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Overview

Features
e Sensing of up to 100 capacitive touch Sensors
e All sensors individually addressable:

C Different shapes, arrays and sensor types with a single PE5004 possible;
Integrate sliders, wheels, buttons and touch matrix arrays with use of one single Chip

Controllable stimulation for wide spread of suitable sensor capacitance, layout and material
Highly sensitive, coatings of over 30mm possible
Very low acquisition time of max. 10ms for 100 sensors in a matrix
High resolution of 10bit for each sensor A capacitive changes of less than 5fF detectable
Sleep mode with programmable wake up intervals
Low operating current : < 3mA for 100 Sensors at 10ms cycle
<5uA for 10 Sensorsatls cycle
Low-Power Mode for large Sensor shapes
Verylowst andby current during sleep (1l¢A)
Programmable Number of Sensors for optimal acquisition time and current consumption
No need for grounding of scanned object
No need for sampling capacitors or external resistors
High sensitivity to large parasitic capacitances
Very robust against noise
Temperature drift compensation
Mul ti ple sensor arrays and PE5004 chips controll abl
up to 700 sensors through 12C, up to 2000 sensors through SPI ( more possible at lower speed )

Applications

capacitive touch screens

capacitive sensor arrays

capacitive keypads/keyboards

finger/palm print scanner

capacitive switches, buttons, slider

fluid control

size/weight dependent presence detection

General Description

The PE5004 is a high precision capacitive sensing circuit which uses amplitude modulation for very
fast stimulating and reading of capacitive sensor arrays and single sensors.

A number of up to 100 sensors per chip can be selected by user, multiple sensor arrays can be
cascaded. All Sensors can be addressed individually making it possible to integrate several different
types of buttons, sliders, wheels and touch matrix arrays with one single PE5004.

By implementing a controllable sinusoidal generator with a wide range of frequencies and amplitude
the spectrum of suitable sensor capacitance is significantly increased for a large range of applications.
The implemented DAC with variable reference voltages guaranties proper function over varying
environmental conditions and provides digital controlled self calibrating capability. For low power
operation a sleep mode with ultra low standby current and programmable wake-up intervals is
implemented. Additionally Power consumption of internal Blocks can be programmed to a third of
normal if full 10bit-Resolution is not necessary or large Sensor shapes are used. By means of a multi-
master I12C interface several detector circuits can be controlled by one MCU.
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1 Package & Pin Description

Package: 32 Pin LQFP
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Dimension in mm Dimension in inch
Symbol - :
Min. NcM. Max. Min. NCM. Max.
A 1.60 0.063
Al 0.05 0.15 0.001 0.006
A2 1.35 1.40 1.45 0.053 0.055 0.057
b 0.30 0.37 0.45 0.012 0.015 0.018
c 0.09 0.20 0.004 0.008
e 0.80 BASIC 0.031 BASIC
9.00 BASIC 0.354 BASIC
D1 7.00 BASIC 0.276 BASIC
E 9.00 BASIC 0.354 BASIC
El 7.00 BASIC 0.276 BASIC
L 0.45 0.60 0.75 0.018 0.024 0.030
L1 1.00 REF. 0.039 REF.
R1 0.08 0.003
R 0.08 0.20 0.003 0.008
U 0 3.5° 7° 0 3.5° 7°
U1 0 0
U2 11° 12° 13° 11° 12° 13°
U3 11° 12° 13° 11° 12° 13°
Jedec MS-026D (BBA)

Notes: Dimensions D1 and E1 do not include mold protrusion. Allowable protrusion is 0.25mm per
side. D1 and E1 are maximum plastic body size dimensions including mold mismatch.
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Pin Listing Description:

PIN Nr. Type Name Description
1 Output stim_out_5 Output column 5 stimulus
2 Output stim_out_4 Output column 4 stimulus
3 Output stim _out 3 output column 3 stimulus
4 Output stim _out 2 output column 2 stimulus
5 Output stim _out 1 output column 1 stimulus
6 Output stim _out 0 output column 0 stimulus
7 Input Sens_In_0 row 0 sensor input
8 Power GND analog & digital signal ground
9 Input Sens_In_1 row 1 sensor input
10 Input Sens_In_2 row 2 sensor input
11 Input Sens_In_3 row 3 sensor input
12 Input Sens_In_4 row 4 sensor input
13 Input Sens_In_5 row 5 sensor input
14 Input Sens_In_6 row 6 sensor input
15 Input Sens_In_7 row 7 sensor input
16 Input Sens_In_8 row 8 sensor input
17 Input Sens_In_9 row 9 sensor input
18 Input CE3 chip enable 3
19 Input CE2 chip enable 2
20 Input CE1l chip enable 1
21 Output INT_O output interrupt
22 Output SPI_MISO SPI MISO
23 Bidirectional SDA/SPI_MOSI I2C SDA out/in / SPI MOSI in
24 Power VDDD digital supply voltage
25 Input SCL_I/SPI_SCLK I2C SCL Input / SPI SCLK Input
26 Input SPI_SEL SPI select
27 leave open or connect to ground
28 Output stim _out 9 Output column 9 stimulus
29 Output stim _out 8 Output column 8 stimulus
30 Output stim _out_7 Output column 7 stimulus
31 Power VDDA analog supply voltage
32 Output stim _out_6 Output column 6 stimulus
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2 Specification

