RE N ESAS Application Note

Renesas RL78 Family
Inductive Proximity Sensing with the RL78/G23

Introduction

This document will introduce the fundamental concepts of inductive proximity sensing and describe the
application developed for the RL78/G23 based proof of concept (PoC).

Target Device

This application note is targeted at the Renesas RL78/G23 group of devices.
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1. Basics of Inductive Proximity Sensing

This section will introduce the fundamental concepts of inductive proximity sensing. First an explanation of
what inductive proximity sensing is followed by details of the sense methodology and circuit implementation.
There will then be a description of what can be sensed with accompanying details on sense sequencing and
different sense topologies. Please note that this document describes the detection of the presence of a
conductive target through inductive proximity sensing — not the process of measuring distance from the
conductive target.

1.1 What is Inductive Proximity Sensing?

Inductive proximity sensing is a technique where the position of a conductive target can be detected by
measuring the effect it has on the magnetic field emitted by a coil, known as the search coil. The search coil
(either ferrite or air-cored) configured in a simple LC parallel circuit, is excited and allowed to self-oscillate.
The oscillation will cause a magnetic field to be emitted from the search coil. This magnetic field will induce
eddy currents in the conductive target, and thus transfer energy out of the LC circuit, causing the self-
oscillation to decay faster than that of a coil not subject to the proximal effect of a conductive object. This is
referred to as “damped” oscillation. The oscillation being observed/measured in inductive proximity sensing
refers to that of the voltage of the LC circuit. This system is shown in Figure 1.

Conductive
target

O EM field
[
Distance

Search coil (planar)

Figure 1. Inductive Sense

Detection of the target is performed by monitoring the oscillations decay. We characterise the oscillation by
its ‘envelope’ which is a term used to describe the ‘general shape’ of the waveform, achieved by drawing a
smooth line connecting all the peaks of the waveform as seen in Figure 2.

Undamped oscillation

1 Damped oscillation

Figure 2. Oscillation envelopes
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This covers the impact a conductive target has on an oscillating LC circuit and how this is both observed and
characterised — next is described the methodology of the sensing, which is how a reliable & consistent
judgement can be made for the proximity of a conductive target.

1.1.1 Methodology — Differential sensing technique

The sensing methodology used is known as a differential sensing technique where the search coil
voltage-oscillation is compared against a similar reference coil voltage-oscillation. Figure 3 shows the
differential sensing technique circuit.

Rectifier
Search
coil & LPF

I On-chip
S I comparator

Tl

Reference
coil

1260e |

Figure 3. Circuit summary

Only the search coil is exposed to the conductive target. The oscillation of the reference coil must remain
unchanged. In principle it is very much recommended to match the layouts (traces and component
placement) of the reference and search coil circuits and to then ensure the reference coil is kept as far as
possible from external signals/objects which could cause the reference oscillation envelope to change during
operation thus causing instability in the system. Therefore, the reference coil’s oscillation envelope is
considered the systems constant and acts as a baseline to measure against, it does/should not vary. Figure
4 shows the oscillation envelopes of a reference coil and a search coil in a both the damped and undamped

condition.

Undamped search coil oscillation

~ Reference coil oscillation

Damped search coil oscillation

L J
—

Qv

Figure 4. Oscillation post-half-wave-rectification and LPF

For binary detection, the only remaining task is to pick a point in time (w/r to the oscillation waveform
envelope) at which to compare the two signals to determine whether the search coils oscillation is undamped
(no target detected) or damped (target detected).

The differential measurement methodology provides a very robust measurement technique, with little effect
from temperature, voltage and component ageing (due to the common-mode nature these effects have being
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removed inherently due to the differential method principle of the sensing technique) that can typically
significantly impact commonly used absolute measurement methodologies.

Now that the differential sensing methodology has been defined — we can take a deep dive into the inductive
sensing circuit/physical behaviour to better understand how and why the principles work as well as how to
maximise the effectiveness of the technique.

