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See What You Can Do with the CTMU
INTRODUCTION

Since its introduction in PIC® microcontrollers, the
Charge Time Measurement Unit (CTMU) has become
popular for creating simple and low component touch
control solutions. Some applications have made use of
its ability to resolve the time difference between inputs
down to the sub-nanosecond range. But thinking that
the CTMU can only deal with time and charge
measurements would be a serious underestimation of
its abilities.

As proof of its versatility, this application note provides
48 different applications (or, in a few cases, categories
of applications) that can be implemented with the
CTMU. Many of these implement new functionality in
existing control applications, using only a few or no
additional components. Keep in mind that these appli-
cations are basic ideas, presented in an abbreviated
format. Microchip may not offer reference designs or
source code for some applications. The reader is
invited to use these ideas as the starting point for
developing their own solutions.

ABOUT THE CTMU

In a nutshell, the CTMU is an on-chip constant-current
source, surrounded by digital circuitry to precisely
control its operation (Figure 1). The current source
operates over four decade ranges, from 0.55 µA to
550 µA. When combined with the on-chip A/D
Converter and comparators, the CTMU can perform a
variety of basic functions: 

• Capacitance measurement (relative and absolute)

• Inductance measurement (relative)

• Resistance measurement (relative and absolute)

• High-resolution time measurement

While the basic functions are useful for a variety of
applications, they can also be used as the basis of
more complex applications, such as:

• Temperature measurement

• Current source (constant and variable)

• Precise time delay generation

• Pulse-Width Modulation (PWM) output

The different types of applications are covered in the
sections that follow.

FIGURE 1: CTMU BLOCK DIAGRAM
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APPLICATIONS BASED ON 
ELECTRICAL PRINCIPLES

Relative Capacitance Measurement

By far, relative capacitance measurement is the most
used principle in designing applications for the CTMU.
This is not surprising, because there are numerous
applications that require relative capacitance
measurement. 

When a constant-current source is available, measuring
the relative capacitance is easy. The constant-current
source (I) charges the unknown external capacitor (C) to
a voltage (V) in time, t. From the basic equation for
capacitance, I = C dv/dt, when the current and time are
constant, the voltage (V = I * t/C) varies inversely with the
capacitor value. In a relative capacitance measurement
application, such as capacitive touch sensing, when a
finger touches a capacitive touch pad, the capacitance
increases, thus decreasing the voltage charged. 

As an example, take a simple touch application (shown
in Figure 2) with a total capacitance (including parasit-
ics, like the switch (CSW) and circuit (CCIR) of 30 pF.
When the external circuit is charged with a current of
5.5 µA for 10 µs, this produces a voltage of 1.83V.
When you add the touch of a finger, an additional
capacitance (CF) of up to 10 pF is added. The exact
amount of capacitance depends on how much the
touch pad is covered by the finger and any covering
material over the pad. For a 10 pF change, with the
same current and charge time, the voltage is 1.38V.

The voltage is measured at frequent intervals by the
microcontroller’s A/D Converter. Changes (particularly
decreases) can then be interpreted as a touch event. 

All of these applications use the same basic principle:

1. Capacitive Touch Sense Controls

As just described, relative capacitance change can be
used to control an application in the same way as scan-
ning switches, push buttons or touch screens. By using
the A/D Converter’s multiple input channels with the
CTMU, multiple touch controls can be implemented.

2. Microphone (Direct Audio-to-Digital)

The capacitance of the microphone’s element changes
continuously in proportion to the frequency of the vibra-
tions hitting its diaphragm. The microcontroller’s A/D
constantly samples the resulting voltage and creates a
digital signal.

3. Proximity Sensor

Very often, a direct touch isn’t needed to change the
capacitance of a circuit: the near-by presence of a hand
to a PCB may be enough. (Just think of the last time
you tried to tune a distant station on an old radio if you
don’t believe this.) With the proper components, soft-
ware tuning and layout selection, the CTMU can be
used to sense proximity in the exact same way as it
senses touch.

4. Stud Finder

A stud on the other side of the wall (metal or not, with
or without nails or metallic fasteners) will change the
local capacitance of the wall’s surface.

5. Occupancy Sensing

Rather than using the old interrupted photocell principle,
a capacitance sensor can be embedded in the doorway.
Whenever a person passes through, the sensor’s
capacitance changes.

