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LEDTS Cinfineon

LED and Touch-Sense

LEDTS Highlights
MeHe (gl The LEDTS is especially desi
ontrol L pecially designed to
: enable driving of LEDs (up to 64 LEDs
DAVE™ App in @ LED matrix) and control capacitive
1SR|  [—fntermupti 4 Hre k touch pads (up to 8 pads per kernel) at
the same time. The LEDTS controls the
v LEDs and touch pads in a time-
| | oueh-] multiplexed manner, thus allowing
Seliliel them to share pins.
Key feature Customer benefits
> LEDs are driven in a LED matrix > Drive more LEDs with limited pins
> Capacitive touch sensing via > No additional hardware needed to
relaxation oscillator topology generate oscillations
> LEDs and touch pads can share > The number of pins needed for such

pins applications is minimized



LEDTS ifineon

LEDs are driven in a LED matrix (1/2)

> A LED matrix consists of many LEDs

arranged in lines and columns ] -
> The columns are activated one after a5
another
COL A%
> The line signals are automatically &Or 93
_ Interrupt Column  E@[ 2+
synchronized to the column control |~ | control COL 54
activation e
COL 6%
> Saves cost: i
— imi v LINE 0%
Maximizes the. numb.er of LEDS  (5avE™ App LINE 1 Hﬁﬁﬁﬁﬁ
that can be driven with limited _ LINE 24—
: Line LINE 3
number of pins ISR| > control LINE 4
: LINE 5+
- Up to 64 LEDs without touch LINE 2
pads, 56 LEDs with touch pads LINE 77
> Flexible:
bosay

— the LEDs can be arranged in

various layouts T @@@ S
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LEDTS

LEDs are driven in an LED matrix (2/2)

> Time slice

- Smallest time period used in
LEDTS

— Only one LED column can be
active in a time slice

> COMPARE value (CMP_LDx bit
field)

— Column active time within a
time slice

— Determines brightness level
— OxFF - brightest, 0x00 - off
> Time frame

— Time taken for all columns to
have been activated in a
round

— = Time slice * no. of LED
columns (with no touch pads)

LINEO

LINE1

LINE2

COL 2
CoL1
COLO
COLA
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Time slice

LEDTS timer

CMP_LDx

LEDs on

LEDs off
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Capacitive touch via relaxation oscillator (1/2)

> What is capacitive touch sensing? |

— Touch pad controller regularly C, L
measures the capacitance of touch
pads
- When the pads are touched, their N G
capacitance increases M M Overlay &,
. N\ /A
— Touch by a finger forms a parallel Touch button

capacitance (increase in overall
capacitance)

— Parallel-plate capacitor model of
the extra capacitance: C = gyg, *

(A/d) =
: A :
> Benefits: Capacitor 7[5 o 'l d
_ _ plates = ielectric
- Flexible design
- Can have protective overlay g = permittivity of free space
er = relative permittivity of dielectric material

— No wear and tear A = area of the plates (~ finger touch area)

d = distance between plates (~ cover thickness)

Copyright © Infineon Technologies AG 2016. All rights reserved.



LEDTS Cinfineon

Capacitive touch via relaxation oscillator (2/2)

input

threshold El\/dd

4 threshold-= out
pad tslrnf Segzc(’jr:: $S foys
enable > 2
pulse T - L
count 1 2 3 4 5

> What is the relaxation oscillator topology?

A simple circuit generates oscillations on the sensor pad

The number of oscillations is monitored in an adjustable time window (called the
oscillation window)

The output frequency depends on the pad capacitance

The higher the capacitance the lower the frequency and the lower the number of pulses -
> if the pad is touched, the number of pulses becomes lower

> Benefits:

HW needed for charging and discharging is already available in the pad
No need for extra HW to be designed



LEDTS Cinfineon

LEDs and touch pads can share pins (1/2)

> LEDs and touch pads can co-exist and share pins
> The LEDTS drives LEDs and controls touch pads in a time-multiplexed manner
> Benefit:

— The number of pins needed to drive multiple LEDs and touch pads can be
minimized = cost saved

Copyright © Infineon Technologies AG 2016. All rights reserved. m



LEDTS

LEDs and touch pads can share pins (2/2)

>

LINEO
LINE1

LINE2

COL 3
COL 2
CcoL1
coLo

pad osc
enable

Auto scan time

Gireon

Jk

<
period
«———frame
—ptslice le—
3 2 1 A 3
|
W
] |
] B
]
—

Time-multiplexing

— At any one time, only 1 LED column or the touch-sense

function is active

— Touch pads are active during a touch-sense time block
— Only 1 touch pad is active in any touch-sense time block
— Touch pads are activated and serviced in a round-robin

mMmanner

Copyright © Infineon Technologies AG 2016. All rights reserved.

