ADSemiconductor,

" Free from Common Mode Noise "

TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
olo|CEr=xI| TSM16C

16-CH Auto Sensitivity Calibration Capacitive Touch Sensor

SPECIFICATION
VER. 1.1

Oct. 2016 ADSemiconductor Confidential




ADSemiconductor,

" Free from Common Mode Noise "

TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

General

The TSM16C is 16-Channel capacitive sensor with
auto sensitivity calibration. And the supply voltage
range is from 1.8 to 5.0V.

The TSM16C has the SLEEP mode to save the
consumption. And the current consumption is 8 UA.

The TSM16C offers fast touch detection with fast
response operation.

The result of touch sensing can be checked by the I°C

serial interface. And touch intensity can be detectable
within 3 steps (Low, Middle and High).

Block Diagram

E— ]
Feature
B 16-Channel capacitive sensor with auto sensitivity
calibration
B Selectable output operation (single mode / multi-
mode)
m Independently adjustable in 8 step sensitivity
B Adjustable internal frequency with external
resister
B Adjustable response time and interrupt level by
the control registers
W 12C serial interface
B Embedded high frequency noise elimination
circuit
B Typical current consumption xxx 45 uA (@3.0V)
B Sleep mode current consumption 8 uA (@3.0V)
B RoHS compliant 28QFN package

3 - @ 7
(S &) (S
[ O W W W W W N
YYYYYYYY
RND <—» Sense .
Oscillator " * SCL
COUNTER ||CALCULATION TOUCH nc ¢ > SDA
RST . < CHIPID
SL_RB «—» Oscillator @ é‘”‘m Bus @
CONTROL | |CALIBRATION OUTPUT » INT
nnc .
Oscillator
Digital Block
2 8 8 2
= = &
Application Ordering Information
® Mobile application (mobile phone / PDA / PMP
etc) Part No. Package
B Membrane switch replacement TSMI6C 28 QFN
W Sealed control panels, keypads
m Door key-lock matrix application
W Touch screen replacement application
OlloICyHI=xI| AD Semiconductor Confidential ~ 2/32




ADSemiconductor,

" Free from Common Mode Noise "

TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
Content
LC 1= T | OSSPSR 2
REVISION HISIOMY ...ttt ettt e e st e et e s st e nteeeeenaesbeenaeanaenreas 3
1 PIN CONFIGUIALION ...ttt bbbt 5
A T (T Tt ol [ o1 o] o ST 6
2.1 Pin Map (28 QFN PACKAGE) .......eiveiuiriiiieieieese e 7
Note 1 : Refer t0 6.3 SYNC implementation...........cccccceviiieiieeiicic e 7
3 Absolute Maximum RAING .......ccoviiiiiiieiieii s 8
4 ESD & Latch-up CharaCteriStiCS .......cceiveriiiieieeie et 8
4.1 ESD CharaCleriStICS ..cveiuieiiieieeiiesieeie e st ettt e nee et ree e e 8
4.2 LatCh-Up CharaCteriStiCS ........ueiieieiie e 8
5 EIeCtrical CharaCteriStiCS ......uoiiiieiieiieie ettt sne e enes 9
6 TSMIL6C IMPIEMENTALION .....cciiiieii et 10
6.1 RBIAS & SRBIAS implementation ... 10
6.2 CS IMPIEMENTALION ... 11
6.3 SYNC IMPIEMENTALION.......ciiiiiiiiiieiceeeee e 12
6.4 RESET implementation..........c.ccviieiiiieiie i 13
LA O 111 =1 7SO 14
7.1 IRBIAS IMpPIeMENtation...........ccoviiiiieiice e 14
7.2 Start & StOP CONAITION ..o 15
7.3 Data ValIdItY.......ccveiieiicc e 16
7.4 BYLE FOIMAL ... s 16
75 ACKNOWIEAGE ...ttt nreas 16
7.6 FIFSTBYEE ..ottt bbbt 17
7.7 Transferring Data..........c.coveiiiiiiece e 18
7.8 I°C write and read operations in Normal Mode ...........c...cooovvevvevrersreenrenennenn. 18
7.9 TPCHIMING QIAGIAM ..ot 19
8 TSMILEC CONIOI FEYISTEN ...ttt bbbt 20
8.1 TPC REGISIEr MIAD ..o ee e e ee e 20
8.2 3] 1L SRS 21
9 Recommended TSM16C Initialize Flow (EXample) ........ccccoovveiieieiieceeece e, 25
10 Recommended CirCUuit DIAQIAM ........coiiiiiiiiiiieese s 26
10.1  Application Example in clean power environment .............cccccveveveevecieseenenn, 26
10.2  Application Example in NOISY ENVIFONMENT .........ccoviiiriiieiesie e 27
10.3Example — Power Line Split Strategy PCB LayOuL............ccoovviiiiiiii i 28
11 MECHANICAL DRAWING ......ooiitiiitst ettt 29
11.1  Mechanical Drawing of TSM16C (28 QFN)......cccccoiviiiiiiiiiiiecec e 29
12 MARKING DESCRIPTION ....ccoiiiiiiiititeecieiee et 31
12.1  Marking Description of TSM16C (28 MLF)......ccccooviiviiiiiiiiiccec e 31
N (O OSSR 32

