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Summary 

 

This technical report concerns development of a water level sensor for AXYS Technologies 

Inc.(customer). The customer manufactures buoys and uses a sensor to detect water intrusion 

into the buoy hull.  

We have chosen as our proposed solution, a similar sensor to the existing one used by the 

customer. The water levels are detected via the conducting water making contact across the 

sensor terminals. The existing sensor measures voltage difference when the water conducts and 

when it does not. We have designed the new control circuit for this sensor based on MOSFETs 

technology. This enabled us to eliminate the dependency on different water conductivity and 

have more reliable water level detection. A second circuit prototype that will use p-channel 

MOSFETs will be built and tested. The n-channel MOSFET circuit has been successfully tested 

and presented to the customer. 
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1. Introduction 
 

AXYS Technologies Inc. is a member of the AXYS Group, a privately owned group of three 

companies that share common roots and ownership. These companies are independent, 

diversified and growth-oriented; specializing in advanced technology products and services with 

shared engineering, technical and scientific resources. The group enjoys international product, 

consulting and service sales in more than 30 countries[1]. 

AXYS Technologies Inc. makes buoys for weather, water condition and currents monitoring 

around the world, these buoys’ are unmanned and remotely monitored. The power for these 

buoys comes from solar power stored in onboard batteries, which is used to run the diagnostic 

and monitoring equipment. One of the threats to the work life to these $50,000+ buoys is a water 

leak. A leak can cause damage to the electrical systems or in the worst case sink the buoy. That 

is why one vital self-diagnostic components is an accurate, and reliable inside water level sensor. 

This sensor has to not only detect a leak but also to detect the rate of water level increase. The 

buoy sensors status and data are usually transmitted once an hour to the monitoring station. 

When leak is detected, the owners of the buoy know, depending on the water level rate increase, 

how much time they have to save it.  
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2. Project Description 
 

The current water level sensor used by AXYS Technologies (customer) does not work accurately 

with different water conductivity, which depends mainly on dissolved inorganic salts and water 

temperature. The inaccuracy can result in false alarms in better case and loss of equipment in the 

worst case.  

 

The following project specifications were finalized during the water level sensor development: 

 

 Reliable/repeatable measurement characteristics 

 No false alarms 

 Measurement of at least 4 water level increments (for example one sensor that 

detects at 0.5cm,, 2cm, 5cm and 10cm of water) 

 The measurement heights are configurable – ie, the sensor can be built with 

measurement readings also at 1cm, 10cm, 20cm, 50cm) with same interface and 

output values 

 Sensor should be reusable and can measure more than one water intrusion event. 

 One digital or analog (0-2.5V) output signal 

 Small cross section  (<6.25cm^2) as it has fit into limited space 

 Small power usage (<1mA @ continues 12 VDC) 

 Inexpensive and simple to construct 

 The original specs had required for the sensor to be powered from 5-30 VDC and 

also offered availability of RS-232 communication port. We have been given 

access to regulated 5 VDC power supply and the access to RS-232 

communication port has been taken away. 

 One more design limitation we have found, when presenting our first prototypes 

to AXYS Technologies, that the stainless steel or aluminum hull has the negative 

terminal of the buoy power system attached to it. 
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3. Proposed Design Solution 
 

We have proposed two different ideas to the customer. The first idea was a small arm with a 

floating ball on one end, with the arm attached to a variable resistor. As the water level would 

rise the resistance and voltage would change as the float turned the dial of the resistor. The 

advantage of this design was linear output with infinite increments, no current would go through 

the water and simple design. The disadvantage of this design was larger footprint, possible 

mechanical damage from buoy movement and sealing the arm-resistor linkage.  

The second idea is based on the current AXYS Technologies water level sensor. Our proposed 

design also monitors only finite number of water levels but eliminates the dependency on 

magnitude of water conductivity. The customer has chosen this idea as possible solution for the 

water level sensor. Below in Figure 4.0 is our testing prototype we have built to test the design 

viability. 