6. Liquid Level Sensing

Here is a clever twist on capacitance, in a very literal
sense. Take a conductive plate and place a container
made of an insulating material (say, glass) upon it. Fill
the container with a liquid and you have a capacitor. In
this setup, the capacitance of the container changes
with the level of the liquid. The size of the container and
the plate can be scaled according to the application’s
requirements. (Note, however, that the application
requires calibration for each different container, and
each type of liquid.) 

Level sensing can also be implemented using a con-
ductor running along the length or height of a container.
The operating principle is exactly the same.

FIGURE 2: BASIC PRINCIPLE OF CAPACITIVE TOUCH SENSE
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7. Pressure/Force Sensor

Take two conductive plates, with one being fixed and the
other spring-mounted. Besides having an air dielectric
capacitor, you have a sensor which changes capaci-
tance in proportion to the weight or force applied to the
spring mounted plate. This gives us a variation of a strain
cell, and a method to directly measure pressure (and
perhaps weight) with the CTMU.

8. Automatic Litter Box

Relative capacitance sensing is not just for liquids or
finger touches. Cat litter, for example, can also be
measured for capacitance change – when the litter is
unused, and when the cat has finished with it. The
change in capacitance can be used to trigger a cleaning
cycle. 

Absolute Capacitance Measurement

Quantifying a capacitance with some measure of
precision is almost as simple as measuring a relative
capacitance change. There are two steps required, as
shown in Figure 3. First, it is necessary to calibrate the
CTMU current source. The calibration procedure is
simple; using a high-precision (0.5% tolerance or
better) resistor of known value and a precise voltage
measurement to calculate the actual current. With this
information, the current source is trimmed using the
appropriate control bits. 

Once the current source is calibrated to the required
accuracy for measurement, switch the current source
to the ADC/CTMU channel where the target capacitor
device is connected. The constant-current source (I)
charges the unknown external capacitor (C) for time, T.
The capacitance is then calculated by the equation,
I x T= C x V, where I and T have already been defined,
and V is measured by the microcontroller’s A/D
Converter.

For detailed information on calibrating the CTMU
current source, refer to Microchip’s CTMU reference
documents for PIC24F devices, listed at the end of this
application note.

There are numerous applications that require absolute
capacitance measurement. These include:

9. LCR Meter (Capacitance Function)

The CTMU can directly measure an unknown capacitor
to establish its capacitance or confirm the value of a
labeled, but questionable capacitor.

10. Humidity Sensing

The latest generation of precision polymer humidity
sensors provides their output as a change in capaci-
tance, rather than the more traditional voltage or
current. In an absolute capacitance configuration, the
CTMU and A/D can quickly turn a capacitance change
into voltage, and from there, into relative humidity. 

FIGURE 3: CURRENT SOURCE CALIBRATION AND CAPACITANCE MEASUREMENT 
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Relative Inductance Measurement

Although most often associated with capacitance
and/or current, the CTMU can also be used to measure
changes in inductance. Strictly speaking, what is actu-
ally being measured is the inductor’s time constant. A
typical configuration (Figure 4) shows how this is done.
An I/O pin is set to output VDD to an inductor; at the
same time, Edge 1 in the CTMU is manually set as if it
had received a pulse. The voltage from the I/O pin is
slightly delayed in reaching CTED2 as it saturates the
inductor. The time measured between the initial pulse,
and when the voltage on CTED2 reaches its minimum
input threshold, VIL (TVIL), is proportional to the
inductance. The CTMU takes a continuous series of
“snapshots” of the inductor’s time constant, and
compares it to an established baseline. When the time
constant changes, an event is detected.

Example applications include:

11. Metering

Many of the current technology flow meters use a piece
of metal on a rotor that comes to the proximity of an
inductor. The repeating change of inductance can be
used to determine the rate of rotation and thus, the flow
through the meter. The CTMU provides another simple
method to measure this change and count events. 

12. Weather Station (Wind Speed Sensor)

Similar to metering applications, the CTMU can induc-
tively sense and count the number of revolutions per
minute of an anemometer; the microcontroller trans-
lates this into wind speed. When combined with a
humidity sensor and a simple diode, the CTMU can
implement a single chip solution for a fully functional
weather station (see applications # 10 and # 33 for
more information).