OlloICyHI=xI| AD Semiconductor Confidential ~ 4/32




ADSemiconductor,

" Free from Common Mode Noise "

TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

1 Pin Configuration

TSM16C (28 MLF)
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2 Pin Description

VDD, VSS
Supply voltage and ground pin.

1_VDD
Supply voltage pin for 10 pads.

RND
Reference channel capacitive sensor input pin.

CS1 ~ CSl16
Capacitive sensor input pins.

SCL, SDA
SCL is I°C clock input pin and SDA is 1°C data input-output pin.

INT
Touch sensing interrupt output pin.

RBIAS
Internal bias adjust input.

SL_RB
Internal bias adjust input for the SLEEP mode.

RBIAS
Internal bias adjust input.

RST
System reset input.

12C_EN
I12C Enable input. The 12C block is enabled when I12C_EN pin goes low.

CHIPID
12C address selection input.

SYNC
The output mode selection input and sync pulse input/output for the sync operation.
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TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
I ]
2.1 Pin Map (28 QFN package)
Pin Name 1/0 Description Protection
Number
PIN No. Name 1/0 Description Protection
1 CSsé6 Analog Input | CH6 capacitive sensor input VDD/GND
2 CS7 Analog Input | CH7 capacitive sensor input VDD/GND
3 CSs8 Analog Input | CH8 capacitive sensor input VDD/GND
4 CS9 Analog Input | CH9 capacitive sensor input VDD/GND
5 Cs10 Analog Input | CH10 capacitive sensor input VDD/GND
6 Csi11 Analog Input | CH11 capacitive sensor input VDD/GND
7 CS12 Analog Input | CH12 capacitive sensor input VDD/GND
8 CSs13 Analog Input | CH13 capacitive sensor input VDD/GND
9 Cs14 Analog Input | CH14 capacitive sensor input VDD/GND
10 CSs15 Analog Input | CH15 capacitive sensor input VDD/GND
11 CS16 Analog Input | CH16 capacitive sensor input VDD/GND
12 SL_RB Analog Input | SLEEP Mode Internal bias adjust input VDD/GND
13 RBIAS Analog Input | Internal bias adjust input VDD/GND
14 GND Ground Supply ground VDD
15 VDD Power Power (2.5V~5.0V) GND
16 I_VDD Power 10 PAD Power (2.5V~5.0V) GND
17 RST Digital Input | System reset (High reset) VDD/GND
18 INT Digital Output | Interrupt output (Open drain) VDD/GND
19 SCL Digital Input 12C clock input VDD/GND
20 SDA IanJ)tI/gOItthput 12C data (Open drain) VDD/GND
21 SYNC Digital Sync pulse input /output VDD/GND
Input/Output
22 CHIPID Digital Input 12C address selection VDD/GND
23 RND Analog Input | Ref. Ch capacitive sensor input VDD/GND
24 Cs1 Analog Input | CH1 capacitive sensor input VDD/GND
25 Cs2 Analog Input | CH2 capacitive sensor input VDD/GND
26 CS3 Analog Input | CH3 capacitive sensor input VDD/GND
27 Cs4 Analog Input | CH4 capacitive sensor input VDD/GND

7132




ADSemiconductor,

" Free from Common Mode Noige "
TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

]
3 Absolute Maximum Rating
Maximum supply voltage 5.5V
Maximum voltage on any pin VDD+0.3
Maximum current on any PAD 100mA
Power Dissipation 800mw
Storage Temperature -50 ~ 150°C
Operating Temperature -20~75TC
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
8000V VDD
H.B.M Pos / Neg 8000V VSS
8000V PtoP
400V VDD
M.M Pos / Neg 400V VSS
400V PtoP
800V
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 8.25V 1.0v
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5 Electrical Characteristics

