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TC664/TC665

Features

• Temperature Proportional Fan Speed for Reduced 

Acoustic Noise and Longer Fan Life

• FanSense™ Protects against Fan Failure and 

Eliminates the Need for 3-wire Fans

• Over Temperature Detection (TC665)

• Efficient PWM Fan Drive

• Provides RPM Data

• 2-Wire SMBus™-Compatible Interface

• Supports Any Fan Voltage

• Software Controlled Shutdown Mode for "Green" 

Systems

• Supports Low Cost NTC/PTC Thermistors

• Space Saving 10-Pin MSOP Package

• Temperature Range: -40°C to +85ºC

Applications

• Personal Computers & Servers

• LCD Projectors

• Datacom & Telecom Equipment

• Fan Trays

• File Servers

• Workstations

• General Purpose Fan Speed Control

Package Type

Description

The TC664/TC665 devices are PWM mode fan speed

controllers with FanSense technology for use with

brushless DC fans. These devices implement temper-

ature proportional fan speed control which lowers

acoustic fan noise and increases fan life. The voltage

at VIN (Pin 1) represents temperature and is typically

provided by an external thermistor or voltage output

temperature sensor. The PWM output (VOUT) is

adjusted between 30% and 100%, based on the volt-

age at VIN. The PWM duty cycle can also be pro-

grammed via SMBus to allow fan speed control without

the need for an external thermistor. If VIN is not con-

nected, the TC664/TC665 will start driving the fan at a

default duty cycle of 39.33%. See Section 4.3, "Fan

Startup",  for more details).

In normal fan operation, a pulse train is present at the

SENSE pin (Pin 8). The TC664/TC665 use these

pulses to calculate the fan revolutions per minute

(RPM). The fan RPM data is used to detect a worn out,

stalled, open or unconnected fan. An RPM level below

the user-programmable threshold causes the TC664/

TC665 to assert a logic low alert signal (FAULT). The

default threshold value is 500 RPM. Also, if this condi-

tion occurs, FF (bit 0<0>) in the Status Register will also

be set to a ‘1’.

An over-temperature condition is indicated when the

voltage at VIN exceeds 2.6 V (typical). The TC664/

TC665 devices indicate this by setting OTF(bit 5<X>) in

the Status Register to a '1'. The TC665 device also

pulls the FAULT line low during an over-temperature

condition. 

The TC664/TC665 devices are available in a 10-Pin

MSOP package and consume 150 µA during opera-

tion. The devices can also enter a low-power shutdown

mode (5 µA, typ.) by setting the appropriate bit in the

Configuration Register. The operating temperature

range for these devices is -40°C to +85ºC.

10-Pin MSOP
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SMBus™ PWM Fan Speed Controllers With
Fan Fault Detection
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Functional Block Diagram
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1.0 ELECTRICAL 
CHARACTERISTICS

Absolute Maximum Ratings *

VDD..................................................................................6.5 V

Input Voltages .................................... -0.3 V to (VDD + 0.3 V)

Output Voltages .................................. -0.3 V to (VDD + 0.3 V) 

Storage temperature .....................................-65°C to +150°C

Ambient temp. with power applied ................-40°C to +125°C

Maximum Junction Temperature, TJ ............................. 150°C

ESD protection on all pins 4 kV

*Notice: Stresses above those listed under “Maximum rat-

ings” may cause permanent damage to the device. This is a

stress rating only and functional operation of the device at

those or any other conditions above those indicated in the

operational listings of this specification is not implied. Expo-

sure to maximum rating conditions for extended periods may

affect device reliability.

PIN FUNCTION TABLE

ELECTRICAL SPECIFICATIONS

Name Function

VIN Analog Input

CF Analog Output

SCLK Serial Clock Input

SDA Serial Data In/Out (Open Drain)

GND Ground

FAULT Digital (Open Drain) Output

NC No Connection

SENSE Analog Input

VOUT Digital Output

VDD Power Supply Input

Electrical Characteristics: Unless otherwise noted, all limits are specified for VDD = 3.0 V to 5.5 V, -40°C <TA < +85°C.

Parameters Sym Min Typ Max Units Conditions

Supply Voltage VDD 3.0 — 5.5 V

Operating Supply Current IDD — 150 300 µA Pins 8, 9 Open

Shutdown Mode Supply Current IDDSHDN — 5 10 µA Pins 8, 9 Open

VOUT PWM Output

VOUT Rise Time tR — — 50 µsec IOH = 5 mA, Note 1

VOUT Fall Time tF — — 50 µsec IOL = 1 mA, Note 1

Sink Current at VOUT Output IOL 1.0 — — mA VOL = 10% of VDD

Source Current at VOUT Output IOH 5.0 — — mA VOH = 80% of VDD

PWM Frequency F 26 30 34 Hz CF = 1 µF

VIN Input

VIN Input Voltage for 100% PWM duty-cycle VC(MAX) 2.45 2.6 2.75 V

VC(MAX) - VC(MIN) VCRANGE 1.25 1.4 1.55 V

VIN Input Resistance — 10M —  VDD = 5.0 V

VIN Input Leakage Current IIN -1.0 — +1.0 µA

SENSE Input

SENSE Input Threshold Voltage with 

Respect to GND

VTHSENSE 80 100 120 mV

FAULT Output

FAULT Output LOW Voltage VOL — — 0.3 V IOL = 2.5 mA

FAULT Output Response Time tFAULT — 2.4 — sec

Fan RPM-to-Digital Output

Fan RPM ERROR -15 — +15 % RPM > 1600

2-Wire Serial Bus Interface

Logic Input High VIH 2.1 — — V Note 2

Logic Input Low VIL — — 0.8 V

Logic Output Low VOL — — 0.4 V IOL = 3 mA

Input Capacitance SDA, SCLK CIN — 10 15 pF Note 1

I/O Leakage Current ILEAK -1.0 — +1.0 µA

SDA Output Low Current IOLSDA 6 — — mA VOL = 0.6 V

Note 1: Not production tested, ensured by design, tested during characterization.

