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o Capacitive Touch Circuit Analysis
e Scanning Techniques
e Grounding Scenarios

e Noise

e Hardware

e Layout Recommendations
e Design Considerations

e Firmware: Digital Filtering
e mTouch™ Solution Framework Acquisition

e Summary
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Capacitive Touch
Circuit Analysis




MICROCHIP

——— Circuit Analysis
The Capacitance Equation
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MICROCHIP

MASTERs 2012 CirCUit AnaIySis
The Capacitance Equation
A
C — Er £0 e
d
C capacitance / sensitivity T
€. relative permittivity 4
A overlapping area 4
d distance {

(80 is the permittivity of a vacuum (8.85 x 10-12 I=/m))

mTouch Slide 5
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MICROCHIP

—— Circuit Analysis
The Capacitance Equation
C — EI’ £0 A
d
Material €,
Air 1
Polyethylene 2.25
Polystyrene 24-27
Glass 4-10
FR-4 4.8
Water 80




MicRoce Methodologies

MASTERs 2012

~1CVD

“30ps . Capacitive Voltage Divider

e Uses only the on-chip Analog-to-Digital Converter
e ADC capacitor used for relative change detection
e High attenuation of low frequency noise

CTMU

~10ps .~ Charge Time Measurement Unit

e Flexible, high-speed, analog peripheral
e Capable of measuring relative and absolute changes
e Adjustable, constant-current source works with the ADC

A

© 2012 Microchip Technology Incorporated. All Rights Reserved. =




MICROCHIP

——— Circuit Analysis
CTMU Scanning Review

Current
Source

Known State IZI—W
@L ADC
gmw T

Simultaneous Charge
Noise Susceptible

Driven by Current Source X
ADC
200ns - 2us

©2012 Microchip Technology Incorporated. All Rights Reserved. =
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MICROCHIP CTMU Waveform

MASTERs 2012

VDD
Fixed Time :: 0.2 -2 us

y
o — —————— - - - —-——

Internal External

© 2012 Microchip Technology Incorporated. All Rights Reserved. . "~ mTouch Slide 9




el Circuit Analysis

CVD Scanning Review

Opposite States

Connect Capacitors
Noise Susceptible
125ns - Sus

Perform Conversion

o
©2012 Microchip Technology Incorporated. All Rights Reserved.

P1C® Microcontroller
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X
ADC
>
T
X
ADC




weew  Differential CVD Waveform

MASTERs 2012

Voo =

7 |
I/ : VA:ADC (t )
l I
l \
S WO
l |
I I
- - |
| | |
| ] |
| S |
\
: VA:external (t) \ I VB: ADC (t ) \\
Vss ~ . 1 =S

T—2us 05-3ps T_2us 05-3ps

Internal External
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MICROCHIP

MASTERs 2012
______ ~ °
CFINGER CBASE CADC
—————— °

Design Goals

Minimize:
Base Sensor Capacitance

Maximize:
Finger’s Capacitance

© 2012 Microchip Technology Incorporated. All Rights Reserved.

mTouch
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" Differential CVD Math

MASTERs 2012
~_ cvp signal (Sensitivity) (Good Hardware)
______ ¢ Cb = 5pF
—_— — — 2500 A )
—_— —_ —_— ssuming:
CFINGER CBASE CADC - 10 pF ADC Capacitance
______ * I 30 oversampling
2000
Design Goals
1500 1 Ch = 10pF
Minimize:
Base Sensor Capacitance
1000 -
Maximize: - 6= 2R
Finger’s Capacitance o L
(Bad Hardware)
! 02 04 06 ' 08 B

Added 'Press’ Capacitance in pF
(User’s Finger Capacitance)

— )

© 2012 Microchip Technology Incorporated. All Rights Reserved. - mTodéh 14




MICROCHIP
MASTERs 2012
CVD Signal
______ \ ®
I I I 6000 |
CFINGER CBASE CADC
—————— °®
5000 |
4000 +

Best Case Design Process:

. . . 3000
1. Minimize sensor capacitance

2. Maximize finger capacitance 0|

3. Increase ADC capacitance to
match sensor capacitance
(New Hardware CVD)

1000 |

.= Differential CVD Math

Cb = 4pF

Cb = 6pF

Cb = 8pF

Cb = 10pF

Assuming:
1 pF external capacitance change
30 oversampling

© 2012 Microchip Technology Incorporated. All Rights Reserved. s
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ADC Capacitance in pF
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Advanced Circuit Analysis
Grounding Scenarios




MICROCHIP Solution AnalySIS

MASTERs 2012

Grounding Models

Battery Powered, Isolated System

e I e e —— C = _I_ Z
_I__ FINGER BASE ____ CADC
B e e X
C —_— A v g
CGND ADD’L oNp _-|=—_

Mains-Connected, Shared Ground

; “CBODY ADC




MICROCHIP
MASTERs 2012

“Local” coupling: Cgneer

Sensor = Finger - Device Ground

olutio

Mains-Connected, Shared Ground

~~

CBODY CBASE

CADC

Shared Ground means...

Cesnp is a short

Full benefit of Cgpy

No change for Cg\ger

= — — . —
©2012 Microchip Technology Incorporated. All Rights Reserved.

n Analysis
Grounding Models

“Long distance” coupling: Cgopy and Cgy\p
Sensor - Body - Earth Ground - Device Ground

Battery Powered, Isolated System

1
ICBODY
—|—CGND

N~

Different grounds mean...

mTouch

C BASE

CADC

Cgopy limited by C,

No change for Cp\cer

Slide 18




MICROCHIP

MASTERs 2012 Grounding Models
CVD Signal
(Shared Ground) short
— Assuming:
10 pF ADC Capacitance Cgnd = 5pF
10 pF Base Sensor Capacitance
30 oversampling
2000 - Cgnd = 1pF
(Sensitivity) Cgnd = 0.1pF
1500 |-
Cgnd = OpF
1000 | (Battery Powered,
Full Isolation)
500 +

Body and Finger Capacitance in pF
(User’s Coupling to Sensor)
Assumes: Body Coupling = Finger Coupling

© 2012 Microchip Technology Incorporated. All Rights Reserved. = : mTodéh 19




MICROCHIP

MASTERs 2012

Noise

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch 20




MICROCHIP

MASTERs 2012 Buttons vs. Sensors
Push Buttons Capacitive Touch
Acquisition
(Digital) (Analog)
Filtering
. Decoding

©2012 Microchip Tecﬁnology Incorporated. All Rights Reserved.
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NSRS Buttons vs. Sensors

Push Buttons Capacitive Sensors

© 2012 Microchip Technology Incorporated. All Rights Reserved.
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MASTERSs 2012 Slgnal to Noise Ratio

|Avgp — Avgg|
StDev,

SNR =

Pressed Average

Released Average
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MICROCHIP . ‘ _
MASTERSs 2012 Slgnal to Noise Ratio

