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This application note evaluates the capacitive sensing performance of different CapSense® button shapes and sizes in
the CY8C20142 8-pin SOIC device. It analyzes the maximum trace length supported by this device without using the

Cwob capacitor. The variation in SNR without Cmop and improvement in SNR with Cwop are also described.

Introduction

The CY8C20142 8-pin SOIC device is based on the CSA
(Successive Approximation) technique of capacitive
sensing. This device does not use the external Cwmop
capacitor that provides increased sensitivity. Therefore,
there are limitations in the maximum trace length
supported by the device.

When designing with capacitive  sensors, board
parameters such as shape and size of the capacitive
sensor and trace length from the sensor to the sensing
devices play an important role. This application note
focuses on the optimal shape and size of buttons and
sensors, and the maximum trace length supported by the
8-pin SOIC device. Layout parameters such as button
GND spacing, GND fill, GND fill percentage, trace width,
number of vias, via placements and diameter, and trace
GND spacing are constant for all buttons. The effect of
overlay thickness on performance is examined and the
difference in SNR with and without the Cwop capacitor is
also illustrated.

Performance metrics for capacitive sensing is measured
by calculating the Signal-to-Noise ratio (SNR). The
sensitivity is measured with SNR measurements on an
internal development board with buttons of various sizes
and shapes as shown in Figure 1 to Figure 3.

Figure 1. Internal Development Board: Circular Buttons

Figure 2. Internal Development Board: Rectangular
Buttons with Curved Edges

Measuring SNR in a System

CapSense Noise is the peak-to-peak variation in the
counts when no finger is present. CapSense Signal is the
shift in average counts relative to the baseline when a
finger is present. It is also known as the Difference Count.
CapSense SNR is the ratio of CapSense
Signal/CapSense Noise, usually expressed in dB, which is
20*log_10 (ratio).

Figure 4. SNR Measurement
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SNR must be measured in the noise environment where
CapSense is to be used. In other words, measure the
system SNR under worst case noise conditions.

The first step in measuring SNR is to monitor the raw
counts of each sensor. To do this, log data to a Text or
Excel file and plot in a spreadsheet. It is also done with the
Cypress FastChart GUI tool and Bridge Control Panel.
Irrespective of the method, the raw count is observed for
SNR measurement.

Another factor to consider is how the signal is produced.
The worst case ON and OFF scenario is used when
measuring SNR.

A good layout is essential for a high SNR. The selected
overlay thickness or material type may limit SNR. After
addressing layout issues, filtering techniques are used to
minimize the noise component of SNR.

SNR Measurements on the Internal
Development Board

The internal development board is designed to understand
the limitations of the device with buttons of different
shapes and sizes. Measurements are made to arrive at
optimal button shapes and size for good SNR values with
the 8-pin SOIC device. The maximum possible trace
length to achieve a good SNR is determined for these
buttons along with the variation in SNR with and without
using Cwmob.

Performance of Buttons with Different Sizes

To understand the effect of button sizes, SNR
measurements are made on a set of circular buttons
(6 mm, 8 mm, and 10 mm) and a set of rectangular
buttons with curved edges (6 mm x 6 mm and
8 mm x 8 mm) with profiles shown in Table 1.

Table 1. Profile of Buttons on Internal Development Board

Figure 5. Rectangular Buttons with Curved Edges

CSIT:
csie: EMMXEMM

SMMXEMM

Figure 6. Circular Buttons

All the SNR measurements are made with overlays
present on the buttons. Overlays of thickness 1.5 mm and
3 mm are used.

When measuring SNR, there is a variation in performance
due to the size variation from 6 mm to 10 mm on circular
buttons and from 6 mm x 6 mm to 8 mm x 8 mm on the
rectangular button (with curved edges).