13. Coin Operated Vending Machine

An inductive sensor is used to detect coins as they are
inserted. The CTMU can be used to quantify the num-
ber and type of coins. It could also be used to detect
(and reject) slugs, which have a different magnetic
signature than coins.

14. Proximity Sensing, Part Two

All of the above applications are specific cases of the
same principle. Any application that is based on
inductive or magnetic proximity sensing (e.g., solenoid
position) can be implemented with the CTMU as the
inductor interface.

FIGURE 4: MEASURING RELATIVE INDUCTANCE CHANGE BY TIME DELAY
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Precision Time Measurement

Numerous applications require very precise time
measurement. Using the edge trigger pins (CTEDn) on
the CTMU, time can be measured precisely to a reso-
lution of under a nanosecond. This is done by charging
the A/D Sample-and-Hold (S/H) capacitor between the
rising edges of the two pins; the resulting voltage is
directly proportional to the time. Figure 5 shows the
general scheme for time measurement. CTMU-based
time measurement is asynchronous to the clock
running the microcontroller.

Applications include:

15. Distance Measurement 
(Ultrasonic and Laser Devices)

The CTMU is used to measure the round-trip return
time between an initial transmitted pulse and its
reflected return signal. This can determine a distance
measurement, accurate to within one foot.

16. Adaptive Cruise Control 

As an extension of the last application, Adaptive Cruise
Control (ACC) is the active system that maintains a

constant distance between moving vehicles, based on
continuous measurements. The CTMU provides an RF
or laser-based ranging solution to the system. 

17. Safety Braking

This is the partner of Adaptive Cruise Control; it auto-
matically triggers the brakes when the object ahead
comes too close. Even when ACC is not used, its
CTMU-based ranging solution can be used just as well
for an independent, safety breaking application. 

18. Coaxial Cable Measurement 
(Length, Short or Open)

The CTMU can be used to implement a simple Time
Domain Reflectometry (TDR) measurement device,
used to locate an open or short defect in a coaxial
cable. The location of the defect is based on the time it
takes for a pulse to be reflected back (Figure 6). When
a voltage pulse is injected at Node A, an open or
shorted cable will reflect a pulse back at a time that is
proportional to twice the distance to the defect (2 TO).
A properly terminated cable will not return a reflected
pulse.

FIGURE 5: TIME MEASUREMENT USING THE CTMU

FIGURE 6: MEASURING A COAXIAL CABLE WITH TDR
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19. Ultrasonic Flow Meters

Like distance measurement devices, the CTMU
measures the time difference between transmitted and
received pulses. In this application, however, the time
difference between fixed transducers varies with the
flow rate of the medium being measured. 

A simple flow measurement system is shown in
Figure 7. In this setup, the microcontroller sends a
pulse for transmission by the ultrasonic transceivers,
while the Input Capture and Output Compare modules
receive incoming signals from the transceivers. The
CTMU uses the received signals that are coupled with
the flow to calculate the time difference and thus, the
flow rate.

20. Global Positioning System (GPS) 
Signal Interface

The basis of GPS is to triangulate a position from sat-
ellites, based on signal travel time. By using the CTMU
to measure the time difference between individual
satellite signals, the relative position on the earth can
be determined. The high precision of the CTMU’s time
measurements allows a position accuracy that
approaches the accuracy limits of the entire satellite
system.

21. Pulse Width/Duty Cycle Decoding

The CTMU can accurately measure individual pulse
widths of an incoming pulse train. If data has been
encoded in the stream using PWM, the CTMU can be
used to demodulate the stream and restore the digital
information. PWM is found in many applications, such
as infrared remote controls.

22. DTMF Detection and Decoding

The same principles of decoding a width modulated
pulse train can also be used in DTMF applications. By
measuring the pulse widths of the product signal, it is
possible to determine which two frequencies were used
to produce it and therefore, which key was pressed. 

23. Frequency Meter

Similarly, by measuring the time between the rising
edges of a signal with a constant wavelength, it
becomes simple to calculate the frequency (from
f = 1/T). This makes the CTMU a relatively inexpensive
front end for any frequency measuring application.

24. Decoder for Optical Encoders

The CTMU can read the incoming pulse trains from the
(typically) three outputs of an optical decoder, and
determine pulse speed and phase difference between
them. This data can be translated into rotational speed
and direction, and (with three inputs) absolute
rotational position. 

