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Linear Voltage Fan Speed Control Using Microchip's 

TC64X Family
INTRODUCTION
Pulse Width Modulation (PWM) fan speed control
methodology pulse-width modulates a fan’s full-rated
power supply voltage at a low frequency, typically
30 Hz. A typical PWM circuit, consisting of a transistor
in series with a fan, can be small and inexpensive
because it is either fully on or completely off. This effi-
cient control methodology affords a very wide speed-
control range (typically 10% to 100% of full speed)
because the fan motor is exposed to its full-rated
voltage during the active portion of the PWM cycle.
PWM control works with standard, two-wire Brushless
DC (BDC) fans of various sizes. However, very large
fans (with operating currents of 0.5A or more) can
sometimes produce an unwanted acoustic noise com-
ponent when operated with PWM control. In most
cases, this is remedied by slowing the edges of the out-
put switching transistor with the addition of a small
capacitor. In the most severe cases, this may not be
sufficient, which forces the user to consider linear
voltage speed control.

Linear voltage speed control operates by continuously
varying the DC supply across the fan. The lower the
voltage, the slower the fan operates. While this meth-
odology eliminates the acoustic noise issue described
earlier, it creates other problems. For example, the out-
put device must be operated as a linear amplifier
(instead of a switch), so its size and cost must be
increased and may require heatsink mounting. Also,
most fans cannot be operated at less than half the full-
rated supply voltage, thereby limiting the fan speed
control range to only 50% to 100% of maximum. With
the inherent limitations of linear voltage speed control
in mind, this application note describes a low-cost tech-
nique for operating the TC642/646/648 PWM Fan
Managers in linear voltage speed control mode.
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FIGURE 1: Linear Voltage Speed Control Circuit.
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AN770

MICROCHIP'S TC64X FAN 
MANAGERS
The TC642/646/648 Fan Managers are stand-alone,
PWM output fan speed controllers/monitors that oper-
ate with any standard two-wire BDC fan. They control
fan speed using a low frequency PWM, modulated by
a 1.25V to 2.65V typical input signal. This is usually
provided by a thermistor or other low-cost temperature
sensor. The TC642 and TC646 have built-in fan fault
detection circuits that monitor the fan current waveform
for commutation pulses. On-board circuitry compares
the presence (or absence) of these pulses to the fan’s
operating state to determine if a fault condition is
present. For more information, please consult the
TC642 (DS21444), TC646 (DS21446) and TC648
(DS21448) datasheets.

LINEAR VOLTAGE SPEED CONTROL 
CIRCUIT
Figure 1 shows the circuit implementation for a linear
voltage speed control/fan fault detector using the
TC646 fan manager with auto-shutdown. All the fea-
tures of the TC646 (including fan fault detection)
remain intact. Compared to the TC646 circuit recom-
mended in the datasheet, the circuit of Figure 1 adds a
low-cost, single-supply Operational Amplifier (Op Amp)
(such as an LM358), gain-setting resistors R4 and R5
and a PWM averaging circuit consisting of R3 and C2.
As is the case with all linear voltage fan speed control
schemes, series-pass transistor Q1 must have suffi-
cient power and current-handling capability to support
the fan of choice. Depending on the voltage and current
of this fan, Q1 may require a heatsink. The remaining
circuitry components (i.e., values of R1, R2, R6, and C3)
are consistent with the recommended circuit configura-
tion in the TC646 datasheet (DS21446).
The PWM output waveform from the TC646 is aver-
aged by R3 and C2. The averaged PWM signal is
applied to a simple, non-inverting voltage amplifier con-
sisting of Op Amp U2 and resistors R4 and R5. Transis-
tor Q1, biased by the feedback loop around U2,
provides the output current necessary to drive the fan.
As shown in Figure 2, the PWM signal (trace 1) is aver-
aged (trace 2), resulting in the DC drive level applied to
the fan (trace 3). Notice the PWM duty cycle in Figure 2
is 50.2%, resulting in a fan drive voltage of 6.1V (fan
running at approximately half-speed). Figure 3 shows
the effects of increasing PWM duty cycle to approxi-
mately 75%, causing a corresponding increase of the
fan drive voltage to 8.7V.

The circuit configuration and values shown in Figure 1
will support 12V fans to a maximum operating current
of 2A, (with the Q1 mounted on the appropriate heat-
sink). Higher voltage and/or higher current fans can be
supported using the appropriate operational amplifier/
transistor combination.

FIGURE 2: Waveform at 50% Duty
Cycle.

FIGURE 3: Waveform at 75% Duty
Cycle.

SUMMARY
The TC64X family of BDC Fan Managers can be oper-
ated in a linear voltage speed control mode with the
addition of a few inexpensive components. In some
cases, this speed control methodology is recom-
mended for large fans and limits acoustic noise that
would otherwise result from PWM speed control.
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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 intended through suggestion only
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications. No
representation or warranty is given and no liability is assumed
by Microchip Technology Incorporated with respect to the
accuracy or use of such information, or infringement of patents
or other intellectual property rights arising from such use or
otherwise. Use of Microchip’s products as critical components in
life support systems is not authorized except with express
written approval by Microchip. No licenses are conveyed,
implicitly or otherwise, under any intellectual property rights.
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