" Vpp=3.3V, Rb=510k, Sync Mode (Rsync = 2MQ) (Unless otherwise noted), Ta = 25C

Characteristics Symbol ‘ Test Condition ‘ Min ’ Typ ’ Max ‘ Units
Power supply requirement and current consumption
Operating supply voltage Vbb 1.8 3.3 5.0 \Y
Vpp= 3.3V Rg=510k R_SB=0 - 25 -
. Vpp= 5.0V Rg=510k R_SB=0 - 46 -
Current consumption lop pA
Vpp= 3.3V Rg=510k R_SB=2M - 8 -
Vpp= 5.0V Rg=510k R_SB=2M - 18 -
Touch sensing performance
Minimum detective AC Cs = 10pF, Cpgg = 200pF 0.2 ) ] oF
capacitance difference (12C default sensitivity select)
-Sense input Ce ) 10 100 oF
capacitance range (Notel)
Sense input Rs i 200 1000 o

resistance range

AC > 0.2pF, Cs = 10pF,

- 12 -
. (12C default sensitivity select)
Output impedance 70 AC < 0.20F. Cs — 100F O
. .zpr, Ls = 1UpFK,
open drain . - 30M -
(op ) (12C default sensitivity select)
Vpp = 5.0V Rg =510k - 80 -
System performance
External reset high pulse width | Vpprst | Ta=25C 10 - - ms
Self calibration time after Vop = 3.3V Rg = 510k - 100 -
TCAL ms
system reset Voo = 5.0V Rg = 510k - 80 -
Output maximum sink current louT Ta=25C - - 4.0 mA
Recommended bias resistance R Vpp = 3.3V 200 510 820 0
B
range (Note2) Vopp = 5.0V 330 | 620 | 1200
Maximum bias capacitance Cs_max - 820 | 1000 pF
Recommended sync resistance
Y Rsvyne 1 2 20 MQ
range
Max. 12C SCL clock speed fscLmax | Maximum internal 1°C clock - - 2 MHz

Note 1 : 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.

Note 2 : The lower Rg is recommended in noisy condition.
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6 TSM16C Implementation

6.1 RBIAS & SRBIAS implementation

Cs |
RBIAS < . | |

Rs

SL_BR < o

Rss

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 Rsg should be connected as above figure when the TSM16C operates in SLEEP 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.

IDD [uA]
250 ‘ |
——2.5V
200 =33V |
5.0V

150 -\

100 \

. N

e
—
0

0 100 200 300 400 500 600 700 800 900 10001100

Re [KQ]

Normal operation current consumption curve

The current consumption curve of TSM16C 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. And the change of the internal system frequency affects the sensitivity. The slow
frequency has higher sensitivity than the fast frequency.
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6.2 CS implementation

CS16 <<

Rste
~AA——— Touch PAD16

CS16

eoe

Rs1
H Touch PAD1

Cst

CS1 <<

||| | 4

The TSM16C has basically eight steps sensitivity, which is available to control with internal register by 12C
interface. The parallel capacitor Cs; is added to CS1 and Cs;6 to CS16 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 TSM16C 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 1kQ 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 ~ CS16 to
touch PAD is recommended to be routed as short as possible to prevent from abnormal touch detect caused by
connection line. The unused CS pin must be connected with the ground to prevent the unpredictable mal-
function that occurred in the floating CS pin.
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Sensitivit
f | y
Insensitive
TPCATE
HBLASS 5T
Proper
Sensitive 7
VPCIT

N\

Y

Cg capacitace [pFl]

Sensitivity example figure with default sensitivity selection

6.3 SYNC implementation

6.3.1  Multi Chip Application

Over two TSM16C 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. Rgync is pull-down resistor
of SYNC pin. Too big value of Rsync makes the SYNC pulse falling delay, and too small value of Rgync makes
rising delay. Typical value of Rsync iS 2MQ.The Sync pin should be implemented as below. The TSM16C can
also be used with the other TSxx series by employing this SYNC function. The TSM16C could only operate on
multi output mode in this configuration.

§YNC <<
18 TSM16C
Rsvne
| N
SYNCK _

2" TSM16C or TS#**
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6.4 RESET implementation

TSM16C 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 Rgst and Cgstare 330KQ and 100nF.