19266 - 19159
13.86

7.7=




MICROCHIP
MASTERs 2012

NS

Half-wave rectified

N NN NN

Full-wave rectified

Noisy Power Supplies

© 2012 Microchip Technology Incorporated. All Rights Reserved. = : mTodéh Slide 25
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MASTERs 2012 CapaCItlve Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6

© 2012 Microchip Technology Incorporated. All Rights Reserved. -
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MASTERs 2012 Capacitive Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6

s T T R R T

1 kHz, 80% 150.kHz - 89 MHz Test Level
Injected Signal

Amplitude Modulation

Level1:: 1V, . ::Low Radiation Environments
Level 2:: 3V, :: Commercial Environments
Level 3:: 10 V, :: Industrial Environments
Level X:: (Open) :: Custom

© 2012 Microchip Technology Incorporated. All Right
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MASTERs 2012 Capacitive Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6

VDD

‘ H”HH““I H”HH““I H”HH““I H”HH““I H”HH““I AHHH““HA'_A,'A‘l”m““lx‘n_
. .l'l’nWn!l!lHWMWn!l!lHWMWn!l!lHWMWn!HlHWMWn!ﬂlﬂMﬁ'ﬂmﬂmﬂ!Mlm I

™
VSS

(Vop — Vss)
No change!
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MASTERs 2012 Capacitive Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6

Vpp Finger

6RO - B el Ll
A




MASTERs 2012 Capacitive Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6
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MASTERs 2012 Capacitive Touch Noise Behavior

Conducted Noise
Industry Standard :: IEC 61000-4-6

Remember — this is what we are simulating...
How does this affect the mTouch™ solution?
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Voltage-based Acquisition Conducted Noise
Industry Standard :: IEC 61000-4-6

AAAAAKAAAAAAAAA W AAAAAAAAAAAﬂ
Ay

VVVV hbv VVVVVVVVVVV

Normal reading

Normal reading — Noise offset




MASTERs 2012 Capacitive Touch Noise Behavior

Voltage-based Acquisition Conducted Noise
Industry Standard :: IEC 61000-4-6

Www/\/\A/\f




MASTERs 2012 Capacitive Touch Noise Behavior

Voltage-based Acquisition Conducted Noise
Industry Standard :: IEC 61000-4-6

\/ WW\N\/\/\ WMW\/\W
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Voltage-based Acquisition Conducted Noise
Industry Standard :: IEC 61000-4-6

’\vav\]v\/\f
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Voltage-based Acquisition Conducted Noise
Industry Standard :: IEC 61000-4-6

6600

6450 -

6400 -

Reading

6350

7a Frequency of Injected Noise %
o .
Conducted / Radiated £3

© 2012 Microchip Technology Incorporated. All Rights Reserved. s
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Important Testing Considerations

e Tests can change the behavior of the system

e Check the ‘press’ behavior at each frequency

e Undesirable System Behaviors
e False Triggers
e Dead Buttons
e Flickering Sensors
e Increased/Decreased Sensitivity




MICROCHIP o i )
MASTERs 2012 Capacitive Touch Noise Behavior

Fake Fingers
Used to create a repeatable finger press

e Do NOT connect directly to ground

e Microchip uses...
e 1.6 kQ in series with 220 pF
e ~1minlength

©2012 Microchip Tecﬁnology Incorporated. All Rights Reserved.
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Hardware Design
Recommended Design Considerations

© 2012 Microchip Technology Incorporated. All Rights Reserved.
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MASTERs 2012 Sensor Design Considerations

Consideration #1
Ideal sensor size = area of finger press

Sensitivity Curve based on Size of Sensor Sensitivity Curve based on Size of Sensor
Adjusted for Increased Area - Assumes Square Sensor Shape Adjusted for Increased Area - Assumes Square Sensor Shape
14

12 12 4
= | u\u
> 104 > 104
£ I £
B 84 1 B 84
< <
@ @
2 I 2
o 6 ° 6
g f g
%] [
g g
2 4 I g 44 1 I
w w

24 | 24 | / oy

0 . I 0 I . . .

0 5 10 15 . 0 5 10 15 20
Sensor Side Length (mm) Sensor Side Length (mm)

=—&—Tip Press —#=—Full Press

IDesign for this!

. — - — 5
© 2012 Microchip Technology Incorporated. All Rights Reserved. ' mTouch Slide 40
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MASTERs 2012 Sensor Design Considerations

Exceptions - Consideration #1
Ideal sensor size = area of finger press
(15 x 15 mm or 0.6 x 0.6 inch)

1. Proximity sensors

© 2012 Microchip Technology Incorporated. All Rights Reserved.
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MASTERs 2012 Sensor Design Considerations

MICROCHIP

Exceptions - Consideration #1
Ideal sensor size = area of finger press
(15 x 15 mm or 0.6 x 0.6 inch)

1. Proximity sensors
2. Thick Covers

e - __ - —
©2012 Microchip Technology Incorporated. All Rights Reserved.
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MASTERs 2012 Sensor Design Considerations

Consideration #2

Separate sensors as much as possible.
Ideal minimum is 2-3x the cover’s thickness.

1, Cover Thickness

= © 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERs 2012 Sensor Design Considerations

Consideration #2

Separate sensors as much as possible.
Ideal minimum is 2-3x the cover’s thickness.

Why (#1): Reduces Unwanted Finger-to-Sensor Coupling

= © 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERs 2012 Sensor Design Considerations

Consideration #2
Separate sensors as much as possible.
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MASTERs 2012 Sensor Design Considerations

Consideration #2
Separate sensors as much as possible.

© 2012 Microchip Technology Incorporated. All Rights Reserved. s



MICROCHIP : ’ .
MASTERs 2012 Sensor Design Considerations

Consideration #2
Separate sensors as much as possible.

= © 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERs 2012 Sensor Design Considerations

Consideration #2

Separate sensors as much as possible.
Ideal minimum is 2-3x the cover’s thickness.

< L Analog

Ground
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MASTERs 2012 Cover Design Considerations

Consideration #3
Keep the cover as thin as possible.

I A *
ICBODY
—|—CGND CFINGER CBASE CADC

Sensitivity

© 2012 Microchip Technology Incorporated. All Rights Reserved. - .




MICROCHIP h ) h
MASTERs 2012 Cover Design Considerations

Consideration #3
Keep the cover as thin as possible.

For thicker covers...

1. Increase sensor size

2. Create a slot for the PCB

3. Higher permittivity covering material
Recommended

Thickness < 3 mm
Sensor Size = 15x15 mm

© 2012 Microchip Technology Incorporated. All Rights Reserved.




MICROCHIP h re L _eSIQ_
MASTERs 2012 Cover Design Considerations

Tip: Bridging air gaps

“» EMI Gasket

© 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERs 2012 PCB Design Considerations

MICROCHIP

Consideration #4
Use ground planes to your advantage.

