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Fujitsu and @lab Korea

@Iab is a COT customer of Fujitsu Korea

For digi-sensor product, Fujitsu has full worldwide cooperation with

@lab

In China, FMC has full distributor rights on promoting/selling @lab
products

In S.E.A (including TW & Australian), FMAL has full distributor rights on
promoting/selling @lab products

In North America, FMA has full distributor rights on promoting/selling
@lab products

@lab will not sell the product directly, but only through distributor
channels

Fujitsu MCU products + @lab Digi-sensor for various applicable
solutions
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Touch Sensing — a revolution

Touch Sensing — a revolution in Human Input Device
Can replace virtually all mechanical buttons, sliders and turning knobs
Create a simple, robust, clean und esthetic design
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Cioucn: the capacitance induced between finger and touch pad

€ the constant value of permittivity  (Air=1, Glass=10, Acryl=5~10, Rubber=2~3)
D: the thickness of the set cover

A: the size of the touch pad
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System Overview

Parameters are loaded to from MCU to TSC
)
3 S
12C bus -
MCU @ S
S T
7y Z Q
: Q
Eeeesseessene b s s s s s s s s bt »
Touch information as interrupt, wake up etc.
W Typical Applications
® Single Keys @ Advanced sensing
» QOutput information: (slide, wheel, approximation etc.)
— Which key has been touched  Output information
« MCU no need to process the — Touch strength
touch data « MCU needs to process the touch data
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How does it work? — Main Idea

Digital Sensing
Impedance includes capacitance, resistance, and inductance
Impedance causes delay of capacitor charging time
Time delay is measured - Digital domain, no AD conversion

Differential Signal
Internal reference RC circuit > Reference time delay - can be calibrated

Comparison between Input time delay and reference time delay
« If input time delay is larger than reference time delay by a certain amount
-> touch event occurred
No Ground Electrode needed for Touchpad

Parasitic CLK |
Compensation logic
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[1] Not Touched

S

Impedance
ZiN Change —»
Detector
i
ﬁ ZREF
[2] Touched
Touch pad
Impedance
Zn > Change —»
Detector
Y
i ZREF

How does it work? - Touch Sensing

[ Zi\ < Lk

Output Waveform _I_

Consistent sensitivity of the touch pad is
maintained by setting proper value of c.
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Advantages

= Extremely Fast
= Extremely Low Power
® Extremely Robust

u Extremely EASY to implement
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Fast and Low Power

B Extremely FAST Response Time
® No complex signal processing needed
® Register programmable, 10 times/sec (100msec) ~ 5,000 times/sec (0.2msec)
® Allows data management, filtering, etc.

® Extremely LOW Power Consumption

® Supply current typical
» 120pA Active mode, 60pA Idle mode, 0.1pyA Sleep mode
® Perfecily fit to portable products
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Robust and Easy Implementation

Extremely Robust
Consistent sensitivity through AIC™
Resistant to outer signal disturbances through differential signal format
Water resistant designs possible
ESD protected up to 8KV (HBM) / 15KV (set / air)

Extremely EASY to Implement
One single electrode is sufficient for touch channel
Advanced hardware functionality
« AIC™ impedance calibration
« APIS™ touch filtering
High design flexibility
— Host interface via 12C
— up to 12 general-purpose 10s
— Individual channel sensitivity
— Touch strength output

— TSC can be either located close to touch pads or on the main PCB
— Touch pad can be as small as Tmm x 1mm

Tuning Board with Tuning Viewer Program available
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Automatic Impedance Calibration

W AIC™ (Automatic Impedance Calibration)

® Maintain consistent sensitivity despite environmental changes
® temperature, humidity, production tolerance, etc.

Sensitivity =a
Initial setup sensitivity [y e

Sensitivity = ¢

Sensitivity = b

Sensitivity changes with environment changes

sabueyn jeusalxy

a
¢

Sensitivity = a Sensitivity = a

Sensitivity stays consistent

AIC™ adapts reference delay line for each sensor
individually to keep & constant.

