0x180 and 0x3FFF. Aborts
generated for accesses beyond 0x4000
Copyright © 2012-2015, Texas Instruments Incorporated System Infc tion and Electrical Specificati 45
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Table 6-17. Device Memory Map (continued)

ADDRESS RANGE RESPONSE FOR ACCESS TO
MODULE NAME | '"s“E"LEEg;“P F:a:E ACSE'E’“' UNIMPLEMENTED LOCATIONS IN
START END FRAME
Wrap around for accesses to
unimplemented address offsets lower
N2HET RAM PCS[25] OxFF46 0000 | OxFFA7_FFFF | 128KB | 18KB | 4o erated for
accesses beyond 0x3FFF.
HTU RAM PCS[38] OxFF4E_ODOD | OxFF4F_FFFF | 128KB 1KB | Abort
l e —
CoreSight Debug | oopap OxFFAD_0D00 | OxFFAO_OFFF | 4KB 4k |Resds retum zeros, writes have no
ROM effect
Cortex-R4 Debug | CSCS1 OxFFAD_1000 | OxFFAO_1FFF | 4KB 4KB z;:gs retumn zeros, writes have no
| Peripheral Control Regi
HTU PS[2) OXFFF7_A400 | OxFFF7_A4FF | 2568 2668 | Reads retum zeros, writes have no
N2HET PS[17] OxFFF7_BBO0 | OxFFF7_BSFF | 2568 2568 :;e";s reham zeros: wriles have no
Glo Ps[16] OxFFF7_BCOO | OxFFF7_BCFF | 2568 asop: | Sass UITLEMEN MR 00
MIBADC PS[15] OxFFF7_CO00 | OxFFF7_CIFF | 5128 5128 | Reacs retum zeros, urites have no
DCAN1 Ps[s] 0xFFF7_DCO0 | OxFFF7_DDFF | 5128 5128 eR;e“;s reln zesos, Wiies have.ng
DCAN2 Sl OxFFF7_DEOO | OxFFF7_DFFF | 5128 5128 | Reads retum zeros, writes have no
LIN Psie] OXFFF7_E400 | OxFFF7_E4FF | 2568 o8of | SRCe LIRS i haven
MibSPI1 PS[2] OxFFF7_F400 | OxFFF7_F5FF | 5128 5128 :;:;s Teiam zeTos wriles have no
SPI2 PS[2] OxFFF7_FB00 | OxFEF7_F7FF | 5128 5128 :;:;s PN ZEms: mies aveng
SPI3 Ps[1] OxFFF7_F800 | OxFFF7_FOFF | 5128 5128 z::gs retumn zeros, wriles have no
EQEP Ps[25] 0xFFF7_8900 OxFFF7_00FF | 2568 2588 ER;:;S retinzafos; wiks havelid
EQEP (Mirrored) | PS2[25] OxFCF7_0900 | OxFCF7_0OFF | 2568 2568 ':::35 £t zeqos; writes have.no
| System Modules Control Registers and Memories
Wrap around for accesses to
unimplemented address offsets lower
VIM RAM PPCS2 OxFFFS_2000 | OxFFF8_2FFF | 4KB B | e Avcesses beyond GAT
will be ignored.
Flash Wrapper | PPCST OxFFF8_7000 | OxFFFB_7FFF | 4KB 4KB | Abort
g PPCS12 OxFFF8_CO0D | OxFFFB_CFFF | 4KB 4KB | Abort
PCR registers | PPSD OxFFFF_EOOD | OxFFFF_EOFF | 2568 2568 :;:;5 retum zeros, writes have no
System Module - .
Frame 2 (see PPSD OxFFFF_E100 | OxFFFE_EIFF | 2568 2568 Rf:e";’ rehanizers: ariles haveing
device TRM) e
PBIST PPS1 OXFFFF_E400 | OxFFFF_ESFF | 512B 5128 :;::‘5 retum zeros. writes have no
sTC PPS1 OXFFFF_EG0D | OxFFFF_EBFF | 2568 2568 :;:;s relum; zeros. wiltes ave no
oMM Generates address error interrupt if
Muttiplexing PPS2 OxFFFF_EAD0 | OxFFFF_EBFF | 5128 s128 | Seneral
| control module 5
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Table 6-17. Device Memory Map (continued)

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

ADDRESS RANGE RESPONSE FOR ACCESS TO

MODULE NAME FR:;_EEE:“P F';QE"E “‘;};’E’“‘ UNIMPLEMENTED LOCATIONS IN

START END FRAME
pcc PPS3 OxFFFF_ECD0 | OxFFFF_ECFF | 256B 2568 Zf';‘:;s return zeros, writes have no
ESM PPS5 OxFFFF_F500 | OxFFFF_F5FF | 2568 2568 :::;s etien zecos. wikes have o
CCMR4 PPS5 OXFFFF_FO00 | OxFFFF_FGFF | 2608 | 2668 | eocs retumzeros. uriles have no
RAM ECC even | PPSB OxFFFF_FB00 | OxFFFF_FBFF | 2568 2568 5;:;5 refianzers: mriles have:ng
RAMECCodd |PPS8 0xFFFF_F200 OxFFFF_FOFF | 2568 2588 z;:gs relun zesos, Wiiles have.ria
RTI+DWWD  |PPS7 OXFFFF_FCO0 | OxFFFF_FCFF | 2568 | 2508 | heogs reiurm zeros. writes have no
VIM Parity PPS7 OxFFFF_FDO0 | OxFFFF_FDFF | 2568 2568 :::;‘ fefian zeros: wrles have.no
viM PPST OxFFFF_FEOD | OxFFFF_FEFF | 2568 2om; | FASCETRIGD MNA e he 0
System Module - ®
Frame 1 (see PPS7 0xFFFF_FFOD OxFFFF_FFFF 2588 2568 :;ea;s return zeros, writes have no
device TRM)
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6.8.3 Master/Slave Access Privileges

The table below lists the access permissions for each bus master on the device. A bus master is a module
that can initiate a read or a write transaction on the device.

Each slave module on the main interconnect is listed in the table. A "Yes" indicates that the module listed
in the "MASTERS" column can access that slave module.

Table 6-18. Master / Slave Access Matrix

SLAVES ON MAIN SCR

Peripheral Control

Registers, All
Flash Module Bus2 =
MASTERS ACCESS MODE b NtDrl';CPU -“'-N::EI::S cre " P!{ﬂh:ﬁ:l Al
o Program lemories, An
i, E%i;iEPROI‘ and CPU Data RAM System Module
Control Registers
And Memories
CPU READ User/Privilege Yes Yes fes Yes
CPU WRITE User/Privilege Mo Yes fes Yes
HTU Privilege Mo Yes fes Yes

48
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6.9 Flash Memory

6.9.1 Flash Memory Configuration

Flash Bank: A separate block of logic consisting of 1 to 16 sectors. Each flash bank normally has a
customer-OTP and a TI-OTP area. These flash sectors share input/output buffers, data paths, sense
amplifiers, and control logic.

Flash Sector: A contiguous region of flash memory which must be erased simultaneously due to physical
construction constraints.

Flash Pump: A charge pump which generates all the voltages required for reading, programming, or
erasing the flash banks.

Flash Module: Interface circuitry required between the host CPU and the flash banks and pump module.

Table 6-19. Flash Memory Banks and Sectors

MEMORY ARRAYS (or BANKS) R SEGMENT LOW ADDRESS HIGH ADDRESS
0 8KB 0x0000_0000 0xDO00_1FFF
1 8KB 0x0000_2000 0xDO00_3FFF
2 8KB 0x0000_4000 0x0D000_5FFF
3 8KB 0x0000_6000 0xD000_7FFF
4 8KB 0x0000_8000 0xD000_8FFF
5 8KB 0x0000_AODD 0x0000_BFFF
8 8KB 0x0000_C000 0x0000_DFFF
BANKO (384KB)(" 7 8KB 0xD000_EODD 0x0000_FFFF
8 8KB 0x0001_0000 0xD001_1FFF
9 8KB 0x0001_2000 0xD001_3FFF
10 8KB 0x0001_4000 0xD001_5FFF
11 8KB 0x0001_6000 0xD001_7FFF
12 32KB 0x0001_8000 0x0001_FFFF
13 128KB 0x0002_0000 0x0003_FFFF
14 128KB 0x0004_0000 0x0005_FFFF
0 4KB 0xF020_0000 0xF020_OFFF
; 1 4KB 0xF020_1000 0xFD20_1FFF
BANK7 (16KB) for EEPROM emulation (2@
2 4KB 0xF020_2000 0xF020_2FFF
3 4KB 0xF020_3000 0xF020_3FFF

(1) This Flash bank is 144-bit wide with ECC support.
(2) Flash bank7 is an FLEE bank and can be prog d while ting code from flash bank0. It is 72-bit wide with ECC support.
(3) Code execution is not allowed from flash bank7.
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6.9.2

6.9.3

6.9.4

Main Features of Flash Module
« Support for multiple flash banks for program and/or data storage
« Simultaneous read access on a bank while performing program or erase operation on any other bank
« Integrated state machines to automate flash erase and program operations
= Software interface for fiash program and erase operations
« Pipelined mode operation to improve instruction access interface bandwidth
« Support for Single Ermror Correction Double Error Detection (SECDED) block inside Cortex-R4 CPU

— Emor address is captured for host system debugging

« Support for a rich set of diagnostic features

ECC Protection for Flash Accesses

All accesses to the program flash memory are protected by Single Error Correction Double Error Detection
(SECDED) logic embedded inside the CPU. The flash module provides 8 bits of ECC code for 64 bits of
instructions or data fetched from the flash memory. The CPU calculates the expected ECC code based on
the 64 bits received and compares it with the ECC code returned by the flash module. A single-bit error is
corrected and flagged by the CPU, while a multibit error is only flagged. The CPU signals an ECC error
through its Event bus. This signaling mechanism is not enabled by default and must be enabled by setting
the "X" bit of the Performance Monitor Control Register, c9.

MRC pl5,%0,xl,c9,c12,%0 ;Enabling Event monitor states
ORR rl, rl, $#0=00000010
MCR plS5,%0,x1,c9,c12,%0 ;3et 4th bit ('X’) of PMNC register

MRC plS5,30,rl,c9,c12,%0

The application must also explicitly enable the CPU's ECC checking for accesses on the CPU's ATCM
and BTCM interfaces. These are connected to the program flash and data RAM respectively. ECC
checking for these interfaces can be done by setting the BITCMPCEN, BOTCMPCEN and ATCMPCEN
bits of the System Control coprocessor's Auxiliary Control Register, c1.

MRC p1S, $0, =1, <1, c0, $1

ORR rl, rl, #0x0e000000 ;Enable ECC checking for ATCM and BTCMs

DMB
MCR pl1S, #0, xl, cl, <0, #1

Flash Access Speeds
For information on flash memory access speeds and the relevant wait states required, see Section 5.6.
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6.10 Flash Program and Erase Timings for Program Flash

Table 6-20. Timing Specifications for Program Flash

RMA421 432

SPNS1208 —SEPTEMBER 20M2-REVISED JUNE 2015

PARAMETER MiIN NOM MAX UNIT
torog (144bit) Wide Word (144 bit) programming time 40 00 ps
-40°C to 105°C 4
|tw_, (Total) 384KByte programming time"’ 0°C to BO°C. for first s
1 2
25 cycles
-40°C to 105°C 0.30 4 5
torase Sector/Bank erase time (! 0°C o B0°C. for first 18 00 ms
25 cycles
fer :l';ﬁr:msetcydes with 15 year Data Retention _40°C to 105°C 1000 eycles

{1} This programming fime includes overhead of state machine, but does not include data transfer fime. The programming time assumes
programming 144 bits at a time at the maximum specified operating frequency.
{2) During bank erase, the selected sectors are erased simultaneously. The fime to erase the bank is specified as equal to the fime to erase

a sector.

6.11 Flash Program and Erase Timings for Data Flash

Table 6-21. Timing Specifications for Data Flash

PARAMETER MIN NOM MAX UNIT
forog (72 bit) Wide Word (72 bit) programming time 47 300 ps
—40°C to 105°C 330
fprog (Total) 18KB programming time {1} 0°C to BO°C. for first ms.
100 185
25 cycles
—40°C to 105°C 0.200 8 5
terase Sector/Bank erase time @ 0°C fo 80°C, for first i3 o
25 cycles me
tur :’;rr:raselcydesmﬂl 15 year Data Retention _40°C to 105°C 100000 cycles

{1} This programming fime includes overhead of state machine, but does not include data transfer fime. The programming time assumes
programming T2 bits at a fime at the maximum specified operating frequency.
{2) During bank erase, the selected sectors are erased simultanecusly. The fime to erase the bank is specified as equal to the fime to erase

a sector.
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6.12 Tightly Coupled RAM Interface Module
Figure 6-10 illustrates the connection of the Tightly Coupled RAM (TCRAM) to the Cortex-R4 CPU.

