TSM12

12-Channel Self Calibration Capacitive Touch Sensor

SPECIFICATION V1.0

’ TSM12

A 12-channsl auto sensitivity
calibration capacitive touch sensor
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TSM12 (12-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

1 Specification

1.
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1 General Feature

12-Channel capacitive sensor with auto sensitivity calibration
Selectable output operation (single mode / multi-mode)

Independently adjustable in 8 step sensitivity

Sync function for multi chip application

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

Adjustable response time and interrupt level by the control registers

12C serial interface

Embedded high frequency noise elimination circuit

IDLE mode to save the consumption

Embedded power key function on channel 1 for mobile phone application
RoHS compliant 32QFN package

2 Application

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

Sealed control panels, keypads

Door key—lock matrix application

Touch screen replacement application

1.3 Package (32QFN)
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2 Pin Description (32QFN)

PIN No. Name 1/0 Description Protection
1 RBIAS Analog Input | Internal bias adjust input VDD/GND
2 SRBIAS Analog Input | IDLE Mode Internal bias adjust input VDD/GND
3 CS5 Analog Input | CH5 capacitive sensor input VDD/GND
4 CS6 Analog Input | CH6 capacitive sensor input VDD/GND
5 CSs7 Analog Input | CH7 capacitive sensor input VDD/GND
6 CS8 Analog Input | CH8 capacitive sensor input VDD/GND
7 CS9 Analog Input | CH9 capacitive sensor input VDD/GND
8 N.C. - No Connection -
9 CS10 Analog Input | CH10 capacitive sensor input VDD/GND
10 VDD Digital Input | — VDD/GND
11 CS11 Analog Input | CH11 capacitive sensor input VDD/GND
12 CS12 Analog Input | CH12 capacitive sensor input VDD/GND
13 VSS Ground Supply ground VDD
14 NC - No Connection -
15 IRBIAS Analog Input | Internal 12C clk frequency adjust input | VDD/GND
16 RST Digital Input | System reset (High reset) VDD/GND
17 ouT1 Digital Output | CH1 output (Open drain) VDD/GND
18 SCL Digital Input 12C clock input VDD/GND
19 SDA IanEJ)tl/gCl)tjtlput 12C data (Open drain) VDD/GND
20 INT Digital Output | Interrupt output (Open drain) VDD/GND
21 I2C_EN Digital Input | 12C enable(Low enable) VDD/GND
22 ID_SEL Digital Input [2C address selection VDD/GND
23 P_CDEGO Digital Input Ch1 sensitivity selection bit0 VDD/GND
24 P_CDEGH1 Digital Input Ch1 sensitivity selection bit1 VDD/GND
25 P_CDEG2 Digital Input Ch1 sensitivity selection bit2 VDD/GND
26 VSS Digital Input | - VDD/GND

Digital Ogtput mode selectiqn
27 SYNC/OPT | (Single Output / Multi Output Note 1) VDD/GND
nput/Output S .
ync pulse input /output

28 VDD Power Power (2.5V~5.0V) GND
29 CS1 Analog Input | CH1 capacitive sensor input VDD/GND
30 CS2 Analog Input | CH2 capacitive sensor input VDD/GND
31 CS3 Analog Input | CH3 capacitive sensor input VDD/GND
32 CS4 Analog Input | CH4 capacitive sensor input VDD/GND

Note 1 : Refer to 6.3 SYNC/OPT implementation
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3 Absolute Maximum Rating

Battery supply voltage 5.0V
Maximum voltage on any pin VDD+0.3
Maximum current on any PAD 100mA

Power Dissipation 800mW
Storage Temperature -50 ~ 150C
Operating Temperature -20 ~ 75T
Junction Temperature 150C

Note Unless any other command is noted, all above are operated in normal temperature.