1.1.2 Analysis — Core principles

As a conductive target enters the magnetic field generated by the inductor, eddy currents are induced. These
eddy currents are the source of the energy losses in the electro-magnetic field which cause the increased
damping of the LC circuits oscillation waveform, and a top-level illustration of this process can be seen in
Figure 5. In this section we will describe, with help from some familiar equations, the reason eddy currents
cause a dampening of the LC circuits oscillation with the hope to better understand how to maximise
efficiency for detecting the conductive targets.

L EM Field

I\

-

[>_____.-

-

\
-=d 4.4

)

Conductive Target

Figure 5. Electric Field Lines

Let’s start with the inductor’s role — first note that the inductor and capacitor form an oscillation circuit,
commonly referred to as a tank, LC tank or LC oscillator. The elements of this circuit have the following
properties: the inductor stores energy in the form of a magnetic field and the capacitor stores energy in the
form of an electric field. The circuit operates in cycles consisting of four phases of perpetuating operation
which shall be described in the following text, the initial operating conditions for the following explanation are
such that the capacitor is fully charged and should be considered at positive potential, and all
components/wire are ideal — shown in Figure 6.
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c1
470p

Figure 6. LC tank

First, we take the charged capacitor and connect it in parallel to the inductor. At the point of connection (t=0)
the potential (voltage) of the circuit is +V (capacitor voltage). Current flows from the capacitor to the inductor
and thus transfers energy stored in the capacitors electric field to the inductors magnetic field. During this
transfer the inductors magnetic field is “growing” with the increasing current flow — which is described in the
formulas below. Meanwhile the potential of the circuit drops with the discharging of the capacitor.

V—LM
T UAt

V=
At

Second, the capacitor becomes fully discharged & the circuit is at 0V potential with current through the
inductor now at a maximum. This means the inductor is no longer being driven and its magnetic field cannot
continue to grow. The inductors magnetic field therefore “collapses”, which results in the continued drive of
a (diminishing) current in the same direction, but of course, now this current is charging the capacitor.
Because the magnetic field is collapsing, the voltage of the circuit (and charge of the capacitors electric field)
is now negative.

Third, the inductors magnetic field has collapsed completely with no more energy to transfer and thus a zero
rate of change in the magnetic field results in no current being driven by the inductor. The circuit is at a
potential of -V.. Now the capacitor discharges as it did in the first step this time with a reversed polarity and
therefore reverse direction of current flow until the capacitor is fully discharged — remembering that the
inductors magnetic field is again “growing”.

Finally, the circuit potential is again at OV and the inductors magnetic field “collapses” once more. This time
charging the capacitor and building the circuits potential back to the initial +Ve.

The waveform described in the steps above can be observed in Figure 7.

Figure 7. LC Oscillator IV
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Note that sometimes in literature there is a negative sign in the equations for the voltage across an inductor.
This is in reference to the self-induced voltage of an inductor described by Lenz’s law in the case where the
inductor can be considered a voltage source. For our analysis we focus on the potential difference of the
inductor as a passive component which is best described using Kirchhoff’s voltage law which removes the
negative sign.

In an ideal circuit we can assume perfect energy transfer (zero-ESR components and ideal wire) — the period
of an oscillation is thus given as:

In a non-ideal circuit though, there are equivalent series resistances to each component as well as non-ideal
wire with parasitic capacitances, inductances & resistances which means during each energy transfer half-
cycle energy is inevitably lost in the form of heat and therefore the potential measured across the LC tank will
decay.