I N ™ *
ICBODY
—l—CGND _(_:IilliG_EE CBASE CAD£I
Front Ground Plane:
Increases Cgp Increases Cg,q¢
(Increased Sensitivity) (Decreases Sensitivity)

(Decreases Conducted Noise)

Back Ground Plane: ..~ ’
Radiated Emission Shielding Increases Cg,s¢

©2012 Microchip Technology Incorporated. All Rights Reserved. —
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PCB Design Considerations

MASTERs 2012

Consideration #4
Use ground planes to your advantage.

| owest Sensitivity, Highest Conducted and Radiated Noise Immunity

Medium Sensitivity, Highest ConductedImmunity, Medium Radiated Immunity

CTTITITTITTITITITITITITIITITIT I I T T IFITITIT I ITITITFITIT I I T T I T I T I I I I T I T I I I I T I T I I I I T T IFIT I TSI I T I T I TSI I ITIT T I T I I I I T I T I I I T IFT TSI T T

Highest Sensitivity, I ducted and Radiated Noise Immunity

HETTTTTTS TS

SIS

EETSTTTTTTTTTTS,

EF P ] FFFIFFFFTTSS, HFFITITTTTTFTTTFFIFFS,
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PCB Design Considerations

Consideration #

MASTERs 2012
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WASTERs 2012 PCB Design Considerations

Consideration #4

'- Orc \o
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WASTERs 2012 PCB Design Considerations

Consideration #5
Minimize Base Capacitance with Guards




MICROCHIP

WASTERs 2012 PCB Design Considerations

Consideration #5
Minimize Base Capacitance with Guards




MICROCHIP

Consideration #6

arcC

ware
MASTERs 2012 PCB Design Considerations

Desig

Keep sensor traces thin and short.

Larger trace lengths mean...

1
ICBODY -

~~

—|—CGND

Antenna Behavior
(Increased Noise)

© 2012 Microchip Technology Incorporated. All Rights Reserved.

. | C

BASE

CADC

Increased Cg,qe
(Decreased Sensitivity)
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MASTERS 2012 Adhesives Considerations

MICROCHIP

Consideration #7
Always use an appropriate adhesive

Air Gap (g, =1)

Adhesive (g, = 3-10)
|

I

Air gaps decrease sensitivity (Cgnger @and Cgopy) by 3-10x!

©2012 Microchip Technology Incorporated. All Rights Reserved. —
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MASTERs 2012

gn
Adhesives Considerations

Consideration #7

Always use an appropriate adhesive

Choosing an Adhesive

1
2
3.
4
5

Keep it thin to keep sensitivities high!
Read the bonding instructions

Watch for temperature limitations

Be careful of bubbles!

Match it with the covering material




S Hardware BeS|'gn

MICROCHIP ) ] )
MASTERs 2012 PCB Design Considerations

Consideration #8
Put a series resistor on each sensor

+1% —
5
s No Seri
= Series Resistor
@
§ 4.7 kQ Series Resistor
)
%)
1% —
3 Frequency of Injected Noise
f% Conducted / Radiated
B e MA— ’
T Ceoov— —
—l—CGND CFINGER CBASE CADC
—————— °

©2012 Microchip Technology Incorporated. All Rights Reserved. =
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maraware pesign
PCB Design Considerations
If the injected noise rectifies the ESD
diodes, the CVD behavior will invert.
|
|
|

Warning

| |
']
o
il c
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3
o
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WASTERs 2012 PCB Design Considerations

Warning
If the injected noise rectifies the ESD
diodes, the CVD behavior will invert.

22100

22050 -

22000 -

21950 - “ H'“‘ I'“”'” Hll
21900 -

21850

21800 -

21750 | o ‘ '~

21700 - ‘

21650 -

21600

© 2012 Microchip Technology Incorporated. All Rights Reserved. =
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Software Techniques

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch Slide 65



oftware Techniques

MICROCHIP

MASTERS 2012 ReqUirementS
Hardware Performance
Decisions Requirements
v v
Base Signal-to-Noise Ratio Timing / Memory constraints

© 2012 Microchip Technology Incorporated. All Rights Reserved.



MICROCHIP
NSRS Buttons vs. Sensors

Push Buttons Capacitive Touch

Acquisition

(Digital) (Analog)

Filtering

Decoding

© 2012 Microchip Technology Incorporated. All Rights Reserved.
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Software Techniques
Digital Filtering




MICROCHIP . ec . nlq Uues
MASTERSs 2012 ACCIUlSltlon

Oversampling

The process of using more than one sensor
sample per reading.

buipooaq / buLidyji4

= © 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERSs 2012 ACCIUlSltlon

Oversampling

The process of using more than one sensor
sample per reading.

buipooaq / buLidyji4

= © 2012 Microchip Technology Incorporated. All Rights Reserved. s
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MASTERSs 2012 ACCIUlSltlon

Oversampling
Great initial benefits, but diminishing returns

35

30

25 )7!
20 |

/ ‘ Normal Operating Range

15

10

SNR Increase (dB)

100 200 300 400 500 600 700

Samples per Reading

= © 2012 Microchip Technology Incorporated. All Rights Reserved. = mTouch
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MASTERSs 2012 AchiSition

Jittering the Sample Rate

©2012 Microc

Avoiding harmonic frequencies

Voltage-Based Acquisition Frequency Response

6600

6550 -

6500 -

6450 -

6400 -

Reading

6350

7a Frequency of Injected Noise %
(&) .
Conducted / Radiated %
e

hip Technology Incorporated. All Rights Reserved. = odé
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MICROCHIP —
MASTERSs 2012 ACCIUlSltlon

Jittering the Sample Rate

Avoiding harmonic frequencies

.»Normal Sensor Signal + Injected Noise “Real World” Example

ADC Samples
b
~
(/

“*Normal Sensor Signal

“Real World” Example

AVAVAVAVAV/\/\A/\/\/\/\A,
RURAR

Jittering the Sample Rate

ADC Samples

© 2012 Microchip Technology Incorporated. All Rights Reserved. =
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Decimation Filter
Reject impulse noise

i f (newReadi ng > deci nat edVal ue)

{
deci mat edVal ue++;
}
else if (newReadi ng < deci mat edVal ue)
{
deci mat edVal ue- - ;
}

© 2012 Microchip Technology Incorporated. All Rights Reserved. = : mTodéh
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MASTERSs 2012 ACCIUlSltlon

Decimation Filter
Reject impulse noise

Sensor Signal

2 Frequency of Injected Noise D A
’5‘3 Conducted / Radiated zgé

© 2012 Microchip Technology Incorporated. All Rights Reserved. = odé
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Decimation Filter
Reject impulse noise

Slow Decimated

Output MWW

/

Raw‘Data \/ /

\ \ / Threshold
I/

System Response -_.