25. Optical Gyros

These devices measure changes in position by sensing
the phase difference between two light beams traveling
in opposite directions around a fiber-optic loop. By
sensing the edges of the two signals and comparing
them to the single source that created them, the CTMU
can be used to calculate the phase difference and thus,
any relative motion in the device.

FIGURE 7: ULTRASONIC FLOW MEASUREMENT SYSTEM
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Resistance Measurement

Ways of measuring capacitance and inductance have
already been demonstrated, so why not resistance?
The CTMU’s constant-current source and Ohm’s law
makes this easy: if it is known what the current and the
voltage being provided are, or if the voltage can be
measured directly, the resistance is simple to calculate.

Examples include:

26. Resistive Temperature Device (RTD)

A platinum resistor, with a known temperature coeffi-
cient, is used in many applications to measure precise
and high-resolution temperatures to over 1000°F. By
driving the RTD with a constant-current source, the
voltage read by the microcontroller’s A/D varies as the
temperature varies. This low component count CTMU
solution replaces an analog circuit with many discrete
components.

27. PTC and NTC Sensors

Positive or negative coefficient temperature sensors
(PTCs or NTCs, respectively) give an alternate way to
measure temperature, up to a few hundred degrees
Celsius. These thermistors are less expensive and
have nonlinearity with respect to temperature.
Typically, NTCs and PTCs are implemented in a volt-
age divider format to measure temperature. Using the
CTMU’s constant-current source, the resistance can be
measured directly and the temperature is derived from
the resistance. 

APPLICATIONS BASED ON DERIVED 
PRINCIPLES

Temperature Measurement 
(Constant-Current Source)

In these applications, the CTMU’s constant and accurate
current source can be used to exploit a basic principle of
semiconductors: the P-N junction’s forward band gap
voltage. When a diode is driven with a constant-current
source, the forward voltage (VF) varies inversely with the
temperature. 

Figure 8 shows how a diode (or any convenient P-N
junction) is connected to the CTMU to create tempera-
ture measurement. Using the CTMU, together with a
12-bit ADC, temperatures can be measured with a
resolution of 1°F. Additional technical details are pro-
vided in Microchip’s Technical Brief, TB3016, “Using
the PIC® MCU CTMU for Temperature Measurement”
(DS93016). 

Applications in this category include:

28. Thermometers

General purpose thermometers can use a cheap
silicon diode in place of a more expensive thermistor or
dedicated sensor for temperature sensing.

FIGURE 8: CTMU TEMPERATURE 
MEASUREMENT CIRCUIT

29. Thermostats
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temperature directly, all with only one additional (and
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34. LED Lighting Control

In high-wattage, solid-state lighting applications, the
LEDs can generate a lot of heat – perhaps not as much
as an incandescent or halogen source, but enough to
change the color band reliability or the light output if
temperature is not controlled. The CTMU, along with a
sensor diode, can measure temperature at the heat
sink or in the environment (for forced air cooling). At the
same time, another CTMU channel can actually use
the LED to measure its own temperature by measuring
its own forward bias voltage. This information can be
used to reduce power or increase cooling when things
get too hot.

35. Motor Temperature Monitoring

For electric motor applications that use a microcontroller
to regulate speed and/or power, the CTMU can provide
an additional control dimension: measuring the motor
winding’s temperature, and providing thermal protection
by shutting things down before the breakdown
temperature is reached.

36.  Assorted Home Applications

There are many electronic applications around the
house that require temperature sensing or that could
benefit from its addition. If the application requires a
microcontroller, the CTMU provides an easy way to
implement temperature sensing. Examples include:

• Refrigerators

• Freezers (free-standing)

• Coffee makers

• Room air conditioners

• Dehumidifiers

• Space heaters

• Climate controlled storage (e.g., wine chillers)

37. Assorted Automotive Applications

By the same principle, the list can be expanded to include
cars. Any system that requires temperature monitoring
can use the CTMU as a solution. Cabin climate control
(single and multi-zone) and engine temperature
monitoring are just two examples.

Variable Current Source

38. Current Loop Control Applications

Industrial process control instruments often use current
loop communications to provide noise immunity. For
systems operating in the 4-20 mA range, the CTMU’s
current source can be used with an external current
mirror circuit to create a variable current control
transmitter.