4 ESD & Latch—up Characteristics

4.1 ESD Characteristics

Mode Polarity Max Reference
2000V VDD

H.B.M Pos / Neg 2000V VSS
2000V PtoP
200V VDD

M.M Pos / Neg 200V VSS
200V PtoP
500V

C.D.M Pos / Neg DIRECT
800V

4.2 Latch-up Characteristics

Mode Polarity Max Test Step
Positive 200mA
| Test 25mA
Negative -200mA
V supply over 5.0V Positive 8.0V 1.0V
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5 Electrical Characteristics
" Vpp=3.3V, Rb=510k, Sync Mode (Rsync = 2MQ) (Unless otherwise noted), To = 25C
Characteristics Symbol | Test Condition Min Typ Max | Units
Operating supply voltage Voo 2.5 3.3 5.0 V
Vpp= 3.3V Rg=510k R_SB=0 - 80 130
oo Vpp= 5.0V Rg=510k R_SB=0 - 200 | 315 p
. Vpp= 3.3V Rg=510k R_SB=3M - 7 -
Current consumption
Note! Vpp= 5.0V Rg=510k R_SB=3M - 15 -
Vpp= 3.3V Rg=510k Rjoc =20k - 1.5 - A
Ibo_izc | Vpp= 5.0V Rg=510k Rjoc =30k - 2.3 -
IDD_I2C Disable - - 1 i
Output maximum sink lour I, = 25% B B 40 "
current
Sense input
capacitance range Cs - 10 100 pF
Note2
Sense input
. Rs - 200 | 1000 Q
resistance range
Minimum detective AC Cs = 10pF, Cpeg = 200pF 0.2 B B oF
capacitance difference (12C default sensitivity select) '
AC > 0.2pF, Cs = 10pF, B 19 B
Output impedance 70 (12C default sensitivity select) Q
(open drain) AC < 0.2pF, Cs = 10pF, ~ 30M ~
(12C default sensitivity select)
Self calibration time after T Vop = 3.3V Rg = 510k - 100 -
system reset AL Vb = 5.0V Rs = 510k ~ 8 | - | ™
Recommended bias _
resistance range Rs Voo = 8.9V 290 >10 020 kR
Note3 Vpp = 5.0V 330 | 620 | 1200
Mca:;:;gnbézs Co_wax ~ | 820 | 1000 | pF
Recommended sync Renc 1 5 20 MO
resistance range

Note 1 : In case of SCL frequency is 500kHz.
Note 2 : The sensitivity can be increased with lower Cg value.

The recommended value of Cg is 10pF when using 3T PC(Poly Carbonate) cover and
10 mm X 7 mm touch pattern.

Note 3 : The lower Rg is recommended in noisy condition.
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6 Implementation of TSM12

6.1 RBIAS & SRBIAS implementation

- VDD
RBIAS < — 1
3

SRBIAS < AN
Res AL

The RBIAS is connecting to the resistor to decide the oscillator and internal bias current. The
sensing frequency, internal clock frequency and current consumption are therefore able to be
adjusted with Rg. A voltage ripple on RBIAS can make critical internal error, so Cg is connected
to the VDD (not GND) is recommended. (The typical value of Cg is 820pF and the maximum
Value is 1nF.)

The Rgg should be connected as above figure when the TSM12 operates in IDLE Mode to save
the current consumption. In this case, the consumption depends on the sum of the serial
resistors and the response time might be longer.

Ipp [uA]
450

—@—25V
——33V
—&—50V

400 |

350

300 |

250

200 |

150

100

50

—— ¢
O L L L
100 200 300 400 500 6 700 800 900 1000 1100
ROA]

Normal operation current consumption curve (Pin21 12C_EN is High)

The current consumption curve of TSM12 is represented in accordance with Rg value as above.
The lower Rg requires more current consumption but it is recommended in noisy application. For
example, refrigerator, air conditioner and so on.
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6.2 CS implementation
Rsi2
Cs12 << A 2 Touch PADS
™
()
®
®
Rst
CS1 << P P Touch PAD1
Csi