2: For 5.0 V < VDD  5.5 V, the limit for VIH = 2.2 V.
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TEMPERATURE SPECIFICATIONS

TIMING SPECIFICATIONS

Electrical Characteristics: Unless otherwise noted, all parameters apply at VDD = 3.0 V to 5.5 V

Parameters Symbol Min Typ Max Units Conditions

Temperature Ranges:

Specified Temperature Range TA -40 — +85 °C

Operating Temperature Range TA -40 — +125 °C

Storage Temperature Range TA -65 — +150 °C

Thermal Package Resistances:

Thermal Resistance, 10 Pin MSOP JA — 113 — °C/W

Electrical Characteristics: Unless otherwise noted, all limits are specified for VDD = 3.0 V to 5.5 V,

-40°C <TA < +85°C

Parameters Sym Min Typ Max Units Conditions

SMBus Interface (See Figure 1-1)

Serial Port Frequency fSC 0 — 100 kHz Note 1

Low Clock Period tLOW 4.7 — — µsec Note 1

High Clock Period tHIGH 4.7 — — µsec Note 1

SCLK and SDA Rise Time tR — — 1000 nsec Note 1

SCLK and SDA Fall Time tF — — 300 nsec Note 1

Start Condition Setup Time tSU(START) 4.7 — — µsec Note 1

SCLK Clock Period Time tSC 10 — — µsec Note 1

Start Condition Hold Time tH(START) 4.0 — — µsec Note 1

Data in SetupTime to SCLK 

High

tSU-DATA 250 — — nsec Note 1

Data in Hold Time after SCLK 

Low

tH-DATA 300 — — nsec Note 1

Stop Condition Setup Time tSU(STOP) 4.0 — — µsec Note 1

Bus Free Time Prior to New 

Transition

tIDLE 4.7 — µsec Note 1 and Note 2

Note 1: Not production tested, ensured by design, tested during characterization.

2: Time the bus must be free before a new transmission can start.
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FIGURE 1-1: Bus Timing Data.

tSU(START) tH(START) tSU-DATA tSU(STOP)tIDLE

A = Start Condition 
B = MSB of Address Clocked into Slave 
C = LSB of Address Clocked into Slave 
D = R/W Bit Clocked into Slave 
E = Slave Pulls SDA Line Low

A B C D E F G H I J K L M

F = Acknowledge Bit Clocked into Master 
G = MSB of Data Clocked into Slave 
H = LSB of Data Clocked into Slave 
I = Slave Pulls SDA Line Low

J = Acknowledge Clocked into Master 
K = Acknowledge Clock Pulse 
L = Stop Condition, Data Executed by Slave 
M = New Start Condition

tLOW tHIGH

SCLK

SDA

tH-DATA

SMBus Write Timing Diagram

tSU(START) tH(START) tSU-DATA tSU(STOP) tIDLE

A = Start Condition 

B = MSB of Address Clocked into Slave 

C = LSB of Address Clocked into Slave 

D = R/W Bit Clocked into Slave 

A B C D E F G H I J K

E = Slave Pulls SDA Line Low 

F = Acknowledge Bit Clocked into Master 

G = MSB of Data Clocked into Master 

H = LSB of Data Clocked into Master 

tLOW tHIGH

I = Acknowledge Clock Pulse 

J = Stop Condition 

K = New Start Condition

SCLK

SDA

SMBus Read Timing Diagram

E
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2.0 TYPICAL PERFORMANCE CURVES

FIGURE 2-1: IDD vs. Temperature.

FIGURE 2-2: IDD Shutdown vs. 

Temperature.

FIGURE 2-3: PWM, Source Current vs. 

Temperature.

FIGURE 2-4: PWM, Sink Current vs. 

Temperature.

FIGURE 2-5: Fault VOL vs. Temperature.

FIGURE 2-6: PWM Frequency vs. 

Temperature.

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of

samples and are provided for informational purposes only. The performance characteristics listed herein

are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified

operating range (e.g., outside specified power supply range) and therefore outside the warranted range.
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FIGURE 2-7: SDA IOL vs. Temperature.

FIGURE 2-8: VCMAX vs. Temperature.

FIGURE 2-9: VCMIN vs. Temperature.

FIGURE 2-10: RPM %error vs. 

Temperature.

FIGURE 2-11: Sense Threshold 

(VTHSENSE) Hysteresis vs. Temperature.

FIGURE 2-12: SDA, SCLK Hysteresis vs. 

Temperature.
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3.0 PIN FUNCTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

3.1 Analog Input (VIN)

A voltage range of 1.62 V to 2.6 V (typical) on this pin

drives an active duty-cycle of 30% to 100% on the

VOUT pin.

3.2 Analog Output (CF)

Positive terminal for the PWM ramp generator timing

capacitor. The recommended CF is 1 µF for 30 Hz

PWM operation.

3.3 SMBus Serial Clock Input (SCLK)

Clocks data into and out of the TC664/TC665.  See

Section 5.0 for more information on the serial interface.

3.4 Serial Data (Bi-directional) (SDA)

Serial data is transferred on the SMBus in both direc-

tions using this pin.  See Section 5.0 for more informa-

tion on the serial interface.

3.5 Digital (Open Drain) Output 
(FAULT)

When the fan’s RPM falls below the user-set RPM

threshold (or OTF occurs with TC665), a logic low

signal is asserted.

3.6 Analog Input (SENSE)

Fan current pulses are detected at this pin. These

pulses are counted and used in the calculation of the

fan RPM.

3.7 Digital Output (VOUT)

This active high complimentary output drives the base

of an external transistor or the gate of a MOSFET.

3.8 Power Supply Input (VDD)

The VDD pin with respect to GND provides power to the

device. This bias supply voltage may be independent of

the fan power supply.

