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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

]
1 Specification
1.1 General features %
m 1-Channel capacitive touch sensor with differential sensitivity calibration
H Low power consumption
m Uniformly adjustable sensitivit
m Sync function for parallel operation% %
B Three steps sensitivity available without external component
m Open-—drain digital output
W Internal power on reset
B Embedded common and normal noise elimination circuit
B RoHS compliant SOT-26 package
1.2 Application
m Home appliance
m Mobile application (PMP, Navigation, MP3 etc)
m Membrane switch replacement
® Human interface for toys & interactive games%
B Sealed control panels, keypads
1.3 Package (SOT-26)
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TS01S SOT-26 (Drawings not to scale)
=ad semlcnnductar‘ ADSemiconductor Confidential 1/12



Administrator
×¢½â
具有不同灵敏度校准水平的1通道触摸IC

Administrator
×¢½â
低功率耗散

Administrator
×¢½â
灵敏度可调

Administrator
×¢½â
并行工作同步功能

Administrator
×¢½â
无需外部组件可实现3级灵敏度调节

Administrator
×¢½â
开漏数据输出结构

Administrator
×¢½â
内置功率复位功能

Administrator
×¢½â
内置共模、差模噪音消除电路

Administrator
×¢½â
薄膜开关替代

Administrator
×¢½â
玩具和交互式游戏的人机接口

Administrator
×¢½â
密闭控制面板、键盘

Administrator
×¢½â
系统通信（同步传输）脚
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

[ |
2 Pin Description (SOT-26)
PIN Number Name I/0 Description Protection
1 OUTPUT Digital Output | Touch detect output VDD/GND
2 VDD Power Power (2.5V ~ 5.0V) = GND
Analo Self operation signal output %}
3 SYNC 9 Peripheral operation signal inpu VDD/GND
Input/Qutput
Sensitivity selection input [Note1]
CS Analog Input | Capacitive sensor input VDD/GND
5 GND Ground Supply ground — VDD
)
6 CR Analog Input Reference capacitive sensor mputH/— VDD/GND
for differential sensitivity calibration

Note1l : Refer to chapter 6.3, 6.4 SYNC implementation

3 Absolute Maximum Rating

Supply voltage 55V
Maximum voltage on any pin VDD+0.3 V
Maximum current on any PAD 100mA
Continuous power Dissipation 200mW
Storage Temperature -50 ~ 150C
Operating Temperature -20 ~ 75T
Junction Temperature 150C

Note2 : Unless any other command is noted, all above are operated in normal temperature.

4 ESD & Latch—up Characteristics

41 ESD characteristics%

Mode - Polarity Minimum Level Reference
= 8000V VDD
H.B.M Pos / Neg 8000V VSS
8000V PtoP
[V__] 500V VDD
M.M Pos / Neg 500V VSS
500V PtoP
C.D.M Pos / Neg 800V DIRECT
4.2 Latch-up characteristics%
Mode Polarity Minimum Level Test Step
Positive 25mA ~ 100mA
I T 25mA
est Negative —25mA ~ —100mA m
V supply over 5.0V Positive 1V ~ 7.5V 0.5V
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Administrator
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自身工作信号输出