The TSM12 has basically eight steps sensitivity, which is available to control with internal
register by 12C interface. The parallel capacitor Cg; is added to CS1 and Cgy» to CS12 to adjust
sensitivity. The sensitivity will be increased when smaller value of Cg is used. (Refer to the
below Sensitivity Example Figure) It could be useful in case detail sensitivity mediation is
required. The internal touch decision process of each channel is separated from each other.
The twelve channel touch key board application can therefore be designed by using only one
TSM12 without coupling problem. The Rg is serial connection resistor to avoid mal-function
from external surge and ESD. (It might be optional.) From 200Q to 1k® is recommended for Rs.
The size and shape of PAD might have influence on the sensitivity. The sensitivity will be
optimal when the size of PAD is approximately an half of the first knuckle (it's about 10 mm x
7 mm). The connection line of CS1 ~ CS12 to touch PAD is recommended to be routed as short
as possible to prevent from abnormal touch detect caused by connection line.
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Sensitivity example figure with default sensitivity selection

6.3 SYNC/OPT implementation

6.3.1 Output Mode Option

g

This pin will be assigned for the output mode option selection. It will decide that TSM12 is
working on single or multi touch detection mode. It should be implemented as below for these.

VDD

SYNC/OPT <<
(Sinale Output Mode Implementation)

SYNC/OPT <<

(Multi Output Mode Implementation)
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6.3.2 Multi Chip Application

Over two TSM12 can work on the one application at the same time thanks to SYNC function
with this pin. The SYNC pulse prevents over two sensing signal from interfering with each other.
Rsyne is pull=-down resistor of SYNC/OPT pin. Too big value of Rsync makes the SYNC pulse
falling delay, and too small value of Rsyne makes rising delay. Typical value of Rgyne is 2MQ.The
Sync pin should be implemented as below. The TSM12 can also be used with the other TSxx
series by employing this SYNC function. The TSM12 could only operate on multi output mode in
this configuration.

SYNG/OPT <<
1" TSM12
Rsvne
AV AW
SYNC(/OPT)< |

2" TSM12 or TS**

6.4 P_CDEG2 , P_CDEG1, P_CDEGO implementation

The P_CDEGO, 1 and 2 are only for the CS1 to control the sensitivity. The sensitivity of channel
1 will be controlled by the register (refer to the “sensitivity control register” chapter) same as the
other channel if the P_CDEG(2:0) value is 011. But it should be fixed as following table if the
P_CDEG(2:0) value is not 011.

The sensitivity table of channel 1

P_CDEG(2:0) Sensitivity of Channel 1 (@Cs = OpF)

011 Respect the register value (refer to the 12C register description)
000 14~16T

001 12~14T

010 10~12T

100 7~9T

101 6~8T

110 S5~7T

111 3~5T

Note 1: The unit T represents the thickness (mm) of a panel in case of poly—carbonate.
Note 2: The above table data is compatible with a pad size that is approximately an half of the
first knuckle. (it's about 10 mm x 7 mm)

The channel 1 provides the output with two ways whether the 12C or the out1 (pin17) directly.
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6.5 RESET implementation

TSM12 has internal data latches, so initial state of these latches must be reset by external reset
pulse before normal operation starts. The reset pulse can be controlled by host MCU directly or
other reset device. If not, the circuit should be composed as below figure. The reset pulse must
have high pulse duration about a few msec to cover power VDD rising time. The recommended
value of Rrst and Cgrst are 330KR and 100nF.

RESET <<ﬁ'
g RRrst
L

Recommended reset circuits 1

The better performance is warranted with below reset circuit. The Q1 is turned on and makes
reset pulse when power is on and VDD is raised to operating voltage. After a few msec (duration
time is determined by R7, R8, C5), Q1 is turned off and TSM12 can be operated with normal

sensitivity.
VDD
R7
200K
Q1
2N 3906
L
R8 200K RESET
' »
__CS
220nF
R9
470K

Recommended reset circuits 2
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7 1°C Interface

7.1 IRBIAS Implementation

IRBIAS <
% Ris
L

The Rig is only charged in making the 12C internal clock and should be implemented as above
figure. The smaller Rig will increase the 12C internal clock frequency and current consumption.
(Refer to the following consumption curve)