Name Function

VIN Analog Input

CF Analog Output

SCLK Serial Clock Input

SDA Serial Data In/Out (Open Drain)

GND Ground

FAULT Digital (Open Drain) Output

NC No Connection

SENSE Analog Input

VOUT Digital Output

VDD Power Supply Input
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4.0 DEVICE OPERATION

The TC664/TC665 devices allow you to control, moni-

tor and communicate (via SMBus) fan speed for 2-wire

and 3-wire DC brushless fans. By pulse width modulat-

ing (PWM) the voltage across the fan, the TC664/

TC665 controls fan speed according to the system tem-

perature.The goal of temperature proportional fan

speed control is to reduce fan power consumption,

increase fan life and reduce system acoustic noise.

With the TC664/TC665 devices, fan speed can be con-

trolled by the analog input VIN or the SMBus interface,

allowing for high system flexibility.

The TC664/TC665 devices also measure and monitor

fan revolutions per minute (RPM). A fan’s speed (RPM)

is a measure of its health. As a fan’s bearings wear out,

the fan slows down and eventually stops (locked rotor).

By monitoring the fan’s RPM level, the TC664/TC665

devices can detect open, shorted, unconnected and

locked rotor fan conditions. The fan speed threshold

can be set to provide a predictive fan failure feature.

This feature can be used to give a system warning and,

in many cases, help to avoid a system thermal shut-

down condition. The fan RPM data and threshold reg-

isters are available over the SMBus interface which

allows for complete system control.

The TC664/TC665 devices are identical in every

aspect except for how they indicate an over-tempera-

ture condition.  When VIN voltage exceeds 2.6 V (typi-

cal), both devices will set OTF (bit 5<X>) in the Status

Register to a '1'.  The TC665 will additionally pull the

FAULT output low during an over-temperature

condition.

FIGURE 4-1: Typical Application Circuit.
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4.1 Fan Speed Control Methods

The speed of a DC brushless fan is proportional to the

voltage across it. For example, if a fan’s rating is

5000 RPM at 12 V, it’s speed would be 2500 RPM at

6 V. This, of course, will not be exact, but should be

close.

There are two main methods for fan speed control. The

first is pulse width modulation (PWM) and the second

is linear. Using either method the total system power

requirement to run the fan is equal. The difference

between the two methods is where the power is con-

sumed. 

The following example compares the two methods for

a 12 V, 120 mA fan running at 50% speed. With 6 V

applied across the fan, the fan draws an average cur-

rent of 68 mA. Using a linear control method, there is

6V across the fan and 6V across the drive element.

With 6 V and 68 mA, the drive element is dissipating

410 mW of power. Using the PWM approach, the fan is

modulated at a 50% duty cycle, with most of the 12 V

being dropped across the fan. With 50% duty cycle, the

fan draws an RMS current of 110 mA and an average

current of 72 mA. Using a MOSFET with a 1  RDS(on)

(a fairly typical value for this low current) the power dis-

sipation in the drive element would be: 12 mW (Irms2 *

RDS(on)). Using a standard 2N2222A NPN transistor

(assuming a Vce-sat of 0.8 V), the power dissipation

would be 58 mW (Iavg* Vce-sat).

The PWM approach to fan speed control causes much

less power dissipation in the drive element. This allows

smaller devices to be used and will not require any spe-

cial heatsinking to get rid of the power being dissipated

in the package.

The other advantage to the PWM approach is that the

voltage being applied to the fan is always near 12 V.

This eliminates any concern about not supplying a high

enough voltage to run the internal fan components

which is very relevant in linear fan speed control.

4.2 PWM Fan Speed Control

The TC664/TC665 devices implement PWM fan speed

control by varying the duty cycle of a fixed frequency

pulse train. The duty cycle of a waveform is the on time

divided by the total period of the pulse. For example,

given a 100 Hz waveform (10 msec.) with an on time of

5.0 msec., the duty cycle of this waveform is 50%

(5.0 msec./10.0 msec.). An example of this is shown in

Figure 4-2.

FIGURE 4-2: Duty Cycle Of A PWM 

Waveform.

The TC664/TC665 devices generate a pulse train with

a typical frequency of 30 Hz (CF = 1 µF). The duty cycle

can be varied from 30% to 100%. The pulse train gen-

erated by the TC664/TC665 devices drives the gate of

an external N-channel MOSFET or the base of an NPN

transistor (Figure 4-3). See Section 7.5 for more infor-

mation on output drive device selection.

FIGURE 4-3: PWM Fan Drive.

By modulating the voltage applied to the gate of the

MOSFET Qdrive, the voltage applied to the fan is also

modulated. When the VOUT pulse is high, the gate of

the MOSFET is turned on, pulling the voltage at the

drain of Qdrive to zero volts. This places the full 12 V

across the fan for the Ton period of the pulse. When the

duty cycle of the drive pulse is 100% (full on, Ton = T),

the fan will run at full speed. As the duty cycle is

decreased (pulse on time “Ton” is lowered), the fan will

slow down proportionally. With the TC664/TC665

devices, the duty cycle can be controlled through the

analog input pin (VIN), or through the SMBus interface,

by using the Duty-Cycle Register. See Section 4.5 for

more details on duty cycle control.

T

Ton Toff

T = Period

T = 1/F

F = Frequency

D = Duty Cycle

D = Ton / T

FAN

12 V

Qdrive
TC664
TC665

VDD

GND

VOUT G

D
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4.3 Fan Startup

Often overlooked in fan speed control is the actual

startup control period. When starting a fan from a non-

operating condition (fan speed is zero RPM), the

desired PWM duty cycle or average fan voltage can not

be applied immediately. Since the fan is at a rest posi-

tion, the fan’s inertia must be overcome to get it started.

The best way to accomplish this is to apply the full rated

voltage to the fan for one second. This will ensure that

in all operating environments, the fan will start and

operate properly.