Press Release
Detegtgd Detected

© 2012 Microchip Technology Incorporated. All Rights Reserved. ' mTouc
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MICROCHIP —
MASTERSs 2012 ACCIUlSltlon

mTouch™ Solution CVD Framework
Acquisition Interrupt Service Routine Scaling

Accumulator

Final Result

Scan Result

Decimation Filter

© 2012 Microchip Technology Incorporated. All Rights Reserved. s



MICROCHIP
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Summary

- - -

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch
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MICROCHIP S umma ry

MASTERs 2012

CVD CTMU
ADC
* T
R——
DG ADC
T 2 T k2

1. Robust systems have a high SNR
2, Your hardware choices determine your sensitivity

Default Acquisition Behavior

g

Avg, — Avg
StDev,

SNR =

Reading

Noise Frequency

©2012 Microchip Technology Incorporated. All Rights Reserved. =
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MASTERs 2012 Hardware Desi gn

~~

------ A
C — £r 80 A zcsonv —— —

d —I—CGND _CFINGER__CBASE

Hardware Design Considerations:

Keep the cover as thin as possible (< 3 mm)
Choose a high permittivity covering material

o A 0 DD =

Use ground planes and guard rings to your advantage

CADC
°

Ideal sensor size is the area of a finger press (15 x 15 mm)
Separate sensors as much as possible (2-3 x cover)

Front Plane: Increased C;,; Back Plane: Radiated Shielding

6. Keep sensor traces thin and short
7. Always use an appropriate adhesive
8. Put a series resistor on each sensor line

—~ B
©2012 Microchip Technology Incorporated. All Rights Reserved.
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Acquisition Techniques:

° Oversampling
: J'tte_"“g_the Sample Rate Acquisition
o Decimation
Oversampling Filtering
Decoding

Result

Decimation

© 2012 Microchip Technology Incorporated. All Rights Reserved. -
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PROJECTED CAPACITIVE
TOUCH (PCAP) HARDWARE




‘Cap Sense Button

MASTERs 2012

Using a capacitive sensing
technique to measure the
capacitance of a surface.

o

Cap Sense




e ——m

Cap Sense Slider

MASTERs 2012

Using several cap sense
buttons next to each other,
using relative signal strengths
to interpolate a position.

ops

Cap Sense

Cap Sense
Cap Sense _|




- —_— —— —

or

P p Sense X-Y Sens

MASTERs 2012

Use a grid of cap sense buttons
to determine discreet samples
on two axis?

Cap Sense
Cap Sense
- \_L/ Vs A
Cap Sense
: Cap Sense . ———— - < -
Issues: P p N1 N ~
-Traces to every node
Cap Sense _|
- Too many channels
- Scales poorly Cap Sense _ - J J (\ y
- N [ N O B
Cap Sense |

Cap Sense

N j\ L Y,
Cap Sense




o)

MICROCHIP B

MASTERs 2012

etter Cap Sense X-Y “

Use overlapping sense bars to
determine location on two axis.

Advantages:
+ Fewer Channels Cap Sense
+ Scales better

Cap Sense

Issues:
- 2+ Layers

- Overlapping areas Cap Sense

Cap Sense

Cap Sense
Cap Sense




wews  Diamond Pattern

MASTERs 2012

Maximize exposure of each
axis electrodes to a touch.

Advantages:
+ Smaller Overlap

Diamond interleaving
of layers

Necks at layer
Electrode crossovers

Issues:

- 2+ Layers

- Small signal in
overlapping areas




Meaace Diamond Pattern

MASTERs 2012

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01

I XXX XXX XX
B S¢S X
IR < < X XXX XX XXX
B X< X X X XXX XXX X
I < X XX XX XX XX X
B X XX XXX XX XX X
I > X XXX X XX XXX
BRI < XXX XXX XXX X

TAIL




FULA) M rojected Capacitive Sensor
WASTERs 2012 Cross Section

Sensor cross sectional view

Cover (Glass, ~1mm)
—>

OCA (~0.1mm)

—
Receiver axis Electrodes (ITO, 30nm)

—
Substrate (Glass or PET ~0.125mm) _J ’

OCA
— e

Transmitter axis Electrodes (ITO)

—>
Substrate (Glass or PET) _.‘ ’

A W=
Optional Shield (ITO) R

Substrate (Glass or PET) — ’

oca—

— )

© 2012 Microchip Technology Incorporated. All Rights Reserved. ' mTodéh Slide 89




e Sensor Patterns

MASTERs 2012

e Lots of innovation has occurred

o Many Proprietary Patterns -
. J




o TxP Comb Pattern

MASTERs 2012

Electrodes with comb like meshing fingers.

Transmitter (Bottom) Electrodes Receiver (Top) Electrodes




wasoe  TxP Comb Pattern

MASTERs 2012

+Comb geometry creates capacitive integration from
one electrode to the next.

+Capacitive integration provides more uniform signal
change as a touch transitions from one electrode to the
next.

+Increased signal allows the designed spacing between
adjacent electrodes to be increased.

+Increased spacing between adjacent electrodes
reduces the total number of electrodes and associated
electronics
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PROJECTED CAPACITIVE
ALGORITHMS




o N —— Algorithms

MASTERs 2012

o Capacitive Sensing
e Self Capacitance
o Mutual Capacitance

e Baselining
e Filtering
e Touch Identification
e Touch Tracking
o Gesture Detection

R — e — e — —— e —

mmmmmm
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MicRocup Self Capacitance

MASTERs 2012

e Works the same as mTouch™
Solution Buttons & Sliders

e Can Use CVD, CTMU, etc.




M..;H.p % " Self Capacitance

MASTERs 2012

» SELF capacitance of an electrode is its capacitive
load to the measuring circuit, relative to circuit
ground.

) Measure
Receiver Electrode g .
1 Circuit

CTOUCH

K\ C
< ~ELECTRODE

» Can measure self capacitance of any X or Y electrode
» Can determine which X and Y electrodes are touched.
» Can not correlate multiple touches into (X,Y)

locations.




MICROCHIP M
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utual apacitance :

e Works the same as mTouch™
Solution Buttons & Sliders

e Can Use CVD, CTMU, etc.

e Important addition: “Stimulus”
(TX) during measurement.
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Mutual Capacitance

» MUTUAL capacitance is the capacitive coupling
betweep receiver and transmitter electrodes.

~
M
*, \
\,
\\ b

C
<k ~TOUCH

CTOUCH

SN\

e

Receiver Electrode

_ <

CTOUCH CM UTUAL

"\

Transmitter Electrode

-

"\

_ Measure
Circuit

CELECTRODE

Drive
Circuit

CELECTRODE

» Can correlate multiple touches into (X,Y) locations.

© 2012 Microchip Te

mTouch
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wece  Mutual Capacitance
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(11 )
How “Mutua Shunts or steals

some current

Pulse

\

C
>——1 Top “Transmitter” Bar TOUCH&

- CTX-RX

Bottom “Receiver”
L Bar

Pulse Injected —
Current CRX

=
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MicsocH Capacitance

MASTERs 2012

e Parasitic and A Touch
e Dependant on sensor and system

| | |
No Touch

Weak Touch

Strong Touch

Parasitic

B Touch

Item

Capacitance

Electrode Parasitic

100 pF

Strong Electrode Touch

0.5t0 1.0 pF

Weak Electrode Touch

0.05 pF
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O

W Self Capacitance Scan Example

MASTERs 2012

e Self on all receivers to determine which are touched

Y09
Y08
Y07
Y06
Y05
Y04
Y03
Y02

Y01
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e Mutual with one receiver (Y07) and each transmitter

apacitance Scan Example

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01

Y09
Y08
Y07
Y06
Y05
Y04
Y03
Y02
Y01

© 2012 Microchip Technology Incorporated. All Rights Reserved.




