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12-Channel Self Calibration Capacitive Touch Sensor

Specification V1

Preliminary

For details see TSM12 datasheet
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Specification

1.1 General Feature

m 12-Channel capacitive sensor with auto sensitivity calibration

m Selectable output operation (single mode / multi-mode)

m Independently adjustable in 8 step sensitivity

m Touch intensity can be detectable within 3 steps (Low, Middle and High)
m Adjustable internal freguency with external resister

m Adjustable response time and interrupt level by the control registers

m |2C serial interface

m Embeddad high frequency noise elimination circuit

m Embedded power key function on channel 1 for mobile phone application
m RoHS compliant 2450P package

1.2 Application

m Mobile application (mobile phone / PDA / PMP etc)
m Membrane switch replacement

m Sealed control panels, keypads

m Door key—lock matrix application

m Touch screen replacement application

1.3 Package (24S0P)
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TS512 2450P (Drawings not to scale)




1312

2 Pin Description (24SOP)

PIN No. Name /0 Description Protection
1 CS7 Analog Input | CHY capacitive sensor input VDD/GND
2 CS8 Analog Input | CHB8 capacitive sensor input VDD/GND
3 C59 Analog Input | CHY capacitive sensor input VDD/GND
4 C510 Analog Input | CH10 capacitive sensor input VDD/GND
5 vDD Digital Input | — VDD/GND
3] CH11 Analog Input | CH11 capacitive sensor input VDD/GND
Fi C512 Analog Input | CH12 capacitive sensor input VDO/GND
8 V55 Ground Supply ground VDD
9 IRBIAS Analog Input | Internal 12C clk frequency adjust input | VDD/GND
10 RST Digital Input System reset (High reset) VDD/GND
11 SCL Digital Input 12C clock input VDD/GND
12 SDA Imifgjt'pm 2C data (Open drain) VDD/GND
13 INT Digital Qutput | Interrupt output {Open drain) VDD/GND
14 [2C_EM Digital Input |2C enable(Low enable) VDD/GND
15 VDD Digital Input | — VDD/GND
16 VSE Ground Supply ground VDD
1 ¥i VDD Digital Input | — VDD/GND
18 CS1 Analog Input | CH1 capacitive sensor input VDD/GND
19 Cs2 Analog Input | CH2 capacitive sensor input VDD/GND
20 C53 Analog Input | CH3 capacitive sensor input VDD/GND
21 C54 Analog Input | CH4 capacitive sensor input VDD/GND
22 REIAS Analog Input | Internal bias adjust input VDD/GND
23 C55 Analog Input | CH5 capacitive sensor input VDD/GND
24 CS86 Analog Input | CHE6 capacitive sensor input VDD/GND
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3 Absolute Maximum Rating

Battery supply voltage 5.0V

Maximum veltage on any pin

Maximum current on any PAD 100mA

Power Dissipation S00mW
Storage Temperature =50 ~ 15070
Operating Temperature =20 ~ 757
Junction Temperature 1507

VDD+0.3

Mote Uinless any other command is noted, all above are operated in normal temperature.

4 ESD & Latch—up Characteristics

4.1 ESD Characteristics
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Mode Polarity Max Reference
2000V VDD
H.B.M Peos [/ MNeg 2000V VES
2000V Pto P
200V VDD
M.M Pos [ Meg 200V VES
200V PtoP
500V
C.DM Pos / Neg DIRECT
BOOW
4.2 Latch-up Characteristics
Mode Polarity Max Test Step
Fositive 200mA
| Test 25mA
Megative —200mA
V supply over 5.0V Positive 8.0v 1.0V
_4