The TC664/TC665 devices implement this fan control

feature without any user programming. During a power

up or release from shutdown condition, the TC664/

TC665 devices force the VOUT output to a 100% duty

cycle, turning the fan full on for one second (CF =

1.0 µF). Once the one second period is over, the

TC664/TC665 devices will look to see if SMBus or VIN

control has been selected in the Configuration Register

(DUTYC bit 5<0>). Based on this register, the device

will choose which input will control the VOUT duty cycle.

Duty cycle control based on VIN is the default state. If

VIN control is selected and the VIN pin is open (nothing

is connected to the VIN pin), then the TC664/TC665 will

default to a duty cycle of 39.33%. This sequence is

shown in Figure 4-4. This integrated one second

startup feature will ensure the fan starts up every time.

FIGURE 4-4: Power-up Flow Chart.

4.4 PWM Drive Frequency (CF)

As previously discussed, the TC664/TC665 devices

operate with a fixed PWM frequency. The frequency of

the PWM drive output (VOUT) is set by a capacitor at the

CF pin. With a 1 µF capacitor at the CF pin, the typical

drive frequency is 30 Hz. This frequency can be raised,

by decreasing the capacitor value, or lowered, by

increasing the capacitor value. The relationship

between the capacitor value and the PWM frequency is

linear. If a frequency of 15 Hz is desired, a capacitor

value of 2.0 µF should be used. The frequency should

be kept in the range of 15 Hz to 35 Hz. See Section 7.2

for more details.

4.5 Duty Cycle Control (VIN and Duty-
Cycle Register)

The duty cycle of the VOUT PWM drive signal can be

controlled by either the VIN analog input pin or by the

Duty-Cycle Register, which is accessible via the

SMBus interface. The control method is selectable via

DUTYC (bit 5<0>) of the Configuration Register. The

default state is for VIN control. If VIN control is selected

and the VIN pin is open, the PWM duty cycle will default

to 39.33%. The duty cycle control method can be

changed at any time via the SMBus interface.

VIN is an analog input pin. A voltage in the range of

1.62 V to 2.6 V (typical) at this pin commands a 30% to

100% duty cycle on the VOUT output, respectively. If the

voltage at VIN falls below the 1.62 V level, the duty

cycle will not go below 30%. The relationship between

the voltage at VIN and the PWM duty cycle is shown in

Figure 4-5.

FIGURE 4-5: PWM Duty Cycle vs. Input 

Voltage, VIN (Typical).

For the TC665 device, if the voltage at VIN exceeds the

2.6 V (typical) level, an over temperature fault indica-

tion will be given by asserting a low at the FAULT output

and setting OTF (bit 5<X>) in the Status Register to a

‘1’. 

A thermistor network or any other voltage output ther-

mal sensor can be used to provide the voltage to the

VIN input. The voltage supplied to the VIN pin can actu-

ally be thought of as a temperature. For example, the

circuit shown in Figure 4-6 represents a typical solution

for a thermistor based temperature sensing network.

See Section 7.3 for more details.
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FIGURE 4-6: NTC Thermistor Sensor 

Network.

The second method for controlling the duty cycle of the

PWM output (VOUT) is via the SMBus interface. In order

to control the PWM duty cycle via the SMBus, DUTYC

(bit 5<0>) of the Configuration Register (Register 6.3)

must be set to a ‘1’. This tells the TC664/TC665 device

that the duty cycle should be controlled by the Duty

Cycle Register. Next, the Duty Cycle Register must be

programmed to the desired value. The Duty Cycle Reg-

ister is a 4 Bit read/write register that allows duty cycles

from 30% to 100% to be programmed. Table 4-1 shows

the binary codes for each possible duty cycle.

TABLE 4-1: DUTY-CYCLE REGISTER 

(DUTY-CYCLE) 4-BITS,

READ/WRITE

This method of control allows for more sophisticated

algorithms to be implemented by utilizing microcon-

trollers or microprocessors in the system. In this way,

multiple system temperatures can be taken into

account for determining the necessary fan speed.

As shown in Table 4-1, the duty cycle has more of a

step function look than did the VIN control approach.

Because the step changes in duty cycle are small, they

are rarely audibly noticeable, especially when the fans

are integrated into the system.

4.6 PWM Output (VOUT)

The VOUT pin is designed to drive a low cost NPN tran-

sistor or N-channel MOSFET as the low side switching

element in the system, as is shown in Figure 4-7. The

switching element is used to turn the fan on and off at

the PWM duty cycle commanded by the VOUT output

This output has complementary drive (pull up and pull

down) and is optimized for driving NPN transistors or

N-channel MOSFETs (see typical characteristic curves

for sink and source current capability of the VOUT drive

stage).

The external device needs to be chosen to fit the volt-

age and current rating of the fan in a particular applica-

tion (Refer to Section 7.5 Output Drive Device

Selection). NPN transistors are often a good choice for

low current fans. If a NPN transistor is chosen, a base

current limiting resistor should be used. When using a

MOSFET as the switching element, it is sometimes a

good idea to have a gate resistor to help slow down the

turn on and turn off of the MOSFET. As with any switch-

ing waveform, fast rising and falling edges can

sometimes lead to noise problems.

As previously stated, the VOUT output will go to 100%

duty cycle during power up and release from shutdown

conditions. The VOUT output only shuts down when

commanded to do so via the Configuration Register

(SDM (bit 0<0>)). Even when a locked rotor condition

is detected, the VOUT output will continue to pulse at

the programmed duty cycle.

4.7 Sensing Fan Operation (SENSE)

The TC664/TC665 devices also feature Microchip’s

proprietary FanSense technology. During normal fan

operation, commutation occurs as each pole of the fan

is energized. The fan current pulses created by the fan

commutation are sensed using a low value current

sense resistor in the ground return leg of the fan circuit.