RESET <<

E Rrst
—

Recommended reset circuits 1
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7 1°C Interface

7.1 IRBIAS Implementation

IRBIAS <
% Ris

The Ry 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)

1°C 1pp [UA] I°C 155 Measure (RB = 510kQ)
3500

===VDD = 3.3V

3000 | = VDD = 5.0V

2500

2000

1500 [

1000 [

500 |

10 20 30 ]50 60 70 80

40 R s [kQ

12C Block operation current consumption curve
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I°C CIk Freq. I°C CIk Freq. (RB = 510kQ)

MH
12.00 MHZ

=== \/DD = 3.3V
10.00 [ === VDD = 5.0V

8.00

6.00

4.00

2.00

0.00

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

12C clock frequency curve

7.2 Start & Stop Condition

« Start Condition (S)
« Stop Condition (P)
« Repeated Start (Sr)

r——/ r— ==

s0A T\i /T \

[ — ————

i STOP conditi
START condition condition I
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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 I 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.

~]
AN Gl O G

DATA OUTPUT Y
BY TRAMSMITTER
nat acknnwledge\
DATA OUTPUT

|
|
|
BY RECEIVER : Y, ;
| acknowladge
SCL FROM
MASTER | 1 2 _ M

|_ fJ clock pulse for
START acknowledgament
condition
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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.

TSM16C Chip Address : 7bit

CHIPID Address
GND 0xD0
VvDD O0xFO

762 R/W
The direction of data is decided by the bit and it follows the address data.

MSB LSB

Address R/W

7 bit 1bit
LAV ED ED I 4D S U N & A
MSE acknowledgement acknowledgement | Sr

signal from slave signal from recaver |

byte complats,
interupt within slave

clock line hald low while

I__—l I__P—l
I
I
I
I
I
I

I
I
| I
I |
| .
I intermupts are servicad I I

5 I o 5
so MMHM
ACK ACK LP]

Ls ]
START ar STOP or
repeated START repeated START
condition condition
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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
m the transfer lasts until stop conditions are encountered.
m the TSM16C acknowledges every byte transfer.

are written in successive internal registers.

=iy SLA‘JE ADDHESS RN A */DATA A /DATA/’ AR /F'
//.J/t./.a’/.f/.f/.f/./f.-’/./.f.f./f/.t.fx./'.; .ﬁ'//././.r‘f .a'"’/./.-".//.a/‘ ./.-f"-f.;
L |— data fransferad J
0" (write) in bytes + acknowledge)

frorm master to slave

|:| from slave to master

MBCEDE

7.7.2  Read Operation

A = acknowledge (SDA LOW)

& = not acknowledge (SOA HIGH)
S = START condition

P = STOP condition

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.

q

ri

{_
SLA‘JE ADD RESS R

[ A
/x/ o o o o o o L 10 ]

¥ iy

DATA [-A DATA AP
/X'A [ _...-_,.-"f_/,/j

I— data transferred J

MECEDE (raad) in bytes + acknowladge)
7.7.3  Read/Write Operation
S & AVE ADDRESS TR A | DATA| avm [Sr SLA‘JE ADDHESS H-'W-’ DATA|AJEL P
Fd L L ]
| inbytes | | inbytes |
read orwrite  * ack.) * +ack)”
raad or write direction
af tral:nﬁfer
N may change
not shaded bacausa Sr= repeated START condition at this point.
data and acknowladga bits
dapends on RAV bits, HECRT
7.8 1°C write and read operations in normal mode
The following figure represents the 1°C normal mode write and read registers.
=" Write register 0x00 to 0x01 with data AA and BB
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Read register 0x00 and 0x01

7.9 1°C timing diagram
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ACK

From Master to Slave

Data Read AA Data Read BB

From Slave to Master

T I I
1 A | 1
SDA
| I | I I
AN | \ I . JﬂL I I I
| Bip | A
i T "1|' tLow tr ! - ! HD;STA tsp tr‘lr" ! =
T T 1 T 1
so | || 15 1R :\
I | I | I | I |
L o P el
= | =lHD;sTA tsu:sTA nll tsuisTo™ | = |
LS| Lsr | LP LS|
MsCE10
100kbps 400kbps
PARAMETER SYMBOL UNIT
MIN. MAX. MIN. MAX.
Hold time (repeated)START condition. tHD;STA 4.0 - 0.6 - us
LOW period of the SCL clock tLOW 4.7 - 1.3 - us
HIGH period of the SCL clock tHIGH 4.0 - 0.6 - us
Set-up time for a repeated START condition tSU;STA 4.7 - 0.6 - us
Data hold time tHD;DAT 1.0 - - - us
Data set-up time tSU;DAT 250 - 100 - ns
Rise time of both SDA and SCL signals tr - 1000 20 300 ns
Fall time of both SDA and SCL signals tf - 300 20 300 ns
Set-up time for STOP condition tSU;STO 4.0 - 0.6 - us
Bus free time between a STOP and START {BUE 47 3 13 ; us
condition
Noise margin at the LOW level for each Vil 0.1VDD ) 0.1VDD R Vv
connected device
Noise margin at the HIGH level for each
connected device ViH 0.2vDD | 0.2vDD ) v
Input Low level 0 Vpp*0.2 \Y4
Input High level Vpp*0.8 Voo \Y%
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8 TSM16C control register