Administrator
×¢½â
外围工作信号输入

Administrator
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灵敏度选择输入端

Administrator
×¢½â
不同灵敏度校准用参考电容接口

Administrator
×¢½â
连续功率耗散

Administrator
×¢½â
静电特性

Administrator
×¢½â
人体模式

Administrator
×¢½â
机械模式

Administrator
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闭锁特性
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[ ]
TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)
[ ]
5 Electrical Characteristics
" Vpp=3.3V (Unless otherwise noted), Ta = 25T = [E] =
Characteristics =) Symbol | Test Condition Mir?/_ Typ Max | Units
H/__/
Operating supply voltage Vop 2.5 3.3 5.0 V
— Vo= 3.3V - o5 | 40
Current consumption Iop 1A
(=) Vpp= 5.0V - 40 70
Output maximum sink our | Ta=25C 3 _ 40 ”
current L
Internal reset criterion'5—
nternal reset cri enon%x Voo st | Ta = 25 B B 0.3V, y
Vpp voltage _
Sense input =)
capacitance range Cs - 10 100
[Not63] — pF
Reference inputg/—:_J
capacitance range Cr - 12 100
[Note4] —
Sense input, Rs - | 200 | 1000 | @
resistance range L
M|n|m'um detecltat')leH/— ACs | Cs=10pF 0.2 3 3 o
capacitance variation
Output im pedance%J 70 ACs > 0.2pF - 12 - q
(open drain) ACs < 0.2pF - 30M -
Self calibration time% B B
after Vpp setting Tea 200 ms
Maximum supply voltage B B
rising time (= Trvoo 100 ms
Vv
Recommended sync_ Revc y 5 50 MO
resistance range|=

v

Note 3: The sensitivity can be increased with lower Cg value%
The recommended value of Cg is 10pF when using 3T PC{Raly Carbonate) cover and
10 mm x 7 mm touch pattern and middle sensitivity selection
Note 4: Cg value is recommended as same that of Cs tor as possible for effective differential
sensitivity calibration
Cs tor = Cs + Cpara (Cpaga is parasitic capacitance of CS pin;ﬁ7§—J
If proper CR capacitor value is used, CR pin has almost same frequency as that of CS

pin.%
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工作电压

Administrator
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最小

Administrator
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典型

Administrator
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最大

Administrator
×¢½â
电流消耗

Administrator
×¢½â
最大输出电流

Administrator
×¢½â
内置复位标准电压

Administrator
×¢½â
触感输入电容变化范围

Administrator
×¢½â
校准参考电容范围

Administrator
×¢½â
触感输入端电阻范围

Administrator
×¢½â
最小可检测电容变化量

Administrator
×¢½â
输出阻抗（开漏状态下）

Administrator
×¢½â
自身校准时间

Administrator
×¢½â
最大电压上升时间

Administrator
×¢½â
推荐同步信号传输端电阻

Administrator
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更小的CS会有更大的灵敏度

Administrator
×¢½â
触感区面积10MM*7MM，PC面板厚度10mm时中级灵敏度推荐CS容值大小是10PF

Administrator
×¢½â
CR的电容值大小需要参考输入端总电容的大小，建议相同值

Administrator
×¢½â
触感输入端总电容的大小等于CS加上输入脚到面板的线路寄生电容的总和

Administrator
×¢½â
如果适当的CR值被采用，那CR端会和CS触感输入端有几乎相同的波形频率
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

6 TS01S Implementation

6.1 Current consumption

TS01S uses internal bias circuit, so internal clock frequency and current consumption is not
adjusted. The typical current consumption curve of TSO1S is represented in accordance with Vpp
voltage as below. The higher Vpp requires more current consumption%

Internal bias circuit can make the circuit design simple and reduce external components%J

Ipp [UA]
45

40

35

30 |

25 |

20 |

2.0 2.5

3.0 3.5 .0 4.5

4
Voo [V]

5.0

5.5

=2 semiconductor

Typical current consumption curve of TS01S
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×¢½â
TS01S使用内部偏置电路，所以内部时钟频率和电流耗散不可调

Administrator
×¢½â
典型的电流耗散与VDD电压的关系如下图，更高的VDD输入将导致更大的电流耗散

Administrator
×¢½â
内置偏置电路是电路设计简单，减少外部组件
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

6.2 CS andCR implementationLTZ—J

CS <<

A i%
YA Touch PAD
.=

CR <<

=S

R

HE

The parallel capacitor Cg is added to CS and Cr to CR to adjust fine sensitivity. The major factor
of the sensitivity is Cs. The sensitivity would be increased when smaller Cg value is used. (Ref.
below Sensitivity Example Figure) The Cg value should be almost the same as the total CS
capacitance (Cs tor) for effective differential sensitivity calibration. The total CS capacitance is
composed of Cg which is set for optimal sensitivity and parasitic capacitance of CS pattern
%CPARA). The parasitic capacitance of CS pattern is about 2pF if normal touch pattern size is
used. But in the case of using larger touch pattern, Cpagra is bigger than normal valuea
The Rg is serial connection resistor to avoid malfunction from external surge and ESD. (It might
be optional.) From 200Q to 1kQ is recommended for Rs. The size and shape of touch 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 CS to
the touch PAD is recommended to be routed as short as possible to prevent from abnormal
touch detection caused by connection Iine.%

i Sensitivity

8

o] 2 4 B g

-

18
Cg capacitace [pFl

Sensitivity example figure of TS01S (when normal sensitivity selection selected)%J
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CS与CR端电路连接示意图

