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Executive Summary 
The Smart Water Detector (SWD) uses the PSoC Switch capacitance blocks to perform signal 
detection as a result of varying capacitance in the presents of water.  The PSoC digital block is 
used as a stimulus, and the switch capacitance blocks demonstrate analog modulation to perform 
signal rectification.  The addition of temperature sensing increases the capability of the detector. 
The result of the project is an electronic water detector that can control external pumps and 
potentially generate a remote alarm and also protect against freezing conditions. 
 
 
 
Introduction Theory of Operation 
Electronic water level detectors typically use the 
conductivity of water to determine the presents or 
absent of water.  This leads to uncertainties when 
the water present is of enough purity that 
electrical conduction is very low.  This project 
uses the capacitance of water to provide 
relatively predictable coupling regardless of the 
quality of water. 

The PSoC generates a 200KHz square wave into 
a serpentine PCB trace routed on an exposed, 
but waterproof PCB area.  AC coupled to this 
trace is an adjacent trace that is routed back to 
the PSoC via AC coupling and resistive biasing.   
In the presents of water, the coupling in the PCB 
traces are increased as much as 13:1. At the 
PSoC, the signal is routed simultaneously to a 
CT buffer and a sign comparator (Figure 3).  The 
sign comparator provides phase information to 
first SC block where it is used to control the sign 
of amplification in the first SC buffer.  The sign of 
a SC block is typically set in the device editor.  
However, in order to set the SC block 
dynamically, the comparator must be routed 
through a digital block buffer, and then set in the 
AMD_CR to control the sign bit.  The digital 
buffer is implemented using the SPIS user 
module to accomplish this effort.  

 
This application utilizes a CNTR8 as the stimulus 
generator to the H2O probe.  Detection and 
rectification of the H2O probe signal is 
accomplished with SC blocks.  This method of 
rectification is fully covered in AN2044.  An 
overall block diagram of the H2O detector is 
shown in figure 1. 
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The application of CT block “Buff1” (ACA00) to 
the CT block while simultaneously toggling the 
sign bit via the comparator and digital buffer 
provides the desired signal rectification.   To 
complete the rectification process, the signal is 
then routed to a LPF implemented in a SC block 
(ASA12 and ASB13).  The DC signal produced in 
the LPF is then compared against a 
predetermined threshold in user module COMP.  
In the presents of water, the rectified signal 
amplitude has increased beyond the comparator 
threshold and drives the PSoC P1[2] pin high.  

Figure 1 - H2O Detector Block Diagram 
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The Gory Details
The sensor is a pair of parallel (interdigital) PCB 
traces that provides two modes of AC coupling; 
Dry and wet (Figure 4).  In both modes, the 
capacitive coupling between the traces is 
governed by permittivity of the coupling media 
(ER).  When dry, ER is of that of the PCB (approx 
4.8).  The permittivity of water is approximately 
80. So when wet this drives the mutual 
capacitance between the coupling traces much 
higher. 
 
I/O Network 
Figure 2 details the sensor interface components.  
4700nF capacitors and 100 ohm resistors provide 
some protection to the PSoC.  The resistor and 
cap values are chosen to ensure that there will 
not be significant series voltage drop into the 
BUFF1 and input comparator.  At 200KHz, the 
magnitude of the Load and series impedance is 
as follows: 
 
Rs, Cs =  200Ω 
XCL      =  61.6KΩ ; Dry 
XCL      =  4.6KΩ   ; Wet 
 
In addition, a DC biasing network is required to 
offset the received AC signal halfway between 
Vcc and ground.  This is accomplished by R1 and 
R2 = 100KΩ. This is equivalent to AC 50KΩ at 
the input of the CT blocks.    
 

Rs = 100 Cs = 4700 nF

Rs = 100 Cs = 4700 nF

R2=100K

R1=100K

Z1 = 200Ω

Z2 = 200Ω

XCL = 4.6kΩ in water
XCL = 61.6KΩ Dry

FSTIM = 200KHz

PCB Traces

Approx 3Vpp in water
<1.4Vpp Dry

VCC

Stim_Gen
CNTR8

Sign_comp
COMP

PSoC

Figure 2- I/O Network 
  
In a first order calculation, the maximum Vpp of 
the input signal (when immersed) is 
2.95Vpp(1.48Vpk). This is a reasonable conclusion 
when considering that with Vcc = 5v, VOH – VOL 
from the data sheet yields 3.25Vpp into Z1. The 
voltage divider formed by: 

 
2(Z1 + Z2 + XCL)   = 0.91 (wet),  0.45 (dry) 
        50KΩ 
 

Thus the Vpp as seen at the CT block input is 
1.48Vpk (wet) and 0.725Vpk (dry).  This signal is 
offset by the voltage set by the R1/R2 divider.  
The large value for these resistors was chosen to 
provide the least amount of attenuation for the 
received signal.  Unfortunately it is exposed to 
any leakage currents that might be present at the 
PSoC port pins P0[1] and CT block inputs.  
Leakage current into this port would have the 
effect of lowering the established bias voltage.  
The sources of leakage in the PSoC are from (1) 
Package input (.1 µA typ to 5µA max), and (2) the 
analog input mux plus the CT block mux (3nA typ 
to 1µA max).   The typical case of 109nA, has a 
negligible effect on the DC bias network.  
However, the worst case total of 6µA results in a 
lowering of the DC bias voltage to 1.9V.  Given 
this scenario, the 1.48Vpk voltage won’t get 
clipped on the negative side.   To maintain 
symmetry in the rectification process in light of 
the input signal being shifted down from AGND, 
the input comparator threshold can be lowered in 
the ACA01 COMP block.  
 