I°C Ipp [uA] I°C I, Measure (RB = 510kQ)
3500

===VDD = 3.3V

3000 | —V\/DD = 5.0V

2500

2000 |

1500 |

1000 |

500 |

10 20 30 60 70 80

40 50
Ry [kQ]

|2C Block operation current consumption curve
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I°C Clk Freq. I’C CIKk Freq. (RB = 510kQ)
MHz]

12.00

==\/DD = 3.3V

10.00 e==\/DD = 5.0V

8.00

6.00

4.00

2.00

0.00

10 20 30 40 50 60 70 80
Ryp [kQ]

|2C clock frequency curve

7.2 Start & Stop Condition

« Start Condition (S)
« Stop Condition (P)
< Repeated Start (Sr)
The EN (Pin21) should be low before START condition and be high after STOP condition.

EN N !/_
[ Ir———ll _

i/_i_i_ SDA
S 1 UV NV ¢

—_—— f———

START condifion STOP condition

SCL

WECE2Z

11
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7.3 Data validity

The SDA should be stable when the SCL is high and the SDA can be changed when the SCL is
low.

SDA / i X \

| | |
I data line | change |
| stable; | ofdata |
[ data valid | allowed | MECEZ

7.4 Byte Format
The byte structure is composed with 8Bit data and an acknowledge signal.

7.5 Acknowledge

It is a check bit whether the receiver gets the data from the transmitter without error or not. The
receiver will write ‘0" when it received the data successfully and ‘1’ if not.

]
DATA OUTPUT | | / X X: o
BY TRANSMITTER - >< /

not acknowledge u

|
|
||
DATAOUTPUT T 1 -
BY RECEIVER L
| | acknowledge
SCL FROM
L RO o 1 2 B _/_a.\_/_g\_

clock pulsa for
ack nowledgameant

condition

12
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7.6 First Byte
7.6.1 Slave Address
It is the first byte from the start condition. It is used to access the slave device.
TSM12 Chip Address : 7bit
ID_SEL Address
GND 0xDO
VDD 0xFO
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
_ __ PP
oo NS XX XN S N X X
MSE acknowledgemeant acknowledgement | Sr

signal from slave signal from recaiver |

byte complata,
interupt within slave

T
|
|
|
|
|
|

I

I

| |

| |
|

l clock line held low while l

| internupts are servicad | |

: | VAN
ACK ACK LEJ

Lsr]
START ar STOF or
repeated START repaated START
condition condition

13
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7.7 Transferring Data

7.7.1 Write Operation

The byte sequence is as follows:

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

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

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

M the transfer lasts until stop conditions are encountered.

M the TSM12 acknowledges every byte transfer.

7 7 il
S-br SLAVE ADDRESS -1-RANZ] A /DATA A a”',{I:ZI;ExT.-‘fh,/ AR a"’{F‘
e, s

.//././/./.f//./.f//.f.f//.f/ o g .f.-"///.-".f/, //////.-f/
o I— data transfered J
0" (write) in bytes + acknowledge)

F< from master to slave
A = acknowledge (SDA LOW)

& = not acknowledge (SDA HIGH)
S = START condition
MBECEDS 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.

1

o i r Iy G i g

//Eu SLAVE ADDRESS R A DATA A DATA ArgeP

27 gt £ it ot i 8 110 s i s i)
I— data transferred J

WMECEIE (read) (n bytes + acknowladge)

7.7.3 Read/Write Operation

Efs ﬁsﬁw ADﬁHEss?H.fwj A | DATA| A FSr}/E.EAVE AﬁDHEséfﬂmj A | DATA|A.fﬁgP j
Fa Fa Fa ral Fa Fa

|_r_n bytes J |_|:n bytes J

&

read orwrite  + 25 +ack)
read or write direction
of tr“acnﬁfer
N may change
not shadsd bacausa Sr = repeated START condition at this point.
data and acknowledge bits MECEN?

depands on RAV bits.

14




[ — |
TSM12 (12-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
[ — |
7.8 1°C write and read operations in normal mode
The following figure represents the I°C normal mode write and read registers.