VBUSPIF PMTIF

P Com——
Cortex-R4 4 ECC bits wide
EVEN Address <:l> (J
TCMBUS TCRAM S
BO <2 ——]
TCM Interface 1 <:> 28BK
64 Bit databus ke
Lower32 bitsdata & Ram
4ECC bits L
]
B1 Upper 32bitsdata &| 36 Bit
rou | geRE dom
S—r— TCRAM r:—
64 Bit data bus Interface 2
<——— > asea
Lower32 bits data & m
4 ECCbits -

VBUSPIF PMTUF
Figure 6-10. TCRAM Block Diagram

6.12.1 Features

The features of the Tightly Coupled RAM (TCRAM) module are:

« Acts as slave to the BTCM interface of the Cortex-R4 CPU

Supports CPU's intemal ECC scheme by providing 64-bit data and 8-bit ECC code

« Monitors CPU Event Bus and generates single-bit or multibit error interrupts

« Stores addresses for single-bit and multibit errors

Provides CPU address bus integrity checking by supporting parity checking on the address bus
Performs redundant address decoding for the RAM bank chip select and ECC select generation logic

Provides enhanced safety for the RAM addressing by implementing two 36-bit wide byte-interleaved RAM banks
and generating independent RAM access control signals to the two banks

« Supports auto-initialization of the RAM banks along with the ECC bits
« No support for bit-wise RAM accesses

6.12.2 TCRAMW ECC Support

The TCRAMW passes on the ECC code for each data read by the Cortex-R4 CPU from the RAM. It also
stores the CPU's ECC port contents in the ECC RAM when the CPU does a write to the RAM. The
TCRAMW monitors the CPU's event bus and provides registers for indicating single-bit and muiltibit errors
and also for identifying the address that caused the single-bit or multibit error. The event signaling and the
ECC checking for the RAM accesses must be enabled inside the CPU.

For more information see the device Technical Reference Manual.

6.13 Parity Protection for Accesses to peripheral RAMs

Accesses to some peripheral RAMs are protected by odd/even parity checking. During a read access the
parity is calculated based on the data read from the peripheral RAM and compared with the good parity
value stored in the parity RAM for that peripheral. If any word fails the parity check, the module generates

a parity error signal that is mapped to the Error Signaling Module. The module also captures the
peripheral RAM address that caused the parity error.

52 Syst Infe tion and Electrical Specificati

Submit Documentation Feedback
Product Folder Links: RM42L 432

Copyright © 2012-2015, Texas Instruments Incorporated

131



WIS s

www_ti.com

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

The parity protection for peripheral RAMs is not enabled by default and must be enabled by the
application. Each individual peripheral contains control registers to enable the parity protection for

accesses fo its RAM.

6.14 On-Chip SRAM Initialization and Testing

NOTE

The CPU read access gets the actual data from the peripheral. The application can choose
to generate an interrupt whenever a peripheral RAM parity error is detected.

6.14.1 On-Chip SRAM Self-Test Using PBIST

6.14.1.1

Features
« Extensive instruction set to support various memory test algorithms

« ROM-based algorithms allow the application to run Tl production-level memory tests
« Independent testing of all on-chip SRAM

6.14.1.2 PBIST RAM Groups
Table 6-22. PBIST RAM Grouping
TEST PATTERN (ALGORITHM)
TRIPLE READ | TRIPLE READ %g“l,g‘:‘.rm ’s"’:";f_g g‘a?
MEMORY | RAM GROUP | TESTCLOCK | MEMTYPE | SLOWREAD | FASTREAD | 'fui 0l i
ALGO MASK | ALGO MASK | ALGO MASK | ALGO MASK
0x1 ox2 0x4 0x8

PBIST_ROM 1 ROM CLK ROM X X
STC_ROM 2 ROM CLK ROM X X
DCAN1 3 VCLK Dual Port 12720
DCAN2 4 VCLK Dual Port 8480
RAM [ HCLK Single Port 133160
MIBSPI1 7 VCLK Dual Port 33440
VIM 10 VCLK Dual Port 12560
MIBADC 11 VCLK Dual Port 4200
N2HET1 13 VCLK Dual Port 25440
HTU1 14 VCLK Dual Port 8480

(1) There are several memory testing algorithms stored in the PBIST ROM. However, Tl recommends the March13N algorithm for
application testing.

The PBIST ROM clock can be divided down from HCLK. The divider is selected by programming the
ROM_DIV field of the Memory Self-Test Global Control Register (MSTGCR) at address OxFFFFFF58.
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6.74.2 On-Chip SRAM Auto Initialization

This microcontroller allows some of the on-chip memories to be initialized through the Memory Hardware
Initialization mechanism in the System module. This hardware mechanism allows an application to
program the memory arrays with error detection capability to a known state based on their error detection
scheme (odd/even parity or ECC).

The MINITGCR register enables the memory initialization sequence, and the MSINENA register selects

the memories that are to be initialized.

For more information on these registers refer to the device Technical Reference Manual.

The mapping of the different on-chip memories to the specific bits of the MSINENA registers is shown in

Table 6-23.
Table 6-23. Memory Initialization
CONNECTING MODULE SRS RN e pliE

BASE ADDRESS ENDING ADDRESS /
RAM 0x08000000 0x08007FFF 0
MIBSPI1 RAM 0xFFOEC000 OXFFOFFFFF 7@
DCAN2 RAM 0xFF1C0000 OxFFIDFFFF 8
DCAN1 RAM 0xFF1E0000 OXFF1FFFFF 5
MIBADC RAM 0xFF3E0000 OXFF3FFFFF 8
N2HET RAM 0xFF480000 OxFF4TFFFF 3
HTU RAM OxFF4E0000 OXFF4FFFFF 4
VIM RAM 0xFFF82000 OxFFF2FFF 2

(1) Unassigned register bits are reserved.

(2) The MibSPI1 module performs an initialization of the transmit and receive RAMs as soon as the module is brought out of reset usmg the
SPI Global Control Register 0 (SPIGCRO) Thns is independent of whether the to initialize the MibSP11 RAMs using
the syst dule auto-initializati
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6.15 Vectored Interrupt Manager

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

The vectored interrupt manager (VIM) provides hardware assistance for prioritizing and controlling the
many interrupt sources present on this device. Interrupts are caused by events outside of the normal flow
of program execution. Normally, these events require a timely response from the central processing unit
(CPU); therefore, when an interrupt occurs, the CPU switches execution from the normal program flow to
an interrupt service routine (ISR).

6.15.1 VIM Features
The VIM module has the following features:

Supports 96 interrupt channels.
— Provides programmable priority and enable for interrupt request lines.
Provides a direct hardware dispatch mechanism for fastest IRQ dispatch.

Provides two software dispatch mechanisms when the CPU VIC port is not used.

— Index interrupt
— Register vectored interrupt

Parity protected vector interrupt table against soft errors.

6.15.2 Interrupt Request Assignments

Table 6-24. Interrupt Request Assignments

DEFAULT VIM
MODULES INTERRUPT SOURCES INTERRUPT
CHANNEL
ESM ESM High level interrupt (NMI) 0
Reserved Reserved 1
RTI RTI compare interrupt 0 2
RTI RTI compare interrupt 1 3
RTI RTI compare interrupt 2 4
RTI RTI1 compare interrupt 3 5
RTI RTI overflow interrupt 0 8
RTI RTI overflow interrupt 1 7
Reserved Reserved 8
GIO GIO interrupt A )
N2HET N2HET level 0 interrupt 10
HTU HTU level 0 interrupt 1
MIBSPI1 MIBSPI1 level 0 interrupt 12
LIN LIN level 0 interrupt 13
MIBADC MIBADC event group interrupt 14
MIBADC MIBADC sw group 1 interrupt 15
DCAN1 DCAN1 level O interrupt 16
SPI2 SPI2 level D interrupt 17
Reserved Reserved 18
Reserved Reserved 19
ESM ESM Low level interrupt 20
SYSTEM Software interrupt (SS1) 21
CPU PMU interrupt 22
GIO GIO interrupt B 23
N2HET N2HET level 1 interrupt 24
HTU HTU level 1 interrupt 25
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Table 6-24. Interrupt Request Assignments (continued)

DEFAULT VIM
MODULES INTERRUPT SOURCES INTERRUPT
CHANNEL

MIBSPI1 MIBSPI1 level 1 interrupt 26
LIN LIN level 1 interrupt 27
MIBADC MIBADC sw group 2 interrupt 28
DCAN1 DCAN1 level 1 interrupt 20
SPI2 SPI2 level 1 interrupt 30
MIBADC MIBADC magnitude compare interrupt 31

Reserved Reserved 32-34
DCAN2 DCAN?2 level O interrupt 35
Reserved Reserved 36
SPI3 SPI3 level O interrupt 37
SPI3 SPI3 level 1 interrupt 38

Reserved Reserved 3841
DCAN2 DCAN2 level 1 interrupt 42

Reserved Reserved 43-60
FMC FSM_DONE interrupt 61

Reserved Reserved 682-79
HWAG HWA_INT_REQ_H 80
Reserved Reserved 81
DCC DCC done interrupt 82
Reserved Reserved 83
eQEPINTn eQEP Interrupt 84
PBIST PBIST Done Interrupt 85

Reserved Reserved 86-87
HWAG HWA_INT_REQ_L 88

Reserved Reserved 88-85

NOTE

Address location 0x00000000 in the VIM RAM is reserved for the phantom interrupt ISR
entry; therefore only request channels 0..94 can be used and are offset by 1 address in the

VIM RAM.
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6.16 Real-Time Interrupt Module

The real-time interrupt (RTI) module provides timer functionality for operating systems and for
benchmarking code. The RTI module can incorporate several counters that define the timebases needed
for scheduling an operating system.

The timers also allow you to benchmark certain areas of code by reading the values of the counters at the
beginning and the end of the desired code range and calculating the difference between the values.

6.16.1 Features

The RTI module has the following features:
= Two independent 64 bit counter blocks

= Four configurable compares for generating operating system ticks. Each event can be driven by either
counter block 0 or counter block 1.

» Fast enabling/disabling of events
= Two time-stamp (capture) functions for system or peripheral interrupts, one for each counter block

6.16.2 Block Diagrams

Figure 6-11 shows a high-level block diagram for one of the two 64-bit counter blocks inside the RTI
module. Both the counter blocks are identical.

31 0
Compare
wp counter OVLINTX
RTICPUCX
31 0 l 31 0 o co
Up counter Free running counter 0 \-0mpare
RTICLK > Rmiuex 125 » Rrra%x > Unit
31y O 31 0
Capture | A Capture
up counter | | free running counter
RTICAUCK RTICAMROx
CAP event source 0 —p| External
CAP event source 1 —| control
Figure 6-11. Counter Block Diagram
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Figure 6-12 shows a typical high-level block diagram for one of the four compares inside the RTI module.
Each of the four compares are identical.

31 0
Update
compare
RTIUDCPy
v
®
31y O
Compare

RTICOMPY
From counter
block 0 ——p| ™ v

N R
J ® INTy

Compare
control

From counter ——» /]«
block 1

Figure 6-12. Compare Block Diagram

6.16.3 Clock Source Options
The RTI module uses the RTICLK clock domain for generating the RTI time bases.

The application can select the clock source for the RTICLK by configuring the RCLKSRC register in the
System module at address OxFFFFFF50. The default source for RTICLK is VCLK.

For more information, on the clock sources see Table 6-8 and Table 6-12.

6.17 Error Signaling Module

The Error Signaling Module (ESM) manages the various error conditions on the RM4x microcontroller. The
error condition is handled based on a fixed severity level assigned to it. Any severe error condition can be
configured to drive a low level on a dedicated device terminal called NERROR. This can be used as an
indicator to an external monitor circuit to put the system into a safe state.