Administrator
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触控面板

Administrator
×¢½â
触控输入端电阻（推荐值应该小于1千欧姆）

Administrator
×¢½â
灵敏度调节电容（推荐值小于10PF，要求高精度，该电容值越大，输入端触感灵敏度越小）

Administrator
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辅助灵敏度校准电容，一般情况下要求与触感输入端总电容值相等

Administrator
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并行电容CS和CR分别被加到CS端和CR端，以很好的调整输入灵敏度

Administrator
×¢½â
实际上，灵敏度主要是靠CS电容值

Administrator
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CS越小，灵敏度将会越高

Administrator
×¢½â
CS端到面板的寄生电容大概是2PF，如果采用的恰当的面板的话

Administrator
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但是，如果感触区面积过大，那么寄生电容也将会变大

Administrator
×¢½â
触感输入端电阻RS的作用是为了避免外部浪涌或静电导致的误动作。其大小不能超过1千欧姆

Administrator
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触感区的尺寸会影响灵敏度

Administrator
×¢½â
为了得到理想的灵敏度，触感区的大小大约相当于第一指节的一半，即10*7mm

Administrator
×¢½â
CS端到触感区的连接线要尽量短，以减小由于线路产生的不正常的触感检测

Administrator
×¢½â
不理想的灵敏度

Administrator
×¢½â
PC厚度4T或者玻璃厚度5T（1T代表1/8英寸，1英寸是25.4mm）

Administrator
×¢½â
合适的灵敏度

Administrator
×¢½â
非常好的灵敏度

Administrator
×¢½â
正常灵敏度模式下不同的CS大小，面板厚度与铃木程度的关系图
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

6.3 SYNC implementation

. SYNC <<
1% TS01S

Rsvne

. _SYNC << =
2" TS01S or TS#+

%}Crom two TS01S to ten TS01S (or other TS series touch sensor) 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. During the sense disenable period and%
SYNC input becomes high, internal clock is suspended. The Rgync is pull-down resistor of SYNC
pin. Too big value of Rsyne makes the SYNC pulse falling delay, and too small value of Rsyne
makes rising delay. The typical value of Rgync is 2M&Q
TS01S has high sensitivity when SYNC is implemented as above figure (connect Rgyne between

SYNC and GND).@

6.4 SYNC implementation for sensitivity selection.

VDD SYNC <<
SYNC <<—l =
Sync connection for middle sensitivity Svync connection for low sensitivity

Another function of SYNC pin of TS01S is the selection of sensitivity without any additional
external component. The SYNC implementation for sensitivity selection is informed as below
= = =

chart. %
—— =

HT_J
SYNC Connection Using Rsyne Connection Connected to VDD Connected to GND

Sensitivity High Middle Low

=ad semicanducter ADSemiconductor Confidential 6/12



Administrator
×¢½â
由于SYNC端口的存在，使得TS01S可以连接多达10个同类IC于一个应用里面

Administrator
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SYNC的脉冲能避免两个触感信号的彼此干扰

Administrator
×¢½â
在芯片无触感时期SYNC输入变成高电平，内部时钟暂停

Administrator
×¢½â
R sync电阻式SYNC端下拉电阻，大电阻值将是SYNC端脉冲下降延时，小的电阻值将使SYNC端脉冲上升延时，典型的SYNC端电阻值大小是2M欧姆

Administrator
×¢½â
SYNC如上图连接到GND时芯片的灵敏度将会很高

Administrator
×¢½â
SYNC端的另外一个作用是灵敏度调节，而无需外部组件。参考下表灵敏度模式与连接方式

Administrator
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使用Rsync电阻时灵敏度高