PWM Generation

By using the CTMU with a comparator (either internal or
external), there is a way to generate high-resolution,
high-frequency Pulse-Width Modulation (Figure 9). The
PWM resolution depends on the slope controlled by the
internal A/D sampling capacitor (CHOLD), and can be
changed by adding an external capacitor parallel to
CHOLD.

39.  Blanking Pulse for Radar

Modern radar generates transmit pulses at a very high
rate, and requires very high-speed display blanking to
keep the receiver and display from being overwhelmed.
Often, the switching rate is too fast for a conventional
PWM generator. When working as a pulse generator,
however, the CTMU can operate fast enough to keep up.

FIGURE 9: PWM AND PULSE GENERATION
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Digital-to-Analog Conversion (DAC)

By taking PWM generation an additional step, running
the high-frequency pulse output through a low-pass
filter creates an analog signal. This can be useful in a
number of applications:

40. Audio Generator

In a digital world, this is always a popular application:
turning a digital bitstream into audio. In appliances
where a microcontroller is already present, the CTMU
can implement a simple audio generator to create a
range of audio feedback prompts (constant or inter-
rupted tones of various frequencies). With enough
memory, the CTMU DAC can even reproduce voice
samples.

41. Digital LCD Contrast Control

For backlit displays, the CTMU can translate digital
control inputs into a control voltage for changing the
contrast of an LCD panel.

42. Programmable Voltage Reference 

Similar to the preceding application, the CTMU DAC
can be configured to generate a known voltage output
for a given digital input. This can be used as the
constant voltage source for many analog and control
applications. 

Time Delay Applications

43. Silicon Tester

The CTMU’s pulse delay feature makes it easy to create
a variable clock delay generator. This can be used for
performing Sample-and-Hold sweeps on digital circuits
as part of the validation and characterization process.

44. Oscilloscope Enhancement

For slow and inexpensive oscilloscopes, a
CTMU-based solution can be used to enhance the
input measurement resolution. This uses the pulse
delay feature to add delayed triggers to sample the A/D
for repetitive waveforms. The time delay works as
multiple triggers for the A/D to acquire samples derived
from a single trigger, with delays added to it. 

45. Time Domain (Delay) Encryption/Decryption

A novel way to encrypt a digital data stream is to add
fixed delays of one or more durations to the pulse train.
Without knowing where the delays were inserted, it
becomes impossible to establish a reference frame to
decode the signal. But where the delays are known, the
CTMU’s pulse delay function can be used to effectively
remove the delays and restore the pulse train to its orig-
inal form. The pulse delay feature can also be used to
perform the initial encryption. A simplified version of the
process is shown in Figure 10.

Of course, this involves more than just the CTMU hard-
ware, such as determining a key sequence and frame
sync; but the point here is the decoding hardware does
not need to be the difficult or expensive piece of the
application.

Medical Applications

46. Ultrasound Imaging (Sensor Head) 

As described in previous applications, the CTMU can
be used to measure the time between transmitted and
reflected impulses. This information can be continu-
ously fed in real time to a graphic processor, or
processing application, to create an image. This can be
implemented directly as an ultrasonic microphone (# 2)
or indirectly, through an ultrasonic pick-up (# 15).

FIGURE 10: SIMPLIFIED FLOW FOR DELAY ENCRYPTION/DECRYPTION
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Really Complex Applications

47. Solving World Hunger

By mass deploying inexpensive temperature (# 28)
and humidity sensors (# 10), it becomes possible to
make continuous, fine resolution measurements of
climatic variation over large agricultural areas. This
makes it possible, at least in theory, to create a
closed-loop system of more precise water and nutrient
delivery. This, in turn, can push crop yields to their max-
imum. Do this in enough places, and there will be
enough food to feed everyone, everywhere. (Note that
it was never said that this would be easy.)

48. Bring About World Peace

Admittedly, World Peace is still being worked on. It’s
possible that it is beyond the scope of the CTMU, or it
could be that it hasn’t been given enough time.
Perhaps this issue is one that can be left to the readers.

CONCLUSION

At first glance, a constant-current source on a microcon-
troller might seem to have limited possibilities. What has
been shown is that the CTMU, combined with the many
other peripherals available in PIC microcontrollers,
offers a simple way to create a wide range of
applications.

The 48 examples that are shown here just scratch the
surface of what is possible. The reader is invited to
expand the possibilities.