 
Figure 1 Prototype water level sensor with seven n-channel MOSFET stages 
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4. Solution Technical Parameters 
 

The circuit we have designed in Figure 4.1 uses p-channel enhanced MOSFETs (Metal Oxide 

Semiconductor Field Effect Transistor).  When the water level goes up and reaches two contacts 

the transistor is turned on and conducts current from drain to source across of pair of resistors 

(R3 and R4). The advantage using MOSFETs in this circuit is that it takes very little current 

(µA) to drive them. Each water level stage requires one of these circuits. The voltage drop across 

R3 brought out through the D1 diode to the WatchMan500 controller indicates which level is 

currently conducting. 

The lowest level circuit has R3 the smallest as each level gets flooded the voltage on the 

common controller input is incremented. The voltage increment is determined by the difference 

of R3 and R4 (voltage divider). The voltage drop (0.6V) across D1 diode had to be taken in 

consideration. 

From the discussion with the customer the controller turns on in some buoys only every hour to 

take diagnostic readings.  

The C1 capacitor in circuit serves as a buffer for the measured level. Since the buoy is not 

stationary and will bounce side to side based on the wind conditions, current and buoy size, we 

need to keep the water level registered  long enough for the control to read it in and get 

consistent measurement. 
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Figure 2 The circuit diagram of one water level sensor stage 

 

 

 

 

 

 

  
Fresh Water 

(Victoria Tap) 
  

Salt Water 
(Cardboro Bay) 

Level (V) (mA) Level (V) (mA) 

0 0 0 0 0 0 

1 0.4446 0.1168 1 0.443 0.117 

2 0.5433 0.23 2 0.5419 0.23 

3 0.6319 0.34 3 0.6305 0.34 

4 0.7303 0.44 4 0.7287 0.44 

5 0.8308 0.55 5 0.829 0.55 

6 0.933 0.65 6 0.9306 0.65 

7 1.0276 0.75 7 1.0246 0.75 
Figure 3 Probe voltage and current output testing fresh and salt water 
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5. Design Limitations 

 
The accuracy of the water level stages output is dependent on the tolerance of the components 

used for circuit manufacturing.  Since the resistance ratio of fresh water to salt water is about 

10:1 and measured 300kΩ for the fresh water, the voltage drop across water resistance is small 

compare to 20MΩ biasing resistor. The threshold voltage of TP0610T (-2.4V) is much larger 

than the -5V used to saturate the transistor. Therefore temperature swings will not affect the 

transistor switching performance as long as we keep the ID >0.05mA.  

This is not the case with the resistor tolerances. With 10% resistor tolerances we can expect 

swings up to ± 0.1V from stage to stage. If we are looking only for five levels it would be 

acceptable otherwise we would have to use resistors with tighter tolerances.  

One the design limitations we have not anticipated, was the danger of hydrogen generation 

through water electrolysis. In our first design we have used n-channel MOSFETs, while the 

current between the sensor contacts was small, the current between the negative buoy wall and 

the positive contact was significant enough (100µA) to generate dangerous level of hydrogen and 

also disabled the sensor functionality. 

With the current design this problem was eliminated as the current passing through the water is 

only 250nA. That of course only happens when the water level contacts are flooded. 

While the probe working environment is salt or fresh water, the probe will be protected for 

majority of time by the water tight buoys hull and plus the circuit itself encapsulated in epoxy.  

We can afford encapsulate the circuit as the heat generated by the components is minimal 

(<0.8mA when all the stages are conducting). The Figures 4.2.1, 4.2.2 and 4.23 show various 

buoys used to house batteries and electronic instruments. 
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Figure 4 One the AXYS Technologies larger buoys the WatchKeeper 
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Figure 5 TRYAXYS Directional Wave Buoy 
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Figure 6 TRYAXYS MINI Directional Wave Buoy 
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5.1. Design Calculations 

 

5.1.1. C1 size 

   For calculating the C1 capacitor size we have used the equation                                  

where VR is our maximum gate threshold voltage of the MOSFET . From the data sheet in the 

Appendix A for TP0610 it is -2.4V.  We have arbitrarily selected the largest period for water 

splashing inside of the buoy about 15 seconds as we do not expect smaller waves to have enough 

energy to bounce it around. 