Administrator
×¢½â
SYNC连接到VDD是灵敏度中等

Administrator
×¢½â
SYNC直接连接到GND时灵敏度最低
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

6.5 OUTPUT implementation

VDD

—

; Rour

ouT > . [ outpuT

The OUT is an open drain structure. For this reason, the connection of pull-up resistor Rour is
required between OUT and VDD or another lower voltage node. When Rpyr is connected to
higher voltage node than VDD, the output current passes through protection diode to VDD and
abnormal operation may be occurred. g
The maximum output sink current is 4mA}s0 over a few k& must be used as Rpoyr. Normally
10kR is used as Royr. The OUT is high in normal situation, and the value is low when a touch is

detected on CS.%

6.6 Internal reset operation

The TS01S has stable internal reset circuit that offers reset pulse to digital block. The supply
voltage for a system start or restart should be under 0.3:Vpp of normal operation Vpp. No
external components required for TSO1S power reset, thus it helps simple circuit design and
minimize the cost of application%_]

= CAUTION: The Vpp rising time should be less then 100ms for proper power on reset.%

=2 semiconductor ADSemiconductor Confidential 7/12
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由于OUT输出端是开漏结构，所以上拉电阻的使用是必须的

Administrator
×¢½â
上拉电阻可连接到VDD或者更低电压端，如果OUT连接到比VDD更高的电压端，那么地呼出电流将会通过保护二极管到VDD，可能导致不正常动作

Administrator
×¢½â
OUT端最大输出电流是4MA，所以该上拉电阻需要几千欧姆，通常选用的是10千欧姆。没有触感检测到的正常状态下，OUT是高电平状态

Administrator
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当检测到触感的时候OUT端是低电平状态

Administrator
×¢½â
TS01S有稳定的内部复位电路提供复位脉冲给数字时钟

Administrator
×¢½â
系统启动和复位的电源电压应该在0.3倍VDD之下

Administrator
×¢½â
无需外部组件提供芯片复位，因此简化设计和降低应用消耗

Administrator
×¢½â
VDD电压的上升时间应该小于功率复位时间，即一般小于100毫秒
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

7 Recommended Circuit Diagram

7.1 Apllication Example

OUTPUT
W
Rout LH_‘ ouT CR __.EL' Noise
10k a Blocking
VDD VDD 2 S 5 Resistor
[ L_|vwDD GND [ F— R
o a
» /
il =3 20052 Touch
< [ svne cs [ A —]
Pattern
To other
TS01S SYNC l
Rawc | — Cioo Csa | Cg
Sensitivity AU U0 pee 12PF  sensitivity
Optionable GND Optionable
Connection Ty i Capacitor

4+ The capacitor and resistor might be connected with CS (pin4) for getting a stable sensitivity%

4+ The capacitor value which is connected to CR pin (Cg) should be almost the same as the
total CS capacitance (include parasitic capacitance) for an effective differential sensitivity
Calibration.b

4+ TSO01S is reset by internal reset circuit. VDD voltage rising time should be shorter than

100msec for proper operation.

The sensitivity can be adjusted through a connection of SYNC pin. (Refer to chapter 6.4)

4+ From two TS01S to ten TS01S (or other TS series touch sensor) can wo#<=an the one

application at the same time thanks to SYNC function. (Refer to chapter 6.3)

4+ TS01S OUT port has an open drain structure. The pull-up resistor should therefore be needed

’_

as above figure. %

4+ VDD periodic voltage ripples over 50mV or the ripple frequency which is lower than 10 kHz it
can cause wrong sensitivity calibration. To prevent above problem, power (VDD, GND) line of
touch circuit should be separated from the other circuit. Especially the LED driver power line m%
digital switching circuit power line should be certainly treated to be separated from touch circuit.

4+ The Cs pattern should be routed as short as possible and the width of the line should be

around 0.25mm.