The voltage pulses across the sense resistor are then

AC coupled through a capacitor to the SENSE pin of

the TC664/TC665 device. These pulses are utilized for

calculating the RPM of the fan. The threshold voltage

for the SENSE pin is 100 mV (typical). The peak of the

voltage pulse at the SENSE pin must exceed the

100 mV (typical) threshold in order for the pulse to be

counted in the fan RPM measurement.

Duty-Cycle Register (Duty Cycle)

D(3) D(2) D(1) D(0) Duty-Cycle

0 0 0 0 30%

0 0 0 1 34.67%

0 0 1 0 39.33% (default for VIN 

open and when SMBus 

is not selected)

0 0 1 1 44%

0 1 0 0 48.67%

0 1 0 1 53.33%

0 1 1 0 58%

0 1 1 1 62.67%

1 0 0 0 67.33%

1 0 0 1 72%

1 0 1 0 76.67%

1 0 1 1 81.33%

1 1 0 0 86%

1 1 0 1 90.67%

1 1 1 0 95.33%

1 1 1 1 100%

VIN

+5 V

NTC ThermistorR1

R2

C1
0.01 µF

100 k @ 25°C

TC664
TC665

GND

34.8 k

14.7 k
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See Section 7.4 for more details on selecting the

appropriate current sense resistor and coupling

capacitor values.

FIGURE 4-7: Fan Current Sensing.

By selecting FPPR (bits 2-1<01>) in the Configuration

Register, the TC664/TC665 devices can be pro-

grammed to calculate RPM data for fans with 1, 2, 4 or

8 current pulses per rotation. The default state

assumes a fan with 2 pulses per rotation.

The measured RPM data is then stored in the RPM-

OUTPUT (RPM) Register. This register is a 9-Bit read

only register which stores RPM data with 25 RPM res-

olution. By setting RES (bit 6<0>) of the Configuration

Register to a ‘1’, the RPM data can be read with

25 RPM resolution. If this bit is left in the default state

of '0', the RPM data will only be readable with resolu-

tion of 50 RPMs, which represents 8-bit data.

The maximum fan RPM reading is 12775 RPM. If this

value is exceeded, a counter overflow bit in the Status

Register is set. RCO (bit 3<0>) in the Status Register

represents the RPM counter overflow bit for the RPM-

OUTPUT Register. This bit will automatically be reset

to zero if the fan RPM reading has been below the max-

imum value of 12775 RPM for 2.4 seconds.

See Table 6-1 for RPM and Status Register command

byte assignments.

4.8 Fan Fault Threshold and 
Indication (FAULT)

For the TC664/TC665 devices, a fault condition exists

whenever a fan’s sensed RPM level falls below the

user programmable threshold. The RPM threshold

value for fan fault detection is set in the FAN_FAULT

Register (8-bit, read/write).

The RPM threshold represents the fan speed at which

the TC664/TC665 devices will indicate a fan fault. This

threshold can be set at lower levels to indicate fan

locked rotor conditions, or set to higher levels to give

indications for predictive fan failure. It is recommended

that the RPM threshold be at least 10% lower than the

minimum fan speed which occurs at the lowest duty

cycle set point. The default value for the fan RPM

threshold is 500 RPM. If the fan's sensed RPM is less

than the fan fault threshold for 2.4 seconds (typical), a

fan fault condition is indicated.

When a fault condition, due to low fan RPM, occurs, a

logic low is asserted at the FAULT output and the FF

(bit 0<0>) in the Status Register is set to '1'. The FAULT

output and the fault bit in the Status Register can be

reset by setting FFCLR (bit 7<0>) in the Configuration

Register to a '1'.

For the TC665 device, a fault condition is also indicated

when an Over Temperature Fault condition occurs.

This condition occurs when the VOUT duty cycle

exceeds the 100% value, indicating that no additional

cooling capability is available. For this condition, a logic

low is asserted at the FAULT output and OTF (bit 5<X>)

of the Status Register, the over temperature fault indi-

cator, is set to a ‘1’ (The TC664 also indicates an over

temperature condition via the OTF bit in the status reg-

ister). If the duty cycle then decreases below 100%, the

FAULT output will be released and OTF (bit 5<X>) of

the Status Register will be reset to ‘0’.

4.9 Low Power Shutdown Mode

Some applications may have operating conditions

where fan cooling is not required as a result of low

ambient temperature or light system load. During these

times it may be desirable to shut the fans down to save

power and reduce system noise.

The TC664/TC665 devices can be put into a low power

shutdown mode by setting SDM (bit 0<0>) in the Con-

figuration Register to a ‘1’ (this bit is the shutdown bit).

When the TC664/TC665 devices are in shutdown

mode, all functions except for the SMBus interface are

suspended. During this mode of operation, the TC664

and TC665 devices will draw a typical supply current of

only 5 µA. Normal operation will resume as soon as Bit

0 in the Configuration Register is reset to ‘0’.

When the TC664/TC665 devices are brought out of a

shutdown mode by resetting SDM (bit 0<0>) in the

Configuration Register, all of the registers, except for

the Configuration and FAN_FAULT Registers assume

SENSE

VOUT

FAN

RISO

RSENSE

CSENSE

TC664

TC665

GND
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their default power up states. The Configuration Regis-

ter and the FAN_FAULT Register maintain the states

they were in prior to the device being put into the shut-

down mode. Since these are the registers which control

the parts operation, the part does not have to be repro-

grammed for operation when it comes out of shutdown

mode.

4.10 SMBus Interface (SCLK & SDA)

The TC664/TC665 feature an industry standard, 2-wire

serial interface with factory-set addresses. By commu-

nicating with the TC664/TC665 device's registers,

functions like PWM duty cycle, low power shutdown

mode and fan RPM threshold can be controlled. Critical

information, such as fan fault, over temperature and fan

RPM, can also be obtained via the device data regis-

ters. The available data and control registers make the

TC664/TC665 devices very flexible and easy to use. All

of the available registers are detailed in Section 6.0.