« Note: The unused bits (defined as reserved) in 12C registers must be kept to zero.
« Note: The bit0 and bitl 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
N Addr. | Reset Value Register Function and Description
ame .
(Hex) (Bin) Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

Sensitivityl | 02h 10111011 | Ch2HL Ch2M Ch1HL ChiM
Sensitivity2 | 03h 10111011 | Ch4HL Ch4M Ch3HL Ch3M
Sensitivity3 | 04h 10111011 | Ch6HL Ch6M Ch5HL Ch5M
Sensitivity4 | 05h 10111011 | ChsHL ChaM Ch7HL Ch7M
Sensitivity5 | _06h 10111011 | ChI0HL Ch10M ChoHL ChoM
Sensitivity6 | 07h 10111011 | ChI2HL Ch12M Ch11HL Ch1IM
Sensitivitys | _22h 10111011 | ChI4HL Ch14M Ch13HL Ch13M
Sensitivitys | _23h 10111011 | Ch16HL Ch16M Ch15HL Ch15M

CTRLL 08h 0010 0010 MS FTC ILC RTC

CTRL2 09h 0000 0001 0 0 [ MULTI IMP_SEL] SRST | SLEEP Bits

Ref rstl 0Ah 1111 1110 Ch8 | Ch7 | Ché | Ch5 | Cha | Ch3 | Ch2 | chi
Ref rst2 0Bh 11111111 | Ch16 | Chi5 | Chl4 | Chi3 | Chl2 | Chil | Chi0 | Ch9
Ch_hold1 0Ch 1111 1110 Chg | Ch7 | Ché | Ch5 | Ch4 | Ch3 | ch2 | chl
Ch_hold2 0Dh 11111111 | Ch16 | Chis | Chl4 | Chi3 | Chl2 | Chil | Chi0 | cCh9
Cal holdl | OEh 0000 0000 Ch8 | Ch7 | Ché | Ch5 | Cha | Ch3 | ch2 | chi
Cal hold2 | OFh 00000000 | Chl6 | Chi5 | Chl4 | Ch13 | Chi2 | Chil | Ch10 | Ch9
Outputl 10h 0000 0000 ouUT4 OUT3 OUT2 OUT1
Output2 11h 0000 0000 ouTs ouT 7 ouUT6 OUT5
Output3 12h 0000 0000 OUT12 OUT11 0UT10 ouUTY
Output3 13h 0000 0000 oUT16 OUT15 oUT14 OUT13
Lock mask | 3Bh | 0000 0000 LOCK_MASK
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8.2 Details

8.2.1 Sensitivity Control Register

Type: RIW

Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

02h Sensitivity1 Ch2HL cham Ch1HL ChiM
03h Sensitivity2 Ch4HL Ch4M Ch3HL Ch3M
04h Sensitivity3 Ch6HL ChéM ChSHL ChsM
05h Sensitivity4 Ch8HL ChsM Ch7HL Ch7M
06h Sensitivity5 Ch10HL Ch10M Ch9HL Chom
07h Sensitivity6 Ch12HL Ch12M Ch11HL Ch1iM
22h Sensitivity7 Ch14HL Ch14M Ch13HL Ch13Mm
23h Sensitivity8 Ch16HL Ch16M Ch15HL Ch15M

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
+ 000:0.50% + 100:1.50%
ChxM[2:0] 011 + 001:0.70% + 101:2.05%
+ 010:0.90% + 110:2.55%
+ 011:1.20% + 111:3.55%
High and Low sensitivity selection for channel x
0 1
Low Sensitivity High Sensitivity
+ 000 :0.40% + 000:0.6%
+ 001:0.55% + 001:0.85%
ChxHL 1 + 010:0.70% + 010:1.10%
+ 011:0.95% + 011:1.45%
+ 100:1.20% + 100:1.85%
+ 101:1.60% + 101:2.45%
+ 110:2.05% + 110:3.05%
+ 111:2.85% +  111:4.30%
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I E— |
8.2.2 General Control Registerl
Type: RIW
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
08h 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 FTC[1:0] to
have a good adoption against unstable external environment.