The Cs pattern routing should be formed by bottom metal (opposite metal of touch PAD):

The capacitor which is between VDD and GND is an obligation. It should be placed as close as

possible from TS01S. SN

4+ The empty space of PCB must be filled with GND pattern to strengthen GND pattern and to
prevent external noise that causes interference with the sensing frequency. %

+ +
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×¢½â
为了获得稳定的灵敏度，CS端电容和电阻时必须的

Administrator
×¢½â
CR端连接的电容大小最好能与CS端电容大小加寄生电容的和相当，以达到较好的灵敏度调节

Administrator
×¢½â
TS01S具有背部复位电路，所以VDD电压上升时间最好小于背部复位时间即100ms

Administrator
×¢½â
灵敏度级别能通过SYNC端的连接方法调节

Administrator
×¢½â
由于同步通信端口SYNC的存在，所以多达10个同类IC能同时工作在一起

Administrator
×¢½â
由于OUT短工作在开漏结构，所以上拉电阻是必须的

Administrator
×¢½â
VDD周期电压纹波高于50毫伏或者频率低于10千赫兹将会引起错误的灵敏度校准

Administrator
×¢½â
为了避免上述问题，所以VDD电压输入线路应该和其他供电电路分开，特别是LED驱动供电电路或者数字开关电路

Administrator
×¢½â
CS到感触区线路应该尽量短，宽度小于0.25mm

Administrator
×¢½â
面板对面的触感区应该是金属

Administrator
×¢½â
输入端VDD与GND之间的电容式必须的，而且放置位置要尽量靠近芯片

Administrator
×¢½â
PCB线路空置区应该尽量填满GND端线路，以避免外部噪音对灵敏度造成影响
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

7.2 Example — Power Line Split Strategy

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

1oy oy =7 LEF)(I.CD) 5V

SMPS L » Driver & » Sensor IC

Requlator
U-com
[

AT Load & 47 é’

Relay

bain B/D Display B/D

4+ The noise that is generated by AC load or relay can be loaded at VDD power line.
+ 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.
B. Split power line (One 5V regulator used) — Recommended
Ry
SMPS 12V |, DLk Sensor I [GND-B
Regulator
AC Load & #
- 5V A LED(LCD) | GND_A
eay Driver & [ ]
tain B/D Display B/D U=Corm -
C. Split power line (Separated 5V regulator used) — Strongly recommended %
Y
SMPS |2V > DL > Sensor |C e
Regulator B
hvd
AC Load &
- Y 5V A | LEDILCD) Driver | GND_A
ela = =
4 u Regulator A u & U-com
Main B/D L Display B/D B
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最好的VDD供电电路
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

8 PACKAGE DESCRIPTION

8.1 Mechanical Drawing

E.Bﬂiﬂ.lﬂﬂfﬂ\
0.950 L 0.850
TYP. TYP.
r “é -
S &
= !
g | = I
| .
| | g w
0. 3560{ MIN |l
0.504}{11.1}(4
(6 PLCS)
10" TYP.
(2 ples)
/'lf., T~
|
|
!
> N
|I -\I
il
_II
— - ‘Y_%' 0°~ 3°
0.20 BEC = =010
%EPE:]. Teuge Plane 0.45
10 TYP.
(2 ;p]n!‘.l
-F':Ih‘_\‘
|'r ‘I' F
|| II =
n H ' 3
'. .’ =
- N SEATING PLANE
AP
! D.05{MIN)
(2 ples) 0.16( MAX)
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NOTE:

1. Dimensions and tolerances are as per ANSI Y14.5, 1982.

2. Package surface to be matte finish VDI 11 ~ 13.

3. Die is facing up for mold. Die is facing down for trim/form, ie. Reverse trim/form.

4. The footlength measuring is based on the gauge plane method.
&Dimension is exclusive of mold flash and gate burr.
ADimension is exclusive of solder plating.

7. All dimensions are mm.

8.2 Marking Description

TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

> Week Code
P Year Code
> Touch Switch Group
Year Code P R S T U % w X Y Z
Production Year | 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

= semiconductor
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TSO01S (1-CH Differential Sensitivity Calibration Capacitive Touch Sensor)

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

= semiconductor

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

ADSemiconductor Confidential 12 /12