6.17.1 Features

The features of the Error Signaling Module are:
« 128 interrupt/error channels are supported, divided into 3 different groups
— 64 channels with maskable interrupt and configurable error pin behavior
— 32 error channels with nonmaskable interrupt and predefined error pin behavior
— 32 channels with predefined error pin behavior only
= Error pin to signal severe device failure
« Configurable timebase for error signal
= Error forcing capability
6.17.2 ESM Channel Assignments
The Error Signaling Module (ESM) integrates all the device error conditions and groups them in the order
of severity. Group1 is used for errors of the lowest severity while Group3 is used for errors of the highest

severity. The device response to each error is determined by the seventy group it is connected to.
Table 6-26 shows the channel assignment for each group.
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Table 6-25. ESM Groups

ERROR GROUP INTERRUPT CHARACTERISTICS i
Group1 Maskable, low or high priority Configurable
Group2 Monmaskable, high priority Fixed
Group3 Mo interrupt generated Fixed

Table 6-26. ESM Channel Assignments

ERRCOR SOURCES GROUP CHANNELS

Reserved Group1 1]

Reserved Group 1

Reserved Groupd 2

Reserved Group1 3

Reserved Group1 4

Reserved Group1 5

FMC - correctable error: bus1 and bus2 interfaces (does not include accesses fo Groupt 8

EEPROM bank]

MN2HET - parity Group T

HTU - parity Group ]

HTU - MPL Group1 8
PLL - Slip Group1 10

Clock Monitor - interrupt Group1 11
Reserved Group1 12
Reserved Group1 13
Reserved Group1 14
VIM RAM - parity Group1 15
Reserved Group 16
MibSPI - parity Group 17
Reserved Group 18

MibADC - parity Group1 18

Reserved Group1 20

DCAN1 - parity Group pea |

Reserved Group 2

DCANZ - parity Group1 23

Reserved Group1 24

Reserved Group1 25

RAM even bank (BOTCM) - comectable error Group1 28
CPU - self-test Group1 27

RAM odd bank (B1TCM) - correctable error Group1 28
Reserved Group1 28

DCC - ermor Group1 an

CCM-R4 - self-test Group1 3

Reserved Group 32

Reserved Group1 33

Reserved Group1 34

FMC - comectable error (EEFROM bank access) Groupd 35
FMC - uncorrectable error (EEFROM bank access) Groupd a5
10MM - Mux configuration error Group1 ar
Reserved Group1 as
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Table 6-26. ESM Channel Assignments (continued)

ERRCR SOURCES GROUP CHANNELS
Reserved Group1 3
eFuse farm — this error signal is generated whenever any bit in the eFuse farm
emor status register is set. The application can choose to generate and interrupt Group1 40
whenever this bit is set in order to service any eFuse farm eror condition.
eFuse ﬁ_arm_- self test error. His not necessary to generate a separate inferrupt Groupd 41
when this bit gets set.
Reserved Groupd 42
Reserved Group1 43
Reserved Group1 44
Reserved Group1 45
Reserved Group1 48
Reserved Group1 47
Reserved Group1 48
Reserved Group1 48
Reserved Group 50
Reserved Group 51
Reserved Group1 52
Reserved Group1 53
Reserved Group1 b4
Reserved Group1 65
Reserved Group1 568
Reserved Group1 57
Reserved Group1 58
Reserved Group1 it
Reserved Group1 L]
Reserved Group1 a1
Reserved Group1 a2
Reserved Group1 a3
Reserved Group2 a
Reserved Group2 1
CCMR4 - compare Group2 2
Reserved Group2 3
FMC - uncorrectable error (address parity on bus1 accesses) Group2 4
Reserved Group2 5
RAM even bank (BOTCM) - uncorrectable emor Group2 8
Reserved GroupZ T
RAM odd bank (B1TCM) - uncorrectable error Group2 B
Reserved Group2 8
RAM even bank (BOTCM) - address bus parity ermor Group2 10
Reserved Groupl 11
RAM odd bank (B1TCM) - address bus parity error Group2 12
Reserved Group2 13
Reserved Group2 14
Reserved Group2 15
TCM - ECC live lock detect Group2 16
Reserved Group2 17
Reserved Group2 18
Reserved Group2 18
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Table 6-26. ESM Channel Assignments (continued)

ERRCR SOURCES GROUP CHANNELS
Reserved GroupZ 20
Reserved Group2 21
Reserved Group2 2
Reserved Group2 23
RTI_WWD_NMI Group2 24
Reserved GroupZ 25
Reserved Group2 26
Reserved Group2 a7
Reserved Group2 28
Reserved Group2 24
Reserved Group2 30
Reserved Group2 a
Reserved Group3 a
eFuse Farm - autoload emor Group3 1
Reserved Group3 2
RAM even bank (BOTCM) - ECC uncorrectable error Group3 3
Reserved Group3 4
RAM odd bank (B1TCM) - ECC uncomectable error Group3 5
Reserved Group3 [}

FMC - uncorrectable eror: bus1 and bus2 interfaces (does not include address

parity error and erors on accesses to EEPROM bank) Group3 7
Reserved Group3 B
Reserved Group3 ]
Reserved Group3 10
Reserved Group3 11
Reserved Group3 12
Reserved Group3 13
Reserved Group3 14
Reserved Group3 15
Reserved Group3 18
Reserved Group3 17
Reserved Group3 18
Reserved Group3 18
Reserved Group3 20
Reserved Group3 pa |
Reserved Group3 o]
Reserved Group3 23
Reserved Group3 24
Reserved Group3 25
Reserved Group3 268
Reserved Group3 pery
Reserved Group3 28
Reserved Group3 28
Reserved Group3 3o
Reserved Group3 k4|

Copyright @ 2012-2015, Texas Instruments Incorporated Sysfem information and Elecirical Specifications &1

Submit Documentafion Feedback
Product Folder Links: RM421 432

140



RM421.432 INSTRUMENTS
SPMNS180B—SEPTEMBER 2012—REVISED JUNE 2015 www ti.com
6.18 Reset/ Abort/ Error Sources
Table 6-27. Reset/Abort/Error Sources
ESM HOOKUP
| ERROR SOURCE SYSTEM MODE ERROR RESPONSE GROUP.CHANNEL
CPU TRANSACTIONS
Precise write ermor (NCMB/Strongly Ordered) UsenPrivilege Precise Abort (CPU) nia
Precise read error (NWCB/Device or Mormal) UsenPrivilege Precise Abort (CPU) nia
Imprecise write ermor (NCB/Device or Mormal) UsenPrivilege Imprecise Abort (CPU) nia
lliegal instruction UsenPrivilege Ui efitrrt i=trton T nia
(CPUY
MPU access violation UsenPrivilege Abort (CPU) nia
SRAM
BO TCM (even) ECC single error {comrectable) UsenPrivilege ESM 126
B0 TCM (even) ECC double ermor (noncorrectable) UsenPrivilege Aport (CPU), ESM — 3.3
nERROR
B0 TCM (even) uncorrectable error (that is, redundant 1 = T
add 3 ) UsenPrivilege ESM — MMI nERROR 248
B0 TCM (even) address bus parity ermor Usen/Privilege ESM — NM| — nERROR 210
B1 TCM (odd) ECC single error (correctable) Usern/Privilege ESM i.28
B1 TCM (odd) ECC double error {noncorrectable) UsenPrivilege Aboet [OFLY. ESM. 75 EEi
nERROR
B1 TCM (odd) uncorrectable error (that is, redundant ot
add 3 ) Usern'Privilege ES5M — MMI — nERROR 28
B1 TCM (odd) address bus parity ermar Usern'Privilege ESM — MMI — nERROR 212
FLASH WITH CPU BASED ECC
FMC correctable emor - Bus1 and Bus2 interfaces (does it
not include accesses to EEPROM bank) UsenPrivilzge b 4L
FMC uncorrectable error - Bus1 accesses UserPrivil Abort (CPU), ESM — a7
(does not include address parity error) it b 2 nERROR :
FMC uncorrectable emror - Bus2 accesses
{does not include address parity error and EEPROM bank Usen'Privilege ESM — nERROR aT
SCCES5ES)
FMC uncorrectable error - address parity emor on Bus1 User/Privilage ESM — NMI — nERROR 24
BCCES5ES
FMC correctable emor - Accesses to EEPROM bank Usern'Privilege ESM 1.35
FMC uncorrectable error - Accesses to EEPROM bank UsenPrivilege ESM 1.36
HIGH-END TIMER TRAMSFER UNIT (HTU)
MCMB (Strongly Ordered) transaction with slave error UsenFrivilege Interrupt — VIM i
response
External imprecise error {lllegal transaction with ok UsenPrivilege Interrupt — VIM nla
response)
Memory access permission violation UsenPrivilege ESM 18
Memory parity ermor UsenPrivilege ESM 18
NZHET
Memory parity emor | usenPriviege | ESM | 17
MIBSFI
MibSPI1 memary parity error | usenPriviege | ESM | 117
MIBADC
MibADC Memory parity error | UsenPrivilege ] ESM | 1.18
DCAN
DCANT memory parity error | Usen'Privilege ] ESM | 1.21

(1
of the CPU.

The Undefined Instruction TRAF is NOT detectable outside the CPU. The trap is taken only if the instruction reaches the execute stage
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Table 6-27. Reset/Abort/Error Sources (continued)

ERROR SOURCE SYSTEM MODE ERROR RESPONSE PSSl
DCAN2 memory parity error User/Privilege ESM 123
PLL
| PLL slip error | userPrivilege | ESM [ 1.10
CLOCK MONITOR
Clock monitor interrupt | useriPriviiege | ESM [ 1.11
pcc
DCC error | useriPrivilege | ESM [ 1.30
[ CCM-R4
| Self test failure ‘ UseriPrivilege ESM 131
Compare failure User/Privilege ESM — NMI — nERROR 22
viM
Memory parity error | UsenPrivilege | ESM | 1.15
VOLTAGE MONITOR
VMON out of voltage range l n/a ] Reset I nia
CPU SELF-TEST (LBIST)
CPU Self-test (LBIST) error | userPrivilege | ESM | 1.27
PIN MULTIPLEXING CONTROL
Mux configuration error I User/Privilege l ESM [ 1.37
| eFuse CONTROLLER
eFuse Controller Autoload error User/Privilege ESM — nERROR 31
eFuse Controller - Any bit set in the error status register User/Privilege ESM 1.40
eFuse Controller self-test error User/Privilege ESM 141
[ WINDOWED WATCHDOG
| WWD N } Interrupt except ) [ __nla ] ESM => NMI => nERROR 224
ERRORS REFLECTED IN THE SYSESR REGISTER
Power-Up Reset nla Reset nia
Oscillator fail / PLL ship? nla Reset nia
Watchdog exception n/a Reset n/a
CPU Reset (driven by the CPU STC) n/a Reset nia
Software Reset n/a Reset n/a
External Reset nla Reset n/a
(2) Oscillator fail/PLL slip can be gured in the sy gister (SYS.PLLCTL1) to generate a reset.

6.19 Digital Windowed Watchdog

This device includes a digital windowed watchdog (DWWD) module that protects against runaway code
execution.

The DWWD module allows the application to configure the time window within which the DWWD module
expects the application to service the watchdog. A watchdog violation occurs if the application services the
watchdog outside of this window, or fails to service the watchdog at all. The application can choose to
generate a system reset or a nonmaskable interrupt to the CPU in case of a watchdog violation.

The watchdog is disabled by default and must be enabled by the application. Once enabled, the watchdog
can only be disabled upon a system reset.
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6.20 Debug Subsystem

6.20.1 Block Diagram
The device contains an ICEPICK module to allow JTAG access to the scan chains (see Figure 6-13).

Boundary Scan IF| Boundary Scan
TRSF ——» —»| BSR/BSDL Debug
;g — ROM1
RTCK ¢— Debug APB *
'r;g — |Secondary Tap 0
|~ "5 oap +
5 APB slave
) Cortex
3 R4
=X
o
Secondary Tap 2 AJSM
Test Tap 0
eFuse Farm

Figure 6-13. Debug Subsystem Block Diagram

6.20.2 Debug Components Memory Map
Table 6-28. Debug Components Memory Map

MODULE NAME FRAME CHIP FRAME ADDRESS RANGE FRAME | ACTUAL RESPONSE FOR ACCESS TO
SELECT START END SIZE SIZE UNIMPLEMENTED LOCATIONS IN FRAME
s b cscso OxFFAD_0000 | OxFFAO_OFFF 4KB 4KB | Reads retum zeros, writes have no effect
Cortex-R4 Debug cscst OxFFAD_1000 | OxFFAD_1FFF 4KB 4KB | Reads retum zeros, writes have no effect

6.20.3 JTAG Identification Code
The JTAG ID code for this device is the same as the device ICEPick Identification Code.

Table 6-29. JTAG Identification Code

SILICON REVISION IDENTIFICATION CODE
Initial Silicon 0x0897102F
Revision A 0x1B97102F
Revision B 0x2897102F
B84 System Infc tion and Electrical Specificatit Copyright © 2012-2015, Texas Instruments Incorporated
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6.20.4 Debug ROM
The Debug ROM stores the location of the components on the Debug APB bus:

Table 6-30. Debug ROM table

[ ADDRESS DESCRIPTION VALUE
0x000 Pointer to Cortex-R4 0x0000 1003
0x001 Reserved 0x0000 2002
0x002 'Reserved 0x0000 3002 |
0x003 Reserved 0xD000 4002
0x004 End of table 0x0000 0000
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6.20.5 JTAG Scan Interface Timings
Table 6-31. JTAG Scan Interface Timing("

[ NO. PARAMETER MIN MAX UNIT
frex TCK frequency (at HCLKmax) 12 MHz
fRTck RTCK frequency (at TCKmax and HCLKmax) 10 MHz

1 torek -RTCK) Delay time, TCK to RTCK 24 ns
2 {5u(TOTMS - RTCKr) Setup time, TDI, TMS before RTCK rise (RTCKr) 26 ns
3 IhRTCKr -TDITMS) Hold time, TDI, TMS after RTCKr 0 ns
4 nRTCKr -TDO) Hold time, TDO after RTCKf o ns
5 taTcKr-TDO) Delay time, TDO valid after RTCK fall (RTCKf) 12 ns

(1) Timings for TDO are specified for a maximum of 50 pF load on TDO

R XIITIIIIIIIIL

Yeteleleteleleteleletole et Yot leteletelatete et e telatek

4—J|n— |

— 5 —»

- ——

Figure 6-14. JTAG Timing
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6.20.6 Advanced JTAG Security Module

This device includes a an Advanced JTAG Security Module (AJSM). which provides maximum security to
the memory content of the device by allowing users to secure the device after programming.

