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PE5002 Capacitance Sense Solution 
Application Note 

PE5002 controlled by an external microcontroller 
 
 
General 
 
The PE5002 is a 100-channel, 10Bit capacitive 
sensor signal acquisition circuit. It comprises of 
all the stages needed for synchronous 
evaluation (amplification, rectification, A-to-D 
conversion) of small AC currents in the 
frequency range 1MHz to 10MHz. Each of the 
circuit stages is implemented once per input 
line. Data memory provides a 10bit wide serial 

data stream. Several setup prcedures and 
external signals are required for proper 
operation. One way of system implementation 
is presented in this document. The control of 
the PE5002 can also be implemented 
employing the control IC PE5003. The sensor 
element can also stimulated with IC PE5001. 

 
 
PE5002 controlled by an external microcontroller  
 
The PE5002 can be used for the acquisition of 
a line consisting with 100 capacitive sensors. 
One way of system implementation can be 
accomplished with a standard microcontroller 
and some passive components. For a detailed 

description of the PE5002 please refer to the 
PE5002 data sheet on the  
www.pe-gmbh.com web site. It is essential to 
understand the PE5002 internal circuitry before 
implementing a complete sensor system. 

 

Block diagram 
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Figure 1: Block diagram 
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To use the function of the PE5002 the 
capacitive sensor elements must be stimulated 
by an AC current. This can ideally be 
accomplished with a sine-wave signal as it is 
provided by the PE5003. Another simpler way 
as represented in the block diagram in Figure 1 
with a saw-tooth signal, which is generated 
over an RC element from a square wave 
signal.  
The peak-to-peak voltage for the sensor 
elements to the analog sensor inputs  
AIN1 - AIN100 of the PE5002 should be within 
the range of 0,5V to 2V in order to remain in 
the transducer range of the AD-converter.  
Parameters of the RC element must be 
adapted accordingly to match frequency and 
capacitive characteristics of the sensor 
elements. The PE5002 needs a reference 
signal at the OSC input for correct “lock-in-
detection”. This signal must have exactly the 
same frequency as the stimulating signal for 
the sensor elements. Therefore it is necessary 
to generate both signals from the same source. 
The OSC signal can have rectangular or saw-
tooth shape.  

 
The voltage range should be between  
VSDC - 0,05V and VSDC + 0,05V.  
The sensor signal acquisition is carried out by 
amplification of a capacitance dependent input 
current by a trans-impedance amplifier and 
synchronous rectification. The resulted DC 
signal is converted by an ADC into a 10bit 
binary value. The PE5002 needs a linear 
voltage ramp at VREF input which serves as 
reference value for the comparators of the 
ADCs. The number of steps of this voltage 
ramp partially defines the resolution of the 
system. Additionally for each ramp step a clock 
pulse at the input RCLK for the counter of the 
ADCs is required. The voltage ramp can be 
generated directly by a DAC in the 
microcontroller, if available. It can also be 
generated by an additional DAC or from an 
R2R-network being driven by one or more 
ports of the microcontroller. It has to be 
synchronous with the other signals 
RCNTReset, RShift and RSynch as depicted in 
Figure 3. 
If more than 100 sensors have to be converted 
multiple PE5002 can be connected in a row. 

 
Partial block : Initialization (Figure 3) 
 
The low active reset at the input RRESET 
clears the contents memory register structure 
(Figure 2) as well as contents of registers PCO 
(Figure 4) and GCO (Figure 5). Now the new 
values for the registers PCO and GCO must be 
loaded. First the value for GCO must be 
pushed in place 2 and than PCO in place 1 in 

the register chain and through the multiplexer 
switch by RSYNC and by a clock pulse at 
RSHIFT the values be loaded into the registers 
DPCO and DGCO. Later these registers will 
overwrite by counting register contents of the 
ADCs, than they must be loaded again. 