Fujitsu Microelectronics Asia Pte Ltd 10



APIS™

APIS™ (Adjacent Pattern Interference Suppression)

® Filter out unintentional touches
® Reduce Software efforts

APIS™ Mode 1

Reports the strongest output only

APIS™ Mode 2

Reports all outputs that exceeds
predefined thresholds

APIS™ Mode 3

Reports two strongest outputs

Touch Interference
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Touch Interference
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Split pad
Dielectric materia\l . - %/51
| |
| |
A o X
GND Sensing pad

Equivalent Circuits

1 L. L.

ct

I L=

Not Touched Touched I

Single pad — 2508-40N

— .

N Dielectric material

Sensing pad

Equivalent Circuits

|

Not Touched Touched

Water Resistant

Sensor Input

C

«
e Ctouch
v

Y4

Water Drop

GND

>

Input GND

Sensor Input

4 Sensing Cap

Ref Input

Water Drop

W Split pad
® Coupling Capacity between two
electrodes is measured

® Finger increases capacity
coupling

© Water drop has the same effect

—> false touch detection

® Single pad — 2508 - 40N
@ No ground or reference
electrode next to pad

@ Capacity of pad is measured
directly

© Water drop has nearly no effect
—> no false trigger
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Tuning/Development Board

DPI7 Tuning Kit Main Board BUZZ

Communication Line On /Off Switch

Power On /Off Switch
ROM Select Switch USB Cable

4CH 1*C Communication Port

12C Communication Cable

DPI7 Touch Board Test Pin

LCD Bright Control Resistor

DPI7 Demo Board

16 X2 Display LCD

Fujitsu Microelectronics Asia Pte Ltd
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Development Tools
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Applications of Touch Sensors

Unlimited Applications ~ limited only by imagination

Touch Sensor may REPLACE virtually all MECHANICAL buttons and
scrolling knobs with ELECTRONICS.

G

L]
SB000RRIRONGOND

Buttons Slider Circular Scroll
Or Navigation

1

Aesthetic Design and Higher Product Reliability

Invisible Buttons on LCD (ITO)
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Why TSC?

Key Technology Features
Lowest Power Consumption
* Active (120~350uA), Idle (20uA), Sleep (< 0.1uA)
Resistant to Water and Noise ~ Differential signal, No GND
Fastest Response Time ~ 0.2 msec (5KHz)
Wider Dynamic Range for touch
» No hardware tuning required
Higher Sensitivity
» More sensitive to smaller changes in capacitance (time delay)

Commitments to Customers
Customer requirements: FPGA proof
Close technical/commercial support
» On-site technical support, prototyping, proof of concept
» Meet quality and delivery schedule

Fujitsu Microelectronics Asia Pte Ltd 18



Technical Position

Touch Response Time As small as

Slow Fast Jmm
— ' ©
S T |9
2o Digisensor | £ |<
2|0 »iz
8 o
58| S CQA o | £
E S = |
g 518
N

Single - End Differential
Signal Format
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Strong Point

1. Consumption Current : 1/10 times comparing to competitors

- Because of not using analog technology, circuit architecture is very simple.
- Active mode : 1304A, Idle mode : 70 #A, Sleep mode : 0.1 /A

2. Response Time : 25 times comparing to competitors
- Because it dose not need complex signal processing, can raise the data sampling rate.

10
G .
Qni x 25 Faster Speed g
Current[mA] | B
B 1S B -
1 F |
x 10 Less Power
e ATLab
0.1 —t A )
0 1 2 3 4 5 6

Conversion Frequency [KHZ] Fujitsu Microelectronics Asia Pte Ltd
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Strong Point

Single-End Differential
N
B s |
...... ... Sensing Cap.
Water drop Water drop

i o m o

GND Input GND np

VAN

t

c
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Other’s Solution

Dielectric material A
\ 2 c3 O—l

|
L

GND Sensing pad

M

Equivalent Circuits

1, L., L.
Not Touched Touched I

[

Dii Sensor Input

Vs

Water Drop

GND Input GND

Strong Point

@Lab Solution

[ 7

| N

Equivalent Circuits

\ Dielectric material
Sensing pad

Not Touched

Sensor Input

Touched

‘ Sensing Cap

Ref Input

Water Drop
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Strong Point

* Inherently Differential Architecture

« Immune for External Noises

* Non-interrupt Touch Operation at active RF
 Multi-level Capacitance Values

- _ ------------------- *CHI
! j | m CH2
= 15 _ """""""""" + CH3
§_ I ' ' ' CHA
3.1 e St SaA ERaR EAS o
© i+ oHT
g , ; . . il = CH3
Y (<IN S SA———— b et el Lottt W~ B R
O l e Rt g “._mm fat - o] A E.CH]1
| aCHIZ