Flash Module Output

OTP Contents
(example) I.—.%l [%] e

Unlock By Scan
Register

Ul

LLIL UL L LL Ll
J
s ? Z@ g’%v

128-bit comparator UNLOCK
[ 1 11 Ff 1 1
Internal Tie-Offs H L L H H L % i

(example only)
Figure 6-15. AJSM Unlock

The device is unsecure by default by virtue of a 128-bit visible unlock code programmed in the OTP
address 0xF0000000.The OTP contents are XOR-ed with the "Unlock By Scan" register contents. The
outputs of these XOR gates are again combined with a set of secret intemal tie-offs. The output of this
combinational logic is compared against a secret hard-wired 128-bit value. A match results in the
UNLOCK signal being asserted, so that the device is now unsecure.

A user can secure the device by changing at least one bit in the visible unlock code from 1 to 0. Changing
a 0 to 1 is not possible because the visible unlock code is stored in the One Time Programmable (OTP)
flash region. Also, changing all the 128 bits to zeros is not a valid condition and will permanently secure
the device.

Once secured, a user can unsecure the device by scanning an appropriate value into the "Unlock By
Scan" register of the AJSM module. The value to be scanned is such that the XOR of the OTP contents
and the Unlock-By-Scan register contents results in the original visible unlock code.

The Unlock-By-Scan register is reset only upon asserting power-on reset (nPORRST).

A secure device only permits JTAG accesses to the AJSM scan chain through the Secondary Tap # 2 of
the ICEPick module. All other secondary taps, test taps and the boundary scan interface are not
accessible in this state.
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6.20.7 Boundary Scan Chain

The device supports BSDL-compliant boundary scan for testing pin-to-pin compatibility. The boundary
scan chain is connected fo the Boundary Scan Interface of the ICEPICK module.

TRST ———b

TCK ——»
RTCK <+—

TDO <—

MOI1d3 DI

Boundary Scan Interface

Boundary
Scan

BSDL

Device Pins (conceptual)
i L 11 11 1
F HHHHD
I 0 ] -
i B

Figure 6-16. Boundary Scan Implementation (Conceptual Diagram)
Data is serially shifted into all boundary-scan buffers through TDI, and out through TDO.

and Electrical Specificat

Submit Documentation Feedback
Product Folder Links: RM42L 432

147

Copyright © 2012-2015, Texas Instruments Incorporated



WIS s

www_ti.com

7 Peripheral Information and Electrical Specifications

71

7.2

Peripheral Legend

Table 7-1. Peripheral Legend

ABBREVIATION FULL NAME
MibADC Multibuffered Analog-to-Digital Converter
CCM-R4 CPU Compare Module — Cortex-R4
CRC Cyclic Redundancy Check
DCAN Controller Area Network
DCC Dual Clock Comparator
ESM Error Signaling Module
GIO General-Purpose Input/Output
HTU High-End Timer Transfer Unit
LIN Local Interconnect Network
MibSPI Multibuffered Serial Peripheral Interface
N2HET Platform High-End Timer
RTI Real-Time Interrupt Module
SCI Serial Communications Interface
SPI1 Serial Peripheral Interface
VIM Vectored Interrupt Manager
eQEP Enh d Quadrature Encoder Pulse

Multibuffered 12-Bit Analog-to-Digital Converter

The multibuffered A-to-D converter (MibADC) has a separate power bus for its analog circuitry that
enhances the A-to-D performance by preventing digital switching noise on the logic circuitry which could
be present on Vs and V¢ from coupling into the A-to-D analog stage. All A-to-D specifications are given
with respect to ADger( o unless otherwise noted.

Table 7-2. MibADC Overview

RM421.432

SPNS1808 —SEPTEMBER 2012—REVISED JUNE 2015

I DESCRIPTION VALUE |
Resolution 12 bits
Monotonic Assured

Output conversion code

00h to FFFh [00 for Vs S ADrerio: FFF for Vi 2 ADgerrl

7.2.1 Features

*  12-bit resolution

*  ADgery @nd ADger o Pins (high and low reference voltages)

« Total Sample/Hold/Convert ime: 600 ns Typical Minimum at 30 MHz ADCLK

« One memory region per conversion group is available (event, group 1, group 2)
« Allocation of channels to conversion groups is completely programmable

«  Memory regions are serviced by interrupt

« Programmable interrupt threshold counter is available for each group
« Programmable magnitude threshold interrupt for each group for any one channel
« Option to read either 8-, or 10, or 12-hit values from memory regions

= Single or continuous conversion modes
« Embedded self-test

« Embedded calibration logic

« Enhanced power-down mode

— Optional feature to automatically power down ADC core when no conversion is in progress

Copyright © 2012-2015, Texas Instruments Incorporated
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« External event pin (ADEVT) programmable as general-purpose /O

7.2.2 Event Trigger Options

The ADC module supports three conversion groups: Event Group, Group1, and Group2. Each of these
three groups can be configured to be hardware event-triggered. In that case, the application can select
from among eight event sources to be the trigger for the conversions of a group.

7.2.2.1 MIBADC Event Trigger Hookup
Table 7-3. MIBADC Event Trigger Hookup

SOURCE SELECT BITS
EVENT NUMBER For G1, G2, or EVENT TRIGGER
{G1SRC[2:0], G2SRC[2:0], or EVSRC[2:0])
1 000 ADEVT
2 001 N2HET[8]
3 010 N2HET[10]
4 011 RTI compare 0 interrupt
5 100 N2HET[12] |
8 101 N2HET[14]
7 110 N2HET[17]
8 11 N2HET[19]
NOTE
For ADEVT, N2HET ftrigger sources, the connection to the MibADC module trigger input is
made from the output side of the input buffer. This way, a trigger condition can be generated
either by configuring the function as ouiput onto the pad, or by driving the function from an
extemal frigger source as input. If the mux controller module is used to select different
functionality instead of ADEVT or N2HET[x], care must be taken to disable these signals
from triggering conversions; there is no multiplexing on input connections.
NOTE
For the RTI compare 0 interrupt source, the connection is made directly from the output of
the RTI module. That is, the interrupt condition can be used as a trigger source even if the
actual interrupt is not signaled to the CPU.
70 Peripheral Inf ion and Electrical Specificatit Copyright © 2012-2015, Texas Instruments Incorporated
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7.2.3 ADC Electrical and Timing Specifications
Table 7-4. MibADC Recommended Operating Conditions

| PARAMETER MIN MAX UNIT
ADREFHI A-to-D high-voltage reference source ADgrerFLO Vecap V'
| ADRreFLO A-to-D low-voltage reference source Vssap ADRerrt v
Vai Analog input voltage ADgerFLO ADRerH v
Analog input clamp current
Inc (VAI < Vssap — 0.3 or VAI > Vegap + 0.3) 2 = ma
Table 7-5. MibADC Electrical Characteristics Over Full Ranges of Recommended Operating Conditions "
| PARAMETER DESCRIPTION/CONDITIONS MIN TYP MAX | UNIT
Ruue Srpslog input emux oe: See Figure 7-1 o5 250 0
Risso ADC sample switch on- | see Figure 7-1 60 250 0
(- Input mux i See Figure 7-1 7 16 pF
Camp ADC sample capacitance | See Figure 7-1 8 13 pF
Vsaap < Vin < Vssap + 100 mV 300 = 200}
w f""”“,mfm,,mm Voup=38VMAX | Yamo s 100 mV < Vi < Voo - 200 03 200 nA
Vecap - 200 mV <V, < Vocan 200 1 500
Vseap < Vin < Vagap + 100 mV -8 2
N Anaiog on-state input bias | Vocap =38 VMAX | ygau & 100mV < Viy < Vocuo - =4 2| pA
Vecap - 200 mV < Vi < Vocuo -4 12
laorerr ADgersq input current ADperm = Vocan. ADrerio = Vsaap 3 mA
s Normal operating mode @ ma
|b°’° PRl current ADC core in power-down mode 5/ pA

(1) 1LSB = (ADrgrH| — ADRerLo) 2" where n = 10 in 10-bit mode and 12 in 12-bit mode
(2) See Section 5.7.

DT T I ol ——

Figure 7-1. MibADC Input Equivalent Circuit
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Table 7-6. MibADC Timing Specifications

PARAMETER MIN NOM MAX UNIT
tepancug ! Cyecle fime, MibADC clock 33 ns
tqgmm Delay time. sample and hold time 200 ns
tapuAoy) E::::dme from ADC power on until first input can be 1 i

12-BIT MODE
taycy Delay fime, conversion time 400 ns
I:u:gﬂc]m' Delay time, total samplethold and conversion fime 800 ns
10-BIT MODE
taey Delay fime. conversion time 330 ns
im-_m@:' Delay fime, fotal samplethold and conversion fime 530 ns
(1) The MibADC clock is the ADCLK, generated by dividing down the VCLK by a prescale facior defined by the ADCLOCKCR: register bits
40,

{2) The sample and hold time for the ADC conversions is defined by the ADCLE frequency and the AD=GP>=5AMP register for each
conversion group. The sample time must be determined by accounting for the external impedance connected to the input channel as
well as the internal impedance of the ADC.

(3} This is the minimum sample/hold and conversion time that can be achieved. These parameters are dependent on many factors for
example, the prescale settings.
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Table 7-7. MibADC Operating Characteristics Over Full Ranges of Recommended Operating Conditions

| PARAMETER DESCRIPTION/CONDITIONS MIN TYP MAX| UNIT
Conversion range
over which
CR specified ADRerH| - ADrsrFLO 3 386 \'J
accuracy is
maintained
With ADC 1
; Calibration
10-bit mode
. i Without ADC
Difference between the first ideal Calibration 2
Zssr  Offset Error transition (from code 000h to 001h) and - Lss(
the actual transition With ADC 2
Calibration
12-bit mode
Without ADC 4
Calibration
Difference between the last ideal 10-bit mode 2
Fser Gain Error transition (from code FFEh to FFFh) ) LSB
and the actual transition minus offset. | 12-bit mode 3
Diff tial Difference between the actual step 10-bit mode +15
Epne i2ag 2 width and the ideal value. _ LSB
nonlinearity error (See Figure 7-2) 12-bit mode 2
Maximum deviation from the best 10-bit mode +2
Pr— straight line through the MibADC.
Em m:h‘? 3 MibADC transfer characteristics, S LsB
nearity emor | o, ciuding the quantization error. 12-bit mode 2
(See Figure 7-3)
With ADC 2
Calibration
10-bit mode
. Nie o the diti Without ADC ¥4
" aximum value e rence Calibration
Eror I:':(' unadiusted” |5 e an analog vakie. arnd:the ideal - LsB
midstep value. (See Figure 7-4) With ADC +4
Calibration
12-bit mode z
Without ADC 7
Calibration
(1) 1LSB = (ADggrH| — ADRerLo) 2" where n = 10 in 10-bit mode and 12 in 12-bit mode
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7.2.4 Performance (Accuracy) Specifications

7.24.1 MibADC Nonlinearity Errors

The differential nonlinearity error shown in Figure 7-2 (sometimes referred to as differential linearity) is the
difference between an actual step width and the ideal value of 1 LSB.

A
0..110——
0..101—— —_—
0..100—— iiom—
g !
§ 0..011—— -
f __ Differential Linearity
g : 1LsB /" Error (-% LSB)
S 0..010— —
5 ™ Differential Linearity
0..001——  —— Error (-% LSB)
i 1LSB
. P
| I | I I
0...000 l 1 I T ] >
0 1 2 3 4 5

Analog Input Value (LSB)
NOTEA: 1LSB=(ADggry —AD,BLO)IZ" where n=10 in 10-bit mode and 12 in 12-bit mode

Figure 7-2. Differential Nonlinearity (DNL) Error
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The integral nonlinearity error shown in Figure 7-3 (sometimes referred to as linearity error) is the
deviation of the values on the actual transfer function from a straight line.

0 M —®
) s
o
0..110—— —_—
| 7
v
Ideal ¥
0..101—— Transition el |

Digital Output Code
o
-
8
|
-
8>
gg
g=
/:

A i 4 e s R e e e ey e e S S e S Tl ey

At Transition
0..011—— T LS
b G L/ P
0..010 —— - /
L L End-Point Lin. Error
A
/l’ :
] I
0...001 T At Transition
i 001/010 (~1/4 LSB)
Pt
0..000 @—- { { I } { I
0 1 2 3 4 % $
Analog Input Value (LSB)

NOTEA: 1LSB = (ADgggyy -ADRE,,_O)IZr| where n=10 in 10-bit mode and 12 in 12-bit mode
Figure 7-3. Integral Nonlinearity (INL) Error
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7.242 MibADC Total Error

The absolute accuracy or total error of an MibADC as shown in Figure 7-4 is the maximum value of the
difference between an analog value and the ideal midstep value.

