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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

General

The TSO08N is 8-Channel capacitive sensor with
auto sensitivity calibration.

It detects capacitance variation of CS port. and
outputs result to the out port with open drain
NMOS structure.

The R_BIAS port decides bias current by external
resister value. The bias current influences system
oscillator frequency and sensing frequency also
current consumption.

The TSO08N can be operated at low voltage supply.
The supply voltage range is from 1.8V to 5.5V.

The TSO8N is reset by external device and external
signal.

Block Diagram

Feature

m 8-Channel capacitive sensor with auto
sensitivity calibration

B Selectable output operation (single or multi
output mode)

® Low current consumption

m Uniformly adjustable 2 step sensitivity

m Sync function for parallel operation

B Adjustable internal frequency with external
resister

W Selectable sense line impedance out of scanning
® Open-drain digital output

® Embedded common and normal noise
elimination circuit

B RoHS compliant 24SOP and 32QFN package
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Application Ordering Information

® Home application
B Membrane switch replacement
m Sealed control panels, keypads
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Part No. Package
TSO8N 24S0P
TS08NQ 32QFN
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

1 Package Pin Configuration
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|
2 Pin Description
2.1 24SOP package
PIN o .
Number Name 1/0 Description Protection
1 CS6 Analog Input CHB6 capacitive sensor input VDD/GND
2 Cs7 Analog Input CH7 capacitive sensor input VDD/GND
3 CS8 Analog Input CHS8 capacitive sensor input VDD/GND
4 CDEG Analog Input 3 step sensitivity level selection VDD/GND
5 N.C. - - -
6 VSS Ground Supply ground VDD
7 RST Digital Input System reset (High reset) VDD/GND
8 OouT1 Digital Output | CH1 output (Open drain) VDD/GND
9 ouT2 Digital Output | CH2 output (Open drain) VDD/GND
10 OouT3 Digital Output | CH3 output (Open drain) VDD/GND
11 ouT4 Digital Output | CH4 output (Open drain) VDD/GND
12 OuUT5 Digital Output | CH5 output (Open drain) VDD/GND
13 ouT6 Digital Output | CHG6 output (Open drain) VDD/GND
14 ouT7 Digital Output | CH7 output (Open drain) VDD/GND
15 ouTs8 Digital Output | CH8 output (Open drain) VDD/GND
16 IMP_SEL Digital Input Sense line impedance selection VDD/GND
(Note 1)
Analog Output mode selection
17 SYNC/OPT Input/Output | (Single Output / Multi Output) (Note 2) VDD/GND
Sync pulse input /output
18 VDD Power Power (2.5V~5.0V) GND
19 Cs1 Analog Input CH1 capacitive sensor input VDD/GND
20 CS2 Analog Input CH2 capacitive sensor input VDD/GND
21 CSs3 Analog Input CH3 capacitive sensor input VDD/GND
22 CS4 Analog Input CH4 capacitive sensor input VDD/GND
23 R_BIAS Analog Input Internal bias adjust input VDD/GND
24 CSs5 Analog Input CH5 capacitive sensor input VDD/GND

Note 1 : Refer to 6.7 IMP_SEL (Sense Line Impedance) Implementation
Note 2 : Refer to 6.4 SYNC/OPT implementation
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|

2.2 32QFN package

PIN No. Name 1/0 Description Protection
1 RBIAS Analog Input Internal bias adjust input VDD/GND
2 VSS Analog Input - VDD/GND
3 CS5 Analog Input CH5 capacitive sensor input VDD/GND
4 CSs6 Analog Input CHB6 capacitive sensor input VDD/GND
5 CS7 Analog Input CH7 capacitive sensor input VDD/GND
6 Cs8 Analog Input CHB8 capacitive sensor input VDD/GND
7 CDEG Analog Input 3 step sensitivity level selection VDD/GND
8 N.C. - No Connection -
9 N.C. - No Connection -
10 N.C. - No Connection -
11 N.C. - No Connection -
12 N.C. - No Connection -
13 VSS Ground Supply ground VDD
14 DUMMY - No Connection (Note 3) -
15 N.C. - No Connection -
16 RST Digital Input System reset (High reset) VDD/GND
17 OouT1 Digital Output | CH1 output (Open drain) VDD/GND
18 ouT2 Digital Output | CH2 output (Open drain) VDD/GND
19 ouT3 Digital Output | CH3 output (Open drain) VDD/GND
20 ouT4 Digital Output | CH4 output (Open drain) VDD/GND
21 N.C. - No Connection -
22 OuUT5 Digital Output | CH5 output (Open drain) VDD/GND
23 ouT6 Digital Output | CHG6 output (Open drain) VDD/GND
24 ouT7 Digital Output | CH7 output (Open drain) VDD/GND
25 ouTs8 Digital Output | CH8 output (Open drain) VDD/GND
26 IMP_SEL Digital Input (Sﬁcizel;me impedance selection VDD/GND