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

Read register 0x00 and 0x01

ACK Data Read AA Data Read BB

From Master to Slave From Slave to Master

ACK




TSM12 (12-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

8 TSM12 Register List

« Note: The unused bits (defined as reserved) in |12C registers must be kept to zero.
4 Note: The bit0 and bit1 of CTRL2 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)
« Note: Low Output (light touch) / Middle Output (middle touch) / High Output (hard touch)

8.1 I°C Register Map
Addr. | Reset Value Register Function and Description
Name .
(Hex) (Bin) Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit! | Bit0

Sensitivityl | 02h | 1011 1011 | Ch2HL ChaM Ch1HL Ch1M
Sensitivity2 | 03h | 1011 1011 | Ch4HL Ch4aMm Ch3HL Ch3M
Sensitivity3 | 04h | 1011 1011 | Ch6HL ChéM Ch5HL Ch5M
Sensitivity4 | 05h | 1011 1011 | Ch8HL ChaM Ch7HL Ch7M
Sensitivity5 | 06h | 1011 1011 |Ch10HL Ch10M ChoHL ChoM
Sensitivity6 | 07h | 1011 1011 |Ch12HL Ch12M Ch11HL ChiiM

CTRL1 08h | 00100010 | MS FTC ILC RTC

CTRL2 09h | 0000 01XX 0 0 0 0 | SRST | IDLE 1 1
Ref_rst1 OAh | 11111110 | Ch8 | Ch7 | Ché | Ch5 | Ch4 | Ch3 | ch2 | Chi
Ref_rst2 0Bh | 0000 1111 0 0 0 0 Ch12 | Chi1 | Chi10 | Cho9
Ch_hold1 OCh | 11111110 | Ch8 | Ch7 | Ch6 | Ch5 | Ch4 | Ch3 | Ch2 | Cni
Ch_hold2 | ODh | 0000 1111 0 0 0 0 Chi2 | Chi1 | Chi10 | Cho
Calholdl | OEh | 00000000 | Ch8 | Ch7 | Ché | Ch5 | Ch4 | Ch3 | Ch2 | Chf
Calhold2 | OFh | 0000 0000 0 0 0 0 Ch12 | Chi1 | Chi10 | Cho
Output 10h | 0000 0000 OUT4 OUT3 ouT2 OUTT
Output2 11h | 0000 0000 ouTs ouT 7 oUT6 ouUT5
Output3 12h | 0000 0000 OUT12 OUT11 ouUT10 OUT9

16
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8.2 Sensitivity Control Register

Sensitivity1 Channel 1 & 2 Sensitivity Control
Address (hex): 02h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
| ChoHL | Ch2mM[2:0] | chiHL | ChiM[2:0] |
Description

The sensitivity of channel 1 and 2 are adjustable by Sensitivity_1 register. ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
+ 000: 14~16T 4« 100: 7~9T
ChxM[2:0] 011 + 001:12~14T 4+ 101: 6~8T
+ 010:10~12T « 110: 5~7T
+ 011:08~10T + 111: 3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS = 0.2)
ChxHL 1 LS =MS + (MS * 0.2)
1. HS =MS - (MS * 0.3)
LS =MS + (MS * 0.3)

Sensitivity2 Channel 3 & 4 Sensitivity Control
Address (hex): 03h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0O
| Ch4HL | Ch4Mm[2:0] | ch3HL | Ch3M[2:0] |
Description

The sensitivity of channel 3 and 4 are adjustable by Sensitivity_2 register. ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
« 000: 14~16T + 100: 7~9T
ChxM[2:0] 011 + 001:12~14T 4+ 101: 6~8T
+ 010:10~12T + 110: 5~7T
« 011:08~10T + 111:3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS = 0.2)
ChxHL 1 LS =MS + (MS * 0.2)
1: HS = MS - (MS * 0.3)
LS = MS + (MS * 0.3)

17
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Sensitivity3 Channel 5 & 6 Sensitivity Control
Address (hex): 04h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0O
| CheHL | Ch6M[2:0] | chsHL | Ch5M[2:0] |
Description