REFERENCES

Bartling, J. “Low-Cost, High-Resolution Time Measure-
ment Application”. ECN Magazine Online, July 16 2009.

“PIC24F Family Reference Manual, Section 11: Charge
Time Measurement Unit (CTMU)” (DS39724),
Microchip Technology Inc., 2010.

“PIC24F Family Reference Manual, Section 53:
Charge Time Measurement Unit with Threshold
Detect” (DS39743), Microchip Technology Inc., 2010.

Yedamale, P. Technical Brief TB3016, “Using the PIC®

MCU CTMU for Temperature Measurement”
(DS93016), Microchip Technology Inc., 2009.

For additional information on Microchip’s capacitive
touch sense solutions, please see our mTouch™
Sensing Solutions Design Center on line at 
www.microchip.com/mtouch.
DS01375A-page 10   2011 Microchip Technology Inc.

www.microchip.com/mtouch
www.microchip.com/mtouch


Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.

• Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

• There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip’s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.

• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer’s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
 2011 Microchip Technology Inc.  
Trademarks

The Microchip name and logo, the Microchip logo, dsPIC, 
KEELOQ, KEELOQ logo, MPLAB, PIC, PICmicro, PICSTART, 
PIC32 logo, rfPIC and UNI/O are registered trademarks of 
Microchip Technology Incorporated in the U.S.A. and other 
countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor, 
MXDEV, MXLAB, SEEVAL and The Embedded Control 
Solutions Company are registered trademarks of Microchip 
Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard, 
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN, 
ECONOMONITOR, FanSense, HI-TIDE, In-Circuit Serial 
Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified 
logo, MPLIB, MPLINK, mTouch, Omniscient Code 
Generation, PICC, PICC-18, PICDEM, PICDEM.net, PICkit, 
PICtail, REAL ICE, rfLAB, Select Mode, Total Endurance, 
TSHARC, UniWinDriver, WiperLock and ZENA are 
trademarks of Microchip Technology Incorporated in the 
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated 
in the U.S.A.

All other trademarks mentioned herein are property of their 
respective companies.

© 2011, Microchip Technology Incorporated, Printed in the 
U.S.A., All Rights Reserved.

 Printed on recycled paper.

ISBN: 978-1-61341-077-6
DS01375A-page 11

Microchip received ISO/TS-16949:2002 certification for its worldwide 
headquarters, design and wafer fabrication facilities in Chandler and 
Tempe, Arizona; Gresham, Oregon and design centers in California 
and India. The Company’s quality system processes and procedures 
are for its PIC® MCUs and dsPIC® DSCs, KEELOQ® code hopping 
devices, Serial EEPROMs, microperipherals, nonvolatile memory and 
analog products. In addition, Microchip’s quality system for the design 
and manufacture of development systems is ISO 9001:2000 certified.



DS01375A-page 12  2011 Microchip Technology Inc.

AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ 85224-6199
Tel: 480-792-7200 
Fax: 480-792-7277
Technical Support: 
http://www.microchip.com/
support
Web Address: 
www.microchip.com

Atlanta
Duluth, GA 
Tel: 678-957-9614 
Fax: 678-957-1455

Boston
Westborough, MA 
Tel: 774-760-0087 
Fax: 774-760-0088

Chicago
Itasca, IL 
Tel: 630-285-0071 
Fax: 630-285-0075

Cleveland
Independence, OH 
Tel: 216-447-0464 
Fax: 216-447-0643

Dallas
Addison, TX 
Tel: 972-818-7423 
Fax: 972-818-2924

Detroit
Farmington Hills, MI 
Tel: 248-538-2250
Fax: 248-538-2260

Indianapolis
Noblesville, IN 
Tel: 317-773-8323
Fax: 317-773-5453

Los Angeles
Mission Viejo, CA 
Tel: 949-462-9523 
Fax: 949-462-9608

Santa Clara
Santa Clara, CA 
Tel: 408-961-6444
Fax: 408-961-6445

Toronto
Mississauga, Ontario, 
Canada
Tel: 905-673-0699 
Fax: 905-673-6509

ASIA/PACIFIC
Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong
Tel: 852-2401-1200
Fax: 852-2401-3431

Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755

China - Beijing
Tel: 86-10-8528-2100 
Fax: 86-10-8528-2104

China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqing
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hong Kong SAR
Tel: 852-2401-1200 
Fax: 852-2401-3431