4.11 SMBus Slave Address

The slave address of the TC664/TC665 devices is

0011 011. This is a fixed address. This address is dif-

ferent from industry-standard digital temperature sen-

sors (like the TCN75) and, therefore, allows the TC664/

TC665 to be utilized in systems in conjunction with

these components. Please contact Microchip

Technology if alternate addresses are required.
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5.0 SERIAL COMMUNICATION

5.1 SMBus 2-Wire Interface

The Serial Clock Input (SCLK) and the bi-directional

data port (SDA) form a 2-wire bi-directional serial port

for communicating with the TC664/TC665. The follow-

ing bus protocols have been defined:

• Data transfer may be initiated only when the bus 

is not busy.

• During data transfer, the data line must remain 

stable whenever the clock line is HIGH. Changes 

in the data line while the clock line is HIGH will be 

interpreted as a START or STOP condition.

Accordingly, the following Serial Bus conventions have

been defined.

TABLE 5-1: TC664/TC665 SERIAL BUS 

CONVENTIONS

5.1.1 DATA TRANSFER

The TC664/TC665 support a bi-directional 2-Wire bus

and data transmission protocol. The serial protocol

sequencing is illustrated in Figure 1-1. Data transfers

are initiated by a start condition (START), followed by a

device address byte and one or more data bytes. The

device address byte includes a Read/Write selection

bit. Each access must be terminated by a Stop Condi-

tion (STOP). A convention call Acknowledge (ACK)

confirms the receipt of each byte. Note that SDA can

only change during periods when SCLK is LOW (SDA

changes while SCLK is HIGH are reserved for Start and

Stop conditions). All bytes are transferred MSB (most

significant bit) first.

5.1.2 MASTER/SLAVE

The device that sends data onto the bus is the transmit-

ter and the device receiving data is the receiver. The

bus is controlled by a master device which generates

the serial clock (SCLK), controls the bus access and

generates the START and STOP conditions. The

TC664/TC665 always work as a slave device. Both

master and slave devices can operate as either trans-

mitter or receiver, but the master device determines

which mode is activated. 

5.1.3 START CONDITION (START)

A HIGH to LOW transition of the SDA line while the

clock (SCLK) is HIGH determines a START condition.

All commands must be preceded by a START condi-

tion.

5.1.4 ADDRESS BYTE

Immediately following the Start Condition, the host

must transmit the address byte to the TC664/TC665.

The 7-bit SMBus address for the TC664/TC665 is

0011 011. The 7-bit address transmitted in the serial

bit stream must match for the TC664/TC665 to respond

with an Acknowledge (indicating the TC664/TC665 is

on the bus and ready to accept data). The eighth bit in

the Address Byte is a Read-Write Bit. This bit is a ‘1’ for

a read operation or ‘0’ for a write operation. During the

first phase of any transfer, this bit will be set = 0 to indi-

cate that the command byte is being written.

5.1.5 STOP CONDITION (STOP)

A LOW to HIGH transition of the SDA line while the

clock (SCLK) is HIGH determines a STOP condition.

All operations must be ended with a STOP condition.

5.1.6 DATA VALID 

The state of the data line represents valid data when,

after a START condition, the data line is stable for the

duration of the HIGH period of the clock signal.

Term Description

Transmitter The device sending data to the bus.

Receiver The device receiving data from the 

bus.

Master The device which controls the bus: ini-

tiating transfers (START), generating 

the clock and terminating transfers 

(STOP).

Slave The device addressed by the master.

Start A unique condition signaling the 

beginning of a transfer indicated by 

SDA falling (High to Low) while SCLK 

is high.

Stop A unique condition signaling the end 

of a transfer indicated by SDA rising 

(Low to High) while SCLK is high.

ACK A Receiver acknowledges the receipt 

of each byte with this unique condi-

tion. The Receiver pulls SDA low dur-

ing SCLK high of the ACK clock-pulse. 

The Master provides the clock pulse 

for the ACK cycle.

Busy Communication is not possible 

because the bus is in use.

NOT Busy When the bus is idle, both SDA and 

SCLK will remain high.

Data Valid The state of SDA must remain stable 

during the high period of SCLK in 

order for a data bit to be considered 

valid. SDA only changes state while 

SCLK is low during normal data trans-

fers. (See START and STOP condi-

tions)
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The data on the line must be changed during the LOW

period of the clock signal. There is one clock pulse per

bit of data. Each data transfer is initiated with a START

condition and terminated with a STOP condition. The

number of the data bytes transferred between the

START and STOP conditions is determined by the

master device and is unlimited.

5.1.7 ACKNOWLEDGE (ACK)

Each receiving device, when addressed, is obliged to

generate an acknowledge bit after the reception of

each byte. The master device must generate an extra

clock pulse, which is associated with this acknowledge

bit.

The device that acknowledges has to pull down the

SDA line during the acknowledge clock pulse in such a

way that the SDA line is stable LOW during the HIGH

period of the acknowledge related clock pulse. Setup

and hold times must be taken into account. During

reads, a master device must signal an end of data to

the slave by not generating an acknowledge bit on the

last byte that has been clocked out of the slave. In this

case, the slave (TC664/TC665) will leave the data line

HIGH to enable the master device to generate the

STOP condition.

5.2 SMBus Protocols

The TC664/TC665 devices communicate with three

standard SMBus protocols. These are the write byte,

read byte and receive byte. The receive byte is a short-

ened method for reading from or writing to a register

which had been selected by the previous read or write

command. These transmission protocols are shown in

Figures 5-1, 5-2 and 5-3.

FIGURE 5-1: SMBus Protocol: Write Byte Format.

FIGURE 5-2: SMBus Protocol: Read Byte Format.

FIGURE 5-3: SMBus Protocol: Receive Byte Format.

S ADDRESS WR ACK COMMAND ACK DATA ACK P

7 Bits 8 Bits 8 Bits

Slave Address Command Byte: selects 

which register you are

writing to.