  
  

    
  

       
          

 
  

  
   
 

      
         

 

5.1.2. Hydrogen generation 

Since the main concern of our water level design is the hydrogen generation, we have included 

calculations for the hydrogen gas generation. 

The P-channel MOSFET gate is biased to +5V through 20MΩ resistor. This is the positive 

contact (electrode).Once the water level rises and bridges two electrodes (contacts) the current 

flows to the negative electrode (the second contact) and the buoy shell as it is grounded to the 

negative terminal as well. This completes the circuit and the MOSFET is in the conducting 

mode. As the salt water resistance is approximately 30kΩ for the electrode and shell distance, we 

have 250nA of current passing through. 
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Charge generated in a day when one set of contacts is submerged in sea water: 

 

                                            

 

The Faraday’s constant: kF = 95600 C/mole 

Electron moles generated per day = Q/kF  

 

 

  
 

          

           
                         

 

Hydrogen generation 1 mole e
-1

generates 0.5mole of hydrogen gas 

Hydrogen gas generated per day   

 

            
       

        
                 

   

   
     

        

   
 

 

Volume of hydrogen generated per day using density ρ (20ºC, 101.3kPa) = 0.0854g/l 

 

  
             

         
                                            

 

This calculation is based on having one set of contacts submerged.  
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6. Project Discussion 
 

During the project design we have considered several options for the water level sensor design. 

One key factor was the remoteness of the buoys installation, where a false alarm would be 

expansive, the other factor was calibration. The advantage of contactless methods as ultrasound, 

electromagnetic wave and capacitance is that they have all infinite number of sensing levels and 

they do not have any current going through the water. As the electronic components are these 

days relatively to manpower inexpensive, we were limited more by installation complexity, 

space arrangement and calibration requirements. 

The contactless methods require certain space configuration as visible path from the sensor to the 

bottom of the buoy. Each type of buoy has different component configuration and even the same 

buoy can have different equipment on board.  

Contactless sensors are more sensitive to miss calibration and positioning and very likely every 

installation would require new calibration.  

Our design allows manufacturing of the water level sensors ahead of time. The same electrical 

circuit will fit all the buoy types. The sensors (contacts) are inexpensive to make and particular 

length can be made to fit type of buoy. They withstand harsh environment and rough handling. 
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7. Recommendations 
 

The proposed design offers theoretically 50 levels or more of graduation. It is limited by the 

component tolerances and at the diode stage by mismatched components. If purchased resistors 

have 1% tolerances we will have maximum swings of ±0.01V from stage to stage compare to 

±0.1V to 10% tolerance components. The other option is to buy larger quantities of components 

at same time from the same production batch as these components are expected to have similar 

production variations. 

 

 

 

8. References 
[1] http://www.axystechnologies.com/AboutUs.aspx 
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TP0610T

Advanced DMOS Technology
These enhancement-mode (normally-off) transistors utilize a
vertical DMOS structure and Supertex’s well-proven silicon-gate
manufacturing process. This combination produces devices with
the power handling capabilities of bipolar transistors and with the
high input impedance and positive temperature coefficient inher-
ent in MOS devices. Characteristic of all MOS structures, these
devices are free from thermal runaway and thermally-induced
secondary breakdown.

Supertex’s vertical DMOS FETs are ideally suited to a wide range
of switching and amplifying applications where high breakdown
voltage, high input impedance, low input capacitance, and fast
switching speeds are desired.

Note:  See Package Outline section for dimensions.

P-Channel Enhancement-Mode
Vertical DMOS FETs

Package Option

Features
❏ Free from secondary breakdown

❏ Low power drive requirement

❏ Ease of paralleling

❏ Low CISS and fast switching speeds

❏ Excellent thermal stability

❏ Integral Source-Drain diode

❏ High input impedance and high gain

❏ Complementary N- and P-channel devices

Applications
❏ Logic level interfaces – ideal for TTL and CMOS

❏ Solid state relays

❏ Battery operated systems

❏ Photo voltaic drives

❏ Analog switches

❏ General purpose line drivers

❏ Telecom switches

Absolute Maximum Ratings
Drain-to-Source Voltage BVDSS

Drain-to-Gate Voltage BVDGS

Gate-to-Source Voltage ± 20V

Operating and Storage Temperature -55°C to +150°C

Soldering Temperature* 300°C

* Distance of 1.6 mm from case for 10 seconds.