As shown in Table 2, circular buttons of 10 mm size and
rectangular buttons (with curved edges) of size

con = - - 8 mm x 8 mm are more sensitive than the buttons of
43 B ace smaller sizes.
Width
) ) Table 2. SNR for Buttons of Variable Sizes
CSs7 10 mm Circular 8 mil
Button Shape Trace Size SNR SNR
A , Length (1.5mm (Bmm
Cs12 | 8mm Circular 8 mil Overlay) | Overlay)
CS13 6 mm Circular 8 mil CcSs13 8 mm 5.6 25
CS18 | 8 mm x 8 mm Rectangular with 8 mil
Curved Edges cs12 Circular | 10 cm gmm | 10.00 4.49
CS17 6 mm x 6 mm Rectangular with 8 mil
Curved Edges
cs7 10mm | 25.032 17.5
CS17 6mmx | 8.04 42
Figure 5 and Figure 6 show parts of the internal R_‘iﬁtgngu'zf 10 6 mm
development board with rectangular buttons with curved S8 | Edges em emmx | 27 0,63
edges and circular buttons of various sizes. 8 mm
CS14 Irregular 10 cm 24.36 6
WWW.Cypress.com Document No. 001-48755 Rev. *D 2
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Effect of Overlays

SNR values are better with 1.5 mm overlay thickness
compared to 3 mm overlay thickness.

With 1.5 mm overlay thickness, circular buttons of size 8
mm or more are recommended for good performance. To
get a good SNR for trace length not greater than 10 cm,
rectangular buttons with curved edges of sizes
6 mm x 6 mm or more are used.

When using 3 mm overlay thickness, circular button of
10 mm or more and rectangular buttons with curved edges
of 8 mm x 8 mm or more are recommended for good SNR
for various applications within 10 .cm trace length.

The SNR measurements are analyzed for three main
CapSense parameters affecting the signal measured
when applying a finger on the button. These are clock
(IMO), IDAC, and settling time. They are each varied
between a minimum-average-maximum value and SNR is
calculated for each case. Figure 7 through Figure 10 show
the optimal configurations to achieve high SNR values.

1.5 mm Overlay

The optimal CapSense parameters configured for the
circular and irregular buttons with 1.5 mm overlay are
shown in Figure 7.

Figure 7. Configuration for Circular Buttons with
1.5 mm Overlay

Global Resources Walue

Power Setting [ Yoo # SusClk freq 5.0W # 12MHz
CPU_Clack SpsClk1
Sleep_Timer 512 Hz
SyzClk Source Internal 12_MHz
Trip Waltage [LWD [SMP]] 4814 [5.00W]
CSa_1

Uszer Module Parameters Walug
FingerThreshold 100

Noize Threshold 40
BaszelinellpdateT hreshold 100
SettlingTime 160

IDACS etling 10
EsternalCap MHaone
Huysteresis 10
Debaunce 3
MNegativet aizeT hreshold 20

LowB azelineR eset 50

Sengzors Autoreset Dizabled
High Lewvel AP Enabled
Clack IW042

The optimal CapSense parameters configured for
rectangular buttons with curved edges are shown in
Figure 8.

mm Overlay

Figure 8. Configuration for Rectangular Buttons with 1.5

Global Resources

Walua

Power Setting [ Yoo / SpsClk freq 5.0V 7 12MHz

CPU_Clock. SpsCll
Sleep_Timer 12 Hz
SusClk Source Internal 12_MHz
Trip Woltage [LWD [SMP]] 4810 [5.00V]
51

User Module Parameters Walua
FingerT hreshold a0

MWoigeT hreshold 32
Bazelinel pdateT hreshold 200
SettlingTime 160

|DACS etting 10
ExtemnalCap Mone
Hysteresis 10
Debounce 3
Megativer oizeT hreshold 20

LowB aselineR eset ali]

Sensars Autoreset Dizabled
High Lewel API Enabled
Clack. |02

3 mm Overlay

The optimal CapSense parameters configured for the
circular and irregular buttons with 3 mm overlay are shown

in Figure 9.