-5 |

0.0 0.5 1.0 1.5 2.0 2.5 Frequency [GHZ]

RF Signal: 3Vp-p swept from 100MHz to 2.4 GHz, Korea MIC Condition
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Strong Point

Low Input Impedance - Higher ESD

Voltage

8KV

6KV

4KV

2KV

Analog DigiSensor

« HBM: 8KV (Input Sensor)
» Set: more than 15KV

Touch Sensor

»
»
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Strong Point

= High Sensitivity

» 30 fF/step now (x 5 than others), break 1 fF barrier soon.

» Small sensing area - Better resolution

» Extend to another applications

(e.g. proximity sensing, display embedded touch screen)

= Digital Advantages

» Following Moore’s Law / Insensitive to Foundry/ Technology
= | ow Power & Best for Portable Electronics

» Longer Battery Lifetime / Touch Wake-up
= Fast Sampling

> Less Noise Aliasing / Capable for Signal Conditionings

Fujitsu Microelectronics Asia Pte Ltd
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Patent Status

Protected by 33 patents

Application/Pattent No. Patent Name Country Status
004.0040537 anaasan Korea Registered
11/145,332 Jelectrical touch sensor UsA Public
boosi0075210.8 lectrcal touch se
Application/Patent No. Patent Name Country Status
a117777
007150317 ortable terminal and method of working thereof el Registered
002.0041065 (EEEEEE]
008-520177 ortable terminal and method of working thereof Japan Application
11/113,585
boossoozsse.1 rtable terminal China public
boos-o114a10 aaNy Application/Patent No. Patent Name Country Status
4115750
5130603 .
0.2006-0120487 2 Pubi
pooa-0080075 HOAS Pu as anan — -
P CT/KR2006/003069 touch sensor device Pt Public
11/245,399
08s-sazz2 pouch sensor device Taiwan Appl
boos10108278.1
2/094,074 ISR (Touch sensor device) Taiwan public
a134925
008037996 Taiwan Public
boos-0007742 CLEEEET]
boos-0117183 FER T lan3x w030 5T Yy Korea Application
5119530
10-2006.00138% = ensor device and method of operating the same Taiwan Applcation
JPCT/KR2006/000218
boos-00a1153 jarmn  kr2007/004390 ensor device and method of operating the same et Public
boossoonzsszs
bcr/kn2007/001692 nput device p007-1447 AR A28 32 9 015 O RY = ANAARN Korea Registered
11/814,505
6113313 nput device f10-2007.0027057 uaen a2 o ang 52 2C awuy Korea Applcation
007-552063
2/207,391 nput device [PCT/KR2008/002904 Thereof et Appli
007051907
008.556259 ot device P7119393 Thereof Taiwan Applcation
boos-0023382 ana ysen
- ot cevice [10:20070001228 otuz20xg e Korea a=
005.0052111 juseng oo
006 0053189 caan CEXEERTELE YRR T Korea Public
CT/KR2006/001841 fouch sensor and
22577 betay time measurement iruit and method Taiwan
008-515615 fouch sensor and
belay time measurement iruit and method et Public
6119749
JKR2006/001841 [rouch sensor and T Tpapap—
o-2007.0064410 Korea Public
008091316
5120752 fouch sensor and
PCT/KR2008/001847 Jrutomatic Intellectual Adjuster and Control Method Thereof PcT Public
12/304,446
poossoozorzs.a
722576 hutomatic ntellectual Adjuster and Control Method Thereof Taiwan Applcation
p006-0056539 % AN Q.
orr0r1 fouch sensor and 0-2007-00113090 fe1x My 30 % 019 YANN ARy Korea public
JKR2007/002134
007184195 [ouch sensor and PCT/KR2008/002459 fouch Panel Device and Method of Detecting Contact Position Thereof Korea Application
6116110
boos-0059895 Rasew) 0-2007-00132174 Inaig 38 2B 9 019 0 oz Korea public
12/297,401
zisre PCT/KR2008/002832 PcT Application
poorsooossas.0
006-0015848 [Ras 2 7126665 Taiwan Application
00s-00sase2 aas ap
pr/xazo06/002572 020080023000 jusanzng 0 3ng zag RE Y WY Korea Public
JPCT/KR2007/002759
11/994,679 PCT/KR2008/002872 fouch Sensor Device and Pointing Coordinate Determination Method Thereof PcT Application
020080037817 [o53A NS %AW 4 Y= SUNABY 0/ X2 WY Korea public
0-2006.0100370 SLERT
h0-2008.0051500 eI im0 9 ol 4 ANN AR Korea Applcation
pcr/kr2007/002760
008-52336 SERIERFELE VLT Gl Korea Applcation
6122774
008-98393 [ou ans Fue= aaan Korea Applcation
008-104951 aenan Korea Applcation
008111799 12 my 9 018 Furst= A3 Korea Application
008124143 o crerol 2ov A, B N AN Y Boiw v Korea Applcation
008-127410 Reret A X M B PUSHE 99 31 2 0 IS WX AN WY Korea Appl
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Available TSC Products