The composite peak voltage; wet and dry and 
under best case and worst case leakage currents 
is as follows: 

VwetH = 4.0V 
VwetL = 3.4V 
VdryH = 3.2V 
VdryL = 2.6V 
 

The output comparator ACA03 threshold must fall 
in the range where a false alarm will not occur for 
any SWD.  Given the above results, 3.3V is 
chosen as the best candidate for the comparator 
threshold voltage.    The ACA03 comparator 
threshold is set using the ratio as provided from 
Vdd to AGND.  This is done, given the discrete 
RefValue available, to achieve a threshold close 
to 3.3v.  The ratio providing this result is 0.312 in 
which the equivalent absolute threshold voltage 
is 2.97V.  If needed, other working thresholds 
could be used such as 0.062, 0.125, 0.250, and 
0.312 to trip the ACA03 comparator on water 
detection.
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Figure 3 - Digital and Analog PSoC Blocks 

 

Figure 4 - Sensor PCB Foil pattern (over ground) 

Table 1- PCB sensor trace geometry (in) 
width .020 
separation .010 
Thickness .0007 
Height .062 
Channel length 1 
channel count 17 

 
 
 
 

Table 2 - Foil Pattern Characteristics 
Param Air/FR4 Water/FR4   
Er 4.8 80   
Zoe 152 39.5 Ω 
Zo odd 57 15.3 Ω 
Cself 1.78 25.38 pF/in 
Cmutual 0.76 10.23 pF/in 
Lself 15.98 15.98 nH/In 
Lmutual 7.69 7.69 nH/In 
Total 
Cmutual 

12.91 173.97 pf/in 
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Temperature Sensing 
In order to protect an external pump from turning 
on in the presence of freezing water, the SWD 
takes advantage of the CY8C25xxx, CY8C26xxx 
PSoC series I2C user module.  This, in 
conjunction with an external I2C temperature 
sensor provides the SWD’s thermal sensing.  I 
originally implemented temperature sensing 
using the ADCINC12 user module and the band-
gap reference.  This requires calibrating each 
SWD produced, and provides ≅ +/-5°C accuracy.  
On the bright side, the ADCINC12 would use less 
power than the DS1631Z or else diligent attention 
is given to placing the external sensor in standby 
mode when not in use.  In the end I opted for 
slightly higher cost, to gain 3°C accuracy and no 
recurring calibration.   
 

The SWD is implemented as an I2C master, with 
the I2Cm_1SDA assigned to P2[2] and 
I2Cm_1SCL assigned to P2[0].  The I2C master 
user module provides an easy to use API that 
facilitates I2C implementation.  Please refer to 
the associated project to examine the I2C 
program code.  When using the I2C module, the 
programmer needs to be careful with other 
STDCPU pins that share the same port as the 
I2Cm clk and data port pins.  The potential exists 
that the STDCPU pins written by software will be 
“stepped on” by the I2C API, causing 
unpredictable results.  This can be avoided by 
simply creating a shadow register of your 
STDCPU pins and writing the whole port, instead 
of modifying one bit at a time. 
  

 
The Software Details 
The software has little to do more than starting 
the user modules and polling the water level 
detector.  The SWD’s software is primarily written 
in C.  It consists of 3 sections: Initialization, 
“While(1)” loop and Monitor/Control Functions.  
The initialization function starts the CT, SC and 
digital blocks.  Also initialized, is the routing of the 
SPIS (digital buffer) output to the sign input of the 
SCBuff at ASA10.  This is done in the 
initialization function by the C macro: 
AMD_CR |= 0x02; 
 
The monitor control function has 3 sub functions: 

• therm_enable()  //checks if freezing 
• relay([on|off])     //controls on board relay 
• poll_detector()   //checks output ACA03 

COMP status 
• GoToSleep_3v() //puts �P, Digital, CT 

and SC blocks in sleep mode. 

 
Originally it was considered that the output 
comparator should generate an interrupt on 
detection of water.  This could have been 
accomplished by having ACA03 output on the 
comparator bus and enabling the Acolumn 3 
Interrupt Vector in the General Interrupt Mask 
Register (INT_MSK0).  However, to save power, 
the sleep timer interrupt is implemented, thus 
diminishing the effectiveness of the any 
comparator bus interrupt.  Instead, on wake from 
sleep, the whole system is polled, acted on and 
sleep mode is activated once again.  The sleep 
timer is set to 1Hz.  The interrupt service routine 
is called by long jump to an external ‘C’ routine 
that turns, once again, on the digital, CT and SC 
blocks. 
  

 
Summary 
This PSoC project implements many of the 
common features used in a PSoC design.  
Digital, CT and SC blocks provide a versatile and 
“clean” way implementing a stimulus and 
detection system. The design was implemented 
with the thought of expanding it as a remote 
monitoring device.  Plans to use this design in 
conjunction with CYWUSB6932/4 would round 
out the design.  Adding this functionality would 
also make it more practical to perform production 
level calibration of an ADCINC12 temperature 
sensor (obviating the need for the external I2C 
thermal sensor).  The possible applications of this 

design include pump monitoring, rain sensors, 
irrigation controllers and more.  
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