Figure 9. Configuration for Circular Buttons with 3 mm

Overlay
Global Resources alue
Power Setting [ Voo / SpeClk freq 5.0V / 12MHz
CPU_Clock SpzClkeA
Sleep_Timer 512 Hz
SyzClk Source Internal 12_kHz
TripWaltage [LYD (SMPY)] 4.81% [5.000)
C5A_1
User Module Parameters Walue
FingerT hreshold 100
MoizeThreshaold 40
B azelinel pdateT hreshold 100
SettlingTime 160
IDACS etting 14
ExtemalCap Haone
Hysteresis 10
Debounce 3
MegativeMoizeT hreshold 20
LowE aselineR esst 50
Senzors Autoreset Dizabled
High Lewvel AP Enabled
Clock IM0/2
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The optimal CapSense parameters configured for
rectangular buttons with curved edges with 3 mm overlay
thickness are shown in Figure 10.

Figure 10. Configuration for Rectangular Buttons with 3
mm Overlay

Circular buttons of size 10 mm or more and rectangular
buttons (with curved edges) of size 8 mm x 8 mm or more
are used to get a good SNR up to 20 cm with an overlay of
up tol.5 mm thickness.

The rectangular button with curved edges gives the best
SNR compared to the other two shapes.

Global Resources Walue
Power Setting [ Voo / SyelClk freg .00/ 12MHz .
CPU_Clack Syl Effect of Adding Cuop
Sleep_Timer 512 _Hz As described in the introduction paragraph of this
SpeClk Source Intemal 12_MHz application note, the CY8C20142 device does not support
Trip Viltage [LVD [SMP]) 4.581% [5.00] the addition of external Cwmobp Capacitor. However, it is
beneficial to understand how CapSense performance is
L3401 affected with the addition of an external Cwop capacitor.
Ese' h:id“': F;:'amde's :;'”e The variation in the SNR with Cwop is seen in Table 4. The
N'”?B'Thresh:d 4 SNR for circular buttons increased by at least 5 units with
BD'SB'_ 'LTS; — e a Cwop of 1 nF. For rectangular buttons with curved edges
aselinelpdateThreshol and irregular shaped buttons, SNR increased with Cmop.
SettlingTime 160
IDACSetting 10 Table 4. Variation in SNR with Cmop
ExternalCap Maone
Hysteresis 10 Button Shape Size 1.5mm Cwop: 1 nF
Debounce : cs13 6mm | 56 10.58
MegativeMoizeThreshald 20
LowB aselineReset 50
Senzar: Autoreset Dizabled CSs12 Circular 8 mm 10.09 16.21
High Lewvel &FI Enabled
Clock IMO/2
CS7 10 mm 25.032 31
Performance of Buttons with Different CSs17 Rectangular | 6 mm 8.04 19
Shapes with Curved
P CSs18 Edges 8 mm 27 32
The maximum trace length supported between the
CapSense button and the 8-pin SOIC device is analyzed cs14 Irregular 24.36 30011
for three different button shapes: circular, rectangular (with
curved edges), and irregular.
The trace length between the button and the 8-pin SOIC
device is increased to a point where the SNR dropped
below a value of five (Table 1). These measurements are
carried out with an overlay of 1.5 mm. For 3 mm overlay
thickness, the trace length cannot be increased beyond
10 cm as shown in Table 2.
Table 3 shows the SNR values for a trace length of 20 cm
for buttons of various shapes.
Table 3. SNR for Buttons of Different Shapes
Button Shape Size Trace SNR
Length (1.5 mm
Overlay)
CSs7 Circular 10 mm 9.64
CS18 Rectangular | 8 mm x 125
with Curved | 8 mm 20 cm
Edges
CsS14 Irregular 9.65
WWW.Cypress.com Document No. 001-48755 Rev. *D 4
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Summary

Button size and shape and the overlay thickness affect
variation in trace length between the button and
CapSense device. Based on the SNR measurements with
variable trace lengths and buttons of different sizes and
shapes, the following is inferred to aid in designing with
the 8-pin SOIC device without the Cwmop capacitor to

CapSense Express Documentation
References
CY8C201xx Register Reference Guide.