Now that we have established there is a “growing” and “collapsing” magnetic field produced by the inductor
during each oscillation cycle we can state there is a changing magnetic field. As there is a changing
magnetic field present there is an opportunity to transfer energy. This is explained by faradays law of
induction which states that when a conductor interacts with a changing magnetic field, a circular electric field
is induced in that conductor (here we will use the example of a conductive sheet) — described in the equation
below:

AD

= _N—
€ At

This electric field drives circular currents around the conductive sheet, these currents are known as Eddy
currents. These Eddy currents result in power dissipation, given by the following equation:

_ m?Bjd*f?
6kpD
Where:
e Pis the power lost per unit mass (W/kg),
o By is the peak magnetic field (T),
e dis the thickness of the sheet or diameter of the wire (m),
e fis the frequency (Hz),
e kis a constant equal to 1 for a thin sheet and 2 for a thin wire,
e pis the resistivity of the material (Q m), and
e D is the density of the material (kg/m?3)

To sum up the information the eddy currents power dissipation equation gives us specifically impacting
inductive proximity sensing applications (for which the designer can control):

1. A more conductive material (lower resistance) will cause a larger power loss.

2. A thicker material will cause a larger power loss.

3. The larger the frequency of oscillation i.e., the smaller the value of vLC (assuming no skin effect)
the larger the power loss.

4. The larger the (peak) magnetic field the larger the power loss.

As for what this means for the sensing technique employed by Renesas, we want to increase the damping of
the sensor circuits signal, that is, maximise the power loss of the eddy currents at the distance of interest.
This ensures the largest difference in signal decay between a coil exposed to a conductive sheet and one
which is not. This in turn makes determining the presence of a conductive target easier due to the more
easily distinguishable decay profile between a circuit exposed to a conductive sheet (sensor) and one which
is not (the reference).

RO1AN7132EG0100 Rev.1.00 Page 6 of 19
Mar.05.24 RENESAS



Renesas RL78 Family Inductive Proximity Sensing with RL78/G23

To summarise, the damping of the oscillation envelope in the presence of a conductive target does in fact
result from the eddy currents induced in the conductive target and the factors which influence that energy
loss have been outlined.

An illustration of the field interactions, and subsequently the eddy currents, can be seen in Figure 8.

L EM Field

L, L L ieddy EM Field

Conductive Target

Figure 8. EM Fields

Note how in both Figure 5 & Figure 8 the conductor is interacting with the magnetic field lines where the lines
are densest. This is out-of-the-side of the inductor i.e., looking down the core of the inductor — this is to
ensure the conductor is interacting with the magnetic field where it is at its “strongest” i.e., the region of the
field where the flux density is at its largest. This is the most efficient way of inducing a larger eddy current
which will in turn increase the loading (and therefore energy transfer) from the inductors magnetic field which
results in increased damping of LC voltage waveform.

So far, we have discussed the principles inductive sense from both top level and analytical points of view —
the final piece of the puzzle lies in the implementation — next we describe; the circuitry required to implement
the inductive sense solution, external signals required and output signal stages.
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1.1.3 Circuitry — Components & constructs

We have described LC circuit oscillation so far using a model involving an initially charged capacitor — in the
real world the initial charge must be applied and controlled. To trigger the LC circuit into oscillation the LC
circuit must first be charged with what is named an excitation pulse. This is performed with a small logic-

level P-channel FET. The MCU creates a narrow pulse just long enough to saturate the LC circuit. The LC
circuit will then self-oscillate around 0V.

A small signal diode is then used to half-wave rectify this signal to remove the negative transition and make
the signal compatible with the MCU /O pin range. The oscillation the undergoes two stage filtering.

e The main (first) filter is used to smooth out the bulk of the oscillation and create the foundation for
the output oscillation envelope.

Note a bleed (discharge) resistor is used to ensure that the filter is discharged to match the
original oscillation envelope.

e Aripple reduction (second filter) is used to remove the residual ripple to try and smoothen the

envelope as much as possible without causing the output signals decay to drift from that of the
original envelopes decay.

The signal is then presented to the MCU on-chip comparator input - Figure 9 shows the complete excitation
and filter circuitry — in this image L2 is the sense/reference coil.

