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In today’s electronics, air moving fans provide a critical service in that they cool the system power electronics.
However, just running the fan at full speed has a disadvantage in that it can produce significant audio noise.
Therefore, most modern systems regulate the speed of the fan so they can balance the requirements of cooling and
noise abatement.

Given that the fan speed is also significantly affected by restrictions on the airflow, both into (dirty air filter) and out of
(blocked outlet ports) the fan, some form of fan speed regulation is typically needed to maintain consistent cooling.
This application note will cover a relatively simple, low-cost solution for managing the fan speed, using a software-
based Proportional Integral Differential (PID) fan speed control.
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1. Design Specifications
To implement a speed control for a common DC brushless fan, the following items are required:

• A 4-wire fan with both a tachometer output and speed control input
• A frequency counter peripheral to measure the tachometer output (fan speed)
• Either an analog drive (0-12V) or a digital PWM (0-12V)
• A Proportional/Integrator/Differentiator (PID) to provide phase/gain compensated feedback
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2. Hardware Theory of Operation
The microcontroller used in the design will be a PIC16F15244 that incorporates a 10-bit PWM, 10-bit ADC and 16-bit
gated timer. The PWM will provide the control signal to the fan. The ADC will monitor the control potentiometer,
comprising a simple speed control user interface. And, the 16-bit gated timer will monitor the fan speed by measuring
the period (1/frequency) of the tachometer output from the fan. The PID algorithm that closes the feedback loop will
be a PID algorithm implemented in firmware. Figure 2-1 shows the block diagram of the speed control system.
Figure 2-1. PID Fan Speed Control System

Another option for measuring the speed of the fan is to combine TMR0 and TMR1 to create a frequency counter.
While this removes the requirement for a 16-bit divide to get the frequency, it has the problem that the resolution of
the speed measurement would be very limited. When the fan is running at 14000 RPM, it only produces 56000
pulses per minute or 933 Hz. Assuming 10 measurements per second, that is only a count of 93 at maximum speed.
Given the sample rate is only 10 Hz, the update rate for the PID would also be significantly limited, requiring 10s to
100s of seconds to settle in response to a change.

The ADC periodically measures the output voltage of the potentiometer to obtain the designed speed. The output of
TMR1 is then subtracted from the ADC result to get an error value.

The error value is then loaded into the software PID controller. This software function generates a straight multiple of
the error (the P component of a PID). The software also integrates the error function over multiple cycles to generate
the I component of the PID. Finally, the software PID also differentiates the error function over multiple cycles to
generate the D component of the PID. The three values, P, I and D, are then summed and output to the PWM.

The PWM is generated based on the output of TMR2. TMR2 runs continuously, resetting to zero when the maximum
period is reached. The PWM module monitors the output of TMR2, setting the PWM output when TMR2 rolls over
and then clearing the PWM output when the duty cycle register matches the TMR2 output.

2.1 Tachometer Input and Fan Speed Drive
The tachometer output of the fan is an open collector, so to electrically connect the tachometer output to T1G will
require a pull up to 5.0V. Connecting the fan speed control to the PWM will require a similar interface; the PWM
output is connected to a ZVN2110 N channel MOSFET to create an open collector output, and then a pull up to 12V
provides the high side output for the fan.
Note: 
Because the MOSFET will invert the output of the PWM peripheral, the 0-99.9% duty cycle range of the PWM will be
converted into a 100-0.1% duty cycle. The firmware must account for this to provide the correct control range for the
fan.

To implement the system for this example, a prototype Click board was modified with the MOSFET output transistor
and the two pull-up resistors. The schematic of the board is shown below.
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Figure 2-2. Prototype Click Board with Fan Interface
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3. PIC Control
In control theory, a PID controller takes the difference between the desired and actual outputs and converts them into
three terms: proportional, integral and differential. The proportional term is a simple multiplication of the difference.
The integral term is a summation of the current and previous inputs. And, the differential term is the difference
between the current and previous inputs. The proportional term drives the output toward a minimal difference
between desired and actual outputs. The integral term drives the output toward a zero difference between the desired
and actual output by integrating long term non-zero error terms. The differential term acts as a stabilizing factor,
which slows the approach to a zero error to prevent overshoot.