Bit name

Reset
value

Function

MS

0

Mode Selection
0: auto alternate (fast/slow) mode
1: fast mode

FTC[1:0]

01

First Touch Control

00:19 * 16" * 1-Period (ms)
01:37 *16 * 1-Period (ms)
10 : 56 * 16 * 1-Period (ms)
11 : 74 * 16 * 1-Period (ms)

ILC[L:0]

00

Interrupt Level Control

00: Interrupt is on middle or high output.

01: Interrupt is on low or middle or high output.
10: Interrupt is on middle or high output.

11: Interrupt is on high output.

RTC[2:0]

011

Response Time Control
Response period = RTC[2:0] + 2

8.2.3 General Control Register2

Type: RIW
Address Register Name Bit7 Bit6 Bitb Bit4 Bit3 Bit2 Bitl Bit0
09h 0 0 MULTI INIIEFI)_—S SRST SLEEP 0 1
Description

Single/Multi output mode is selected according to MULTI bit. For impedance, IMP_SEL bit is used. 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
bit] must be written with 0b’11 by host MCU.

Bit name Reset Function
Single/Multiple Output Select
MULTI 0 0: Multiple Output
1: Single Output
Impedance Select
IMP_SEL 0 0: High Impedance
1: Low Impedance
Software Reset
SRST 0 0: Disable Software Reset
1: Enable Software Reset
SLEEP 0 Sleep Mode Enable

0: Disable Sleep Mode

1 The number, 16 is the time control constant value
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1: Enable Sleep Mode
These bits must be written by 2b’11 during a system initialize phase. (refer
to the chapter 9 “initialize flow example”)

Bit[1:0] 01

8.2.4 Channel Reference Reset Control Register

Type: RIW
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0Ah Ref_rstl Ch8 Ch7 Ché Chs Ch4 Ch3 Ch2 Chi
0Bh Ref_rst2 Ch16 Chi15 Ch14 Chi13 Ch12 Chl1 Ch10 Ch9
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
0: Disable reference reset
Chl 0 1: Enable reference reset

8.2.5 Channel Sensing Control Register

Type: RIW
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
0Ch Ch_hold1 Ch8 Ch7 Ché Ch5 Ch4 Ch3 Ch2 Chl
0D Ch_hold2 Ch16 Chi5 Chi14 Ch13 Ch12 Chi11 Ch10 Ch9
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 operfation (sensin_g + calibratior]) _
1: Hold operation (No sensing + Stop calibration)
0: Enable operation (sensing + calibration)
1: Hold operation (No sensing + Stop calibration)

Chl 0

8.2.6 Channel Calibration Control Register

Type: RIW
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
OEh Cal_hold1 Ch8 Ch7 Ché Ch5 Ch4 Ch3 Ch2 Chl
OFh Cal_hold2 Ch16 Chi15 Ch14 Ch13 Ch12 Ch11 Ch10 Ch9
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
Chx 0 0: Enable reference calibration (sensing + calibration)
1: Disable reference calibration (sensing + No calibration)
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E— |
8.2.7 Output Register
Type: R
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

10h outputl OUT4[1:0] OUT3[1:0] OUT2[1:0] OUT1[1:0]

11h output? OUT8[1:0] OUT7[1:0] OUT6[1:0] OUT5[1:0]

12h output3 OUT12[1:0] OUT11[1:0] OUT10[1:0] OUT9[1:0]

13h output3 OUT16[1:0] OUT15[1:0] OUT14[1:0] OUT13[1:0]
Description

The each channel output of TSM16C is compressed with 2 bits. It has 3 level output information that is low,
middle and high.

Bit name Reset value Function
Output of channels
OUT1[1:0] 00: No output
~ 00 01: low output
OUT16[1:0] 10: middle output
11: high output
8.2.8 Lock Mask Register
Type: RIW
Address Register Name Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
3Bh Lock _mask LOCK_MASK
Description
Lock mask bits prevent the specific bits in TSM16C from changing in noise environments.
Bit name Reset value Function
LOCK_MASK 0000 0000 For applying MULTI bit(0x09[5]), Lock mask bits should be 8°h10100101
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9 Recommended TSM16C Initialize Flow (Example)

Corme

v

Power ON

!