Sensor Half-wave Main filter
excitation rectifier discharge
vear resistor
COIL 0 L]
1K | gﬁmsn
D2
1 1N4148W-E3-08 RS & v

—1
c14
i 56pF

Ripple
LC oscillator Main filter reduction

Figure 9. Excitation and filter circuit

Below in Figure 10 are presented the practical waveforms of an LC excitation and filter circuit. Remember
that this circuit exists or both the reference and search coils in a simple single search coil application (Figure

3) — we will see later how to implements different sense architectures to maximise our search-coil-to-
component-count ratio.

| f Green: Sensor excitation signal (Coil_0)

LIA I, Blue: Half-wave rectified oscillation

Figure 10. Practical measurements of LC circuit

After covering the “what” and “how” of inductive proximity sensing, next to be discussed is the architecture
and system level design of inductive proximity sensing.
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1.2 Inductive Proximity Sensing System

The following section will explore the details of constructing the inductive proximity sensing solution from
coils & materials to sensor sequencing and topologies.

1.2.1 Target and Coils
The sensing target must be constructed from an electrically conductive material — the shape and size of the
target is application specific but an object with larger surface area capable of intercepting more of the LC
circuits electric field will dampen the oscillation of the search coil more than a target with less surface area
(see Analysis — Core principle).

As for the coils (search and reference), any (matched) inductor can be used but typically inductors whose
fields can be concentrated and directed are the ones desired, commonly used inductors include:

Coil Type

Positives

Negatives

Ferrite-cored

Established technology, typically wire-

Severely effected by external

Figure 11 wound around a custom ferrite core. magnetic field and cannot be placed
Compact size suitable for small sensors — in proximity of each other due to
used commonly in threaded industrial cross-sensor coupling. Shielded

sensors are possible but suffer with
Sensors. o

lower sensitivity.

Poor sensitivity distance and

expensive BoM item

Air-cored Established technology, typically fabricated Mid to high-end PCB fabrication

Planar from a multi-layer PCB trace. technology required to reliably

Figure 12 manufacture the coil.

DC Magnetic field immune and can be
closely co-located without cross-over
coupling.

High sensitivity — coil diameter directly
determines the sensitivity distance.

Spiral pattern considered difficult to
design, but there are on-line design
tools available that create layout
patterns.

Coll fitted in tip of sensor

Figure 11. Ferrite-cored inductor

RO1AN7132EG0100 Rev.1.00

Mar.05.24

RENESAS

Page 9 of 19




Renesas RL78 Family Inductive Proximity Sensing with RL78/G23

Figure 12. Air-cored Planar Inductor

1.2.2 Single and Multi-Sense Architectures

There exist two sensor topologies; single and multiple — the following section describes these topologies in
detail. It is worth noting that when referring to the number of sensors, actually being referred to are the
number of search coils required, as the number of references can change depending on the topology, but
the number of search coils is a function of application requirements.

As shown in Figure 9 the circuitry for each search and reference coil there exists 3 portions of circuitry.
e Excitation (PFET, inductor & capacitor)
e Recitification (Diode)
o Filter (3x Resistors & 2x Capacitors)

When a single sensor is required, the architecture is illustrated in Figure 3 where there exists a single search
and reference coil each consisting of all three stages required, excitation, rectification & filtering.

When two or more sensors are to be sampled there becomes two choices architecturally speaking. These
choices are driven by the requirements on the sequencing of the sampling, which will be covered in detail in
the next section. But it is worth briefly mentioning that there exist two multi-sensor sequencing options, and
these are sequential and simultaneous sampling. And depending on the architectural requirements search
coils may share filtering circuits and/or reference coils which impacts the total circuit components required &
number of comparators required in the system.

Both architectures are illustrated in the Figure 13 & Figure 14.