Product ATA2508 ATA2538
roauc
40N/30S 32N/24S 24N/20S 24N/24S 16N/16S

ORI 2 || o || e || 8 | s
T e [ @ | w ) 6 )
VLIPSl | 126 || 83 || 32 || aes || owe)
Interface 12C

Operating 23V ~ 53V

Voltage

LED Control

126 || &3 || a2 || 48 | oes)
I 0

QFN/SSOP

5X5X0.85 4X4X0.85 4X4X0.85 4X4X0.55
12.7x10.3x 2.5 J[ 8.2x7.8x2 J[ 6.5x 6.4 x 1.85 J[ 8.2x7.7x2.0 J[ 3X3X0.55
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Package

Size [mm]
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TSC Product example

General-Purpose DIOs (0.25um CMOS - Fujitsu/PSTS)

\

DATA 1-*_'4'-
CLK [ e———————pEm

1

|

| p1oo &
E T TR NENN

_i Do

p-‘ D107
9

GPIO 4—-| DIOS

- O
A Y

-
[ ]
(@)
o
=1
=
=
=
[t
ﬂ.
T
o

—

i "—-! o1
LED +——mm] D102
Interru pt — smml D103
GPI) —»mmm| D109
‘-'"'”—l-’ DIOTO

Interrupt —p-l DI04
Interru pt —b-l DS

! Available Packages
E
B
= . g
Y Package Tyne Package Dimension Fin Piteh Numble;uc::tgansnr Nuth:urI::“qulal
400FN St % Smim x 0.85mm 0.4min 12 2
J20FN Amm x A 3 0.8mm 0.4mm g g
240N dimm x 4mm x 0.85mim 0.5mm i
30550F 12.7min ¥ 10.3mm ¥ Z.3mm 0.8mm 12 &
24550F B.2mmx 7.8mm x2.0mm D.65mm 8 3
20850F B.5mim ¥ 6.4 ¥ 1 B5min Q.85mim &

Fujitsu Microelectronics Asia Pte Ltd 29



Target Applications - Home

W Large Appliance
® Wash machine, dryer, hob, stove etc.

= Small Appliance
® Cooker, microwave oven etc.

® Consumer devices
@ Remote control, DVD player etc.
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Target Applications — Industrial

= Application examples
---- wherever robust human input device is needed
® Control panels
® Medical instruments
® Test & Measurement Equipments
® Special vehicle

A SR

HiBD 125 ( 34)

20000000000

M6 M6 M1e
EMIT-30 TM1T7-30 oM1TI0

PRO-MIG 350-4 Wisynergia
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Target Applications - Portable devices
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Target applications - office devices
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Application implementation

Hardware
Solution

~

Touch Pad
Design

(PCBI/ITO) )

{

MCU Tuning Finalize register set
Coding H/W, S/W values and firmware

Tuning can be done
on site during
production.

Solution

[ Firmware

' Production
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DIGITAL MULTIMEDIA PLAYER

Portable Multimedia Player

Typical Implementation example

» Exhibited in CES 2006
» Currently in mass production

“nok Jm gy

o
@

'61““'9"}03 Ty s s
£°8A 901aNY! &, Lo n] Hwiva"s

“a1s

For Buttons For Scrolling DCC on touch B/D
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THE POSSIBILITIES ARE INFINITE