5 Electrical Characteristics

" Yop=3.3V, Rb=610k, (Unlese otherwise noted), T = 25T
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Characteristics Symbol | Test Condition Min Typ Max | Units
Cperating supply voltage Voo 25 3.3 50 W
- Vo= 3.3V Be=510k - a0 130 A
Current consumption Yor BW ok — =00: | 519
I Vo= 3.3V Ha=510k Rjzp =20k = 1:5 - i
loo ez | Voo= 5.0V Ra=510k Rjze =30k — 23 =
IDD_I2C Disable - = 1 wzh
Output ::nua:;r:tum sink o — -z c 40 -
Sense input
capacitance range Cs - 10 100 pF
MNote2
SR Mt Rs - | 200 |1000| @
resistance range
Minimum detective 7 Cs = 10pF, Cpeg = 200pF 0.2 B _ o
capacitance difference (12C default sensitivity select) |
AC > 0.2pF, Cs = 10pF, B 1o B
Output impedance 70 (I12C default sensitivity select) A
(open drain) AC < 0.2pF, Cs = 10pF, ~ - ~
(12C default sensitivity select)
Self calibration time after T Voo = 3.3V Rz = 510k - 100 - -
system reset ek Voo = 5.0V Bg = 510k - 80 -
Recommended bias ""'IDD =3 3y 200 510 a20
resistance range Rs k@
Noted Vo = 5.0V 330 | 620 | 1200
MCE';;Z;:::;S s - | 820 | 1000 | pF

Nete 1 - In case of SCL frequency is 500kHz.
MNote 2 : The sensitivity can be increased with lower Cs value.
The recommended value of Cs is 10pF when using 3T PC{Poly Carbonate) cover and

10 mm x 7 mm touch pattern.

MNeote 3 - The lower Rg is recommended in noisy condition.
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/.6 First Byte

7.6.1 Slave Address

It is the first byte from the start condition. It is used to access the slave device.

TS512 Chip Address : 7bit

Address
OxFQ
7.6.2 RIW
The direction of data is decided by the bit and it follows the address data.

MSB LSB

Address R/W

7 bit 1bit
i —l . L r _P—l
SN D O S SN Y AR B iy

| | MSE achnowledgemant acknowledgananl | gr
| | signal from slane sigral from receivar | |
| | byle completa, | |
| | intemupt witin slava | |
dock Ine hald low while
| | intarnipts are servicad | |
: 3 l o 3
ek a | 1 2 - r 8 g8 1 2 s-aw |u'r|
Ls] ACK ACK Led
ETART STOR
repealzd S'I?LHT repeated E?'ffoT
condition condition
6
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7.7 Transferring Data
7.7.1 Write Operation

The byte sequence is as follows:

B the first byte gives the device address plus the direction bit (R/'W = 0).

B the second byte contains the internal address of the first register to be accessed.

B the next byte is written in the internal register. Following bytes are written in successive
internal registers.

B the transfer lasts until stop conditions are encountered.

B the TS12 acknowledges every byte transfer.

= = e
S SLAVE ADDRESS - RANA] A /D.-':'-.Tﬂ A ”XDATA/ AE fp
o i o

.-//.-'"f A i .".-'"//./.-f/.; .-'"f/./.-(.d"/.-'"rt
ol I— data fransfemad J
0" fwrite) in bytas + acknowledge)

<] from master to slave
A= acknowladge (S04 LOW)

& = not acknowledge (SDA HIGH)
5 = START condition
MBCHIS P = STOP condition

|:| from slave to master

7.7.2 Read Operation

The address of the first register to read is programmed in a write operation without data, and
terminated by the stop condition. Then, another start is followed by the device address and
R/W= 1. All following bytes are now data to be read at successive positions starting from the
initial address.

F ri 7 i T 7 Ty

{5 SLAVE ADDRESS RN A DATA A DATA A4 P

i o i it s 0 v P
I— data transferred 4

MECEDE (read) in bytes + acknowledge)

7.7.3 Read/Write Operation

5S4 S AVE ADDRESS TR A | pata| wa [SEalAlE A0DRESS YR & | Data|amp e
i P Pal Pl Fal i

Fu

|_[n bytes J |_£n bytes J
w &
read or wiite ack) gk
read or write direction
of tracrﬁfer
: may change
potAbaen b Sr = repaated START condition at this point.
data and acknowledge bits WMECEDT
depands on RAY bits.
7
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7.8 I’C write and read operations in normal mode

The following figure represents the *C normal mode write and read registers.