Rectifier

Search & LPF

coil 1

l On-chip
S comparator
Reference
coil — —

1ebie]

1ebie)

Figure 13. Simultaneous Sensing
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Sensor Half-wave Main fitter
excitation rectifier discharge
e resistor
-{...._._P—M . L
1 N 308
i M
wls 4
ol :
IE 4 Sansor #1
Ripple
LC oscillator Main fitter reduction
Coil_Drive_2 I &
® B e

Juz
4 Sensor #2

To next sensor

Figure 14. Sequential Sensing (search coil - OR diode)

The table below summarises the minimum possible circuit component requirements for each architecture,

grouped into stages as follows.
.
.
.

e  Number of comparators

Number of excitation circuits (search & reference)
Number of search filter circuits (search & reference)

Number of search rectification diodes (search & reference)

Search Reference
Architecture Excitation | Filter Rectifier | Excitation Filter Rectifier | Comparators
circuit circuit diode circuit circuit diode

Single Sensor 1 1 1 1 1 1 1
N x Multi-sensor N 1 N 1 1 1 1

(sequential)
N x Multi-sensor N N N 1 1 1 N
(simultaneous)

The table above indicates that a single reference is needed for any number of sensors — there exists an
exception to this rule. In a system where there is a requirement for more than a single coil type — that is there
are both ferrite cored coils & air cored coils required, perhaps for mechanical reasons — or variations in the
LC circuit is required, i.e. varying L values between search coils which will affect sense distance — a
reference coil must exist to match each of these configurations.

RO1AN7132EG0100 Rev.1.00
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1.2.3 Sensor Sequencing

In the previous section sensor sequencing was introduced. This section will describe the sensors sequencing
mechanisms which exist. The sequences which exist are Single, Multiple Sequential & Multiple
Simultaneous.

Single sensor sampling can be used to detect independent proximity events i.e., button press, actuator end
position, event counting etc — for this architecture a single sense coil circuit & single matched reference coil
circuit are both required with a single comparator.

Multiple sequential sensor sampling is a technique whereby multiple sensors are arranged such that a
non-time-critical linked proximity event can be sensed. Here the sensors are scanned, one after another —
examples of this would be in multiple key-press detection, multi-point actuator positioning (Figure 15) and
rotary switch position detection.

Figure 15. Linear actuator with multiple sensors

Multiple simultaneous sensor sampling is a technique whereby multiple sensors are arranged such that
the sensors are sampled simultaneously — this is useful in application where simultaneous proximity events
are critical — an example of this is rotational shaft speed sensors with direction detection (Figure 16).

Figure 16. Rotational liquid flow sense with multiple sensors

RO1AN7132EG0100 Rev.1.00 Page 12 of 19
Mar.05.24 RENESAS




Renesas RL78 Family

Inductive Proximity Sensing with RL78/G23

2. RL78/G23 PoC Architecture

The following section outlines the RL78/G23 inductive sense proof of concept architecture — covering the

peripheral resources consumed, memory footprint, scan times & hardware blocks.

2.1 Architectural Diagram
The diagram shown in Figure 17 outlines the hardware and peripheral blocks used in constructing the

solution.

'
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Figure 17. System architecture visual aid

2.2 Peripheral and Software Resource Consumption
For a detailed breakdown of the peripheral & software resource consumption please see

R12UZ0106EG0100.
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3. RL78/G23 Inductive Sense PoC

The RL78/G23 Inductive Sense Shield PoC encompasses the Inductive Sense Shield hardware and the
software, both binary and source, written for the RL78/G23 64pin FPB.

The combination of these units demonstrates the RL78/G23’s capabilities in performing Inductive Proximity
Sensing using the novel differential technique (1.1.1). The PoC in full performs conductive target proximity
sensing on; ferrite cored inductors, PCB planar inductors (printed coils) & rotational direction sensing on PCB
planar inductors. The following section explains the implementation details of the technology from a systems
design perspective — that is the tuning of the sensitivity and sensing thresholds of these coils and the
specifics of the power consumption and the effect that the inductive sense scan has on a systems power
consumption.