Absolute Maximum Ratings:

Parameter Symbol Min Typ Max Unit | Condition
Temperature Range Top -40 120 °C

Supply Voltage Vb -0.3 3.6 \%

Input Voltage Vin -0.3 3.6 \Y

Output Voltage Vout -0.3 3.6 \Y

Supply Current Ibp 50 mA

Static Operating Conditions:

Parameter Symbol Min | Typ | Max | Unit | Condition
Operating Temperature Top -40 27 80 °C
Supply Voltage Voo 3 33| 36 \%
Operating Current Ibp 2 2.5 3 mA max @ PWR 1, max.
conversion speed

Standby Current 1 HA
Basic Sensor
Capacitance Coi 0.5 5 50 pF
Input Resistance Rin 70 100 | 130 | kOhm
oscillator amplitude Vsne | 0.015 11 | V | 6bittuneable
voltage
oscillator clock Fsiim 70 73 78 kHz SINF 000
frequency 83 87 |92 SINF 001

102 106 | 113 SINF 010

132 137 | 146 SINF 011

177 185 | 196 SINF 100

208 217 | 230 SINF 101

250 260 | 276 SINF 110

314 329 | 350 SINF 111
Gain Vout/lin Gain 80 540 | kOhm | 3bit tuneable
common mode voltage Vewm 1.4 \%
ADC input voltage Vbac N 0 2.6 \%
ADC offset VoreseT 2 mV
ADC Upper reference _ 4bit tuneable, lowest specified
voltage level Vietign | 0-4875 26 V' | valueis 3LSByac ref
DAC reference voltage T 5 S
settling time voutset H
output driver DOUT lo 1 mA
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Dynamical Operating Conditions:

;

Parameter Symbol | Min Typ Max Unit | Condition

Normal Conversion 1.5 4 15 ms 10x10Matrix

settling time tsTART 50 200 400 us column analog conversion time
row settling 0 10 30 ps

ADC bit conversion

time tair 3 4 5 Us

serial clock t 1 MHz I12C (high speed mode 3,24Mhz)
frequency SER SPI user defined

reset delay tr 2 ns after reset edge

filter time constant Tewt 100 us

bandwidth 1/U BW,u 300 KHz

converter

. (depending on sine-frequ,

startup time Tstartup 5 15 33 us approx 2/f)
© PE GmbH i PE5004 Data Sheet April 2010 Page 6 of 24
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3 Functional Block Overview

I
| mixed signal controller block :
to MCU via | |
SPlori2C | |
) - SAR controll row ctrl
; -12C/ SPI controller |
| - calibration / controll register :
| columnctr ADC dat sysctrl |
L ——— l
I - bandgap |
|. - power on reset |
column SI"® . master bias I
matrix stimulus dl’lver ! - master clock I
10x : : | - common voltage generatiot |
- shift register | - sinosoidal generator |
- buffer | - 10 bit SAR ADC
10x | - Phase shifter I
| - Test multiplexer :
4 D R
filtered signa j/ \Sglrtnaragn mode
sensing current row reader
- i/ u converter
10x i
- rectifier
- filter
- mux 10x

The PE5004 consists of 2 analog blocks for stimulating and measuring the sensors and 1 mixed signal
block for main controlling and providing the stimuli signals and ADC conversion.

The column driver is responsible for sensor matrix stimulation by connecting the master signal
generator to one of the sensor columns and tying all others to ground node.

The switches are controlled by a 10 Bit wide shift register. Each Bit in the register maps to one logical
control input of one switch. The register is resettable and serial loadable. Every shift cycle, one Bit is
shifted in.