> Auto scan time period

-  When all touch pads
have been serviced

- = time frame * no. of
touch pads



LEDTS

System integration

TSIN
EXTENDED
COL

LINE

> Target applications

— Human machine interface

— Touch sense

,

i

NVIC

FN
LEDTS L

VADC

BGREQGT)
GXREQGT]

PORTS

Giinesn

XMC™4100 XMC™4200 XMC™4400 XMC™4500 XMC™4700

XMC™1100 XMC™1200 XMC™1300

LEDTS is interconnected with several
modules in the MCU system.

CCU4 - Input signal to CCU4 module
(Not on XMC™4x00).

NVIC - To generate interrupt.
VADC - Input signal to VADC module.

PORTS - Pin oscillation control unit is
integrated with the standard
PORTS pad. Eliminates the need
for additional hardware circuitry to
generate oscillations.

Copyright © Infineon Technologies AG 2016. All rights reserved.



Application example

IR remote control

uUsB

UART

A

A

A

TX
connect

00000000

XMC™1x00

IR
Rx

00000000

IR receiver with USB docking station

In brief

IR
LED

XMC™ 1x00

IR transceiver with
touch control

The IR remote control features a

combination of capacitive touch control and
IR communication. It comprises of two parts
- the IR receiver and transceiver. User input

is captured and processed by the LEDTS.
Infrared transmission and reception is
realized via the standard RC-5 protocol.

Infineon

i

Overview

In Human-Machine Interface (HMI)
applications such as the IR remote control, the
LEDTS gives flexibility and a high-level of
customization to the design. The LEDTS too,
with the use of capacitive touch technology,
enables the detection of user input through
enclosure materials. The behavior of the touch
inputs can be simply adjusted through
software parameters, independent of
mechanical constraints.

On the IR transceiver, the LEDTS controls and
processes the touch signals for two buttons
and a touch wheel, using only 5 pins of the
XMC™xx00. These touch inputs are designed
on a flexible PCB which is glued directly onto
the underside of the upper part of the remote
control housing.

On the IR receiver, the LEDTS drives the LEDs
that serve as indicators for the corresponding
touches on the IR transceiver.



LEDTS

Functions enabling via hardware

> The LEDTS drives LEDs and
controls touch pads in a time-
multiplexed manner

> Taken care by hardware:

— Column enabling — which
column is to be active now?

— Function enabling - LED or
touch-sensing is to be active
now?

— Touch pad enabling — which pad
to service now?

> Minimizes the amount of work to
be handled by software, such as:

— LED line pattern
— LED brightness level
- Touch-sense sighal processing

> Even all these software work will
be taken care by the DAVE™ App

Copyright © Infineon Technologies AG 2016. All rights reserved.
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LEDTS (ﬁﬁneon

Configurable LED brightness (1/3)

> Application may require
different brightness level for
LEDs connected to same
microcontroller

> LEDTS allows customized
brightness level

— On a column level

— LEDs on same column have
same brightness

— On an individual LED level
- Using some software tricks

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Configurable LED brightness (2/3) — column

Column 4 inactive Column 3 inactive Column 2 inactive Column 1 active Column 0Qinactive

[T

Time slice Time slice Time slice Time slice Time slice

< |

A

OxFF

A
' 4
o / LEDTS Timer
/
D2, A o - - o o /
/
if
CMP_ID]1 from == ol o o o o
0
LEDs
LEDs LEDs on LEDs off LEDs on LEDs off o LEDs off

off

CMP_LD1 =0x66

> The brightness level of the LEDs in a particular column depends on
the Elme I:C)IeCr)II(\)Id within the column time slice, during which the LEDs
are turne

> This “LED ON” time_Ee_riod can be adjusted via the respective
CMP_LDx register bit fields

Copyright © Infineon Technologies AG 2016. All rights reserved.