3.1 Tuning

The differential sensing technique employed with the Renesas Inductive Sense Shield solution alleviates the
need for run time calibration or offset compensation but does require, at the time of solution development,
tuning. The tuning is performed by manipulating the individual pulse width timings for the reference and
search coils, and the pulse delays relative to each coil. We typically describe the timings of the search coil
relative to that of the reference coil i.e., the search coil pulse is lagging/in-phase/leading the reference coil.
The final parameter involved with the tuning process is the measurement time, which is the delay between
the start of the one-shot timers for both coils and the point at which a measurement/comparison of the coils
decaying output waveforms is performed.

To summarise these parameters:

o Reference Coil Pulse Width — The “on-time” of the FET used to charge the LC tank for the reference
coil.

e Search Coil Pulse Width — The “on-time” of the FET used to charge the LC tank for the search coil.

e Search Coil Delay — The start time of the search coils pulse relative to the reference coils pulse.

e Measurement Time — The time between starting both the search and reference coils one-shot pulse
timers and when to perform the measurement/comparison of their decaying waveforms.

TAUG2-03: Reference
coil excitation

One-shot pulse output: Master {even)

channel controls delay and siave (odd)
channel controls pulse width

Measurement cycle triggered: t=0 }— | l
\Air-cored typ. 3us
TAUOO: .‘\

TAUG4-05: Search
coil excitation

-
———a

Reference coil

— excitation

Search coil
excitation

—
Advanced or retarded relative

\| TAUGO - When sample point timer expires:
| - Interrupt fires — ISR CPU reads comparator, sets LED

|| states and manipulates sensor counter.
to reference coil
Advance/Retord timing parameter is
programmable through user i/f

Reference coil oscillation
7 Damped search coil oscillation
-
&t ~

{ Advance Retard Advanced or retarded search oscillation allows
for tuning the damped condition detection

threshold

Figure 18. Timing diagram of tuneable parameters

The most influential factor in tuning this system is the search coil delay. Figure 18 shows the affect this
parameter has on the damped envelope at the point of measurement. By advancing or retarding the search
coils excitation relative to the reference coil we can finely tune the detection threshold for determining the
presence of a conductive target.
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3.2 Power Consumption

Inductive proximity sensing is a low power technology and can be used in battery powered applications. The
following section will dissect the power consumption from a systems perspective — enabling a designer to
determine the impact implementing Inductive proximity sensing has on their systems power supply.

SYSTEM CURRENT MEASURED DURING L-SENSE SCAN

0

039155 0.3916 039165 0.3917 039175 0.3913 0.3891385 0.3919

-0.001
Measurement Time []

Figure 19. Current Consumption During Scan

The data presented in Figure 19 has been manipulated to remove static currents on the inductive sense
shield and RL78/G23 FPB. Namely the FTDI USB-UART circuitry & the de-multiplexers inputting to the on-
board comparator used to select which coil group to measure.

When analysing the data in Figure 19 two observations are apparent.

1. There are 3 current spikes, labelled 1, 2 & 3. Each of these three spikes represent the group of coils as
they are being scanned.

2. The basal running current of the RL78/G23 is approx. 3mA. As seen by the inflection at the end of the 3™
peak before returning to the low power STOP mode.
This has been cross referenced with internal device settings and the hardware user manual.

From this information we can now infer the current requirements for energising the LC tank circuits of each
coil within each group. Note that the system voltage is 3.3V.

Using the basal operating current of the RL78/G23 & the data contained in the graph in Figure 19, the table
below is populated to describe the individual current consumptions associated with each individual coil
circuit. To compute the peak current & average per coil, the following formulas were applied to the data in the
graphs respectively.