AN Dual Touch Example

MASTERs 2012

e Two simultaneous touches are shown below

Y09
Y08
Y07
Y06
Y05
Y04
Y03
Y02

Y01




;II:HIFI — Dual OUCh Example - Self

MASTERs 2012

o Self on all receivers to identify Y03 and Y07

—\w Y03
I, Y02
I, Y01

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01




MICRBCHI Dual Touch Example — Mutual
WASTERs 2012 Location #1

e Mutual with each transmitter and Y07 receiver
o Identify (X05, YO7) as Touch #1

Y09

Touch #1
I N Y08

Y06
Y05
Y04
Y03
Y02
Y01

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01




wes' " Dual Touch Example — Mutual

MICROCHIP

MASTERSs 2012 LO Cati on #2

e Mutual with each transmitter and Y03 receiver
o Identify (X02, YO03) as Touch #2

Y09
Y08
Y07
Y06

Touch #2 Y05

I Y04

= \~. Y03

Y02

Y01

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01
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Dual Touch Example — Report TvJo *
Touches

Report touches at nodes (X05,Y07) and (X02,Y03)

Touch #1 Y09

— 4 Y08
T
H N4

L Touch #2

III‘

HEEEENLA
HEEEEBE

Y07

B A“d B BB RN

Y06
Y05
Y04
Y03
Y02

Y01

X12 X11 X10 X09 X08 X07 X06 X05 X04 X03 X02 X01




MICROCHIP

= Sensing

o Mutual Capacitance can be time
consuming for large sensors

o Different areas of sensor will
have different measurements




———
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weoe Baseline Normalizatio

MASTERs 2012

e Due to uncontrolled variations in the touch systems
capacitance, a touch is determined from the:

Capacitance change from a “No touch” baseline
e Provides relative, as opposed to absolute values.

e A baseline image of the sensor is retaken at regular
intervals, when there is not a touch.

e A baseline value is required for each receiver self and
each receiver / transmitter node mutual.

Slide 109




DU

MICROCHIP

WAsTERSs 2012 Measurements
[ Baseline ] Touch Delta
A
)
Self
Capacitance
Measurement
1 2 3 5 6 7 8 9

Receiver Electrode(Bar) Number

© 2012 Microchip Technology Incorporated. All Rights Reserved. =




e Touch Identification

MASTERs 2012

e Select Tallest peak?
e What about two or more activations?

o Exanjine Slopes?
o What about foise ("small” peaks)?




weswe  Touch Identification

MASTERs 2012

Additional “Peaks”

e Basic Threshold
o Examine Slopes

Touch Threshold




MICROCHIP

MASTERs 2012 G Pea ks,, ?

e Self is the Whole Column

o Potential for 2 touches almost
aligned

2 3 0 3 1 0 0

80 1 3 313 16 0
70 0 1 0o 22 @ 31 1
50 1 1 0 13 17 2
1 0 0 2 1 3 0

50 2 0 3 3 1 1 0
40 1 3 2 1 6 0 2
3 3 2 17 1 1

30 1 1 | 33 @ N 3 2
20 2 3 2 2 3 1
10 I 3 3 3 0 0 0 1
0 4 . || % ]- i 1 2 3 2

3 3 33 W 73 31 2 3 3

Wk, WEFRL, OWWNNNWO

W W NEFEPNWOOONIEFEW



MicaacH Extra Peaks?

MASTERs 2012

o Post process “nudge” to
eliminate extra peaks

o Compare current to adjacent,
“nudge” to higher location

e Eliminate Duplicates
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wese  Touches Identified!

MASTERs 2012

o After “nudging” all potential
peaks, we have identified all
potential touch nodes.

e Current touch resolution is the

course X & Y electrode/bar pitch.
(e.g. 12x9)




MicRacHR Resolution - Course

MASTERs 2012

« Course touch position identifies X and Y electrodes with
the greatest signal change.

 Provides a touch position resolution equal to the
electrode pitch. /

I f v
Peak \'/ Course Touch

Electrode:

Touch Signal .
Strength I i

n-1 n n+1 Electrode

Electrode Position
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weocwe  Resolution - Interpolated

MASTERs 2012

Resolution is improved by interpolating signals between electrodes.

1) Course touch position determined as peak signal electrode.
2) Electrodes adjacent to the peak electrode are measured
3) Offset = Pitch / 2 * (Side Max — Side Min) / (Peak — Side Min)

4) Current design yields 128 counts between adjacent electrodes.
/

Peak |
h Si I“ Electrode Fine Interpolated
Touch Signa Touch Position
Strength
_ q— -

——
-
-

|

|

1

1

1 _
»

n-1 n n+1 Electrode




weeew  Touch Tracking

MASTERs 2012

e Touch ldentification occurs each
sample

e Tracking occurs between

samples
@3 3 -9,
10‘ 1 @
& ———9 3
@— 2




" Touch Tracking

MASTERs 2012

e Touch ldentification occurs each
sample

e Tracking occurs between
samples
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MASTERs 2012

12
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M F—?ouch Tracking Cont. -

MASTERs 2012

e Basic Tracking: Distance
between ldentified Points at t=0
and t=1 — shortest is best match

o More advanced: Vector Tracking

o Faster Sampling = more accurate
tracking
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GESTURES

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch 122
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MICRICHF What are Gestures?

MASTERs 2012

e No different from any other touch
or activation

o Use context to determine
interpretation of the activation




Moo Gesture Support

MASTERs 2012

o Basic single-touch gestures:
o Tap
e Tap & Hold
e Double-Tap
e Swipe
e Swipe & Hold

©2012 Microchip Technology Incorporated. All Rights Reserved. —
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FILTERING ALGORITHMS

mTouch 125
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Filtering

e Integration

e Touch Detection

e Coordinate




— e

e Integration Filter

MASTERs 2012

o Take a longer measurement

e Decreases the influence of any
short-term events




waes  Touch Detection Filter

MASTERs 2012

e Only accept measurement if
above a threshold

e If measurement below threshold,
ighore

A

Touch Threshold I

1 2 3 4 5 6 7 8 9

e — s e — — e e —— e T




e Coordinate Filter

MASTERs 2012

e Average multiple coordinates together

o Change number of coordinates based
upon difference in coordinates

e Large Delta — Fast Movement — Average 4
e Small Delta — Slow Movement — Average 16

o Large filter helps eliminate “jitter”
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MICROCHIP PCAP SOLUTIONS

© 2012 Microchip Technology Incorporated. All Rights Reserved. "~ mTouch 130




MICROCHIP

e 2012 Requirements

e High Speed Capacitive Sensing
e GPIO Pins for TX lines
e Cap Sense Pins for RX lines

o RAM for baseline storage and
processing ~ &S




- 8
—_— . — T = = =<2 | '