From Master to Slave

Data Read AA

8 TS12 Register List

{ Mote: The unused bits (defined as reserved) in [2C registers must be kept to zero.
{4 Note: The bit0 and bit1 of CTRL? register must be written by Ob11 after power on during an
initialize phase. (Refer to the chapter 9. initialize flow)
{ Note: HS (High Sensitivity) / MS (Middle Sensitivity) / LS (Low Sensitivity)
{ Mote: Low Qutput (light touch) / Middle Output {middle touch) / High Output (hard touch)

8.1 I°C Register Map

= Write register 0x00 to 0x01 with data AA and BB

From Slave to Master

Addr. | Reset Value Register Function and Description
MName .
(Hex) (Bin) Bit7 | Bité | Bits | Bit4 | Bit3 | Bit2 | Bit1 | Bit0

Sensitivity1 02h 1011 1011 Ch2HL ChaM Ch1HL ChiM
Sensitivity2 03h 1011 1011 Ch4HL Chdh Ch3HL Ch3mM
Sensitivity3 0dh 1011 1011 ChBHL ChEeM ChBHL ChaM
Sensitivityd 05h 1011 1011 Ch8HL ChEM ChiHL ChiM
Sensitivitys 0Bh 1011 1011 [Ch10HL Ch10M Ch9HL Chom
Sensitivityd 07h 1011 1011 |[Ch12HL Chi12M Chi1HL ChiiMt

CTRL1 08h 0010 0010 MS FTG ILC RTC

CTRL2 0Sh 0000 01xX 0 0 0 ] SRST IDLE 1 1

Ref_rst1 0Ah 1111 1110 Ch8 Ch? Chb Ch5 Ch4 Ch3 Ch2 Chi

Ref_rst2 | 0Bh | 00001111 0 0 0 0 | Chi2 | Chi1 | Chi0 | Cho
Ch holdl | OCh | 11111110 | Ch8 | Ch7 | Ch6 | ChS | Ch4 | Ch3 | Ch2 | Chi
Ch_hold2 | ODh | 0000 1111 0 0 0 0 | Chi2 | Chi1 | Chi0 | Cho
Cal_holdl | OEh | 00000000 | Gh8 | Ch7 | GhB | Ch5 | Ghd | Ch3 | Ch2 | GChi
Cal_hold2 OFh Q000 0000 L1 0 0 0 Chi2 Chit Chi0 Ch9

Outputi 10h Q000 Q000 ouT4 ouT3 ouT2 ouTH

Output? 11h Q000 Q000 QuUTB OouT 7 ouTE ouThH

Outputd 12h Q000 Q000 outi2 ouTi ouT10 ouTS

[ eee— ]
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10.1 Application Example in clean power environment
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T512 Application Example Circuit (Clean power environment)

In PCB layout, R_B should not be placed on touch pattern. If not, C_B has to be connected.
The R_B pattern should be routed as short as possible.

The CS patterns also should be routed as short as possible and the width of line might be
about 0.25mm.

The capacitor that is between VDD and GND is an obligation. It should be located as close as
possible from TS12.

The C3 pattern routing should be formed by bottom metal (opposite metal of touch PAD).

The empty space of PCB must be filled with GND pattern to strengthen GND pattern and to
prevent external noise from interfere with sensing frequency.

The T512 is reset if RST Pin is high. (See 6.3 Reset implementation chapter)

+ HF =+
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10.2 Application Example in noisy environment
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TS12 Application Example Circuit {Noisy environment)

+ The VDD penodic voltage ripple over 50mV and the ripple frequency is lower than 10 kHz can
cause wrong sensitivity calibration. To prevent above problem, power (VDD, GND) line of touch
circuit should be separated from other circuit. Especially LED driver power line or digital
switching circuit power line certainly should be treated fo be separated from touch circuit.

% The smaller R_B is recommended in noisy environments.
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11 MECHANICAL D

RAWING
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NOTE: Dimensions are in millimeters.
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LIFE SUPPORT POLICY
touchSEMI PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES NOR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE
PRESIDENT AND GENERAL COUNSEL OF THE EPSILLON COMPANY.
touchSEMI IS MEMBER OF EPSILLON COMPANY .

touchSEMI| Sales Office

t h 5 E - Tel.: (+420) 212247491
a u c v A Fax: (+420) 212247466
www.touchsemi.com Na mokriné 45, 130 00 Prague 3
Czech Republic, EU



J
Kontakt