LEDTS (ﬁﬁneon

Configurable LED brightness (3/3) - individual

> LEDs connected to the same column pin can have different brightness levels as well

> How? In every time slice, only 1 LED is switched on with its desired brightness level

r - T e )
1 1 1 [ 1

s

Frame?7
Col4
In Frame 7:

Set LINEL.LINE_4 =0b01000000
//turn on led 7

Set LDCMP 1.CMP _LD4 =0x22
//set led7to 13% brightness

Copyright © Infineon Technologies AG 2016. All rights reserved.
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Pad scheme (1/4)

hysteresis control

r— - - = —

TSIN[X]

X Pad

Scheme

Sensor Pad L

standard PORTS pad

> Pad scheme: Pad configuration during charging and discharging of pad oscillators
> 2 schemes:

- Scheme A: Slow charge - fast discharge (more in later slide) — on XMC™4x00,
XMC™1200

- Scheme B: Slow charge - slow discharge (more in later slide) — only on XMC™1200
> Offer a variation for pad oscillation behavior
> Coupled with pad hysteresis configuration
> More options to find better match for user application

Copyright © Infineon Technologies AG 2016. All rights reserved.



LEDTS: Pad Scheme A (2/4) @w/n
(available on XMC™4x00, XMC™1200)

> Scheme A > Options available:
- Pn_HWSEL = 01g - Large hysteresis: Pn_PHx=1XXg
— Standard hysteresis: pin N
PI’]_PHX=OXXB oscillation

Hysteresis control
Input high

Output low, open- threshold /1
drain enabled - Large
during discharging hysteresis

ﬁ Input low
threshold
TSIN[X] Y
I > ]
Sensor | — External pull-up (see next slide)
pad | ) . .
1 — Pin-low-level active extension
__Standard PORTS pad | (see next slide)

Pin A
oscillation

Input high

threshold /
Input low

threshold

A -
>

Copyright © Infineon Technologies AG 2016. All rights reserved.



LEDTS: Pad scheme A options (3/4) @eo/n
(available on XMC™4x00, XMC™1200)

> External pull-up

— Flexibility to adjust pin
oscillation rate

External pull-up
activated during
charging

Sensor pad

Pin A
oscillation

Input high

COLA pull-up
BN
TSIN [X]
X [ I

>

Enable external Hysteresis control

Standard PORTS pad .

threshold /
Input low /4

Pin oscillation rate
depends on resistor

threshold /

value

—

Pin-low-level active extension

— Option to delay the start of
charging due to slower
discharge e.g. series resistor
between pin and touch pad

Hysteresis control

Pin-low-level
active extension
enabled during

discharging

TSIN[X]
_Active-J
Sensor f 2 |extend
ad 1 .
P Enable pin-low-level
Standard PORTS pad extension

Pin A

. . 1 clock «= Extension enabled
oscillation (default) — Extension disabled

>

Input high

hreshold - va A
thresho .
X\ \/,
Input low / I [ / X \
threshold ! A
AVERAVAIRN
—l >

4,80r16
clocks
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LEDTS: Pad scheme B (4/4) Tnfineon
(available only on XMC™1200) e

> Scheme B > Options available:

- Pn_HWSEL = 104 — Standard hysteresis:

- Large hysteresis: Pn_PHx=0XXg

Pin A
Pn_ PHx=1XX .
- B Hysteresis control oscillation
Internal pull-up Input high
enabled during - threshold Stamdard
discharging hysteresis
Input low
threshold
TSING | | I\ e
Z e | IJ]-/ >

Sensor pad == _I:]_
Standard PORTS pad
J

Pin A
oscillation

Input high

threshold

Input low

threshold

A
»
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LEDTS Cinfineon

Flexible measurement time on touch pads

> Touch inputs used in ) ——— Autoscan time period >
applications may have opleee—
different sensitivity due to borefepe
design factors e.g. trace g
length, parasitic capacitance = g
etc. sy =

coL1 [ 1 [ 1

> As such, LEDTS enables coLo B B
measurement time to be
customized for individual pads
— Oscillation window size - ) Time siie .