MICROCHIP

asrens 2012 been used?

e Anything from a PIC16 on up.
e We have developed on:

o PIC18F46K22
o PIC24FJ64GB004
o PIC24FJ64GB106

T FPIVOZIVIA 12U USZ U

TTTTT




wewe  PCAP Hardware

MASTERs 2012

o Self Contained, using a
single PIC® MCU for
graphics and touch

e Sleep

e Single Touch Gestures
e >3 touch detection

e 2 touch drawing

e Contact your local FSE

e Available from Dev
Tools Soon
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“M;I-»I:FICICHIP Tu n i n g
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e Tune in the order the&ﬁrar’re

processes data

o Self &n a\e

e Mutual C

ance
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EVALUATING A TOUCH
SCREEN SOLUTION




_—————————————————¢{

et Sensor Evaluation

MASTERs 2012

o Many possible ways
e Touch Performance
e Noise Performance

e Standard Tests

e Single Touch
e Dual Touch




MICROCHIP po an \ o e On
MASTERs 2012 Evaluatlng TOUCh

o Always evaluate based upon the
intended application

o A DevKit will perform differently
than the final unit — integration is
important




MicRacHIP S p ee d

MASTERs 2012

o “Signature Capture” — 100pps

e Microsoft recommended —
50pps/touch

e 100pps = 10ms per X/Y
coordinate transmitted

o Sensing, filtering, & transmitting




e Common Issues

MASTERs 2012

e False Activation

e No Activation

e Zinger

e Stop-Signing

o Skipping

o Zig-Zag / Stair-Stepping
alibration

R — e — e —
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'ci“9|e Touch Tests

MASTERs 2012

o Touch Stability Test (touch &
hold)

e Vertical Line Draw
e Horizontal Line Draw

e Diagonal Line Draw
e Tap test




B0 M— Multi-Touch Tests

MASTERs 2012

e Look for interaction between the
touches

o “Half Moon” or Circle test

o Proximity test




MICROCHIP

ot Pattern
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TUNING

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch 143




MICROCHIP | Tu n i n g

MASTERs 2012

e Tune In the order the firmware
processes data

e 1. Self Capacitance
e 2. Mutual Capacitance
e 3. Touch Processing




M“\ MASTERS 2072

MASTERsConference Pt rr b e bbb rr e
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The premier technical tralmng nunTere ¢ for embedded contre 2NgINeers “

mTouch™Projecied IGAPECIt VEL EVEIOPTENTIRIL
PIC16F707 (PArTFIDMT60297))

http://www.flickr.com/photos/microchiptechnoloqy/4599624544/sizes/|/

o
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ence for embedded ww-uummuan%

PCAP Hardware
MTCH6301 In production 2012

*Up to 10 touches detected

«>100 Reports per second single touch (>75 dual touch)
« Communication I1?°C

* Individual channel tuning for optimal sensitivity

» Supports sensor sizes up to approx 4.3”

* Up to 13 Receiver channels (RX)

* X 18 Transmitter (TX) channels o Works with

» plastic up to 3mm/ glass up to 5mm

http://www.microchip.com/wwwproducts/Devices.aspx?dDocName=en559
101

e ———————— e — . T
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e Proximity sensing and 1D
gesture

e 2D gesture

o 3D gesture




MICROCHR Proximity Sensing

MASTERs 2012
Focus of Electric Field

e Guard sensor
e Same voltage as sensor pad
e Electric field controlled focus
e Increased sensitivity

“_“pliul"ll““i"‘ull‘L‘“'.‘
) 4
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Micaoci Proximity Sensing

MASTERs 2012
Hardware Solutions: Dedicated Products
2]
- \
"g MTC112
Li.: 8 Pin SOIC, 3x3DFN
[2C™ Configurable
Active Guard Ring
N Noise Detector /
MTC101
6 Pin SOT23
Adjustable Sensitivity
Variable Scan Rate
Ultra Low Cost /

1 Channel 2 Channels

O _e
© 2012 Microchip Technology Incorporated. All Rights Reserved. = mTouch 149



Mcsocup Proximity Sensing
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Hardware Solutions: General

GP, USB, Ethernet, CAN PIC32 32&3f121§1B ;I:‘ss "
Up to 16 Cap Touch Ch. 80 MHz

c

2 6P & CAN PIC24H 8100 pin |
I Up to 32 Cap Touch Ch 40 MIPS

| -

(@)

4 — 256 KB Flash

.8 GP, USB & Graphics PIC24F 14 - 100 pins

c Up to 24 Cap Touch Ch. 16 MIPS

& 16 — 128 KB Flash

[T GP, USB & LCD PIC18 18 — 80 pins

‘5; Up to 24 Cap Touch Ch. 12-16 MIPS

>

3.5-28 KB Flash
» GP & LCD PIC16 14 - 64 pins
Up to 32 Cap Touch Ch. 8 MIPS
General PIC10/12 0.75 - 3.5 KB Flash
Purpose Up to 4 Cap Touch Ch J2E[HIE
(GP) i 8 MHz
Performance

o - — -
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Features/Memory Size

|

PIC16F1513
7 KB/ 256B
28 Pins
17x 10-bit A/D
EUSART
MSSP

PIC16F1512
3.5KB/128B
17x 10-bit A/D

28 Pins
EUSART
MSSP

/

PIC12LF1552
3.5KB/256B
8 Pins
4x 10-bit A/D
MSSP

o= - - sl
————————— 0B
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Microchip’s Solutions
For Proximity Sensing

Software




Mcaocup Proximity Sensing

MASTERs 2012

Software Solution

e mTouch™ Solution Framework
e Can be downloaded From Microchip’s Website
e Royalty-Free Source code available (C and ASM)

e Support for several PIC® MCU'’s
e PIC10, PIC12, PIC16

e Handles traditional buttons & Slider + Proximity
e Integrated Proximity Features -

e Median Filter immplementation
o Proximity and Black Box Products

o Adaptive Noise Cancelling (ANC) Filter

~» Only on Black Box products

. e . — = —— —

eserve Toucl



Proximity Sensing

MASTERs 2012

=le

%Signal Acquisition Average "

Trip
Level 3

Framework Architecture

Signal Processing

Decision Making

© 2012 Microchip Technology Incorporated. All Rights Reserved. = : mTodéh Slide 154




wese  Proximity Sensing
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Software Solution

e Framework Filtering : Median Filter

e Need to detect very small changes. Noise influence
Increases

e More robust filtering required: Median filter
o Sample history in FIFO buffer
o Samples are sorted by value
e Middle samples are used

Median Filter Data Array sorted by time.

