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Summary

Touch panel microcomputer R8C/33T group builds hardware (SCU: sensor control unit) that perceives the contact of
the human body by measuring the stray capacity generated between the touch electrode and the human body into.

In this application note, we provide the optimization of slider electrodes shape and the detection method regarding the
slider function that detects finger speed and direction in one-dimensional space.

Object device
R8C/33T group
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R8C/33T Group Details of touch slider detection principle

1. Slider electrode

1.1 What is the slider electrode

The slider electrodes detect a finger speed and direction that the single electrode can not do. And it is possible to
enhance the resolution using the same electrodes and the centroid computation.. By these features, the slider is used for
the customer product to control the sound volume of audio, fire power of oven, brightness of lighting and etc.

1.2 Slider electrode shape

The slider electrodes should be over-lapped to continuously detect the capacitance because it uses to changing
capacitance as a finger movement. Figure 1-1,Figure 1-2 and Figure 1-3 show the shape of the slider electrodes.
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igure 1-1  Normal electrodes Figure 1-2 Electrodes with single “V’ shape
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Figure 1-3  Electrodes with double "V’ shape

1.3 Slider electrodes shape and it’s characteristic
In this chapter, we show the verification result of the relation between numbers of “V’ shape and slider characteristic.

(“V’ shape is shown Figure 1-1,1-2,1-3)

1.3.1 Verification of slider characteristic

The slider characteristic is vivificated as follows;

i) The capacitances of each electro lodes are measured with moving touch position on these
electrodes.
i) Change value of capacitance is calculated by the following expressions.

Z (Change value of capacitance) = n, *(-2)+n,,, *(-1)+n,,, *1+n, ,*2
(ni: value of each electrode) (i: Electrode humber)

Figure 1-4 shows the image chart that a left electrode is defined as electrode 1.
Center
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Figure 1-4  Operational expression image

iii) The change value linearity for touch point is compared with each slider shapes by plotting the chart of
touch position and Z(Change value of the capacitance).
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R8C/33T Group

Details of touch slider detection principle

1.3.2 Basic characterist

ic

Figure 1-6, figure 1-7 and Figure 1-8 show the basic characteristic of each slider shape. And Figure 1-5 shows the
tracks of touch and the slider size that use to measure these results.
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Figure 1-7 Electrodes with single ‘v’ shape Figure 1-8 Electrodes with double “V’ shape
As shown Figure 1-6, 1-7 and 1-8, the best slider shape is the electrodes with single “V’ shape.
As a result, because all electrodes of the capacitance change are used for this verification, it is better for basic
characteristic that the electrodes overlap each other.
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R8C/33T Group

Details of touch slider detection principle

1.3.3 Touch position characteristic

Figure 1-10 to 1-12 show the touch position characteristic of each slider electrodes single, double, triple ‘v’ shape. As
shown Figure 1-9, the capacitance changes measured with changing the starting position of touch. The starting position
was changed vertically (direction of Y) between +/- 8mm per 2mm.
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Figure 1-11  Electrodes with double “V’ shape
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As shown Figurel-10 to 12, the double or triple Vv’ shape are better than single “V’ shape for stability and lineally of

touch.
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R8C/33T Group Details of touch slider detection principle

1.3.4 Electrode interference characteristic

By the results above, the optimum requirements of the slider are as follows;

‘V’ shape electrode geometry;

The linearity of the capacitance change be kept by effecting each “V’ shape electrodes.
Double or Triple “V’ shapes.

—The capacitance change difference by the touch position can be reduced.

As the other requirement, we should consider the touch sensitivity. Increasing number of ‘v’ shape makes the area of
each electrodes contact large. Then the parasitic capacitance increase and the touch sensitivity become bad. The double
“V” is the best shape for the touch sensitivity.

As all requirements above, the best shape of the slider is the double “V’ shape.