touch pad active period and P

measurement is made

— Customization via respective
CM P_TSX bit fields CMP TSx |-~

> Achieve consistent
performance across all touch
inputs

inactive 1

odboot icocooosoa

|

Oscillation window

Touchpad active

Copyright © Infineon Technologies AG 2016. All rights reserved.
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LEDTS iafineon

Extended frames

> Application problem: Low resolution for no. of oscillation counts
— Hard to distinguish a touch
- More susceptible to noise
> Solution: Accumulate the no. of oscillation counts over a few time frames

— A touch pad is serviced for a no. of consecutive time frames (defined by
ACCCNT bit field)

> Advantage: can be done by hardware, eases software

Example Accumulation count = 2

Autoscan time

P Extended p‘erlod
—>islice te— frame
3 2 1 0 A 3 2 1 0 A 3 2 1 0 A 3 2 1 0
LINE1 | L 8 . | | ,‘Q‘YVHH% ST ﬁﬁg‘ >,
LINE2 LR
> 1> b
coz| LI _— - - ]
COL?2 ; — : 1 L | 5 L —~
CcoL1 - 4 L 4
COLO ‘ 1 . | | 11 , |
pad osc | l— [7
enable )

Copyright © Infineon Technologies AG 2016. All rights reserved.
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LEDTS: Multiple kernels synchronization (1/2)
(only on XMC™1200)

>

>

>

2 LEDTS kernels in XMC™1200

Options for HW synchronization:

Start of LEDTS counters

Drive more LEDs and control more touch inputs

— Clock frequency determined by kernel 0’s clock pre-scaler

Kernel 1 will take clock from kernel 0

— Auto scan time period synchronization (next slide)

MCLK—4

LEDTSO0_mclk

LEDTS 1_mclk

[

LEDTS 0 _ syncstart 1

N

Y

cMTR | ENSYNC | LEDTSO_timeperiod_sync
LEDTS- Auto scan
CLK_PS counter time period LEDTSO_master_

Kernel0

timeperiod

LEDTSO0_master_clk
LEDTS1_syncstart

CMTR |

ENSYNC |

Kernell
LEDTS1_timeperiod_sync

LEDTS-
counter

1

Auto scan
ime period

e

LEDTS1_master_timeperiod

1
N LEDTS1_master_clk

Copyright © Infineon Technologies AG 2016. All rights reserved.
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LEDTS: Multiple kernels synchronization (2/2) (ﬁf’i’neon
Auto scan (only on XMC™1200)

> Auto scan time period > Conditions:

synchronization - Touch-sense function is

- When kernel 1 reaches its auto enabled on all kernels
scan time period, its LEDTS-
counter clock will be gated

— When kernel O reaches its auto _ Kernel O is enabled and has
scan time period, gating on

K | 1's LEDTS A ock longest auto scan time period
ernel 1's -counter cloc
is removed — Start of LEDTS counters

synchronization is enabled

- HW pad turn control on all
kernels

Remove all clock gating
£/ to LEDTS-counters

KernelO

Kornelt [ TmePeriod | [ TmePerod | [ TimePeiod |
|

RN

1 Kernel1 LEDTS-counter

: clock-gated

Copyright © Infineon Technologies AG 2016. All rights reserved.



(infineon

General information

> For latest updates, please refer to:

http://www.infineon.com/xmc1000

http://www.infineon.com/xmc4000

> For support:

http://www.infineonforums.com/forums/8-XMC-Forum

Copyright © Infineon Technologies AG 2016. All rights reserved.



.
Infineon

i

Support material

Collaterals and
Brochures

Document

Videos

Contact
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Disclaimer

The information given in this training materials is given as a hint for
the implementation of the Infineon Technologies component only and /
shall not be regarded as any description or warranty of a certain

functionality, condition or quality of the Infineon Technologies
component.

Infineon Technologies hereby disclaims any and all warranties and
liabilities of any kind (including without limitation warranties of non-
infringement of intellectual property rights of any third party) with
respect to any and all information given in this training material.
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