BVDSS / RDS(ON) ID(ON) Order Number/Package
BVDGS (max) (min) TO-236AB*

-60V 10Ω -50mA TP0610T

*Same as SOT-23.  All units shipped on 3,000 piece carrier tape reels.

Gate Source

Drain

TO-236AB

(SOT-23)

top view

Product marking for SOT-23:

T50❋

where ❋ = 2-week alpha date code

Ordering Information
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90%

10%

90%90%

10% 10%

PULSE
GENERATOR

VDD

RL

OUTPUT

D.U.T.

t(ON)

td(ON)

t(OFF)

td(OFF) tFtr

INPUT

INPUT

OUTPUT

0V

VDD

Rgen

0V

-10V

TP0610T

Package ID (continuous)* ID (pulsed) Power Dissipation θjc θja IDR* IDRM

@ TA = 25°C °C/W °C/W

SOT-23 -120mA -400mA 0.36W 200 350 -120mA -400mA

* ID (continuous) is limited by max rated Tj.

Thermal Characteristics

Symbol Parameter Min Typ Max Unit Conditions

BVDSS Drain-to-Source Breakdown Voltage -60 V VGS = 0V, ID = -10µA

VGS(th) Gate Threshold Voltage -1.0 -2.4 V VGS = VDS, ID = -1.0mA

∆VGS(th) Change in VGS(th) with Temperature 6.5 mV/°C VGS  = VDS, ID = -1.0mA

IGSS Gate Body Leakage ±10 nA VGS = ±20V, VDS = 0V

IDSS Zero Gate Voltage Drain Current -1 µA VGS = 0V, VDS = Max Rating

-200 µA VGS = 0V, VDS = 0.8 Max Rating
TA = 125°C

ID(ON) ON-State Drain Current -50 mA VGS = -4.5V, VDS = -10V

RDS(ON) 25 Ω VGS = -4.5V, ID = -25mA

10 Ω VGS = -10V, ID = -0.2A

∆RDS(ON) Change in RDS(ON) with Temperature 1.0 %/°C VGS = -10V, ID = -0.2A

GFS Forward Transconductance 60 m VDS = -10V, ID = -0.1A

CISS Input Capacitance 60

COSS Common Source Output Capacitance 30 pF

CRSS Reverse Transfer Capacitance 10

td(ON) Turn-ON Delay Time 10

tr Rise Time 15

td(OFF) Turn-OFF Delay Time 15

tf Fall Time 20

VSD Diode Forward Voltage Drop -2.0 V VGS = 0V, ISD = -0.12A

trr Reverse Recovery Time 400 ns VGS = 0V, ISD = -0.4A

Notes:

1. All D.C. parameters 100% tested at 25°C unless otherwise stated. (Pulse test: 300µs pulse, 2% duty cycle.)

2. All A.C. parameters sample tested.

Electrical Characteristics (@ 25°C unless otherwise specified)

Static Drain-to-Source
ON-State Resistance

VGS = 0V, VDS = -25V
f = 1 MHz

VDD = -25V
ns ID = -0.18A

RGEN = 25Ω

Switching Waveforms and Test Circuit

Ω
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NXP Semiconductors Product data sheet

High-speed diodes 1N4148; 1N4448

FEATURES

• Hermetically sealed leaded glass SOD27 (DO-35) 
package

• High switching speed: max. 4 ns
• General application
• Continuous reverse voltage: max. 100 V
• Repetitive peak reverse voltage: max. 100 V
• Repetitive peak forward current: max. 450 mA.

APPLICATIONS

• High-speed switching.