Then, we verified the electrodes interference characteristic for the basic characteristic improvement of double “V” shape.
For improvement of the linearity, we verified the capacity change characteristic by making the slider electrode as shown
Figure 1-13,Figure 1-14. As shown Figure 1-14, ‘V’ shape is modified sharp and long to increase the electrode
interference each other.
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The verification results show the improvement of linearity by increasing the electrode interference.
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R8C/33T Group Details of touch slider detection principle

1.35 Electrode interval characteristic and amount of change
As the result above, Increasing the electrode interference is good for the improvement of linearity. But increasing the
electrode interference makes the detecting of touch or not goes bad because of increasing the parasitic capacitance.
Then, we verified the change value of touch or not to modify the electrodes gap. We made two kinds (0.5mm & 0.8mm)
of sliders and measured it. Figure 1-15 & Figure 1-16 show the result.

)§§é§ ==

—1 —CHO ——GCH) cHa ——{—— cHO —CHI CH2  CH3I——
—— CH4 —cHE - GHﬁ —{:H'.I' ! { i|——0H4e—CHS — GHE —CHT ;.
*é 1y == . i - et i § ; ; i ; n_lv T '\I ¥
5 % 5 [ Apilegs
S 70 5 ke (L Jllﬁ |'|i|||-|,.n:"
S 5 s |4l AITERE LTI RN
= o0 2 I g ﬁs\-f;'h-;' f
c_?s &b c_?s ) b .. E]ﬂ _|_.i -1 : i . \
S S - / : : I1J'
5} I5) r *ﬂ . : \ .
=2 o | ' ;
c c ! i . i
g B 960
_ iu)' ' / #ll'.,'
u :
LW ‘%ﬁ_ﬂﬁ e
-8 -7 -6 -5 -4 -3 -2 -1 0 10 20 30 40 50 60 70 80 -8 -7 -6 -5 -4 -3 -2 -1 0 i0 20 J0 40 50 60 70 80
0 000D 0O DO 0 00 O0OCO0O0O
Touch position (mm) Touch position (mm)
Figure 1-15 electrodes gap 0.5mm Figure 1-16  electrodes gap 0.8mm
S T . ; : 300 . - . S T I

200

R

[<3] i
S :
< ! :
G ! : :
8 : . . e "WEE- - : - — : - — L
£ -80 -70 -0 -50 -40 -30 - 1 20 30 40 50 60 To @
g G i & P : T S R (A S
§ =100
"~200° g T ©[— 05mm
A T S M .. |— o8mm
- l_ —— e . - _san— - T

Touch position (mm)

Figure 1-17  0.5mm,0.8mm gap characteristic

As the result, the electrodes gap 0.8mm makes the change value of touch increase. And Figure 1-17 shows the basic
characteristic of 0.5mm & 0.8mm gap. Even the electrodes gap is modified , it is no inference to the capacitance change.
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R8C/33T Group Details of touch slider detection principle

1.3.6 Summary of the best electrodes shape
Ground on the result above, the best electrodes shape of slider is as follows;

The double “V’ shape
The “V’ shape is made sharp and long to overlaps each electrodes.
The gap of the electrodes is about 0.8mm.

The double “V’ shape

The gap of the electrodes is about 0.8mm |

The “V’ shape is made sharp and long to overlaps each electrodes. |

Notice; It is only an example shape of slider. Please modify it for your system, environment, and etc. Because the touch
sensitivity is depend on the target of touch detecting (such as light touch or strong touch), the board condition (such as
length of line, circuit constants and etc.), external or internal environments and so on.
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R8C/33T Group Details of touch slider detection principle

2. Application example of Slider process

2.1 Example flowchart for slider process
Figure 2-1 shows the flowchart of slider process.
First, the measurement value by R8C/33T SCU is judged which CH touches. If the slider electrodes CH are touched,

slider calculation process is started. The drift process is stopped because slider calculation should calculate some
electrodes. After calculation, the slider CH id decoded. Please refer the application note regarding the drift process.

| g Measurement (H/W)

v

Calculation amount of
judgemnt value

Is key touch judged ?

