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Introduction
A reliable touch product depends on the development of good PCB/ITO/FPC layout and mechanical
structure design. If the layout is poorly designed, then this can create poor touch sensitivity or other
abnormal phenomenon. This application note will introduce some common rules about touch
PCB/ITO/FPC layout design.

PCB / ITO / FPC Layout Description
Routing Methods
1. The 104 capacitor between the VDD and VSS pins on the IC must be placed as close as possible
to the device and the power supply is routed parallel to the IC power supply pins. If the VDD
pin is routed into the IC, it should not be drawn out. If the VDD supply is also required elsewhere,
it is recommended to separate the routing lines before they connect to the 104 capacitor.

Figure 1. Correct IC Power Routings
(VDD and GND will not branch after being connected to the IC through capacitor)

Figure 2. False IC Power Routings
(VDD and GND will branch after being connected to the IC through capacitor)
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2. For the IC integrated with LDO, during power routing it should be noted that the GND net end of
the grounded capacitor of the IC CLDO pin requires the shortest path to back to the power input.
The C34 GND net is shown in figure 3 and the PCB layout is shown in figure 4. The routing goes
directly to back to the power input in the shortest path and no longer branches to other components.

Figure 3. IC CLDO Pin and Grounded Capacitor

Figure 4. CLDO Grounded Capacitor Correct Routings
3. For multiple-key routing, the routing lengths from the sense pad to MCU touch pin should be
as consistent as possible. Here the IC should be placed at the center of multiple keys. This will
result in relatively consistent touch key effects for the touch key RC characteristics.

Figure 5. Ideal Touch Routings

Figure 6. Non-ideal Touch Routings
4. The routings from the sense pad to MCU touch pins should be as short and thin as possible, here
a width of 7~10mil is suggested. It is recommended to reserve layout area for the capacitor to GND.
5. The Holtek touch ICs have 4 keys in a single module. Here, K1 to K4 is a group, K5 to K8 is a
group and so on. For applications with more than 4 keys, then keys K1, K5, K9,...(K2, K6,
K10...) will be detected synchronously during the touch detection process. Taking16 keys as an
example, if keys K1, K5, K9 and K13 are not separated by a GND line, they may experience
interference or they may interfere with each other which will cause erroneous operation during
touch detection. Therefore, it is necessary to separate the touch keys in the same position on the
touch module.
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6. For the touch key routings, it is recommended to use direct routings without vias and changing
layers. If it is not possible, the number of vias should not exceed 2.
7. The touch routings should be kept as far away as possible from high frequency signal lines, such
as RF antennas, I2C and SPI communication lines etc. If it is unavoidable, it is recommended
that the routings should not be parallel.
8. If ITO is used as touch material, for the touch routings in version A devices, the impedance
should be less than 5kΩ while it should be less than 1kΩ in version C devices. The smaller the
impedance is, the easier it is to adjust the sensitivity. In order to ensure that the touch key can
operate correctly, the routing lines to the key should not cause erroneous operation. Here the
touch routings should be as thin as possible, however thinner tracks will have higher impedance.
To resolve these conflicting requirements, it is recommended to use the following formula
during design, (Pad area ×20%) / 15 > ITO routing width.
For example：(10mm×10mm×20%) / 15 = 1.333mm. Therefore, when the Pad area of the ITO
is 10×10mm, the routing width of the ITO impedance should be less than 1.333mm.

Pad Design
Applications must consider the pad shape and size during the design process as this will affect the
sense pad sensitivity. The sense pad shape can be round, square, triangular, hollowed-out shape or
other shapes. A round shape is generally recommended. Square shapes can be used when the pad
area is small. The sensing effects will be improved by increasing the sense area. In addition,
hollowed-out shapes are normally used in cases where the touch key is required to incorporate a
display light which indicates when the touch key has been pressed.

Figure 7. Round Shape

Figure 8. Square Shape

Figure 9. Spring Hollowed-out Shape
PCB Copper
LED Indicator

Hollowed-out

Figure 10. PCB Copper Hollowed-out Shape
The sense pad shape will be different according to specific product applications. The most common
applications are key, slide and wheel. Considerations for the above applications will be described
in the following section.
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Single Key
1. When a sense pad is used for a single key, it is recommended that it has a diameter of 10~15mm,
which is in line with a human finger size. If ITO is used as the touch material, it is recommended
that it has a diameter of 8~15mm.
2. The distance between adjacent sense pads should be more than 2.5mm. However, when ITO is
used as the touch material, it is recommended that the distance should be more than 2.0mm.
3. If the key is required to incorporate a display light, then a hole should be drilled through the
center of the sensor pad and an LED located in the middle. It is recommended that the area of
the hole should be less than 1/4 of the sense pad area.

Slide & Wheel
1. Slide and wheel applications should be composed of three or more sense pads. The combination
mode can be key combination shape, zig-zag shape, etc., which can be selected according to
different applications.
2. It is recommended that the distance between the adjacent sense pads is 0.3~0.5mm. If ITO
material is used, it is recommended that they have a distance of 0.3~1.0mm.
3. The sense pad which has a key combination shape is composed of sense keys. It will have a
rapid reaction speed and an accurate position state, but will require more touch keys.
4. A zig-zag sense pad can calculate direction and touch position using a software algorithm. It has
a higher resolution, but the position will have a deviation and the reaction speed will be low. It
only requires a few touch keys for applications.