Peak Average
Rotation Planar Ferrite Rotation Planar Ferrite
(Planar) (Planar)
1.122 mA 0.895 mA 0.714 mA 0.634 mA 0.581 mA 0.454 mA

Finally combing all the information above the total average current of a full scan (every coil in every group) is
observed to be 1.476 mA.
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3.2.1 Observations

The currents presented in this document are the measured system currents, which is the currents into VDD
of the board during operation — not those directly into the LC circuits as they would be best described as in-
rush currents. The reason these current peaks have such a noticeable gradient is that the system has a
substantial capacitance as observed from the power-supply which includes the VDD decoupling capacitors,
and the parasitic capacitances associated with the board — this ensures the current demand on the power-
supply is not too aggressive in that the peaks are smoothed due to the capacitance providing the
current/energy used to energise the LC circuits.

As such a worthy design note is to use low-ESR decoupling capacitors in this system to ensure energy
transfer from the capacitors into the demanding LC circuits can be sustained without loading the power
supply or any on board regulators too much.
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4. Conclusion

The differential inductive proximity sensing technique described in this application note is targeted at the
binary distinction between the presence or lack of a conductive target. The lack of mechanical parts paired
with the differential nature of the technology makes this a robust & reliable design choice. Enabling this
technology with the RL78/G23 brings the optimum combination of low power, high performance & built-in
peripheral features to make this a true low cost & low power solution for markets including, but not limited to:

¢ White goods (buttons and rotary dials)

e Industrial/factory automation (Item detection and end-stop)

e HMI (buttons and rotary dials)

¢ Rotation counting (Water meters and impeller speed/direction detection)
¢ Medical (buttons and rotary dials)

This application note describes the fundamental principles of the inductive sensing and how the Renesas
RL78/G23 PoC enables this technology. For information on making modifications/customisations or
extensions on the implementation of the PoC, please see the related documentation for the relevant
hardware, linked in the next page.
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Renesas RL78 Family Inductive Proximity Sensing with RL78/G23

Website and Support

Visit the following URLSs to learn about the kit and the RL78 family of microcontrollers, download tools and
documentation, and get support.

Y-DKPROX-SENSOR-SHIELD-RL78G23 RL78/G23 Inductive Proximity Sensor Shield

Sensor Shield Schematic RL78/G23 Inductive Proximity Sensor Shield Schematic
Sensor Shield Quick Start Guide R12QS0054EG0100

Sensor Shield User Manual R12UZ0106EG0100

RL78/G23 64p FPB Resources RL78/G23-64p Fast Prototyping Board | Renesas

RL78 Product Information RL78 Low Power 8 & 16-bit MCUs | Renesas

RL78 Product Support Forum RenesasRulz

RL78 Videos RL78 Family Software & Tool Course | Renesas

Renesas Support renesas.com/support
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https://www.renesas.com/kr/en/products/microcontrollers-microprocessors/rl78-low-power-8-16-bit-mcus/y-dkprox-sensor-shield-rl78g23-rl78g23-inductive-proximity-sensor-shield-solution-board
https://www.renesas.com/kr/en/document/sch/rl78g23-inductive-proximity-sensor-shield-schematic?language=en&r=1614761
https://www.renesas.com/kr/en/document/qsg/rl78g23-inductive-proximity-sensor-shield-quick-start-guide-rev100?language=en&r=1614761
https://www.renesas.com/kr/en/document/mat/rl78g23-inductive-proximity-sensor-shield-users-manual-rev100?language=en&r=1614761
https://www.renesas.com/us/en/products/microcontrollers-microprocessors/rl78-low-power-8-16-bit-mcus/rtk7rlg230clg000bj-rl78g23-64p-fast-prototyping-board
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https://www.renesas.com/us/en/software-tool/rl78-software-tool-course
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.
1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
2. Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external
reset pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states
of pins in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power

reaches the level at which resetting is specified.
3. Input of signal during power-off state

Do not input signals or an 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /0
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
4. Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity
of the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
5. Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
6. Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vix (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between ViL (Max.) and Vi (Min.).
7. Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
8. Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in
terms of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic
values, operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a

system-evaluation test for the given product.



Notice
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12.

13.
14.

(Note1)

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use
of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics
disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product
that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

“Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/.

© 2024 Renesas Electronics Corporation. All rights reserved.
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