  
 
 

 
 
Figure 2: Shift registers structure as data memory 
 
Flow chart 
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Figure 3: Flow chart 
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Figure 4: Phase shifter 
 
PCO definition: 
Delay:  typical for one LSB 3ns 
Format:   RDIN[9:0] <= “XPPPPPPPPP” 
                                                 | | |---------------|  - Phase shifter delay PCO[7:0] 
                                                 | |                      - Phase inverter PCO[8] (phase switch 180°; with ‘1’) 
                                                 |   - ignored value 
 
Example:  RDIN[9:0] <= “0000000001” - 3ns Phase shifting (positive) 
  RDIN[9:0] <= “0011111111” - 768ns Phase shifting (positive) 
  RDIN[9:0] <= “0100000001” - 3ns Phase inverse shifting (negative) 

 

 
 
Figure 5: Input signal path 
 
GCO definition: 
Format:  RDIN[9:0] <= “XXXXXXXXGG” 

X    = ignored value 
GG = GCO[1:0] 

 
 
 
Partial block : Stimulation and measurement (Figure 3) 
 
The settling time after the sensor chain has 
been stimulated depends on the stimulation 
frequency, the characteristics of the sensor 
element and the turn on time of the comparator 
in the PE5002. The contents of the individual 
counting register memory must be erased by a 
“Low” pulse at the input RCNTRESET before 
the voltage ramp can start. The ramp voltage 

rises. It will reach a voltage level which is 
greater than the DC value generated from the 
sensor input. At this point the comparator 
generates a stop signal and the actual counter 
value is transferred to the appropriate counting 
register. The counter clock is supplied on 
RCLK (Figure 6). 
 

 

 

GCO[1:0] Gain / V 

“00“ 3.03 

“01” 3.27 

“10” 3.35 

“11” 3.73 



 

 

ISO 9001 / ISO 14001  01/06/2016  © Productivity Engineering GmbH 

Page 5 of 6 

PE5002 Capacitance Sense Solution 
Application Note 

PE5002 controlled by an external microcontroller 

 

Counter

0 to 1023

RCNTRESET
RCLK

VREF

DFF

10

10

AD1

STOP1

DCOUT1

DFF

10

10

AD100

STOP100

DCOUT100
 

Figure 6: Analog-to-digital conversion 

 
Partial blocks : Read out results (Figure 3) 
 
After the measurement is finished, every 
counting register has stored one value. Now 
these values must be transferred by RSYNC 
and RSHIFT to the memory register. The 
values can be pushed out  over the 10Bit 

output RDOUT by clocks at RSHIFT. At the 
same time new values for PCO and GCO can 
be pushed into the PE5002. 
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Important 
Notice 

 
Productivity Engineering GmbH (PE) reserves the right to make corrections, modifications, enhancements, improvements, 
and other changes to its products and services at any time and to discontinue any product or service without notice. 
Customers should obtain the latest relevant information before placing orders and should verify that such information is 
current and complete. All products are sold subject to PE’s terms and conditions of sale supplied at the time of order 
acknowledgment. PE warrants performance of its hardware products to the specifications applicable at the time of sale in 
accordance with PE’s standard warranty. Testing and other quality control techniques are used to the extent PE deems 
necessary to support this warranty. Except where mandated by government requirements, testing of all parameters of each 
product is not necessarily performed. PE assumes no liability for applications assistance or customer product design. 
Customers are responsible for their products and applications using PE components. To minimize the risks associated with 
customer products and applications, customers should provide adequate design and operating safeguards. PE does not 
warrant or represent that any license, either express or implied, is granted under any PE patent right, copyright, mask work 
right, or other PE intellectual property right relating to any combination, machine, or process in which PE products or services 
are used. Information published by PE regarding third–party products or services does not constitute a license from PE to 
use such products or services or a warranty or endorsement thereof. Use of such information may require a license from a 
third party under the patents or other intellectual property of the third party, or a license from PE under the patents or other 
intellectual property of PE. Resale of PE products or services with statements different from or beyond the parameters stated 
by PE for that product or service voids all express and any implied warranties for the associated PE product or service and is 
an unfair and deceptive business practice. PE is not responsible or liable for any such statements. 
© 2016 PE GmbH. All rights reserved. 
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