Data Byte: data goes

into the register set

by the command byte.

S ADDRESS WR ACK COMMAND ACK

7 Bits 8 Bits

Slave Address Command Byte: selects 

which register you are

writing to.

S ADDRESS RD ACK DATA NACK P

7 Bits 8 Bits

Slave Address:

repeated due to change

in data flow direction.

Data Byte: reads from

the register set by the

command byte.

S ADDRESS RD ACK DATA NACK P

7 Bits 8 Bits

Slave Address Data Byte: reads data from

the register commanded by

the last Read Byte or Write

Byte transmission

S = Start Condition

P = Stop Condition

Shaded = Slave Transmission

ACK = Acknowledge = 0

NACK = Not Acknowledged = 1

WR = Write = 0

RD = Read = 1
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6.0 REGISTER SET

The TC664/TC665 devices contain 7 registers that pro-

vide a variety of data and functionality control to the

outside system. These registers are listed in Table 6-1.

Of key importance is the command byte information,

which is needed in the read and write protocols to

select the individual registers.

TABLE 6-1: COMMAND BYTE ASSIGNMENTS

6.1 RPM-OUTPUT Register (RPM)

As discussed in Section 4.7, fan current pulses are

detected at the SENSE input of the TC664/TC665

device. The current pulse information is used to calcu-

late the fan RPM. The fan RPM data is then written to

the RPM register. RPM is a 9-bit register that provides

the RPM information in 50 RPM (8-bit) or 25 RPM (9-

bit) increments. This is selected via RES (bit 6<0>) in

the Configuration Register, with ‘0’ = 50 RPM and

‘1’ = 25 RPM. The default state is zero (50 RPM). The

maximum fan RPM value that can be read is

12775 RPM. If this value is exceeded, RCO (bit 3<0>)

in the Status Register will be set to a '1' to indicate that

a counter overflow of the RPM Register has occurred.

Register 6-1 shows the RPM output register 9-bit for-

mat.

REGISTER 6-1: RPM OUTPUT REGISTER (RPM)

Register Command Read Write POR Default State Function

RPM 0000 0000 X — 0 0000 0000 RPM Output

FAN_FAULT 0000 0010 X X 0000 1010 Fan Fault Threshold

CONFIG 0000 0100 X X 0000 1010 Configuration

STATUS 0000 0101 X — 00X0 0X00 Status. See Section 6.4, Status Reg-

ister explanation of X

DUTY_CYCLE 0000 0110 X X 0000 0010 Fan Speed Duty Cycle

MFR_ID 0000 0111 X — 0101 0100 Manufacturer Identification

VER_ID 0000 1000 X — 0000 00XX Version Identification: 

(XX = ‘10’ TC664, XX = ‘11’ TC665)

D(8) D(7) D(6) D(5) D(4) D(3) D(2) D(1) D(0) RPM

0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 1 25

0 0 0 0 0 0 0 1 0 50

. . . . . . . . .

. . . . . . . . .

1 1 1 1 1 1 1 1 0 12750

1 1 1 1 1 1 1 1 1 12775
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6.2 FAN_FAULT Threshold Register 
(FAN_FAULT)

The FAN_FAULT Threshold Register is used to set the

fan fault threshold level for the fan. The Fan Fault

Threshold Register is an 8-bit read/writable register

that allows the fan fault RPM threshold to be set in 50

RPM increments. The default setting for the Fan Fault

Register is 500 RPM (0000 1010). The maximum set

point value is 12750 RPM. 

If the measured fan RPM (stored in the RPM Register)

drops below the value that is set in the Fan Fault Reg-

ister for more than 2.4 sec, FF (bit 0<0>) in the Status

Register will be set to a '1' and the FAULT output will be

pulled low.  See Register 6-2 for the Fan Fault

Threshold Register 8-bit format.

REGISTER 6-2: FAN FAULT THRESHOLD REGISTER (FAN_FAULT)

D(7) D(6) D(5) D(4) D(3) D(2) D(1) D(0) RPM

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 50

0 0 0 0 0 0 1 0 100

. . . . . . . .

. . . . . . . .

1 1 1 1 1 1 1 0 12700

1 1 1 1 1 1 1 1 12750
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6.3 CONFIGURATION REGISTER 
(CONFIG)

The Configuration Register is an 8-bit, read/writable,

multi-function control register. This register allows the

user to clear fan faults, select RPM resolution, select

VOUT duty cycle (fan speed) control method, select the

fan current pulses per rotation for the fan (for fan RPM

calculation) and put the TC664/TC665 device into a

shutdown mode to reduce power consumption. See

Register 6-3 below for the Configuration Register bit

descriptions.

REGISTER 6-3: CONFIGURATION REGISTER (CONFIG)

R/W-0 R/W-0 R/W-0 U-0 U-1 R/W-0 R/W-1 R/W-0

FFCLR RES DUTYC — — FPPR FPPR SDM

bit 7 bit 0

bit 7 FFCLR: Fan Fault Clear

1 = Clear Fan Fault, this will reset the Fan Fault bit in the Status Register and the FAULT out-

put.

0 = Normal Operation (default)

bit 6 RES: Resolution Selection for RPM Output Register

1 = RPM Output Register (RPM) will be set for 25 RPM (9-bit) resolution.

0 = RPM Output Register (RPM) will be set for 50 RPM (8-bit) resolution. (default)

bit 5 DUTYC: Duty-Cycle Control Method 

1 = The VOUT duty-cycle will be controlled via the SMBus interface. The value for the VOUT 

duty-cycle will be taken from the duty-cycle register (DUTY_CYCLE).

0 = The VOUT duty-cycle will be controlled via the VIN analog input pin. The VOUT duty-cycle 

value will be between 30% and 100% for VIN values between 1.62 V and 2.6 V typical. If 

the VIN pin is open when this mode is selected, the VOUT duty-cycle will default to 39.33%. 