Digital Output mode selection
27 SYNC/OPT (Single Output / Multi Output) (Note 2) VDD/GND
Input/Output .
Sync pulse input /output

28 VDD Power Power (2.5V~5.0V) GND
29 Cs1 Analog Input CHA1 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 CHA4 capacitive sensor input VDD/GND

Note 3 : DUMMY pin should be no connection.
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]
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 -50~150T
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
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 5.5V Positive 8.25V 1.0v
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

5 Electrical Characteristics

" Vpp.=3.3V, Rb=510k, (Unless otherwise noted), T.a.=25T

Characteristics Symbol | Test Condition Min | Typ | Max | Units
Operating supply voltage Vb 1.8 3.3 55 \Y
Vpp=3.3V Rg=510k - 54
Current consumption lpp. uh
Vpp=5.0V Rg=510k - 109
Output maximum sink current Lout. Ta=25C - - 4.0 mA
Sense input
capacitance range Cs - 10 100 pF
Noted
Sense input Rs - | 200 | 1000 | @
resistance range
Minimum detective AC Cs = 10pF, Cpgg Short to GND 0.2 - - ¥
capacitance difference Cs = 10pF, Cpes Open 03 _ _
AC > 0.2pF, Cs = 10pF, ] 19 ]
Output impedance %0 Cpec = 200pF o
(open drain) AC < 0.2pF, Cs = 10pF, ) 30M )
CDEG' = ZOOpF
Self calibration time after Voo = 3.3V Rg =510k ) 100 )
system reset Tear ms
Y Vpp = 5.0V Rg = 510k - 80 -
Vpp =2.5V 100 200 470
Recommended bias resistance
range Rs Vpp =3.3V 200 330 680 kQ
Note5
Vopp = 5.0V 300 510 | 1000
Maximum bias capacitance Ce max - 820 1000 pF
Recommended sync resistance Revne 1 2 20 MO
range
s . High sensitivity Short
Sensitivity level selection Coec pF
Normal sensitivity Open

Note 4.  The sensitivity can be increased with lower C. value.
The recommended value of C.s is 10pF when using 3T PC(Poly Carbonate) cover and 10 mm X 7 mm

touch pattern.

Note 5. The lower Rg. is recommended in noisy condition.
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6 TSO08N Implementation

6.1 R_BIAS implementation
VDD

R_BIAS < AV AV

The R_BIAS is connected 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 R g. A voltage ripple on
R_BIAS 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.)

400.0
3500
300.0

2500

200.0 e D G\/

150.0 \\ —33V
100.0 \\\ 5.0V
200 - D —
100 330 510 750 1000
R_Bias(kOhm)

IDD(uA)

0.0

Normal operation current consumption curve
The current consumption curve of TSO8N is represented in accordance with R g. 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.

Q]10 = | g
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
6.2 CS implementation
Rss
CS8 << * VAV - Touch PADS
_l
:L C,Sg.
e
®
®
R,vs1
CS1 << » VAV Touch PAD1
_l
1™

The parallel capacitor Cg; is added to CS1 and Csg to CS8 to adjust sensitivity. The sensitivity will be
increased when smaller value of C is used. (Refer to the below Sensitivity Example Figure) It could be useful
in case detail sensitivity mediation is required. The TSO8N has three steps sensitivity and it is available to
control with CDEG pin. (Refer to 6.3 CDEG implementation chapters) The TS08N has eight independent touch
sensor input from CS1 to CS8. The internal touch decision process of each channel is separated from each other.
Therefore eight channel touch key board application can be designed by using only one TSO08N without
coupling problem. The Ry 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 and CS2 to touch PAD is recommended

to be routed as short as possible to prevent from abnormal touch detect caused by connection line.
]\ Sensitivity

Insensitive

&

18

0 2 4 & B
Cg capacitace [pF]

Sensitivity example figure at High sensitivity
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6.3 CDEG implementation

CDEG << O N.C.: Normal Sensitivity

GND: Higher Sensitivity

CDEG <<
L

The TS08N has internal threshold levels to detect the capacitance variation for the decision of touching. The
one of two step sensitivity is decided by CDEG pin connection. The sensitivity is decided by CDEG pin as
below table. The high sensitivity is not recommended in noisy applications.