A
0. 11—
0..110 —f—
0..101——
g 0..100 —— '
|, Total Error
% AtStep 0 ... 101
3 0..011—— P (-11/4 LSB)
o e
= A
0..010—— ——
1 II
Ve
14
- Total Error
0..001—— - At Stop
A 0...001 (1/2 LSB)
AN | I 1 | | |
0..000 @—
| 1 I | | | ™
0 1 2 3 4 5 6 7

Analog Input Value (LSB)
NOTEA: 1LSB = (ADggpyy —ADgen o)2" Where n=10 in 10-bit mode and 12 in 12-bit mode

Figure 7-4. Absolute Accuracy (Total) Error
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7.3 General-Purpose Input/Output

The GPIO module on this device supports one port GIOA. The I/O pins are bidirectional and bit-
programmable. GIOA supports external interrupt capability.

7.3.1 Features

The GPIO module has the following features:
= Each l/O pin can be configured as:

Input
Output
Open Drain

« The interrupts have the following charactenistics:

Programmable interrupt detection either on both edges or on a single edge (set in GIOINTDET)
Programmable edge-detection polarity, either rising or falling edge (set in GIOPOL register)
Individual interrupt flags (set in GIOFLG register)

Individual interrupt enables, set and cleared through GIOENASET and GIOENACLR registers
respectively

Programmable interrupt priority, set through GIOLVLSET and GIOLVLCLR registers

» Intemal pullup/pulldown allows unused I/O pins to be left unconnected
For information on input and output timings see Section 5.11 and Section 5.12
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7.4

7.4.1

7.4.2

7.4.3

Enhanced High-End Timer (N2HET)

The N2HET is an advanced intelligent timer that provides sophisticated timing functions for real-time
applications. The timer is software-controlled, using a reduced instruction set, with a specialized timer
micromachine and an attached 1/O port. The N2HET can be used for pulse width modulated outputs,
capture or compare inputs, or general-purpose l/O.. It is especially well suited for applications requiring
multiple sensor information and drive actuators with complex and accurate time pulses.

Features

The N2HET module has the following features:

» Programmable timer for input and output timing functions

» Reduced instruction set (30 instructions) for dedicated time and angle functions

= 128 words of instruction RAM protected by parity

= User defined number of 25-bit virtual counters for timer, event counters and angle counters

= 7-bit hardware counters for each pin allow up to 32-bit resolution in conjunction with the 25-bit virtual
counters

= Up to 19 pins usable for input signal measurements or output signal generation

« Programmable suppression filter for each input pin with adjustable limiting frequency

« Low CPU overhead and interrupt load

- Efficient data transfer to or from the CPU memory with dedicated High-End-Timer Transfer Unit (HTU)
« Diagnostic capabilities with different loopback mechanisms and pin status readback functionality

N2HET RAM Organization

The timer RAM uses 4 RAM banks, where each bank has two port access capability. This means that one
RAM address may be written while another address is read. The RAM words are 96-bits wide, which are
split into three 32-bit fields (program, control, and data).

Input Timing Specifications
The N2HET instructions PCNT and WCAP impose some timing constraints on the input signals.

< 1 >

a— N N

Figure 7-5. N2HET Input Capture Timings
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Table 7-8. Dynamic Characteristics for the N2HET Input Capture Functionality

PARAMETER min® @] max @] unir |
1 zp:; z;g::lg:eriod. PCNT or WCARP for rising edge (hr}Ir) tepueeiy + 2 | ﬁ(hf)(kﬁqvcum 2| ns
2 Epf::“:ignea‘;gp:ﬁod. PCNT or WCARP for falling edge (hr) () teqvcusy + 2 225 (hr)(i) tovoukzy - 2| ns
a :l:guet :;gfv;:!nh;gehdzl;ase. PCNT or WCAP for rising 2(hr) 'c(VC‘-'Q) 2 25 (hr)(ir) Wm) .2 F%
A :1:‘;.: zg:;lnl::dpgt:lse PCNT or WCAP for falling 2(he) teveriy + 2 225 (hr)(ie) tevoukzy - 2| ms

(1) hr = High-resolution prescaler. configured using the HRPFC field of the Prescale Factor Register (HETPFR).
(2) Ir = Loop-resolution p! I i d using the LFPRC field of the Prescale Factor Register (HETPFR).

7.4.4 N2HET Checking

7.44.1 Output Monitoring using Dual Clock Comparator (DCC)

N2HET[31] is connected as a clock source for counter 1 in DCC1. This allows the application to measure
the frequency of the pulse-width modulated (PWM) signal on N2HET[31].

N2HET[31] can be configured to be an internal-only channel. That is, the connection to the DCC module is
made directly from the output of the N2HET module (from the input of the output buffer).

For more information on DCC, see Section 6.6.3.

7.4.5 Disabling N2HET Outputs

Some applications require the N2HET outputs to be disabled under some fault condition. The N2HET
module provides this capability through the "Pin Disable” input signal. This signal, when driven low,
causes the N2HET outputs identified by a programmable register (HETPINDIS) to be tri-stated.

For more details on the "N2HET Pin Disable” feature, see the device-specific Technical Reference Manual
listed in Section 8.2.1.

GIOA[5] and EQEPERR are connected to the "Pin Disable™ input for N2HET. In the case of GIOA[5]
connection, this connection is made from the output of the input buffer. In the case of EQEPERR, the
EQEPERR output signal is asserted in the event of a phase eror. This signal is inverted and double-
synchronized to VCLK2 for input into the N2HET PIN_nDISABLE port.

The PIN_nDISABLE port input source is selectable between the GIOA[5] and EQEPERR sources. This is
achieved through the PINMMR9[1:0] bits.
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7.4.6 High-End Timer Transfer Unit (N2HET)

A High-End Timer Transfer Unit (N2HET) can perform DMA type transactions to transfer N2HET data fo or
from main memory. A Memory Protection Unit (MPU) is built into the N2HET.

7.4.6.1 Features
« CPU independent
« Master Port to access system memory
= 8 control packets supporting dual buffer configuration
« Control packet information is stored in RAM protected by parity
« Event synchronization (N2HET transfer requests)
« Supports 32- or 64-bit transactions
« Addressing modes for N2HET address (8 byte or 16 byte) and system memory address (fixed, 32-bit or 64-bit)
« One shot, circular, and auto switch buffer transfer modes
* Regquest lost detection
7.4.6.2 Trigger Connections
Table 7-9. N2HET Request Line Connection
[ MODULES REQUEST SOURCE HTU REQUEST
N2HET HTUREQ[0] HTU DCP[0]
N2HET HTUREQ[1] HTU DCP[1]
N2HET HTUREQ[2] HTU DCP[2]
N2HET HTUREQJ3] HTU DCP[3]
N2HET HTUREQ[4] HTU DCP[4]
N2HET HTUREQIS] HTU DCP[5]
N2HET HTUREQI8] HTU DCP{6]
N2HET HTUREQ[7] HTU DCP[7]
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The DCAN supports the CAN 2.0B protocol standard and uses a serial, multimaster communication

protocol that efficiently supports distributed real-time control with robust communication rates of up to

1 Mbps. The DCAN is ideal for applications operating in noisy and harsh environments (for example,

automotive and industrial fields) that require reliable serial communication or multiplexed wiring.

7.5.1 Features
Features of the DCAN module include:

= Supports CAN protocol version 2.0 part A, B

- Bit rates up to 1 Mbps

= The CAN kernel can be clocked by the oscillator for baud-rate generation.
= 32 and 16 mailboxes on DCAN1 and DCAN2, respectively
= Individual identifier mask for each message object

= Programmable FIFO mode for message objects

= Programmable loop-back modes for self-test operation
» Automatic bus on after Bus-Off state by a programmable 32-bit timer

= Message RAM protected by parity

= Direct access to Message RAM during test mode

= CAN RX/ TX pins configurable as general-purpose I/O pins

= Message RAM Auto Initialization

For more information on the DCAN, see the device-specific Technical Reference Manual listed in

Section 8.2.1.

7.5.2 Electrical and Timing Specifications

Table 7-10. Dynamic Characteristics for the DCANx TX and RX pins

PARAMETER MIN MAX | UNIT
tacannTx) Delay time, transmit shift register to CANnTX pinm 15 ns
mnx) Delay time, CANnRX pin to receive shift register 5 ns
(1) These values do not include riseffall times of the output buffer.
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Local Interconnect Network Interface (LIN)

The SCILIN module can be programmed to work either as an SCI or as a LIN. The core of the module is
an SCI. The SCI's hardware features are augmented to achieve LIN compatibility.

The SCI module is a universal asynchronous receiver-transmitter that implements the standard nonreturn
to zero format. The SCI can be used to communicate, for example, through an RS-232 port or over a K-
line.

The LIN standard is based on the SCI (UART) serial data link format The communication concept is
single-master/multiple-slave with a message identification for multicast transmission between any network
nodes.

LIN Features

The following are features of the LIN module:

Compatible to LIN 1.3, 2.0 and 2.1 protocols
Multibuffered receive and transmit units
Identification masks for message filtering
Automatic Master Header Generation

— Programmable Synch Break Field

— Synch Field

— Identifier Field

Slave Automatic Synchronization

— Synch break detection

— Optional baudrate update

— Synchronization Validation

2*' programmable transmission rates with 7 fractional bits
Error detection

2 Interrupt lines with priority encoding
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7.7 Multibuffered / Standard Serial Peripheral Interface

The MibSPI is a high-speed synchronous serial input/output port that allows a serial bit stream of
programmed length (2 to 16 bits) to be shifted in and out of the device at a programmed bit-transfer rate.
Typical applications for the SPI include interfacing to external peripherals, such as I/Os, memories, display
drivers, and ADCs.

7.7.1 Features

Both Standard and MibSPI modules have the following features:

= 16-bit shift register

» Receive buffer register

= 11-bit baud clock generator

= SPICLK can be intemnally generated (master mode) or received from an extemal clock source (slave
mode)

« Each word transferred can have a unique format

= SPI I/Os not used in the communication can be used as digital input/output signals

Table 7-11. MibSPI/SPI Default Configurations

J MibSPIx/SPIx 10s |
MibSPI1 MIBSPI1SIMO[0]. MIBSPI1SOMI[D], MIBSPI1CLK, MIBSPI1nCS[3:0]. MIBSPI1nENA

SPI2 SPI2SIMO. SPI2SOMI. SPI2CLK, SPI2nCS[0]

SPI3 SPI3SIMO. SPI3SOMI, SPI3CLK, SPI3nENA, SPI3nCS[0]

7.7.2 MibSPI Transmit and Receive RAM Organization

The Multibuffer RAM is comprised of 128 buffers. Each entry in the Multibuffer RAM consists of four parts:
a 16-bit transmit field, a 16-bit receive field, a 16-bit control field, and a 16-bit status field. The Multibuffer
RAM can be partitioned into multiple transfer group with variable number of buffers each.

7.7.3 MibSPI Transmit Trigger Events

Each of the transfer groups can be configured individually. For each of the transfer groups a trigger event
and a trigger source can be chosen. A trigger event can be, for example, a rising edge or a permanent low
level at a selectable trigger source. Up to 15 trigger sources are available which can be used by each
transfer group. These trigger options are listed in Table 7-12.
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7.71.3.1 MIBSPI1 Event Trigger Hookup

Table 7-12. MIBSPI1 Event Trigger Hookup

EVENT NO. TGxCTRL TRIGSRC[3:0] TRIGGER
Disabled oooo No frigger source
EVENTD 0001 GIoA[D]
EVENT1 o010 GIDA[T]
EVENTZ2 0011 GlIoA[Z]
EVENT2 o100 GIOA[2]
EVENT4 011 GIOA]
EVENTS o110 GIOA[S]
EVENTE o111 GIOA[E]
EVENTT 1000 GIOA[T]
EVENTE 1001 NZHET[E]
EVENTE 1010 MNZHET[10]

EVENT10 1011 MNZHET[12]

EWVENT11 1100 MNZHET[14]

EVENT1Z 1101 NZHET[18]

EVENT13 1110 MNZHET[18]

EVEMNT14 1111 Internal Tick counter
NOTE

For N2HET trigger sources, the connection fo the MibSPI1 module trigger input is made from
the input side of the output buffer (at the N2ZHET module boundary). This way, a rigger
condition can be generated even if the N2HET signal is not selected to be output on the pad.