China - Nanjing
Tel: 86-25-8473-2460
Fax: 86-25-8473-2470

China - Qingdao
Tel: 86-532-8502-7355
Fax: 86-532-8502-7205

China - Shanghai
Tel: 86-21-5407-5533 
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660 
Fax: 86-755-8203-1760

China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118

China - Xian
Tel: 86-29-8833-7252
Fax: 86-29-8833-7256

China - Xiamen
Tel: 86-592-2388138 
Fax: 86-592-2388130

China - Zhuhai
Tel: 86-756-3210040 
Fax: 86-756-3210049

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-3090-4444 
Fax: 91-80-3090-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166 
Fax: 81-45-471-6122

Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302

Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934

Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069

Singapore
Tel: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370

Taiwan - Kaohsiung
Tel: 886-7-213-7830
Fax: 886-7-330-9305

Taiwan - Taipei
Tel: 886-2-2500-6610 
Fax: 886-2-2508-0102

Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829

France - Paris
Tel: 33-1-69-53-63-20 
Fax: 33-1-69-30-90-79

Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44

Italy - Milan 
Tel: 39-0331-742611 
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340

Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91

UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

Worldwide Sales and Service

02/18/11

http://support.microchip.com
http://www.microchip.com

	Introduction
	About The CTMU
	FIGURE 1: CTMU Block Diagram

	Applications Based on Electrical Principles
	Relative Capacitance Measurement
	1. Capacitive Touch Sense Controls
	2. Microphone (Direct Audio-to-Digital)
	3. Proximity Sensor
	4. Stud Finder
	5. Occupancy Sensing
	6. Liquid Level Sensing
	FIGURE 2: Basic Principle Of Capacitive Touch Sense

	7. Pressure / Force Sensor
	8. Automatic Litter Box

	Absolute Capacitance Measurement
	9. LCR Meter (Capacitance Function)
	10. Humidity Sensing
	FIGURE 3: Current Source Calibration and Capacitance Measurement


	Relative Inductance Measurement
	11. Metering
	12. Weather Station (Wind Speed Sensor)
	13. Coin Operated Vending Machine
	14. Proximity Sensing, Part Two
	FIGURE 4: Measuring Relative Inductance Change by Time Delay


	Precision Time Measurement
	15. Distance Measurement (Ultrasonic and Laser Devices)
	16. Adaptive Cruise Control
	17. Safety Braking
	18. Coaxial Cable Measurement (Length, Short or Open)
	FIGURE 5: Time Measurement Using the CTMU
	FIGURE 6: Measuring a Coaxial Cable with TDR

	19. Ultrasonic Flow Meters
	20. Global Positioning System (GPS) Signal Interface
	21. Pulse Width/Duty Cycle Decoding
	22. DTMF Detection and Decoding
	23. Frequency Meter
	24. Decoder for Optical Encoders
	25. Optical Gyros
	FIGURE 7: Ultrasonic Flow measurement System


	Resistance Measurement
	26. Resistive Temperature Device (RTD)
	27. PTC and NTC Sensors


	Applications Based on Derived Principles
	Temperature Measurement (Constant-Current Source)
	28. Thermometers
	FIGURE 8: CTMU Temperature Measurement Circuit

	29. Thermostats
	30. PCB Temperature Monitoring
	31. Server Temperature Monitoring
	32. RTCC/FRC Calibration
	33. Indoor Weather Monitors
	34. LED Lighting Control
	35. Motor Temperature Monitoring
	36. Assorted Home Applications
	37. Assorted Automotive Applications

	Variable Current Source
	38. Current Loop Control Applications

	PWM Generation
	39. Blanking Pulse for Radar
	FIGURE 9: PWM and Pulse Generation


	Digital-to-Analog Conversion (DAC)
	40. Audio Generator
	41. Digital LCD Contrast Control
	42. Programmable Voltage Reference

	Time Delay Applications
	43. Silicon Tester
	44. Oscilloscope Enhancement
	45. Time Domain (Delay) Encryption / Decryption

	Medical Applications
	46. Ultrasound Imaging (Sensor Head)
	FIGURE 10: Simplified flow for Delay Encryption/Decryption


	Really Complex Applications
	47. Solving World Hunger
	48. Bring About World Peace


	Conclusion
	References
	Worldwide Sales and Service


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