Yes

Slider calculation

v

Channel decode process

Figure 2-1 The flowchart of slider process
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R8C/33T Group Details of touch slider detection principle

2.2 Slider calculation
Figure 2-2 shows the slider image. We describe it as follows;

A Target of slider control

Figure 2-2 slider image

Control parameters:

Ncount[x] : Measurement value of channels 1 - channel 6

Nref[x] : Reference values of channels 1 - channel 6

Nthr[x] : Amount of threshold change of channels 1 - channel 6
ZCNTx : Amount of judgement value of channels 1 - channel 6

Sldsum = /JICNT1+/CNT2+/CNT3+CNT4+CNT5+CNT6
: Amount of judgement values of channels 1 - channel 6
Sldthr : Threshold change values for Sldum

Nsld_dif : Result of the slider calculation

Control process

Multi touch canceling is judged according to the judgement value of all channels composing the slider.

Condition of key touch judgement
Ax = Nref[x]- Ncount[x]
Sldsum = A1)+ A2)+A@B)+A(4)+.A(5)+(6)
Sldsum > Sldthr

Sldthr is amount threshold change for Sldum. Because the values are effect by the shape of slider electrode(s) and
wiring, Sldthr must to be calculated according to each case.

Slider calculation

In case of a slider consisting 6 channels, a formula is as follows. The minimum value is 100 and the maximum value is
600

1* /ICNT1 + 2* ACNT2 + 3* /ICNT3 +- - - -+ 6* /ICNT6
/ICNT1 + /ICNT2 + ACNT3 +----+ /ICNT6

Nsld_dif =
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R8C/33T Group Details of touch slider detection principle

2.3 Channel decode process
For example, the image below divides a slider electrode of 6 channels into 12 positions.

R8C/33T starts the channel decode process from Spos12. The order of channel decode process is
Spos12 -> Sposll -> Spos10 -> ... Schl

100 600
. < 500 >
min max
| | | | | |
Bchl Bch2 Bch3 Bch4 Bch5 Bch6
Spos Spos Spos Spos Spos Spos Spos Spos Spos Spos Spos Spos
1 2 3 4 5 6 7 8 9 10 11 12
A

Figure2-3  The image of the channel decode process

Bchx : An electrode channel of the slider

Sposx  : A decoded position of the slider

An example of the channel decode process to Spos12
Nsld_dif >= (dif_val/SId_ch_max*11)+Nsld_dif_min

Nsld_dif . A calculated value of the slider

dif_val . difference value of the calculation (600-100=500)
Sld_pos_max : The number of slider positions (12)

Nsld_dif_min  : The minimum value of the calculation (100)

The value denoted by (A) in Figure2-3 is as follows.
A =(500/12*11)+100
=558.33

Therefore, Spos12 is touched when the * is in a range from 558 to 600.

The slider sample codes show as follows.
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Website and Support

Renesas Electronics Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/contact/

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes on the
products covered by this manual, refer to the relevant sections of the manual. If the descriptions under General
Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each other, the
description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord 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 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. Unused pins should be handled as
described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment 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 moment 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 moment 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 moment when power is supplied until the power reaches the level at
which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do not access
these addresses; the correct operation of LSI is not guaranteed if they are accessed.

. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become stable.
When switching the clock signal during program execution, wait until the target clock signal has
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.
Moreover, 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.

. Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm that the

change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may differ
because of the differences in internal memory capacity and layout pattern. When changing to
products of different type numbers, implement a system-evaluation test for each of the products.




Notice

1. 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 of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of 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. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or

third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. El ics products are i ing to the following two quality grades: "Standard” and "High Quality". The recommended 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; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor 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 damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, 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,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics
products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes
no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.

9. Renesas Electronics products and technology may 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 should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10.

o

It is the responsibility of the buyer or distributor of Renesas El products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the

contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.
11. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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