NOTE
For GIOx trigger sources, the connection to the MibSP11 module trigger input is made from
the output side of the input buffer. This way, a trigger condition can be generated either by
selecting the GIOx pin as an output pin, or by driving the GIOx pin from an extemnal trigger
source.
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7.7.4 MibSPI/SPI Master Mode I/O Timing Specifications

Table 7-13. SPI Master Mode External Timing Parameters (CLOCK PHASE = 0, SPICLK = output, SPISIMO

= output, and SPISOMI = input)(1 @)

| NO. PARAMETER | MIN MAX| UNIT
[— Cycle time, SPICLK®) 40 Bhgeng| 1S
o o g M STORIREENT ] Ot eon 3 Dot +3|
| p— 1:;nse¢nﬁon.splcu.mow(clmpolamy= O S a3 i
P jon, clo ity =
- u)ulsedwamn SPICLK low (clock polarity 0.5teispem — tysecm — 3 0.5tegzpom + 3 -
| . I:';usemraiun.smcmmgh(mwaiy: EE R 2 e e
Delay time, SPISIMO valid before SPICLK
o {yspcH-smom low%lo&polaity:(!;a 0.5tyspem — 6 .
Delay time, SPISIMO valid before SPICLK
I {aspoL-smom high (clock polarity = 1) 0.5tyspom — 8
- F aﬁ?cm.mlugofnvﬁ after SPICLK o ey )
I Vakd me; SPISMO data vak ahr SPILK b=t
Setup time, SPISOMI before SPICLK low
o | | Gok gy oy +22 .
Setup time, SPISOMI before SPICLK high
I tauisom-spcHM (clock polarity = 1) teegy + 2.2
Hold time, SPISOMI data valid after SPICLK
s | O iow (clock plarty = 0) " &
Hold time, SPISOMI data valid after SPICLK
| TgEPCH-SOMIM high[erl':kpdarily=1) o 10
] > = C2TDELAY*yvou + 2%eqowq - (C2TDELAY+2) * tegvou - +
Setup time CS active unti | CSHOLD =0 Yponcs i o
ﬁig;':'yk"%h e C2TDELAY tyoix :;-:zm (czma,«wa)-w@‘ f e
= CSHOLD =1 ) 5 - fnspicy
8% | termeiar +hepey =7 tspgy * 5.5
ki e 5 ki .| CSHOLY =0 mwwo+zw7- (C2TDELAY+2) W';g’n* +
o ok oy C2TDELAY tcue + 3w (C2TDELAY:3) " by~ smcy + T
i ceoto =t tngeics) + tnsecy — 7 tyspgy + 9.5
Hold time SPICLK low until CS inactive 0.5"gpcy + T2CDELAY tyyoug + 0.5 + T2CDELAY gy +
o (clock polarity =0) toveun - sy * tesrics) - 7 ~teseey lysmomy + 11| ™
el Hold time SPICLK high unti CS inactive 05"t o * T2CDELAY tyycg +  05'ggocm + T2CDELAY o + | g
{clock potarity = 1) L taveug - trseo) + (SPICS) - 7 teqveug - tspey + tusercsy + 11
10 |tempa SPIENAN Sampie point (m”“)"«nn"«mz; (C2TDELAY+ 1) tey | ™
1 | termmm SPIENAR Sample point from write to buffer (C2TDELAY+2) e | 1S

1
(2)
(3)
(4)

(5)
@)

The MASTER bit (SPIGCR1.0) is set and the CLOCK PHASE bit (SPIFMTx.18) is cleared.

teqveLk) = interface clock cycle time = 1/ frycik)

For rise and fall timings, see Table 5-6.

When the SPI is in Master mode, the following must be true:

For PS values from 1 to 255: tyspcm 2 (PS +1)igqucik) 2 40 ns, where PS is the prescale value set in the SPIFMTx.[15:8] register bits.
For PS values of 0: = Zw\,g K) 240 ns.

The external load or:%'szcgf’ICL pin must be less than 60 pF.

The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).

C2TDELAY and T2CDELAY is programmed in the SPIDELAY register
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SPISIMO m Master Out Data Is Valid m

SPISOMI XXX KKK KAXKNS Master in Data N KX OOTK KXY
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Figure 7-6. SPI Master Mode External Timing (CLOCK PHASE = 0)

|
Write to buffer v
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Figure 7-7. SPI Master Mode Chip Select Timing (CLOCK PHASE = 0)
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Table 7-14. SPI Master Mode External Timing Parameters (CLOCK PHASE = 1, SPICLK = output, SPISIMO
= output, and SPISOMI = input)1®)

| NO. PARAMETER MIN MAX [ UNIT |
1 | tysecm Cycle time, SPICLK () 40 256tveiky| ns
Pulse duration, SPICLK high (clock polarity
- tagspcrm =0) 0.5tegspeim — tispcm — 3 0.5tyspcm + 3
2 ns
Pulse duration, SPICLK low (clock polarity
tagsPcLM =1) 0.5tgyspeym — tyspom — 3 0.5tysecm + 3
Pulse duration, SPICLK low (clock polarity
i | =0) 0.5tgisecym — tispoj — 3 0.5teispom + 3
3 ns
Puise duration, SPICLK high (clock polarity
twispcrm =1) 0.5te(spepm — trspcpa — 3 0.5tyspcpm + 3
Valid time, SPICLK high after SPISIMO
o0 tismo-sPCHM data valid (clock polarity = 0) 0.5teispep — 8 -
Valid fime, SPICLK low after SPISIMO data
Iwsmo-srcLm valid (clock polarity = 1) 0-Stgspcya — 6 |
Valid time, SPISIMO data valid after
56 tsech-smoMm SPICLK high (clock polarity = ) 0.5tgspepm — tyspe) — 4
ns
Valid time, SPISIMO data valid after
tsecL-siMom SPICLK low (clock polarity = 1) 0-5tg(spcim — tsee) — 4
Setup time, SPISOMI before SPICLK high
o) | USSP | (cock polarity = 0) Serqtis ns
Setup time, SPISOMI before SPICLK low
teu(somi-sPCLM (clock polarity = 1) tgsecy + 2.2
Valid time, SPISOMI data valid after 10
- tsecH-soMM SPICLK high (clock polarity = D)
Valid time, SPISOMI data valid after 36 e
t(sPCL-SoMIM SPICLK low (clock polarity = 1)
0.5"tysecym + 0.5™tgspem +
CSHOLD =0 | (C2TDELAY+2)” fqycik)-  (C2TDELAY+2) * teveik) -
Setup time CS active until + R + +55
SPICLK high (clock polarity NEAcs e Asrey] "‘_SPC’ ns
=0) 0.5'1qspc)“ + 0.5 qupcw +
CSHOLD =1 | (C2TDELAY+3)” tqycik)-  (C2TDELAY+3) * tepveik) -
e tyseics) + tispe) — 7 fispics) + tisre) + 5.5
tczmoeLAY 0.5"tysecm + 0.5"yspom +
Rl I CSHOLD =0 | (C2TDELAY+2)”tqveik)- (C2TDELAY+2)* tequeik) -
p time ve un 1, + =7 + +55
SPICLK low (clock polarity gsPics) * Ysec) Yyscs) * tysec) ns
=1) 0.5"tysecym + 0.5™yspeym +
CSHOLD =1 | (C2TDELAY+3)™ tyyeiyg-  (C2TDELAY+3) ™ tyeiy) -
tyseics) * tisee) =7 Ysorcs) * fisee) + 5.5
! e T2CDELAY toycLx + T2CDELAY tgveii +
Hold time SPICLK low until CS inactive
{clock polarity = 0) tavoug - tsrc) + gamcs) - aveug - tysecy +ieics) + | 08
98 | tracoELa
. Hold time SPICLK high until CS inactive T2CDELAY gy * T2CDELAYtqvei *
(clock polarity = 1) 'ewcm-‘nspcw'«spm); ’ewux)-'«sx)“rtsmcs%: ns
10 | tspiena SPIENAn Sample Point (CZTOELAYHAY taveig~  (coTDELAY+1)toveig | ns
11 | tspienaw SPIENAN Sample point from write to buffer (C2TDELAY+2)tyveuqg | ns

(1) The MASTER bit (SPIGCR1.0) is set and the CLOCK PHASE bit (SPIFMTx.18) is set.

(2) tequeik) = interface clock cycle time = 1/ fiycik)

(3) For rise and fall timings, see the Table 5-6.

(4) When the SPI is in Master mode, the following must be true:
For PS values from 1 to 255: tyspcym 2 (PS +1)tqucik) 2 40 ns, where PS is the prescale value set in the SPIFMTx.[15:8] register bits.

For PS values of 0:
The external load

spem = 2tgvciiy 240 ns.
"aue gg’K:LK pin must be less than 60 pF.

(5) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).

(8) C2TDELAY and T2CDELAY is programmed in the SPIDELAY register
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Figure 7-8. SPI Master Mode External Timing (CLOCK PHASE = 1)
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(ock oty ————— —/ \p/ S L
SPICLK

(dock polarity=1) —\_/—\_/*\_/_\_/

SPISIM R I ARV AI IR/ g.
[o] o.o.o’o.ooo.o’o‘o.o.a'v.o.o‘c hl-“ tData s Valld
o

SPICSn

1
o

il Wl =-=S—=c—=cSSScooooS o=

Figure 7-9. SPI Master Mode Chip Select Timing (CLOCK PHASE = 1)
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7.7.5 SPI Slave Mode I/O Timings
Table 7-15. SPI Slave Mode External Timing Parameters (CLOCK PHASE = 0, SPICLK = input, SPISIMO =

input, and SPISOMI = output) (124
| _NO. PARAMETER MIN max| unm |
1 tosecys Cycle time, SPICLK'®) 40 ns
SPCH Pulse duration, SPICLK high (clock polarity = 0) 14
| tggpcus Pulse duration, SPICLK low (clock polarity = 1) 14 e
SPCL) Pulse duration, SPICLK low (clock polarity = 0) 14
(6 S
l '!IWE Pulse duration, SPICLK high (clock polarity = 1) 14 g
o® tysecrsomps  Delay fime, SPISOMI valid after SPICLK high (clock polarity = 0) tsom) + 20 ”
l tyisecL-somis Delay time, SPISOMI valid after SPICLK low (clock polarity = 1) trmsom) + 20
Hold time, SPISOMI data valid after SPICLK high (clock polarity
SPCH-SOMIS 2
58 i =0 ns
Hold time, SPISOMI data valid after SPICLK low (clock polarity
I thisecL-somis =1) 2
Setup time, SPISIMO before SPICLK low (clock polarity = 0) -+
8&) -] ns
I toysmo-spcrys  Setup time, SPISIMO before SPICLK high (clock polarity = 1) 4
oy Hold time, SPISIMO data valid after SPICLK low (clock polarity 2
7(8 e =0 ns
Hold time, SPISIMO data valid after S PICLK high (clock polarity
thisecH-sIMO)S =1) 2
Delay time, SPIENAnR high after last SPICLK low (clock polarity 2. H
- tysecLsenars ) 1.5y 2 CVOLKY ,;'192“3
ns
Delay time, SPIENAN high after last SPICLK high (clock polarity 2.5%vewxkyt
tysPcHSENAHIS 4 1-Steveik) trienan) + 22
Delay fime, SPIENAR low after SPICSn low (if new data has topueLkHyENAN
9 |tSCSLSENALIS  peen written to the SPI buffer) tEnan) eyl s

(1) The MASTER bit (SPIGCR1.0) is cleared and the CLOCK PHASE bit (SPIFMTx.18) is cleared.

(2) Ifthe SPlis in slave mode, the following must be true: fgsac)s 2 (PS + 1) tgycik). where PS = prescale value set in SPIFMTx.[15:8].

(3) For rise and fall timings, see Table 5-6.

(4) teveik) = interface clock cycle time = 1 ffycik)

(5) When the SPI is in Slave mode, the following must be frue:
For PS values from 1 to 255: )5 2 (PS +1)tvcLx) 2 40 ns, where PS is the prescale value set in the SPIFMTx.[15:8] register bits.
For PS values of 0: tgspeys =m") 240 ns.

(8) The active edge of the SPICLK signal referenced is controiled by the CLOCK POLARITY bit (SPIFMTx.17).
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Figure 7-10. SPI Slave Mode External Timing (CLOCK PHASE = 0)
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Figure 7-11. SPI Slave Mode Enable Timing (CLOCK PHASE = 0)
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Table 7-16. SPI Slave Mode External Timin% Parameters (CLOCK PHASE = 1, SPICLK = input, SPISIMO =

input, and SPISOMI = output) (12614
| No. PARAMETER MIN MAX UNIT
|1 |tsecs Cycle time, SPICLK' 40 ns
J [ Pulse duration, SPICLK high (clock polarity = 0) 14 ™
| [T— Pulse duration, SPICLK low (clock polarity = 1) 14
;| secus Pulse duration, SPICLK low (clock polarity = 0) 14
| [— Pulse duration, SPICLK high (clock polarity = 1) 12 ™
tysomsrcys  Dealy time, SPISOMI data valid after SPICLK low (clock
48 poacy = 0} . ns
| tysoms-sPcHys g;l:ny ;:ﬁ.)smsom data valid after SPICLK high (clock 420
Hold time, SPISOMI data valid after SPICLK high (clock
5% potarty ) = ns
| :;)u time, SPISOMI data valid after SPICLK low (clock polarity

o |lmmosecs  Setup time, SPISIMO before SPICLK high (clock polarty = 0)

| tusmosecys  Setup time, SPISIMO before SPICLK iow (clock polarity = 1)
High time, SPISIMO data valid after SPICLK high (clock

I o |MPCHSMOS  polarty =0) s

LS R )

Figh me. SPISMO data vaid afer SPICLK ow (clock polay 3
8 Delay me. SPIENAR Hih aler s SPICLK High ok sy 2Sevcusthemn + 2 )
I ecuamiia ey . SPIENA g et SPIGLK o (chock polsy P —
D |lsonsmws DS Bme. SPIENAD o after SPIGS ow (F new data has i P ”
% D Y. SO ok s SPYC kow e o b b oor.  Hiamriougt 2 BN

(1) The MASTER bit (SPIGCR1.0) is cleared and the CLOCK PHASE bit (SPIFMTx.18) is set.