‘ 2341 ‘ 2350 \ 2340 | 2339 ‘ 2320 ‘ 2344 \ 2345 | 2350 ] 2326 ‘

Newest Oldest
New data shift direction -

i Sort the data by value

| 2320 | 2326 | 2339 2300 | 2341 | 2344 2345 | 2350 | 2350
Smallest " o Largest

Average the data inthe middle
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M PrOX|m|ty Sensmg —

Software Solution

e Black Box Product implementation only

o Adaptive Noise Cancelling Filter
e Noise tracking mechanism
e Dynamic acquisition scheme

o Rate automatically adjusts to amount of noise

o System automatically return to light filtering scheme when environment
gets quieter

Slide 156
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Microchip’s mTouch™
Solution Tools

© 2012 Microchip Technology Incorporated. All Rights Reserved. = : mTodéh 157




Mcsoce Proximity Sensing

Featuring:

e 4 Motherboards
e PIC16F1937 8-bit MCU
e PIC18F46J50 8-bit MCU
e PIC24FJ64GB106 16-bit MCU
o PIC32MX795F512H 32-bit MCU

e 4 Sensor Daughter Boards %
o 2-Channel Slider e
e 4-Channel Slider ’
o 8 Keys Direct Sense
o 12-Key Matrix

o PICkit™ Serial Analyzer
e Program & Debug

e mTouch Solution Graphical User
Interface

—~ 20
©2012 Microchip Technology Incorporated. All Rights Reserved.
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mTouch™ Solution GUI

The mTouch Solution Graphical User Interface, i

mTouch Solution SW Package, allows to:

roximity Snsing

ncluded in

- =

o Use Eval Kit or Custom Boards e T “
- UART or USB interface E

o Access all mTouch solution critical paramet, S~ =
- Debug e |
- Optimize mTouch operation = [—

o Monitor Sensor’s data —
- Real Time Data, Average 2E
- Max/Min rﬂf rfj” m*‘;%;
- Sensitivity =

o Easily set up Thresholds

el ]

——

e Record and Export data to CSV for

© 20 Vlicrochip Technology orporated. All Rig Reserved. mTouch
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Proximity Sensing

o Capacitive proximity sensing can be used in various
applications

e Usually in power management

e Inexpensive and easy implementation
e Few parts involved
e Regular material

e Microchip hardware available
e Standard MCU
e Ready to use solutions
e Evaluation kit

e Microchip Software available

e Framework including source code and various optimization tools
e Dedicated filtering

Slide 160
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Gesture
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Mcsacue What is gesture?

MASTERs 2012

e A motion of the limbs or body made to express
or help express thought or to emphasize
speech.

I — 3 5 T T—
- —_— 0
© 2012 Microchip Technology Incorporated. All Rights Reserved. ' mTouc Slide 162




Micsgcue Pros and Cons

MASTERs 2012

e Advantages
e Natural way of interaction
e Remote interaction

e Cons
e User dependent gestures
e Few universal understandable gestures
e Pattern recognition can be CPU extensive

©2012 Microchip Technology Incorporated. All Rights Reserved. —




M“\ MASTERS 2072

MASTERSConference [II|||I||||||II|||||||||||II|||IIIIII|I||IIIIIIII||IIIIIIII||II|l|||||||||I

2D Gesture
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MicRoce Gesture Examples

MASTERs 2012

e Swipes
e Pinch
e Zoom in and out

. — = - — 5 - -
© 2012 Microchip Technology Incorporated. All Rights Reserved. ' mTouc Slide 165



’ﬁ\ ”” STRS g

MASTERsConference [IIIIIIIIIIIIIIIl|I||III||II|||II|III|I||I|IIIIII||IIIIIIIIIII||1IIII|II|II

|

3D Gesture
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3D gesture experience

The 3D experience allows a more
natural and fascinating browsing

L Free-space interactions evoke simplicity

Users are getting more engaged with
L content through gestural control

... leading to more efficient and
targeted browsing, navigation and
shopping.

Slide 167
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MICROCHIP

o
———m for Tablets
Mouse over
Pointing, Cursor Control
Zooming
3D Content interaction
Wave through
content )
Scroll it! volume,
page, etc. ) @
i
Drag ’n drop ) v
N

Wake up on approach
Auto key-backlight } <

© 2012 Microchip Technology Incorporated. All Rights Reserved. . "~ mTouch Slide 168



MICROCHIP

WaSTERS 2012 for Keyboard

Mouse over
Pointing, Cursor click events
Control

Scroll it! volume,
page, etc. )

—- Drag ’n drop ) ©

>

Wake up on approach
Auto key-backlight <

© 2012 Microchip Technology Incorporated. All Rights Reserved. "~ mTouch 169



echnology Comparison for
SASTERS 2012 3D Gesture Recognition

MICROCHIP

E-Field Optical 2D Optical TOF Infrared Ultrasound
¢ Sensor Type Electrodes iBuiIt in Camera Special Camera IR LED + Prox Speaker & Rx
§- Range (in cm) 0-15 20-100 50-400 5-300 5-20
$ Resolution High (200 dot/cm) Medium High High Medium
8 Real-time update rates Yes (300pos/s) No (50f/sec) Yes Yes Yes

Invisible, scratch-resistant 5 < < 1 <

g Resistant to lighting changes f, o £ 4 t 4 5
% Resistant to ambient sound 5 : : t <
'-E Touch sense capability f, < < f, ¢
-% Gesture Applications f; f, : : s
0O  Full surface coverage (blind spots) : ¢ : 4 ¢ g
Close range sensing capability 5 ® ® ‘5 t

¢ Glide-over-Surface market : ¢ - < £ 4 <
§ - Glide-over-Display market f, f, : f; t
$  System cost of ownership Low Low High Low TBD

e ——

© 2012 Microchip Technology Incorporated. All Rights Reserved. . mTouch




MicROCHIP Implementation Examples

MASTERs 2012

Touch Panel

ITO Coating

Sensing area

Sensing area

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch
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e Microchip offers 1D, 2D and 3D
solutions

o Easy Implementation

e Integration




s

MICROCHIP
MASTERs 2012

Thank you!

- - -

© 2012 Microchip Technology Incorporated. All Rights Reserved. mTouch
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Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

Appendices

:: mTouch™ Solution Glossary of Terms

:: MASTERs 2011 mTouch Solution Classes
:: Additional Reference Material

:: mTouch Solution Waveforms

:: CVD Math
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Appendix A
Glossary of Terms

Average

A value calculated in real time by the system’s firmware to estimate what the next reading of
the sensor should be assuming no external interference.

Base SNR

The signal-to-noise ratio of the unfiltered sensor signal.

Baseline

See ‘Average’.

Cover

A layer of typically plastic or glass that is placed between the application’s PCB and the
user’s finger.

Crosstalk

The undesired shift of a neighboring sensor’s readings when a user is pressing on a sensor.

CSM (“Capacitive Sensing Module”)

An mTouch™ hardware module used to measure the capacitive shift of a sensor using a
frequency-based method. A timer module is used to count the number of oscillations the
sensor’s signal performs in a fixed amount of time.