CDEG Connection vs. sensitivity

Sensitivity Level Normal High

CDEG Connection Not Connect Connect to GND

6.4 SYNC/OPT implementation
6.4.1 Single Connection
This pin will be assigned for the output option selection. It will decide that TSO8N is working on single or multi

touch detection mode. It should be implemented as below for these.

VDD

SYNC/OPT <<

(Single Mode Implementation)

Rsvne
SYNC/OPT <&M

(Multi Mode Implementation)

(0] [e} (= [
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6.4.2 Multi Connection

Over two TSO08N 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. R sync. is pull-down resistor of
SYNC/OPT pin. Too big value of Rgync. makes the SYNC pulse falling delay, and too small value of Rgync
makes rising delay. Typical value of R sync. is 2MQ.The Sync pin should be implemented as below. The TSO8N
can also be used with the other TSxx series by employing this SYNC function. The TS08N could only operate
on multi output mode in this configuration.

SYNG/OPT <<
1% TS08N

SYIE]C(/OPT)< —1—
2" TSO8N or TS+ =

(o] [e] g’rc
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
L — ]
6.5 RESET implementation
TSO8N 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 R st and Crst.are 330KQ and 100nF.

RESET <<——¢

=

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 TSO8N can be operated with normal sensitivity.

VDD
R7
200K
Q1
2N3906
AAA
R8 200K RESET
-
cs
220nF
g R9
S 470K

Recommended reset circuits 2

(0] [e} (= [
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6.6 Output Circuit Implementation

VDD
Rours
Rourz OUTPUT1
ouTl  M—i 4
Rours OUTPUT2
out2 W . 4
Rours OUTPUT3
ours B . 4
Rours OUTPUT4
out4 M . 4
OUTPUTS5
outs W : 4
R"OUTGW
OUTPUT6
ouTe W . D
R"OUT7~
OUTPUT?
our7 M . 4
Rours:
OUTPUTS
ours W - 4

The OUTPUT pins have an open drain structure. For this reason, the connection of pull-up resistor Ryt is
required between OUTPUT and VDD. The maximum output sink current is 4mA, so over a few kQ must be
used as R.oyt.. Normally 10k€ is used as R oyr..

The OUTPUT is high in normal situation, and the value is low when a touch is detected on the corresponding
CS.

olo|CyEr=x
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

6.7 IMP_SEL (Sense Line Impedance) Implementation

VDD

IMP_SEL <<

(Sense Line Low Impedance Implementation)

IMP_SEL <<

(Sense Line High Impedance ImDIementati_on)

The sense input impedance might be selected by the IMP_SEL pin. In case of multi channel touch sensor
application, the sense lines could be drawing side by side with very small gap. In this case, the sensitivity could
be affected by the neighbor channel during out of scanning. Therefore the connection of IM_SEL pin is
recommended to connect with VDD (low impedance mode). In the other case, the high impedance mode
(connection with GND) has an advantage for sensitivity.
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7 Recommended Circuit Diagram
VBD
_J:_ 820p
200 2 L wyyyco el
BENS 200 AN - 3 css csa 22 ,VWZOO SEN4|
[ N.C. 4 21 AAN200 | sEN3
_1iop 1op jiop N.C. 5 EF’CFG ggg 20 AM200 | s
VBD T T -J.- 3 VSS Csi 13 - ,VWZOO SEN]|
8 RESET VDD 17
Low L o o b [
T ' rm T T 1
12 1 outs  oute 22 § M ‘ L
4%33% TSO08N i
Q0000 M
TS08N(24SOP) Application Example Circuit
+ 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 TSO08N 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 that of TSO8N.
#+ When TSO08N used in noisy environment, lower R g resistor is recommended.
+ In PCB layout, RBIAS pattern should not be placed on touch pattern. If not, C. has to be connected. The
RBIAS pattern should be routed as short as possible.
+ The CS patterns also should be routed as short as possible and the width of the line might be about 0.25mm.
4+ The CS pattern routing should be formed by bottom metal (opposite metal of touch PAD).
4+ The capacitor that is between VDD and GND is an obligation. It should be located as close as possible
from TSO8N.
+ 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.
4+ The sensitivity can be changed by connection of CDEG. (See 6.3 CDEG implementation chapter)
+ The TSO08N is reset if RESET pin is high. (See 6.5 Reset implementation chapter)
+ The OUT1 ~ OUTS are open drain output ports. Therefore the pull-up resistor should be needed as above
figure.
4+ The TSO08N is working with single output mode if SYNC pin is high and it will be in multi output mode
when SYNC pin is low. The resistor (2MQ) which is connected SYNC pin to GND is required for SYNC
operation.(See 6.4 SYNC/OPT implementation)
4+ Unused CS pins may be connected to GND for stable operation. In that case TSO8N operates in fast sensing