This row circuit is responsible for sensor data acquisition. Signal acquisition is done for every row
separately. Thus, every part of the block besides the serial interface is present 10 times according to
the number of input channels. The signals are amplified, demodulated and every measured sensor
value is muxed to the SAR ADC.
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The signal of the actual connected sensor is fed into a comparator whose second input is connected
to DAC and converted to 10bit digital word by successive approximation of the DAC output value. The
DAC is controlled by digital block and set to a value corresponding to the comparator output. After
completion of the analog to digital conversion of one stimulated sensor column, the 10bit value
together with row and column address can be read by a MCU while the next column of sensors is
measured.

The mixed signal block is controlling the column driver and row reader circuits. It also provides the
stimuli Signal for sensor value acquisition, the digital master clock and a temperature compensated
reference voltage.

© PE GmbH 1 PE5004 Data Sheet April 2010 Page 8 of 24
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4 Capacitive sensing and sensor design

The conversion is done each step one column with all its corresponding row sensors.

Sensing is achieved by amplitude modulation of a current through ac stimulated capacitance of every
sensor. The current then is converted into 10bit digital word and send to MCU for reading out sensor
capacitance, calibration and drift compensation. While one column is sensed, the residual Sensors are
disconnected.

Two plates for stimulating and sensing must be placed near to each other to form an electric fringe
field. If an object is brought into the field between both electrodes a change of sensor capacitance
could be measured. Depending on the object the electric field is disrupted which leads to a lowering of
measured value (typical for human touch). Or the capacity is enhanced which leads to a rise of the
measured value (typical for a floating low capacitance object with a dielectric constant much greater
than air, e.g. waterdrop).

This sensor method works independent of the potential of the sensed object.

\
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sensor coating

sensor insulator

stimulating electrode
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sensing electrode

measured current :

A
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ADC Output

v

time
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Depending on sensor coating, sensor dielectric and arrangement of stimulating and sensing electrode
To each other the sensibility and robustness against noise is effected.

single layer electrode design double layer electrode design
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A high dielectric of the insulator (means the dielectric of the material the sensor is printed on), small
gaps between both electrodes and large parallel running electrode planes result in a bigger self
capacitance of the sensor. This capacitance is not changed while touching.

A big self capacitance results in a better robustness against noise and a higher base value of the
sensed signal.

Due to bonding, pads and internal wiring a small self capacitance of approx 500fF is caused by the
chip itself for every sensor.

A high dielectric of the coating, greater distance between both electrodes and non-overlapping
electrode structures result in a greater fringe field capacitance. This capacitance is interacting with
objects brought into the field and therewith the measured value.

Increasing the electric fringe field capacitance leads to a higher sensitivity.

As the electric fringe field spreads in all directions the touch-sensitive area of one sensor is enlarged
with the thickness of the coating. This results in overlapping fields of sensors laying near each other.
Due to high resolution of internal ADC the position of a interacting object can be easily interpolated,
leading to a much higher resolution than number of sensors would usually allow.

A physical restriction in ratio between resolution and size of sensor array is the multi-touch ability.
When the space between two sensors is bigger than the nearest distance two simultaneous
interacting object may have (typical the diameter of a finger), there is no possibility of telling if two
weak touch points or one big touch is detected. Both would result in the nearby same changing of the
fringe field of the surrounding sensors.
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Crossing of Row and Column Wires has to be minimized to avoid unwanted parasitic sensor shapes.
Keeping the distance from PE5004 to the sensor matrix as short as possible minimizes parasitic self
capacitance. Shielding of wires enhances robustness against noise. When setting up sensor design it
always has to be kept in mind that every parasitic capacitance physically acts as a touch sensor.

The Figure below shows the combination of a single layer 6 button slider and a single layer 16 button
matrix, both controlled with one PE5004.

The tapered shape of the slider buttons allows a very exact interpolation of the position of the touched
object, as the measured signal is increased with the sensor area below the object.

Gap and perimeter of the inner sensing electrodes are nearly equal, this allows to use the same
register values for both sensor types.
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Fig. 1: PE5004 with single layer 4x4 matrix and 6 button slider i matrix 75x75mm, slider 130x12mm

The next Figures show some double Layer Sensor types (blue bottom layer, red top layer).

All Sensors where milled out of 1mm thick FR4 coated on both sides with 1.6um copper.

These types of Sensors can be kept very simple without loose of accuracy. The most important design
rule for these types of sensors is, that the upper electrode must not cover the whole lower electrode,
as this would shield the fringe field from the interfering object. The easiest way to follow this rule is
making the bottom layer electrode bigger than the top layer electrode.

The polarity whether to connect the stimulating or sensing electrode to the top is not important for the
functional principle and depends on the application. In general the sensing electrode should be kept
as far away from noise as possible.











