The sensitivity of channel 5 and 6 are adjustable by Sensitivity_3 register. ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
+ 000: 14~16T 4+ 100: 7~9T
ChxM[2:0] 011 + 001:12~14T +« 101: 6~8T
+ 010:10~12T +« 110: 5~7T
4 011:08~10T 4 111:3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS = 0.2)
ChxHL 1 LS =MS + (MS * 0.2)
1: HS=MS - (MS = 0.3)
LS =MS + (MS * 0.3)

Sensitivity4 Channel 7 & 8 Sensitivity Control
Address (hex): 05h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0O
| ChsHL | Ch8M[2:0] | ch7HL | Ch7M[2:0] |
Description

The sensitivity of channel 7 and 8 are adjustable by Sensitivity_4 register. ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
+ 000: 14~16T + 100: 7~9T
ChxM[2:0] 011 + 001:12~14T +« 101:6~8T
4+ 010:10~12T 4+ 110: 5~7T
4 011:08~10T & 111:3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS * 0.2)
ChxHL 1 LS = MS + (MS = 0.2)
1: HS=MS - (MS = 0.3)
LS =MS + (MS * 0.3)

18
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Sensitivityd Channel 9 & 10 Sensitivity Control
Address (hex): 06h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0O
| Ch1OHL | Ch10M[2:0] | ChoHL | ChoM[2:0] |
Description

The sensitivity of channel 9 and 10 are adjustable by Sensitivity_5 register.ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
+ 000: 14~16T 4+ 100: 7~9T
ChxM[2:0] 011 + 001:12~14T +« 101: 6~8T
+ 010:10~12T +« 110: 5~7T
4 011:08~10T 4 111:3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS = 0.2)
ChxHL 1 LS =MS + (MS * 0.2)
1: HS=MS - (MS = 0.3)
LS =MS + (MS * 0.3)

Sensitivity6 Channel 11 & 12 Sensitivity Control
Address (hex): 07h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
[ Chi2HL | Ch12M[2:0] [ ChitHL | Ch11M[2:0] |
Description

The sensitivity of channel 11 and 12 are adjustable by Sensitivity_6 register. ChxM[2:0] allows
various middle sensitivity and also the high and low sensitivities are decided with ChxHL.

Bit name Reset Function
Middle sensitivity T (= thickness of PC) @Cs = OpF
+ 000: 14~16T + 100: 7~9T
ChxM[2:0] 011 + 001:12~14T +« 101:6~8T
4+ 010:10~12T 4+ 110: 5~7T
4 011:08~10T & 111:3~5T

High and Low sensitivity selection for channel x
0: HS=MS - (MS * 0.2)
ChxHL 1 LS = MS + (MS = 0.2)
1: HS=MS - (MS = 0.3)
LS =MS + (MS * 0.3)

19
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8.3 General Control Registerl

CTRL1 TSM12 General Control Register1
Address (hex): 08h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
[ MS ] FTC[1:0] | ILC[1:0] | RTC[2:0] |
Description

The calibration speed just after power on reset is very high during the time which is defined by

FTCI[1:0] to have a good adoption against unstable external environment.
Bit name Reset Function

Mode Selection

MS 0 0: auto alternate (fast/slow) mode

1: fast mode

First Touch Control

Below time stands on VDD = 3V / Rb = 300KQ

00: 5 sec

01: 10 sec

10: 15 sec

11: 20 sec

Interrupt Level Control

00: Interrupt is on middle or high output.

ILC[1:0] 00 01: Interrupt is on low or middle or high output.

10: Interrupt is on middle or high output.

11: Interrupt is on high output.