Wait 100mS

v

H/W Reset

y

Ch1 On

v

Micom On

v

Ctrl2 Setting : 0xOF

v

Ctrl2 Setting : 0x07

Sensitivity Yes

Setting? ¢

< Sensitivity Setting

NoY Ch1 ~ CH16

Ctrl1 Setting ? Yes 1
Ctrl1 Setting
Channel_Hold Off

Ch1 ~ CH16

Reset Off

CH1 ~ CH16
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10 Recommended Circuit Diagram

10.1 Application Example in clean power environment

TS T4 T3 T2 Tl rup
Pad Pad Pad Pad Pad Pad  CHIPID
- A A1 A1

AN ANINANAN]
-9 - - -wy o) -

cAne VoD
%
S B A e A e =
lenTlp scilp soa
RN Lok S IoK & 10K
A BEEEEEE N\, wne
2 M
TéPad | Pad ’ ces S srne > )
T7Pad | Pad —{ ¢s7 sDa 'Q 504
T&Pad | Pad ’ css ADS sSCL 1€ <5¢CL
f 18
ToPad | Pad s INTf—= CoINT
s TSM16C | =1 Swr
5 o
TI1Pad | Pad 2 csua Lvoo { 1VDD
Ti2Pad | Pad ~ es12 ¥DD iveo

C513
CS514
€515
€516
SL_RE
REIAS

N\

| a| |-

13

[a]
z /
(L]
-'L
)
= cel

VoD
, hB B10p
VO & sLoK

R_SL
I‘:_V[‘D i
1 gle|l&|& l

r13T14T15 T16
Pad PadPad Pad

+—

TSM16C Application Example Circuit (Clean power environment)

v" 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 TSM16C.

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 TSM16C is reset if RST Pin is high. (See 6.5 Reset implementation chapter)

The TSM16C 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 TSM16C devices (Multi output mode).

NANEENEN

AN
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10.2 Application Example in noisy environment

TS T4 T3 T2 T1 RND
Pad Pad Pad Pad Pad Pad cHipID
WY B 9| 9|9

| & |a|l&a| &| &
G 4 4 o ala

kss :s.}ass ts:gns;
51 - 2ad 2
\10p 200{204 209204 204
ez
I.lOD
o CRND
—H%’f -i 1voo
Foss ’
Pt e s s ]l 4
g Rl S el N %n TR, sct?_so.:
R LoKS I0K > 10K
/03333353\ RsYNC |
RS6 200 T 21 M
ToPad |_Pad ~ 1 css G srne = |
N RST 200 2 2
T7Pad | Pad T 5 cs? DA . <O5DA
T8Pad | Pad A :00 n c€ss ADS SCL 1; e R4 §
ToPad | Pad Ay csa INT — — INT
RS10 200 5 17
Ti0Pad | Pad cs10 'I‘SM 16c I RST
RS11 200 5 16
TilPad | Pad 1 cs11 1VYDD 41.VDD
. RSI2 200 7 15
Ti2Pad | Pad Ccs12 Yoo i voD
Jgn 2ks11{510/¢59 | css [es7 | cse -
— = = = == v ouow
1;09 110;]109110;11°;]1°P w|ale
in cs13 N

}lf"— = Bl
e
193 4 RE Sl0p
1op S10K

ver =15
lﬁp

VDD !

RSL3 Suts;rpu
204

ll—-l

Pad

RN
o || 2
a ala

T13 T4 T1S TiE
Pad Pad Pad Pad

TSM16C Application Example Circuit (Noisy environment)

v' 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.

v' The smaller R_B is recommended in noisy environments.

v
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103 Example — Power Line Split Strategy PCB Layout

A. Not split power Line (Bad power line design)

LED(LCD
12V By By ,( ) BV
ShPS > I Driver & W Sensar |G
Regulator
U=Com
[
AC Load & J7 é
Relay
Main B/D Display B/D

v" The noise that is generated by AC load or relay can be loaded at 5V power line.
v" 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 12V |, oVB Sensor |¢ [@ND-B
Regulator
AC Load & #
fel EV_A LEDILCD) | GND_A
elay 7| Driver &
tain B/D Display B/D L=COom -
C. Split power Line (Separated 5V regulator used) — Strongly recommended
By
SMPS |2V g 5V.B » Sensor |C GND_B
Regulator B
e
AC Load &
A Cl‘a By 5V A | LEDILCD) Driver | GND_A
ela
/ 7| Regulator & ~ & u-com
Main B/D L Display B/D B
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11 MECHANICAL DRAWING