Figure 11. Slide with Key Combination

Figure 12. Zig-zag Slide

Figure 13. Wheel with Key Combination
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Ground Layer
Considerations
1. The ground layer needs to consider the sense pad and the sense range distance, however not
every product has the same design.
2. The area around the sensor pad should be covered with a ground layer which can effectively
avoid any radiated electric field interference. It is recommended that the distance between the
sense pad and the ground layer is 20~80mil.

Distance of 20~80mil

Figure 15. Distance between Sense Pad and Ground Layer
3. The PCB thickness should be less than 1.0mm or use the FPC board PCB directly. For the sensor
pad layout, it is recommended that the area below the sensor pad is not covered with a ground
layer and do not connect to other signal lines.
4. If the PCB thickness is more than 1.0mm and the panel is not very thick (when using acrylic
material, the acrylic thickness should not be more than 3.0mm), it is recommended that the area
below the sensor pad should be covered with a ground layer. This layer should use a grid form
with a line width of 10mil and grid spacing of 80mil.

It is recommended to use a grid form with a line width of 10mil and grid spacing of 80mil.

Figure 16. Area below Sensor Pad Covered with a Ground Layer
5. If the PCB panel is thick (when using acrylic material, the acrylic thickness can be greater than
4.0mm), it is recommended that the area below the sensor pad is not covered with a ground layer.
6. If the FPC is used for the touch material, the area below the sensor pad and touch routings cannot
be covered with a ground layer, otherwise the sensitivity may not be easy to adjust.

Sense Pad Materials
There are 6 common sense pad materials which include PCB copper, flat-top spring, conducting
cotton, silver paste membrane keys, FPC soft circuit board and ITO etching. Currently, PCB copper
and flat-top spring are more commonly used.
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Figure 17. PCB Copper

Figure 18. Flat-top Spring

Figure 19. Conducting Cotton

Figure 20. Silver Paste Membrane Keys

Figure 21. FPC

Figure 22. ITO

Mechanical Structure Design
Considerations
1. The panel in direct contact with the sensor pad should select insulating or non-conductive
materials.
2. The panel thickness should be as thin as possible. It is recommended that the acrylic thickness
should not be more than 5.0mm for single touch keys, although an ideal thickness of no more
than 3.0mm is suggested. For slide and wheel types, the ideal thickness of no more than 2.0mm
is suggested.
3. It is recommended that a panel material with a dielectric constant between 1.5 and 4 is used.
Examples would be glass, acrylic, plastic etc. If the dielectric constant is too small, the touch
sensitivity will be poor. If the dielectric constant is too large, then erroneous key triggers may
occur.
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4. If the panel must use metal plating or other conducting materials, maintain an isolation ring on
the edge of the key area to isolate other sense pads. The distance should not be less than 2.0mm.
If the structure allows, it is better to connect it to the ground layer. The sensor pad size should
be slightly larger than that of an adult finger, a size of 10~15mm is suggested.
Metal-plating Panel
Metal-plating Pad
Isolated Area
(Distance>2.0mm)

Figure 23. Distance of Metal Panel Design
5. There should be no air gap between the sense pad and the panel contact points. If the PCB
copper, FPC or silver paste membrane keys is selected for the sensor pad materials, it is
recommended that the panel be glued to the sense pad and be closely bound to the sense pad.
If a flat-top spring or conducting cotton is selected as the sensor pad material, it will be
necessary to use a mechanism to push the sense pad against the panel.
Glass, Acrylic, Plastic etc.
Closely bound
PCB

Figure 24. Panel Glued to Sense Pad
Glass, Acrylic, Plastic etc.

Spring

PCB

Figure 25. Panel pressed by Mechanism Structure

Conclusion
1. This application note has provided developers with key points regarding touch key layout design.
This should assist designers to improve their PCB/ITO/FPC layout and shorten the product
development time.
2. If users have other problems with layout application notes, contact the Holtek technical
personnel to check whether their layout design is suitable for applications.
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Reference Material
For more information, consult the Holtek official website: www.holtek.com.
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Disclaimer
All information, trademarks, logos, graphics, videos, audio clips, links and other items appearing
on this website ('Information') are for reference only and is subject to change at any time without
prior notice and at the discretion of Holtek Semiconductor Inc. and its related companies
(hereinafter 'Holtek', 'the company', 'us', 'we' or 'our'). Whilst Holtek endeavors to ensure the
accuracy of the Information on this website, no express or implied warranty is given by Holtek to
the accuracy of the Information. Holtek shall bear no responsibility for any incorrectness or leakage.
Holtek shall not be liable for any damages (including but not limited to computer virus, system
problems or data loss) whatsoever arising in using or in connection with the use of this website by
any party. There may be links in this area, which allow you to visit the websites of other companies.
These websites are not controlled by Holtek. Holtek will bear no responsibility and no guarantee to
whatsoever Information displayed at such sites. Hyperlinks to other websites are at your own risk.

Limitation of Liability
In no event shall Holtek Limited be liable to any other party for any loss or damage whatsoever or
howsoever caused directly or indirectly in connection with your access to or use of this website, the
content thereon or any goods, materials or services.

Governing Law
This disclaimer is subjected to the laws of the Republic of China and under the jurisdiction of the
Court of the Republic of China.

Update of Disclaimer
Holtek reserves the right to update the Disclaimer at any time with or without prior notice, all
changes are effective immediately upon posting to the website.
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