Response Time Control

Response period = RTC[2:0] + 2

FTC[1:0] 01

RTC[2:0] 011

20
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8.4 General Control Register2

CTRL2 TSM12 General Control Register2
Address (hex): 09h
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| 0 | 0 | 0 | 0 | SRST | SLEEP | 1 | 1 |
Description

All the digital blocks except analog and 12C block are reset when SRST is set. The SLEEP
function allows getting very low current consumption when it is set. But the response time will
be longer than normal operation. The bit0 and bit1 must be written with 0b’11 by host MCU.
Bit name Reset Function
Software Reset
SRST 0 0: Disable Software Reset
1: Enable Software Reset
Sleep Mode Enable
SLEEP 1 0: Disable Sleep Mode
1: Enable Sleep Mode
These bits must be written by 0b’11 during a system initialize
phase. (refer to the chapter 9 “initialize flow example”)

Bit[1:0] XX
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8.5 Channel Reference Reset Control Register
Ref_rst1 Channel1~8 Reference Reset Control
Address (hex): 0Ah
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| che | chz | cne [ chs | ch4a | ch3 | che [ chl ]
Description
The reference value of each channel will be renewing when Chx is set.
Bit name Reset Function
Chx ’ 0: Disable reference reset
1: Enable reference reset
0: Disable reference reset
Cht 0 1: Enable reference reset
Ref_rst2 Channel9~12 Reference Reset Control
Address (hex): 0Bh
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| 0 | 0 | 0 | 0 | chi2 | chit | chto [ che ]
Description
The reference value of each channel will be renewing when Chx is set.
Bit name Reset Function
Chx 1 0: Disable reference reset
1: Enable reference reset
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8.6 Channel 1~8 Sensing Control Register

Ch_hold1 Channel 1 ~ 8 Hold Enable Register
Address (hex): 0Ch
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
| che | chz | cne [ chs | ch4a | ch3 | che [ chl ]
Description

The operation of each channel is independently available to control. A channel doesn’t be
worked and the calibration is paused when it is set.

Bit name Reset Function
Chx 1 0: Enable operation (sensing + calibration)
1: Hold operation (No sensing + Stop calibration)
Ch 0 0: Enable operation (sensing + calibration)
1: Hold operation (No sensing + Stop calibration)

8.7 Channel 9~12 Sensing Control Register

Ch_hold2 Channel 9 ~ 12 Hold Enable Register
Address (hex): 0Dh
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 BitO
| 0 | 0 | 0 | 0 | chi2 | chit | chio | che |

Description
The operation of each channel is independently available to control. A channel doesn’t be

worked and the calibration is paused when it is set.

Bit name Reset Function
CEx 1 0: Enable operation (sensing + calibration)
1: Hold operation (No sensing + Stop calibration)
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8.8 Channel 1~8 Calibration Control Register

Cal_hold1 Channel 1 ~ 8 Calibration Enable Register
Address (hex): OEh
Type: R/W

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| che | chz | cne [ chs | ch4a | ch3 | che [ chl ]
Description

The calibration of each channel is independently available to control. Each channel is working
even if a bit is set.
Bit name Reset Function
0: Enable reference calibration (sensing + calibration)
1: Disable reference calibration (sensing + No calibration)

Chx 0

8.9 Channel 9~12 Calibration Control Register

Cal_hold2 Channel 9 ~ 12 Calibration Enable Register
Address (hex): OFh
Type: R/W
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| 0 | 0 | 0 | 0 | chi2 | chit | chio | che |
Description

The calibration of each channel is independently available to control. Each channel is working
even if a bit is set.
Bit name Reset Function
0: Enable reference calibration (sensing + calibration)
1: Disable reference calibration (sensing + No calibration)

Chx 0
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8.10 Output Register

Outputi Channel 1 ~ 4 Output Register
Address (hex): 10h
Type: R
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| oUT4[1:0] | OUT3[1:0] | OUT2[1:0] | OUT1[1:0] |
Description

The each channel output of TSM12 is compressed with 2 bits. It has 3 level output information
that is low, middle and high.

Bit name Reset Function
Output of channel 4
00: No output
OuUT4[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 3
00: No output
OuUT3[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 2
00: No output
ouT2[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 1
00: No output
OUT1[1:0] 00 01: low output
10: middle output
11: high output
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Output2 Channel 5 ~ 8 Output Register
Address (hex): 11h
Type: R
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| ouT8[1:0] | OuUT7[1:0] | OUT6[1:0] | OUT5[1:0] |
Description

The each channel output of TSM12 is compressed with 2 bits. It has 3 level output information
that is low, middle and high.