11.1 Mechanical Drawing of TSM16C (28 QFN)

g]

D] (4]
N |
:
1 / !
0.20 DIA TYP. __'_‘+'_‘—‘ [E]
2x[]oa0]C i |
|
waliolel  1op ypw
T
i L_D—D—D—D—D—D=
SEATING PLANE t s
Al SIDE VIEW
(DATUM A)—\\\\\ _;202/2 hIf‘K
\ - _t SEE DETAIL "A”
U U NX L
ey f\w\i - /11
- ' o S22
(NE—U&QEI —9-————’»%—-—-\4—\‘ L oe
- C\
J_____?;? ! 44:\\ ) -~ 7(DATUM B)
nEASANARANNIN t
PIN #1 ID_/ rQN—%ir_',,i/ —T=nx bA
SR SR T e
I~WDA)XEPJ oy
SEE DETAIL “A
A\
BOTTOM VIEW
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WDANM A OR B-\r

Tmime L

TERMINAL TIP

EVEN TERMINAL /SIDE ODD_TERMINAL /SIDE
DETAIL "A”

O 30mim L EAD: BIIGH v |%[comMmon DIMENSIONS |

5 VARIATION A VARIATION B .| % i NOW TAY %E

UMIN. T NOM. [ MAX. | MIN. 1 _NOM. I MAX. L HOM. | MA

E 0.40 BSC 0.40 BSC AT 0.00 0.02 0.05

NND 28 - 3 A3 0.20 REF,

NE 7 5 L T

| | 035 | 040 | 045 | 035 | 040 | 0.45 | & | ?4"2008";'(':“'

b 0.15 0.20 0.25 .15 0,20 0.25 A D .

b2 2.50 2.60 | 2.70 | 2.50 2.60 | 270 E 4.0 BSC

E2 250 | 260 | 270 | 250 | 260 | 2.70 El Do BS: A

NOTES :
1. DIMENSIONING AND TOLERANCING CONFORME TO ASME Y14.5M — 1994.
2. ALL DIMENSIONS ARE IN MILLIMETERS, & IS IN DEGREES.
3. N IS THE TOTAL NUMBER OF TERMINALS.
DIMENSION b APPUES TO METALLIZED TERMINAL AND IS MEASURED
BETWEEN Q.15 AND 0.30mm FROM TERMINAL TIP. IF THE TERMINAL HAS
THE OPTIONAL RADIUS ON THE OTHER END OF THE TERMINAL, THE
DIMENSION b SHOULD NOT BE MEASURED IN THAT RADIUS AREA.

ND AND NE REFER TO THE NUMBER OF TERMINALS ON EACH D AND E
SIDE RESPECTIVELY.

6. MAX. PACKAGE WARPAGE IS 0.05 mm.
7. MAXIMUM ALLOWABLE BURRS IS 0.076 mm IN ALL DIRECTIONS.
PIN #1 ID ON TOP WILL BE LASER MARKED.
A BILATERAL COPLANARITY ZONE APPLIES TO THE EXPOSED HEAT SINK
SLUG AS WELL AS THE TERMINALS.
10. THIS DRAWING CONFORMES TO JEDEC REGISTERED OQUTLINE MO—220
& DEPENDING ON THE METHOD OF LEAD TERMINATION AT THE EDGE OF THE PACKAGE,
PULLBACK (L1) MAYBE PRESENT
PULLBACK DESIGN OPTION IS FOR 0.50mm NOMINAL LANDLENGTH ONLY.

ojo|jcger=xi AD Semiconductor Confidential 30/32




ADSemiconductor,

" Free from Common Mode Noige "
TSM16C (16-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

12 MARKING DESCRIPTION

12.1 Marking Description of TSM16C (28 MLF)
Device Code . | S M 16 g

| L» Type of version
Channel Number
Application
Touch Switch Group

vy

Weekly Code . YY WW

——» Manufacturing Week
» Manufacturing Year
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NOTES:

LIFE SUPPORT POLICY
AD SEMICONDUCTOR’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE
SUPPORT DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND
GENERAL COUNSEL OF AD SEMICONDUCTOR CORPORATION

The ADS logo is a registered trademark of ADSemiconductor
(© 2006 ADSemiconductor — All Rights Reserved

www.adsemicon.com
www.adsemicon.co.kr
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