mode and needs more current.
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
I E— ]
7.1 Example — Power Line Split Strategy PCB Layout
A. Not split power Line (Bad power line design)
12v By 5V LE[,:'(LCD) Y
SMPS > »  Driver & » Sensor IC
Regulator
U-com
|
AC Load & J7 é
Relay
Main B/D Display B/D

e

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 12V > SV.B Sensor [T GND_B
Reaqulator
AC Load & #
fel BV A LED(LCDY | aND_A
say " Driver & j
hdain B/D Display B/D L—Com -
C. Split power Line (Separated 5V regulator used) — Strongly recommended
By
SMPS |2V > SV.B » Sensor |1C GND_B
Regulator B
A4
AC Load &
e C|I'El By BV A LEDLCD) Driver GND_A
ela = =
4 " Regulator & - & U-Com
bain B/D é Dizplay B/D -
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

8 MECHANICAL DRAWING

8.1 Mechanical Drawing (24 SOP)

AARAAARARARAE 1

A\ 0.25typ.

I' Y
A l\".:|

| 0.51%45

RN

[=]0.10max. |

GAUGE PLAMNE ——
SEATING PLANE

0.25

SYMBOLS MIN. NOM. MAX. NOTES
A - i 264 | 1.JEDEC OUTLINE : N/A,
AL 010 - - 2. DIMENSIONS “D” DOES NOT INCLUDE MOLD
FLASH, PROTRUSIONS OR GATE BURRS.MOLD

D 15.24 - 15.70 FLASH, PROTRUSIONS AND GATE BURRS SHALL

E 7.42 7.52 7.59 NOT EXCEED .25mm (.010in) PER SIDE

H 10.29 1046 1064 | 3- DIMENSIONS “E” DOES NOT INCLUDE INTER-

- LEAD FLASH, OR PROTRUSIONS. INTER-LEAD
0.53 0.79 1.04 FLASH AND PROTRUSIONS SHALL NOT

0° 0 4 8 EXCEED .25mm (.010in) PER SIDE.

olo|CyEr=x

UNIT : mm

AD Semiconductor Confidential 18 /22




‘]u-l—
M

B BB B E B B

ADSemiconductorg

" Free from Common Mode Noise "

DETAIL K
19 /22

AD Semiconductor Confidential

Ll

|

AW

1 '___ -5 PR .

e PR P B
- - |- [ LR - - T
I L -~ |- oLl

TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)

8.2 Mechanical Drawing (32 QFN)
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TSO08N (8-CH Auto Sensitivity Calibration Capacitive Touch Sensor)
| — ]
(DATUM A CR B)
_ A\
— L E % % é II'I.
| | |
0
‘— | TERMIMAL TIF
EVEM / ODD TERMINL SIDE
— e
|
< | ERER
T | 7
- | EISEATING ELANE
T I DETAIL
VIEW ROTATED G0 CLOCKWISE
DIM MIN NOM MAX NOTES

A 0.80 0.85 0.90 1. ALL DIMENSIONS ARE IN MILLIMETERS.

AL 0.00 0.05 ANGLES ARE IN DEGREES.

2. DIMENSION b APPLIES TO METALLIZED

Abs 018 | 0'2832?5': | 030 TERMINAL AND IS MEASURED BETWEEN

: : : 0.25mm AND 0.30mm FROM TERMINAL TIP.

D 5.00 BSC DIMENSION L1 REPRESENTS TERMINAL
E 5.00 BSC FULL BACK FROM PACKAGE EDGE UP TO

D2 3.20 3.30 3.40 0.1mm IS ACCEPTABLE.

E2 3.20 3.30 3.40 3. COPLANARITY APPLIES TO THE EXPOSED
A 050 BSC HEAT SLUG AS WELL AS THE TERMINAL.
T 035 0.40 045 4. RADIUS ON TERMINAL IS OPTIONAL.

L1 - - 0.10
P 45° BSC

aaa 0.15

cce 0.10
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9 MARKING DESCRIPTION
pevicecode . 1 S 08 NC

— Type of version
— Channel Number

> Touch Switch Group
weeklycode . YY ZZ

— Manufacturing Week
> Manufacturing Year
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" Free from Common Mode Noise "

TSO08N (8-CH Auto 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
(©) 2015 ADSemiconductor — All Rights Reserved

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