About the Author

achieve good SNR: Name: Subbarao Lanka
Optimal Button: Shape Size Title: Applications Engineer Sr
Shape and Size Contact; slan@cypress.com
Circular, > 8 mm <1.5mm <20cm
Rectangular with curved <1.5mm <20 cm
edges, > 6 mm x 6 mm
Circular, > 10 mm <3 mm <10cm
Rectangular with curved <3 mm <10cm
edges, > 8 mm x 8 mm
As per the previous table, design using the CY8C20142
device puts an upper limit of 1.5 mm on the overlay
thickness to be used (for a trace length of 20 cm and 8
mm circular button shape) in the end product. Customers
who prefer to have thicker overlays in their end products
should select CapSense Express devices with external
CMOD support to enhance the upper limit on both overlay
thickness and sensor trace length.
Rectangular buttons with curved edges offer slightly better
SNR compared to circular buttons and buttons with
irregular shapes for a given overlay thickness and trace
length.
WWW.Cypress.com Document No. 001-48755 Rev. *D 5
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Document History

Document Title: Designing with CapSense® Express™ 8-pin SOIC Device - AN48755
Document Number: 001-48755

Revision ECN Orig. of Submission Description of Change
Change Date
ki 2565752 NID 09/12/08 New application note.
*A 2903381 KPOL 04/01/10 Minor updates to the content.
*B 3704402 SLAN 08/06/2012 Updated Related Application Notes as “None” as all the application notes

mentioned in the previous revision are obsolete.

Updated Measuring SNR in a System (Removed all references of AN2403,
AN2394, AN2292 as all these application notes are obsolete).

Updated in new template.

*C 4622396 SSHH 01/13/2015 Replaced 1IC USB Bridge to Bridge Control Panel Software
Updated template

*D 5092581 PRIA 01/19/2016 Obsoleting the Application Note
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Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find
the office closest to you, visit us at Cypress Locations.

Products PSoC® Solutions
Automotive cypress.com/go/automotive psoc.cypress.com/solutions
Clocks & Buffers cypress.com/go/clocks PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP
Interface cypress.com/go/interface .
. Cypress Developer Community

Lighting & Power Control cypress.com/go/powerpsoc

cypress.com/go/ple Community | Forums | Blogs | Video | Training
Memory cypress.com/go/memory. .

Technical r

PSoC cypress.com/go/psoc ec ca Suppo t
Touch Sensing cypress.com/go/touch cypress.com/go/support
USB Controllers cypress.com/go/usb
Wireless/RF cypress.com/go/wireless

PSoC and CapSense are registered trademarks of Cypress Semiconductor Corp. All other trademarks or registered trademarks referenced herein are
the property of their respective owners.

Cypress Semiconductor Phone : 408-943-2600
198 Champion Court Fax : 408-943-4730

San Jose, CA 95134-1709 «Website i www.cypress.com

© Cypress Semiconductor Corporation, 2008-2016. The information contained herein is subject to change without notice. Cypress Semiconductor
Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Cypress product. Nor does it convey or imply any
license under patent or other rights. Cypress products are not warranted nor intended to be used for medical, life support, life saving, critical control or
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This Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide
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Code except as specified above is prohibited without the express written permission of Cypress.

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL, INCLUDING, BUT
NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the
right to make changes without further notice to the materials described herein. Cypress does not assume any liability arising out of the application or
use of any product or circuit described herein. Cypress does not authorize its products for use as critical components in life-support systems where a
malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems
application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Use may be limited by and subject to the applicable Cypress software license agreement.
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