For an in-depth explanation of a PID system, refer to TB3136: PID Control on PIC16F161X by using a PID Peripheral
for a derivation of the discrete-time PID function. In this application note, it skips to the end and shows the final
function. See Figure 3-1.
Figure 3-1. PID System Function

Each (Z-1) is a single sample time delay, i.e., the value is from the previous calculation. This, combined with the
accumulate function on the output, provides the proportional, integral and differential terms for the PID.
Note:  The Kp, Ki and Kd terms don’t translate directly from the frequency domain. Instead, the following are the
constants for the time domain version of the PID function. The term “T” is the sampling period of the discrete-time
system. For this design, T = 100 ms, the sample time for the tachometer frequency counter circuit.�1 = ��+ ��� + ����2 = ��− 2����3 = ���
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4. Tuning the PID
To tune a PID system, there are two basic approaches; manual tuning and simulation. While simulation has a definite
appeal, creating sufficiently accurate simulations is not a trivial task and well beyond the scope of this application
note. Therefore, a manual tuning procedure is the only procedure that will be presented here.

There are several strategies for manual tuning of PID controllers. The following is a simple technique that usually
produces reasonably stable results.

• Connect a scope to the PWM output
• Start with Kp, Ki and Kd at zero
• Increase Kp until the system oscillates. This will appear as two overlapped pulses
• Increase Kd until the oscillations stop
• Increase Ki until the fan speed is within an acceptable tolerance desired
• Switch the setpoint between the minimum and maximum speeds, at 30-40 second intervals
• If the speed overshoots or undershoots, increase Kd until the system is critically damped
• Increase Kp until the acquisition time is acceptable
• If oscillation occurs, increase Kd until the oscillations stop
• If necessary, tune Ki until the fan speed is back within the acceptable tolerance
• Repeat 6-10 until response time, stability and speed tolerance are acceptable

Note:  Different fans, ducting and power supply voltages will affect PID tuning. To determine the production values
for Kp, Ki and Kd, tune multiple systems (different fans, power supplies, ducting) to establish a range for each of the
constants and then chose values that will remain within the specification over the range of systems.

To tune the project, three 10k potentiometers were added to the design and connected to RC2, RC3 and RC4.
Originally, they drove the Kp, Ki and Kd constants of the PID. After tuning, it was discovered that the Kd constant is not
needed and, therefore, has no effect on the stability of the system. At that point, RC2 was redefined at the target
speed. The lack of effect from the Kd constant is likely due to the uni-directional drive of the PWM, which can
increase the speed. However, slowing is due to inertia and the load on the fan, so the derivative term does not have a
means of actively slowing the speed of the fan. Subsequent discussions with a co-worker with experience in fan
design indicated that the manufacturers of digitally controlled fans do not use the derivative term either.
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5. Conclusion
In this application note, a simple low-cost PID fan speed control subsystem was demonstrated. Using a PWM and
gated timer peripherals, plus a simple software PID feedback speed control, the design easily fits within most PIC®

microcontrollers with the necessary peripherals. Furthermore, the subsystem is sufficiently self-contained and can be
combined with CPU supervisory, RTCC or serial EEPROM functions within a common microcontroller, making a true
system supervisor on a chip.
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The Microchip Website
Microchip provides online support via our website at www.microchip.com/. This website is used to make files and
information easily available to customers. Some of the content available includes:

• Product Support – Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

• General Technical Support – Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service
Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.

Customer Support
Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Embedded Solutions Engineer (ESE)
• Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
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.

Legal Notice
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
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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 unless
otherwise stated.

Trademarks
The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlox,
KeeLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TempTrackr, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip Technology
Incorporated in the U.S.A. and other countries.

APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, FlashTec, Hyper Speed Control,
HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC, ProASIC Plus,
ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider,
Vite, WinPath, and ZL are registered trademarks of Microchip Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BlueSky, BodyCom,
CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM,
dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial Programming, ICSP,
INICnet, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, memBrain, Mindi, MiWi, MPASM, MPF,
MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, SAM-ICE, Serial Quad
I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total Endurance, TSHARC, USBCheck, VariSense,
ViewSpan, WiperLock, Wireless DNA, 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.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered trademarks of
Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of Microchip
Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2020, Microchip Technology Incorporated, Printed in the U.S.A., All Rights Reserved.
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Quality Management System
For information regarding Microchip’s Quality Management Systems, please visit www.microchip.com/quality.
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