(2) Ifthe SPlis in slave mode, the following must be true: {c(SPC)S < (PS + 1) tc(VCLK), where PS = prescale value set in SPIFMTx.[15:8].

(3) For rise and fall timings, see Table 5-8.

(4) tequcik) = interface clock cycle time = 1/

(5) When the SPl is in Slave mode, the following must be true:
For PS values from 1 to 255: tyspcys 2 (PS +1)tgvcix) 2 40 ns, where PS is the prescale value set in the SPIFMTx.[15:8] register bits.
For PS values of 0: tyspeys = ) 240 ns.

(8) The active edge of the SPICLK signal referenced is controlled by the CLOCK POLARITY bit (SPIFMTx.17).
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Figure 7-12. SPI Slave Mode External Timing (CLOCK PHASE = 1)
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Figure 7-13. SPI Slave Mode Enable Timing (CLOCK PHASE = 1)
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7.8 Enhanced Quadrature Encoder (eQEP)
Figure 7-14 shows the eQEP module interconnections on the device.

(: VBUSP iMerace :) —
B EQEPB
EPENCLK EQEP EQEPI
CDDISx.9 EQEP
VCLK—», gLK YELK Module EQEMO >
ACK +—— EQEPIOE
CLKSTOP_REQ—p| GATE >
SYS_nRST B ECERS e
EPNT: it EQEPSO MUX
viM n St » CTRL
NHET
NHETnDIS_SEL

Figure 7-14. eQEP Module Interconnections

7.8.1 Clock Enable Control for eQEPx Modules

The device level control of the eQEP clock is accomplished through the enable/disable of the VCLK clock
domain for eQEP only. This is realized using bit 9 of the CLKDDIS register. The eQEP clock source is
enabled by default.

7.8.2 Using eQEPx Phase Error

The eQEP module sets the EQEPERR signal output whenever a phase error is detected in its inputs
EQEPxA and EQEPxB. This error signal from both the eQEP modules is input to the connection selection
multiplexor. As shown in Figure 7-14, the output of this selection multiplexor is inverted and connected to
the N2HET module. This connection allows the application to define the response to a phase error
indicated by the eQEP modules.

7.8.3 Input Connections to eQEPx Modules

The input connections to each of the eQEP modules can be selected between a double-VCLK-
synchronized input or a double-VCLK-synchronized and filtered input, as shown in Table 7-17.

Table 7-17. Device-Level Input Synchronization

YL CONTROL FOR DOUBLE-SYNCHRONIZED CONTROL FOR DOUBLE-SYNCHRONIZED
CONNECTION TO eQEPx AND FILTERED CONNECTION TO eQEPx
eQEPA PINMMRS[0] = 1 PINMMRS[D] = 0 and PINMMRS[1] = 1
eQEPB PINMMRS[8] = 1 PINMMRS[E] = 0 and PINMMRS[9] = 1
eQEPI PINMMRS[16] = 1 PINMMRS[18] = 0 and PINMMRE[17] = 1
eQEPS PINMMRS[24] = 1 PINMMRS[24] = 0 and PINMMRB8[25] = 1
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7.8.4 Enhanced Quadrature Encoder Pulse (eQEPx) Timing
Table 7-18. eQEPx Timing Requirements

[ PARAMETER TEST CONDITIONS MIN MAX| UNIT I
Synchronous 2 tgvelk) cycles

twoepp)  QEP input period — -

| Synchronous, with input filter 2 tyveik) + filter width cycles
Synchronous 2 tyveik) les

twnpexr) QEP Index Input High Time Lt o i 2 i

l Synchronous, with input filter 2 tyveik) + filter width cycles
Synchronous 2 tovel cycles

tynpexL) QEP Index Input Low Time e S— . 1)

l Synchronous, with input filtter 2ty * filter width cycles
Synchronous 2 cycles

fWSTROBH QEP Strobe Input High Time [0 VCLig ’ !

‘ ) Synchronous, with input filter 2 qucuq + filter width cycles
Synchronous 2 tgveLk) cycles

'WSTROBL  QEP Strobe Input Low Time |2

' ) Synchronous, with input filter 2 tgyeiky + filter width cycles

Table 7-19. eQEPx Switching Characteristics

l PARAMETER MIN MAX UNIT
{CNTR I Delay time, ext | clock to ter i 4 tepueiky cycles
lapcs-ouTyeEr Delay time, QEP input edge to position compare sync output 68 teqveik) cycles
24 Peripheral Infc ion and Electrical Specificati Copyright © 2012-2015, Texas Instruments Incorporated
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8 Device and Documentation Support
8.1 Device Support

8.1.1 Development Support

Texas Instruments (TI) offers an extensive line of development tools for the Hercules™ Safety generation
of MCUs, including tools to evaluate the performance of the processors, generate code, develop algorithm
implementations, and fully integrate and debug software and hardware modules.

The following products support development of Hercules™-based applications:

Software Development Tools
» Code Composer Studio™ Integrated Development Environment (IDE)
— CIC++ Compiler
— Code generation tools
— Assembler/Linker
— Cycle Accurate Simulator
= Application algorithms
= Sample applications code
Hardware Development Tools
= Development and evaluation boards
= JTAG-based emulators - XDS100™v2, XDS200, XDS560™ v2 emulator
= Flash programming tools
» Power supply
« Documentation and cables

8.1.1.1 Getting Started

This section gives a brief overview of the steps to take when first developing for a RM4x MCU device. For
more detail on each of these steps, see the following:
= Initialization of the TMS570LS043x, TMS570LS033x and RM42[432 Hercules ARM Cortex-R4

Microcontrollers (SPNA163)
= Compatibility Considerations: Migrating From RM48x or RM46x to RM42x Safety Microcontrollers
(SPNA174)
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8.1.2 Device Nomenclature

To designate the stages in the product development cycle, Tl assigns prefixes to the part numbers of
all devices.Each device has one of three prefixes: X, P, or null (no prefix) (for example, xXRM46L852).
These prefixes represent evolutionary stages of product development from engineering prototypes
through fully qualified production devices/tools.

Device development evolutionary flow:

Experimental device that is not necessarily representative of the final device's electrical
specifications and may not use production assembly flow.

Prototype device that is not necessarily the final silicon die and may not necessarily meet
final electrical specifications.

null Fully-qualified production device.

x and P devices and TMDX development-support tools are shipped against the following disclaimer:

"Developmental product is intended for internal evaluation purposes.”

Production devices have been characterized fully, and the quality and reliability of the device have

been demonstrated fully. Tl's standard warranty applies.

Predictions show that prototype devices have a greater failure rate than the standard production

devices. Texas Instruments recommends that these devices not be used in any production system

gzcag their expected end-use failure rate sfill is undefined. Only qualified production devices are to
used.

Figure 8-1 illustrates the numbering and symbol nomenclature for the RM42L.432.

[“lRM[ﬁlg[Llﬁ[slng[ﬁgl}lRl

3
Prefix: ———— - Shipping Options:
x = Not Qualified R = Tape and Reel
Removed when qualified
RM = Real Time Microconiroll er —— ——— Temperature Range:
= T= -48% © 105C o
CPU: --—----—--- Package Type:
4= ARM Cortex-R4 PZ = 100-Pin Package
Series Number ————-— ————— Die Revision:
Blank = Die Revision A
Architecture: 89Dl Revislon Bt
L= Lockatep
Flash / RAM Size: ———-—m—mmoeeee -] ———— Reserved
4= 384KB fash, 32KB RAM R D RO - ot

Figure 8-1. Device Numbering Conventions
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8.2 Documentation Support

8.2.1 Related Documentation from Texas Instruments

The following documents describe the RM42L 432 microcontroller.

SPNU516 RM42142x 16/32-Bit RISC Flash Microcontroller Technical Reference Manual details the
integration, the environment, the functional description, and the programming models for each
peripheral and subsystem in the device.

SPNZ198 RM421 432 Microcontroller, Silicon Revision A, Silicon Errata describes the usage notes and
known exceptions to the functional specifications for the device silicon revision(s).

SPNZ227 RM42x Microcontroller, Silicon Revision B, Silicon Errata describes the usage notes and known
exceptions to the functional specifications for the device silicon revision(s).

SPNA207 Calculating Equivalent Power-on-Hours for Hercules™ Safety MCUs details how to use the
spreadsheet to calculate the aging effect of temperature on Texas Instruments Hercules Safety MCUs.

8.3 Community Resources

The following links connect to Tl community resources. Linked contents are provided "AS IS" by the

respective contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views;

see Tl's Terms of Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration among
engineers. At e2eti.com, you can ask questions, share knowledge, explore ideas and help solve
problems with fellow engineers.

Tl Embedded Processors Wiki Texas Instruments Embedded Processors Wiki. Established to help developers
get started with Embedded Processors from Texas Instruments and to foster innovation and growth of
general knowledge about the hardware and software surrounding these devices.

8.4 Trademarks

Hercules, Code Composer Studio, XDS100, XDS560, E2E are trademarks of Texas Instruments.
CoreSight is a trademark of ARM Limited.

ARM, Cortex are registered trademarks of ARM Limited (or its subsidiaries) in the EU and/or elsewhere.
All rights reserved.

All other trademarks are the property of their respective owners.

8.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments r ds that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘r“\ ESD damage can rangefromsubﬂe rfi d dation to lete device failure. Preci i ted circuits may be more
susceptible to d very small ic changes could cause the device not to meet its publlshed specifications.
8.6 Glossary

SLYZ022 — Ti Glossary.
This glossary lists and explains terms, acronyms, and definitions.

8.7 Device Identification Code Register

The device identification code register identifies several aspects of the device including the silicon version.
The details of the device identification code register are shown in Table 8-1. The device identification code
register value for this device is:

» Rev 0 = 0x8048AD05
» Rev A =0x8048AD0OD
» Rev B =0x8048AD15
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Figure 8-2. Device ID Bit Allocation Register
31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 16
CP-15 UNIQUE ID TECH
R-1 R-00000000100100 R-0
15 14 13 12 11 10 2] 8 7 6 5 4 3 2 1 0
TECH \::(:)c;él' f’i:ll‘lp'v FLASH ECC 22:? VERSION 1 0 1
R-101 R-0 R-1 R-10 R-1 R-00001 R-1 R-0 R-1
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 8-1. Device ID Bit Allocation Register Field Descriptions
I BIT FIELD VALUE DESCRIPTION
31 CP15 Indi the p of cop 15
l 1 CP15 present
30-17 | UNIQUE ID 100100
Silicon version (revision) bits.
This bit field holds a unique ber for a dedicated device g ion (die).
16-13 | TECH Process technology on which the device is manufactured.
l ) 0101 | F021 ) |
12 /O VOLTAGE /O voltage of the device.
| 0 /O are 3.3v
1 PERIPHERAL Peripheral Parity
I TARITY 1 Parity on peripheral memories
10-8 | FLASH ECC Flash ECC
l 10 Program memory with ECC
8 RAM ECC Indicates if RAM memory ECC is present.
l 1 ECC implemented
7-3 REVISION 0 Revision of the Device.
2-0 FAMILY ID 101 The platform family ID is always 0b101

8.8 Die Identification

Registers

The two die ID registers at addresses OxFFFFFF7C and OxFFFFFF80 form a 64-bit die id with the
information as shown in Table 8-2.

Table 8-2. Die-ID Registers
I ITEM NO. OF BITS BIT LOCATION
X Coord. on Wafer 12 DxFFFFFF7C[11:0]
| Y Coord. on Wafer 12 OxFFFFFF7C[23:12] |
Wafer # 8 OxFFFFFF7C[31:24]
Lot # 24 OxFFFFFF80[23:0]
Reserved 8 OxFFFFFF80[31:24]
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8.9 Module Certifications

The following communications modules have received certification of adherence to a standard.
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8.9.1 DCAN Certification

Testhouse

C&S group GmbH

L Sl =+»*C&S
Phone; +48 5331/80 555-0

Fax: +485331/90 555-110 .CAN
Authentication Texas Instruments
on CAN Conformance P10_0284_021_CAN_DL_Test_Authentication_r01.doc

Date of Approvat: 2011-Feb-0B

C&S is worldwide recognized as a neutral expert in testing of communication systems such as CAN
Transceiver, CAN, CAN Software Drivers, (CAN) Network Management, FlaxRay and LIN.