Bit name Reset Function
Output of channel 8
00: No output
ouT8[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 7
00: No output
OUT7[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 6
00: No output
ouT6[1:0] 00 01: low output
10: middle output
11: high output
Output of channel 5
00: No output
OUT5[1:0] 00 01: low output
10: middle output
11: high output
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Output3 Channel 9~ 12 Output Register
Address (hex): 12h
Type: R
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
| OoUT12[1:0] | OUT11[1:0] | OUT10[1:0] | OUT9[1:0] |
Description

The each channel output of TSM12 is compressed with 2 bits. It has 3 level output information
that is low, middle and high.

Bit name

Reset

Function

ouT12[1:0]

00

Output of channel 12
00: No output

01: low output

10: middle output
11: high output

OUT11[1:0]

00

Output of channel 11
00: No output

01: low output

10: middle output
11: high output

OUT10[1:0]

00

Output of channel 10
00: No output

01: low output

10: middle output
11: high output

ouT9[1:0]

00

Output of channel 9
00: No output

01: low output

10: middle output
11: high output
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9 Recommended TSM12 Initialize Flow (Example)

Cre )

v

Power ON

v

H/W Reset

I

Ch1 On

v

Micom On

v

Ctrl2 Setting : OxOF

v

Ctrl2 Setting : 0x07

Sensitivity Yes
Setting? *
< Sensitivity Setting
NoY Ch1 ~ CH12
Ctrl1 Setting ? Yes ¢

Ctrl1 Setting

Channel_Hold Off
Ch1 ~ CH12

v

Reset Off
CH1 ~ CH12
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10 Recommended Circuit Diagram

10.1 Application Example in clean power environment
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T ® 8 o4 A - 0O
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31 css ID_SeL |22 ||I-0
41 cse TSM12 12C_gN [-2L EN <__J12C_EN
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TSM12 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 TSM12.

The CS 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 TSM12 is reset if RST Pin is high. (See 6.5 Reset implementation chapter)

The TSM12 is working with single output mode if the SYNC/OPT pin is high and it will be in
multi output mode when it's low. The resistor which is connected with GND should be
connected with SYNC pin when the application is required over two TSM12 devices (Multi
output mode).
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10.2 Application Example in noisy environment
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TSM12 Application Example Circuit (Noisy environment)

+ The VDD periodic 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 to be separated from touch circuit.

4+ The smaller R_B is recommended in noisy environments.
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10.3 Example — Power Line Split Strategy PCB Layout
A. Not split power Line (Bad power line design)
12V By by LE[,)(LCD) By
SMPS > » Driver & » Sensor |C
Regulator
U-com
[
AC Load & < é
Relay
Main B/D Dizplay B/D

4+ The noise that is generated by AC load or relay can be loaded at 5V power line.

4 A big inductance might be appeared in case of the connection line between main board and
display board is too long, moreover the voltage ripple could be generated by LED (LCD)
display driver at VDD (5V).

B. Split power Line (One 5V regulator used) — Recommended

By
SMPS L RIS DLE Sensor |c [GND-B
Feaulator
AT Load & ¢
- 5V A LED(LCD) | GND_A
Drriver &
bain B/D Display B/D LU=Coim =

C. Split power Line (Separated 5V regulator used) — Strongly recommended

By
SMPS 12V, VB o gensor i [GND-B
Reaulator B
AC Load & N
A clna 5y 5V A | LED(LCD) Driver | GND_A
ela > R B
y Regulator & & U-com
Main B/D J__ Display B/D B
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11 MECHANICAL DRAWING
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0180 Typ
}
Ul " |
il lcooooooooor—
G 0.00010.050 0,203 Ref.]
SIDE VIEW
0150 Typ ' 0:000-0.050 QFN
MAX, 0.500
DETAIL A A NOM. 0.850
- MIN. 0.800

NOTE: Dimensions are in millimeters

12 MARKING DESCRIPTION
Device Code . I§ M ig

| — Channel Number
Application

> Touch Switch Group

Weekly Code . YY ZZ

— Manufacturing Year
> Manufacturing Week
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