CTMU (“Charge Time Measurement Unit”)

An mTouch™ hardware module available in some PIC18 and PIC24 devices that uses a
voltage-based acquisition method to measure the capacitance of a sensor.

mTouch Slide 175
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APpPendix F
Glossary of Terms

CVD (“Capacitive Voltage Divider”)

An mTouch™ acquisition technique that uses a PIC’'s ADC module to take a voltage-based
capacitive measurement of a sensor.

Debounce

An algorithm process that requires the same answer be independently calculated N times in
a row before a state change can occur, where N is greater than 1.

Decoding

The algorithm process of taking an integer value that represents and analog signal and using
it to determine the current state of the sensor.

False Triggers

Incorrect sensor state transitions that are not caused by a finger’s press or release. Do not
confuse these with ‘Flickering Buttons’ which occur when a finger is present.

Flickering Buttons

The sensor behavior of quickly toggling between sensor states while a finger remains
pressed on the sensor. Do not confuse this with ‘False Triggers’ which occur when a finger is
not present.

Hysteresis

A control theory technique that uses several signal thresholds to eliminate or reduce fast
state toggling while the signal is transitioning from one state to the other.
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Appendix A
Glossary of Terms

Impulse Noise

Individual or small groups of readings that behave in a significantly different manner than the
readings before and after them due to a noise source and not a finger’s press.

Noise

The unwanted disturbance of a signal usually caused by an external source.

Noise Immunity

The ability to remove or ignore the noise on a sensor’s signal.

Oversampling

Taking more than one sample of a sensor’s signal and combining them into one final reading
that is then processed by the firmware’s algorithm as one value.

Parasitic Capacitance

The unwanted capacitance that exists between two elements of a circuit simply because of
their proximity to each other.

Permittivity

A measure of how much resistance is encountered when forming an electrical field through a
material. Higher permittivity values mean less resistance.

Reading

The integer value that represents the sensor’s current analog value and that is passed to the
filtering or decoding algorithms. Not to be confused with ‘sample’.
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MASTERSs 2012 Glossary of Terms

o Reversed Operation

A phenomenon caused by a large amount of noise on the system which reverses the
operation of the sensor. Pressing makes the sensor think it's been released and releasing
makes the sensor think it's pressed.

o Sample

A single result from a hardware module that describes the sensor’s current value. Multiple
samples might be combined using the oversampling technique to create a ‘reading’ which is
then used in the algorithm’s calculations.

o Sensitivity

A measure of how much a sensor’s value will shift when a finger is pressed on it. The shift is
sometimes defined in terms of the percentage of the total value, and sometimes as the
absolute shift amount. The correct way to define it, however, is by calculating the SNR.

o Signal-to-Noise Ratio (SNR)

A measure of how much sensitivity a system has compared to the level of noise on the
signal. The higher the SNR, the cleaner the signal.

° Threshold

A limit used to define at what point a sensor should change states.
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MICROCHIP

e 1659 WTT — Which Touch Tech. is Right for Your Application?

mTouch Solution Overview of all Capacitive Sensing Technologies
e 1660 CAP — mTouch Capacitive Solutions Hands-On

mTouch Solution Technical Details and Labs
e 1661 TTM - Touch Sensing Through Metal

mTouch Solution Metal-over-Capacitive Design
e 1662 RTS - Techniques for Robust Touch Sensing

e 1663 ATT — Advanced Touch Screen Technologies
Projected Capacitive Touch Screens

e 1664 LPP - Level, Pressure, and Position with mTouch
Reference designs for mTouch solution applications
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MASTERS 2012 Additional MCHP Reference Material

www.microchip.com/mTouch
e Capacitive Touch Guidelines: AN1101, AN1102, AN1103, AN1104, AN1250, AN1171
e mTouch™ Solution on Specific Parts: AN1202 (PIC10F20x)
e Water-Resistant Capacitive Sensing: AN1286
e mTouch Solution using the Period CSM Measurement: AN1268
e mTouch Solution Algorithm and Noise Simulation Software: AN1254

e Deviations Sorting Algorithm for CSM Applications: AN1312

www.microchip.com/webinars
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MASTERs 2012 Additional Misc. Reference Material

e The Scientist and Engineer’s Guide to Digital Signal Processing

by Steven W. Smith, Ph.D.
http://www.dspguide.com

Available in a free, downloadable PDF format!

e Testing for EMC Compliance: Approaches and Techniques

by Mark |. Montrose and Edward M. Nakauchi
New Jersey: IEEE Press, 2004. Print.

e Google: Signal Detection Theory, Nelson Rules
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MASTERs 2012 Waveforms - CVD

Agilent
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MASTERs 2012

Waveforms - CTMU
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"~ Differential CVD Math

MASTERs 2012

V)=V, ke o=CV
Step 1: Known states. Calculate stored charge.

Qexternal - Cexternal I/external

Scan A Scan B
Qhold - CADCVADC

Qtotal - Qexternal + QADC Qtotal = Qexternal + QADC

Qtotal - Cexternal I/external + CADC VADC Qtotal - Cexternal I/sensor + CADC VADC
Qtotal - Cexternal VSS + CADC VDD Qtotal = CsensorVDD + CADC VSS

Step 2: Connect capacitors and allow charge to settle.

Ctotal VA - Cexternal VSS + CADC VDD Ctotal VB - Cexternal VDD + CADC VSS
V _ Cexternal VSS + CADC VDD V _ Cexternal VDD + CADC VSS
A~ B~
Cexternal + CADC Cexternal + CADC
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MASTERs 2012

C Vss + CancVpp C

V _ external V _ external VDD + CADC VSS
A~ B
C ternal + CADC Cexternal + C'ADC

ex

Step 3: Find the difference between the settling points.

Vi=Vy—V,
Va
V _ CADC B Cexternal
A C + C Cexternal
ADC external
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MiCROCHIP Differential CVD Math

MASTERs 2012

C Vss + CancVpp C

V _ external V _ external VDD + CADC VSS
A~ B
C ternal + CADC Cexternal + CADC

ex

Step 4: Subtract V, when released from V, when pressed.

VPA - VRA -

C.Cr
C ' +C,C.+2C,C,+C,C,+C,’

]XQ,VDD

Assume:

ADC Capacitance = 10pF
Constant.

CVD = (VPA_VRA)x1024><0

VDD
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The Microchip name and logo, the Microchip logo, dsPIC, KeelLoq, KeeLoq logo, MPLAB,
PIC, PICmicro, PICSTART, PIC32 logo, rfPIC and UNI/O are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor, MXDEV, MXLAB, SEEVAL
and The Embedded Control Solutions Company are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, chipKIT, chipKIT logo, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN, ECONOMONITOR, FanSense,
HI-TIDE, In-Circuit Serial Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified
logo, MPLIB, MPLINK, mTouch, Omniscient Code Generation, PICC, PICC-18, PICDEM,
PICDEM.net, PICKit, PICtail, REAL ICE, rfLAB, Select Mode, Total Endurance, TSHARC,
UniWinDriver, WiperLock and ZENA are trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
All other trademarks mentioned herein are property of their respective companies.
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