DESCRIPTION

The 1N4148 and 1N4448 are high-speed switching diodes 
fabricated in planar technology, and encapsulated in 
hermetically sealed leaded glass SOD27 (DO-35) 
packages.

MARKING

TYPE NUMBER MARKING CODE
1N4148 1N4148PH or 4148PH
1N4448 1N4448

Fig.1 Simplified outline (SOD27; DO-35) and 
symbol.

The diodes are type branded.

handbook, halfpage

MAM246

k a

ORDERING INFORMATION

TYPE NUMBER
PACKAGE

NAME DESCRIPTION VERSION
1N4148 − hermetically sealed glass package; axial leaded; 2 leads SOD27
1N4448
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NXP Semiconductors Product data sheet

High-speed diodes 1N4148; 1N4448

LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 60134).

Note
1. Device mounted on an FR4 printed-circuit board; lead length 10 mm.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VRRM repetitive peak reverse voltage − 100 V
VR continuous reverse voltage − 100 V
IF continuous forward current see Fig.2; note 1 − 200 mA
IFRM repetitive peak forward current − 450 mA
IFSM non-repetitive peak forward current square wave; Tj = 25 °C prior to 

surge; see Fig.4
t = 1 µs − 4 A
t = 1 ms − 1 A
t = 1 s − 0.5 A

Ptot total power dissipation Tamb = 25 °C; note 1 − 500 mW
Tstg storage temperature −65 +200 °C
Tj junction temperature − 200 °C

ELECTRICAL CHARACTERISTICS
Tj = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VF forward voltage see Fig.3

1N4148 IF = 10 mA − 1 V
1N4448 IF = 5 mA 0.62 0.72 V

IF = 100 mA − 1 V
IR reverse current VR = 20 V; see Fig.5 25 nA

VR = 20 V; Tj = 150 °C; see Fig.5 − 50 µA
IR reverse current; 1N4448 VR = 20 V; Tj = 100 °C; see Fig.5 − 3 µA
Cd diode capacitance f = 1 MHz; VR = 0 V; see Fig.6 − 4 pF
trr reverse recovery time when switched from IF = 10 mA to 

IR = 60 mA; RL = 100 Ω; 
measured at IR = 1 mA; see Fig.7

− 4 ns

Vfr forward recovery voltage when switched from IF = 50 mA; 
tr = 20 ns; see Fig.8

− 2.5 V

THERMAL CHARACTERISTICS

Note
1. Device mounted on a printed-circuit board without metallization pad.

SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rth(j-tp) thermal resistance from junction to tie-point lead length 10 mm 240 K/W
Rth(j-a) thermal resistance from junction to ambient lead length 10 mm; note 1 350 K/W
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NXP Semiconductors Product data sheet

High-speed diodes 1N4148; 1N4448

GRAPHICAL DATA

0 100 200

300

200

0

100

mbg451

Tamb (°C)

IF
(mA)

Fig.2 Maximum permissible continuous forward 
current as a function of ambient 
temperature.

Device mounted on an FR4 printed-circuit board; lead length 10 mm.

Fig.3 Forward current as a function of forward 
voltage.
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(1) Tj = 175 °C; typical values.
(2) Tj = 25 °C; typical values.
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Fig.4  Maximum permissible non-repetitive peak forward current as a function of pulse duration.

Based on square wave currents.
Tj = 25 °C prior to surge.
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Fig.5 Reverse current as a function of junction 
temperature.

(1) VR = 75 V; typical values.
(2) VR = 20 V; typical values.

Fig.6 Diode capacitance as a function of reverse 
voltage; typical values.

f = 1 MHz; Tj = 25 °C.
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Fig.7  Reverse recovery voltage test circuit and waveforms.
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Fig.8  Forward recovery voltage test circuit and waveforms.
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PACKAGE OUTLINE

 REFERENCESOUTLINE
VERSION

EUROPEAN
PROJECTION ISSUE DATE

 IEC  JEDEC JEITA

Note

1. The marking band indicates the cathode.

 SOD27 DO-35A24 SC-40
97-06-09
05-12-22

Hermetically sealed glass package; axial leaded; 2 leads SOD27

UNIT b
max.

mm 0.56

D
max.