Herewith C&S group is proud fo confirm that the followings tests on the subsequently specified device
Impiementations have been performed by C&S resulting in the findings given below:

C&S Conformance Test Results

Manufacturer Texas Instruments

Component/Part Number TMSx70 x021 Microcontroller Family, DCAN Core Release
0xA3170504, 880 A2C0007840000 X470MUF C63C1
P80576 24 YFB-0BABXEW

Date of Tests February 2011

Version of Test Specification CAN Conformance Test
1 I1SO CAN Conformance Tes!s acuofdhg 0 "ISO

16845:2004 Road i -G Il rh

(CAN) - Conformance test plan” and C&S enhancemenv
corrections according to "CAN CONFORMANCE
TESTING Test Specification C&S Version 2.0 RC*

2 C&S Reglster Functionality Tests according to "C&S
Specification V2.0"

Register Functionality Test
3 C&SRob Tests ding to “C&S Rob
Test Specification V1.4"
Corresponding Test Report P10_0284_020_CAN_DL_Test_report_rO1
1 IS0 CAN conformance tests Pass
2 C&S Register Functionality tests Pass
3 C&S Robustness tests Pass
s Further Observs&ons None
Fr‘aﬂk Fncher CTO Lothar Kukla, Project Manager

Quote No. P10_0294 RD1

Figure 8-3. DCAN Certification
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8.9.2 LIN Certifications

8.9.2.1 LIN Master Mode

100a ST TS

Test Summary

e,

Akkreditierungsstelie

DPL 172010101
Accrodtos st Iab by DAKS GrmbH socordng DIN ISIEC 177188,
Tho scoredtation ks vivsd for ol test mathcds sited n the ceticate

LIN 2.1 Conformance Test - Master

Client / Manufacturer:

Texas Instruments

Automotive Applcations

12500 T1 Boulevard

75243 DALLAS, TEXAS
UNITED STATES OF AMERICA

Impiementation Under Test: Microcontroller TMS570LS3137
Part Number: LIN Master Mode
Revision: SW:: 2013-05-31_IHR_LIN
Test Sample Marking: TMXS70LS 3137 CZWTQQ1 YFC-2AAQ32W
Test Board: Gladiator 337 SN# 58 rev. B
Performed Tests: LIN OSI Layer 2 - Data Link Layer
Node Confi N M
Specification References: LIN Conformance Test Specification, 10-O¢t-2008
for the LIN Specification Package Revision 2.1 , 24-Nov-2008
Resull / Stalus: The device has passed the test.
Version / Dale: 1.0/ 13-May-2013
Document Number: Test Summary_DLL21_Master_20121130_130513_TMS570LS_V1.0.doc
ihr Aefersnce: 20121130
This test y don’t a P test report ding the LIN

It containg 7 pages and shall not be regroduced except in full without written approval of the JAr Test Center. All
performed test results concams the above mentioned IUT revision only.

ihr GbH

Alrport Boulevard 8 210

D 77836 Rhamminster

Tel.: «49 (D) 7229-18475-0
Fax +49 (D) 7229-18475-11

Bank: Vollksbank Bihl
Konto: 1376209

BLZ: 66291400
UST-M-Nr. DE177221420

Geschahstihrer: Jong Holzbarg
Genchisstand: Bohi

Handalsreg :Baden Baden HABSDSBH
eMail: jnfo@inr.de

Intemat: waw ihr do

Figure 8-4. LIN Certification - Master Mode
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8.9.2.2 LIN Slave Mode - Fixed Baud Rate

(pass

Akkreditierungsstelie
LOCHL WTTR 0BT METWORS 0-FL-1720101-01

Aecradiod 16 |56 by DAMKS GmeH sccorcieg DN BOES 17005
Tro accreciyion s valks for 3l tost methods wyted n e cotficaie.

- Test Summary
for
LIN 2.1 Conformance Test - Slave

Client / Manufacturer: Texas Instruments

Automotive Applications

12500 TI Boulevard

75243 DALLAS, TEXAS

UNITED STATES OF AMERICA
Implementation Under Test: Microcontroller TMS570LS3137

LIN Slave Mode - Fixed Baud Rate Mode

Revision: SW: 2013-05-31_IHR_LIN
Test Sampie Marking: TMX570LS 3137 CZWTQQ1 YFC-2AAQ32W
Test Board: Gladiator 337 SN# 58 rev. B
Performed Tests: LIN OSI Layer 2 - Data Link Layer
Node Configuration / Network Manag

Specification References:  LIN Conformance Test Specification, 10-Oct-2008
for the LIN Specification Package Revision 2.1 , 24-Nov-2006

Result/ Status: The device has passed the test.

Version / Date: 1.0/ 13-May-2013

Daocument Number: Test Summary_DLL21_Slave_Fixed_20121130_130513_TMS570LS_V1.0.doc
ihr Reference: 20121130

This test y don't rep a plete test report according the LIN consortium.

It contains 16 pages and shall not be reproduced except in full without written approval of the ihr Test Center.
All perf: d test results the above mentionad |UT revision only.

Ihr GmbH Bank: Volksbank Bohl Geschéftsfiihrer: Jérg Holzberg
Airport Boulavard B 210 Konto: 1376209 Garichtsstand: Bithl

D 77836 Rheinmunster BLZ: 66291400 Handelsreq.:Baden-Baden HRE90EBH
Tel.: +49 (0 )7229-18475-0 UST-1d-Nr. DE177221429 eMall: ipfo@ihr.de

Fax. +49 (0) 7229-18475-11 Internet: www.ihr.de

Figure 8-5. LIN Certification - Slave Mode - Fixed Baud Rate
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8.9.2.3 LIN Slave Mode - Adaptive Baud Rate

(pass

Akkreditierungsstelie
LOCHL WTTR 0BT METWORS 0-FL-1720101-01

Aecradiod 16 |56 by DAMKS GmeH sccorcieg DN BOES 17005
Tro accreciyion s valks for 3l tost methods wyted n e cotficaie.

Test Summary
for
LIN 2.1 Conformance Test - Slave

Client / Manufacturer: Texas Instruments

Automotive Applications

12500 TI Boulevard

75243 DALLAS, TEXAS

UNITED STATES COF AMERICA
Implementation Under Test: Microcontroller TMS570LS3137

LIN Slave Mode - Adaptive Baud Rate Mode

Revision: SW: 2013-05-31_IHR_LIN

Test Sampie Marking: TMX570LS 3137 CZWTQQ1 YFC-2AAQ32W
Test Board: Gladiator 337 SN# 58 rev. B

Performed Tests: LIN OSI Layer 2 - Data Link Layer

Node Configuration / Network Manag
Specification References:  LIN Conformance Test Specification, 10-Oct-2008
for the LIN Specification Package Revision 2.1 , 24-Nov-2006

Result/ Status: The device has passed the test.

Version / Date: 1.0/ 13-May-2013

Daocument Number: Test Summary_DLL21_Slave Adapt TI_TMS570LS_ 130513 V1.0.doc
ihr Reference: 20121130

This test y don't rep a plete test report according the LIN consortium.

It contains 16 pages and shall not be reproduced except in full without written approval of the ihr Test Center.
All perf: d test results the above mentionad |UT revision only.

Ihr GmbH Bank: Volksbank Bohl Geschéftsfiihrer: Jérg Holzberg
Airport Boulavard B 210 Konto: 1376209 Garichtsstand: Bithl

D 77836 Rheinmunster BLZ: 66291400 Handelsreq.:Baden-Baden HRE90EBH
Tel.: +49 (0 )7229-18475-0 UST-1d-Nr. DE177221429 eMall: ipfo@ihr.de

Fax. +49 (0) 7229-18475-11 Internet: www.ihr.de

Figure 8-6. LIN Certification - Slave Mode - Adaptive Baud Rate
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9 Mechanical Packaging and Orderable Addendum

9.1 Packaging Information

The following pages include mechanical packaging and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and
revision of this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

104 Mechanical Packaging and Orderable Addend Copyright © 2012-2015, Texas Instruments Incorporated
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INSTRUMENTS

PACKAGE OPTION ADDENDUM

wewer fi.com 10-Dec-2020
PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples

“ Drawing o Ball material @ =
&
RMA2L432BPZT ACTIVE LQFP PZ 100 B8O RoHS & Green NIFDAU Level-3-260C-16BHR 40 to 105 a2 )
L4328PZT z

" The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: TI has announced that the device will be discontinued, and a lifefime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production fo support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.
) RoHS: Tl defines "RoHS" fo mean products that with the current EU Rok for all 10 RoHS including that RoHS

do not exceed 0.1% by weight in homogenecus materials. Where designed to be soidered at high temperatures, *RoHS" products are suitable for use in specified lead-free processes. Tl may

refarence these types of products as "Pb-Fres”.

RoHS Exempt: Tl defines "RoHS Exempt” to mean products that contain lead but are compliant with EU RoHS pursuant fo a specific EU RoHS exempion.
Green: Tl defines "Green® to mean the content of Chicrine (Cl) and Bromine (Br) based flame retardants meet JSTOE low halogen reguirements of <=1000ppm threshold. Anfimony frioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

) MSL, Peak Temp. - The Moisture Sensitivity Level rafing according to the JEDEC industry standard

-and peak solder

) There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

WMulﬁpleDeviDeMarkimswibeimidemnﬂlesﬁOnlyuneDeubehhﬂdm i in
of the previous line and the two combined reprasent the entire Device Marking for that device.

by a "~ will appear on a device. If a line is indented then it is a continuation

"} |_ead finish/Ball material - Orderable Devices may have mulfiple material finish options. Finish options are separated by a verfical ruled line. Lead finish/Ball material values may wrap fo two

lines if the finish value exceeds the maximum column width.

fion and Disclaimer-The i i sided onthis page ™s
provided by third parties, and makes no representafion or warranty as to the acouracy of such i ?

and belief as of the date that it is provided. Tl bases its knowledge and belief on information
Efforts are

confinues fo take reasonable steps to

fo batter integrate i from third parties. Tl has taken and

ive and accurate information but may not have conducted destructive testing or chemical analysis on incaming materials and chemicals.

provide representaf
Tl and Tl suppliers cansider certain information ta be proprietary, and thus CAS numbers and other limited information may not be available for release.

In ro event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl fo Customer on an annual basis.

Addendum-Page 1
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PACKAGE MATERIALS INFORMATION

Texas
INSTRUMENTS
www.ti.com 5-Jan-2022
TRAY
L - Quter tray length without tabs KO-
Outer
tray
+++++++ A+ ++++ ‘ e
A+ +++++++++++++ +]
1++++++++++++++ + || oms
|+ ++++++++++++ + +[]uidh
+++++++++++++++
[ o o ok ok & gk ok b ok o R
| P|1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray comer indicates Pin 1 ori ion of packed units.
ludw:::cremd Package | Package | Pins | SPQ |Unit array Max L (mm)] W Ko P1 CcL cw
Name Type matrix |temperature (mm) | (pm) | (mm) | (mm) | (mm)
-c)

Pack Materials-Page 1

185



MECHANICAL DATA

MTQFD13A - OCTOBER 1884 — REVISED DECEMBER 1998
N ==w=S-m i stsse s

PZ (S-PQFP-G100) PLASTIC QUAD FLATPACK
76 —
nad 0,13 NOM

12,00 TYP _’| L Gage Plane
1420

' 13,80
16,20

" 545 59 > 0,05 MIN

Seating Plane

4040149/8 11/36

MOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS5-026

% TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

186



LAND PATTERN DATA

PZ (S—PQFP-G100) PLASTIC QUAD FLAT PACK

Example Board Layout Stencil Openings based on o stencil
thickness of .127mm ({.005inch).

_ ommomni—— _ iiimion—
Tuuuunuunuuuuuuuuunuu +— | omoomommmomnn--
soe iz,

0,05
All Around

4717869,/4 08/12

NOTES:

A, All linear dimensions are in millimeters.

B. This drawing is subject to chonge without notice.

C. Leser cutting opertures with tropezoidel wells and alse rounding cormers will offer better paste release.
Customers should contoct their board ossembly site for stencil design recommendations. Example
stencil design based on a 50X volumetric metal lood solder paste. Refer to IPC—7525 for other
stencil recommendations.

D. l{:ustlomags should contact their board fabrication site for solder mask toleronces between and around
signal pads.

g —

www.ti.com
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS). DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES "AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

Theser arei ded for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriat
TI products for your lication, (2) designing ing and testing your application, and (3) ing your ication meets licabl
standards, and any other safety, rity, regulatory or other requi its.

These resources are subject to change without notice. Tl grants you permission to use these only for di P of an
application that uses the Tl products d ibed in the . Other reproduction and display of these r is prohibited. No li

is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you

will fully indemnify Tl and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these
resources.

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
TI products.

Tl objects to and rejects any additional or different terms you may have proposed.

Mailing Add : Texas Inst ts. Post Office Box 855303, Dallas, Texas 75285
Copyright ® 2023, Texas Instruments Incorporated
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