G1
max.

25.44.251.85

L
min.

DIMENSIONS (mm are the original dimensions)

G1LD L

b

(1)

0 1 2 mm

scale
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DATA SHEET STATUS

Notes
1. Please consult the most recently issued document before initiating or completing a design.
2. The product status of device(s) described in this document may have changed since this document was published 

and may differ in case of multiple devices. The latest product status information is available on the Internet at 
URL http://www.nxp.com. 

DOCUMENT
STATUS(1)

PRODUCT 
STATUS(2) DEFINITION

Objective data sheet Development This document contains data from the objective specification for product 
development. 

Preliminary data sheet Qualification This document contains data from the preliminary specification. 
Product data sheet Production This document contains the product specification. 

DISCLAIMERS

General ⎯ Information in this document is believed to be 
accurate and reliable. However, NXP Semiconductors 
does not give any representations or warranties, 
expressed or implied, as to the accuracy or completeness 
of such information and shall have no liability for the 
consequences of use of such information.

Right to make changes ⎯ NXP Semiconductors 
reserves the right to make changes to information 
published in this document, including without limitation 
specifications and product descriptions, at any time and 
without notice. This document supersedes and replaces all 
information supplied prior to the publication hereof.

Suitability for use  ⎯ NXP Semiconductors products are 
not designed, authorized or warranted to be suitable for 
use in medical, military, aircraft, space or life support 
equipment, nor in applications where failure or malfunction 
of an NXP Semiconductors product can reasonably be 
expected to result in personal injury, death or severe 
property or environmental damage. NXP Semiconductors 
accepts no liability for inclusion and/or use of NXP 
Semiconductors products in such equipment or 
applications and therefore such inclusion and/or use is at 
the customer’s own risk.

Applications  ⎯ Applications that are described herein for 
any of these products are for illustrative purposes only. 
NXP Semiconductors makes no representation or 
warranty that such applications will be suitable for the 
specified use without further testing or modification.

Limiting values ⎯ Stress above one or more limiting 
values (as defined in the Absolute Maximum Ratings 
System of IEC 60134) may cause permanent damage to 
the device. Limiting values are stress ratings only and 
operation of the device at these or any other conditions 

above those given in the Characteristics sections of this 
document is not implied. Exposure to limiting values for 
extended periods may affect device reliability.

Terms and conditions of sale ⎯ NXP Semiconductors 
products are sold subject to the general terms and 
conditions of commercial sale, as published at 
http://www.nxp.com/profile/terms, including those 
pertaining to warranty, intellectual property rights 
infringement and limitation of liability, unless explicitly 
otherwise agreed to in writing by NXP Semiconductors. In 
case of any inconsistency or conflict between information 
in this document and such terms and conditions, the latter 
will prevail.

No offer to sell or license ⎯ Nothing in this document 
may be interpreted or construed as an offer to sell products 
that is open for acceptance or the grant, conveyance or 
implication of any license under any copyrights, patents or 
other industrial or intellectual property rights.

Export control ⎯ This document as well as the item(s) 
described herein may be subject to export control 
regulations. Export might require a prior authorization from 
national authorities.

Quick reference data ⎯ The Quick reference data is an 
extract of the product data given in the Limiting values and 
Characteristics sections of this document, and as such is 
not complete, exhaustive or legally binding. 

http://www.nxp.com/profile/terms
http://www.nxp.com/profile/terms
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Contact information

For additional information please visit: http://www.nxp.com 
For sales offices addresses send e-mail to: salesaddresses@nxp.com  

© NXP B.V. 2009

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the copyright owner.
The information presented in this document does not form part of any quotation or contract, is believed to be accurate and reliable and may be changed 
without notice. No liability will be accepted by the publisher for any consequence of its use. Publication thereof does not convey nor imply any license 
under patent- or other industrial or intellectual property rights.

Customer notification

This data sheet was changed to reflect the new company name NXP Semiconductors. No changes were 
made to the content, except for the legal definitions and disclaimers.
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