(default)

bit 4 Unimplemented: Read as '0'

bit 3 Unimplemented: Read as '1'

bit 2-1 FPPR: Fan Pulses Per Rotation

The TC664/TC665 device uses this setting to understand how many current pulses per revolu-

tion the fan should have. It then uses this as part of the calculation for the fan RPM value for

the RPM Register. See Section 7.7 for application information on determining your fan’s

number of current pulses per revolution.

00 = 1

01 = 2 (default)

10 = 4

11 = 8

bit 0 SDM: Shutdown Mode

1 = Shutdown Mode. See Section 4.9 for more information on low power shutdown mode.

0 = Normal Operation. (default)

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit

-n = Value at POR ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown



TC664/TC665

DS21737B-page 20  2002-2013 Microchip Technology Inc.

6.4 STATUS REGISTER (STATUS)

The Status Register provides all the information about

what is going on within the TC664/TC665 devices. Fan

fault information, VIN status, RPM counter overflow

and over temperature indication are all available in the

Status Register. The Status Register is an 8-bit Read

only register with bits 1, 4, 6 and 7 unused. See

Register 6-4 below for the bit descriptions.

REGISTER 6-4: STATUS REGISTER (STATUS)

U-0 U-0 R-X U-0 R-0 R-X U-X R-0

— — OTF — RCO VSTAT — FF

bit 7 bit 0

bit 7-6 Unimplemented: Read as ‘0’

bit 5 OTF: Over Temperature Fault Condition

For the TC664/TC665 device, this bit is set to the proper state immediately at startup and is

therefore treated as an unknown (X). If VIN is greater than the threshold required for 100% duty

cycle on VOUT (2.6 V typical), then the bit will be set to a ‘1’. If it is less than the threshold, the

bit will be set to ‘0’. This is determined at power-up.

1 = Over temperature condition has occurred.

0 = Normal operation, VIN is less than 2.6 V.

bit 4 Unimplemented: Read as ‘0’

bit 3 RCO: RPM Counter Overflow

1 = Fault condition. The maximum RPM reading of 12775 RPM in register RPM has been 

exceeded. This bit will automatically reset to zero when the RPM reading comes back into 

range.

0 = Normal operation. RPM reading is within limits (default).

bit 2 VSTAT: VIN Input Status

For the TC664/TC665 devices, the VIN pin status is checked immediately at power-up. If no

external thermistor or voltage output network is connected (VIN is open), this bit is set to a ‘1’.

If an external network is detected, this bit is set to ‘0’. If the VIN pin is open and SMBus operation

has not been selected in the Configuration Register, the VOUT duty cycle will default to 39.33%.

1 = VIN is open.

0 = Normal operation. Voltage present at VIN.

bit 1 Unimplemented: Read as ‘unknown’

bit 0 FF: Fan Fault

1 = Fault Condition. The value for fan RPM in the RPM Register has fallen below the value set 

in the FAN_FAULT Threshold Register.  The speed of the fan is too low and a fault condi-

tion is being indicated. The FAULT output will be pulled low at the same time. This fault bit 

can be cleared using the Fan Fault Clear bit (FFCLR (bit 7<0>)) in the Configuration Reg-

ister.

0 = Normal Operation (default).

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit

-n = Value at POR ’1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown
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6.5 DUTY-CYCLE Register 
(DUTY_CYCLE)

The DUTY_CYCLE register is a 4-bit read/writable reg-

ister used to control the duty cycle of the VOUT output.

The controllable duty cycle range via this register is

30% to 100%, with programming steps of 4.67%.This

method of duty cycle control is mainly used with the

SMBus interface. However, if the VIN method of duty

cycle control has been selected (or defaulted to), and

the VIN pin is open, the duty cycle will go to the default

setting for this register, which is 0010 (39.33%). The

duty cycle settings are shown in Register 6-5.

REGISTER 6-5: DUTY-CYCLE REGISTER 

(DUTY_CYCLE)

6.6 Manufacturer’s Identification 
Register (MFR_ID)

This register allows the user to identify the manufac-

turer of the part. The MFR_ID register is an 8-bit Read

only register. See Register 6-6 for the Microchip manu-

facturer ID.

REGISTER 6-6: MANUFACTURER’S 

IDENTIFICATION 

REGISTER (MFR_ID)

6.7 Version ID Register (VER_ID)

This register is used to indicate which version of the

device is being used, either the TC664 or the TC665.

This register is a simple 2-bit Read only register.

REGISTER 6-7: VERSION ID REGISTER 

(VER_ID)

D(3) D(2) D(1) D(0) Duty-Cycle

0 0 0 0 30%

0 0 0 1 34.67%

0 0 1 0 39.33% (default for VIN 

open and when SMBus 

is not selected)

0 0 1 1 44%

0 1 0 0 48.67%

0 1 0 1 53.33%

0 1 1 0 58%

0 1 1 1 62.67%

1 0 0 0 67.33%

1 0 0 1 72%

1 0 1 0 76.67%

1 0 1 1 81.33%

1 1 0 0 86%

1 1 0 1 90.67%

1 1 1 0 95.33%

1 1 1 1 100%

D[7] D[6] D[5] D[4] D[3] D[2] D[1] D[0]

0 1 0 1 0 1 0 0

D[1] D[0] Version

1 0 TC664

1 1 TC665
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7.0 APPLICATIONS INFORMATION

7.1 Connecting to the SMBus

The SMBus is an open collector bus, requiring pull-up

resistors connected to the SDA and SCLK lines. This

configuration is shown in Figure 7-1.

FIGURE 7-1: Pull-up Resistors On 

SMBus.

The number of devices connected to the bus is limited

only by the maximum rise and fall times of the SDA and

SCLK lines. Unlike I2C specifications, SMBus does not

specify a maximum bus capacitance value. Rather, the

SMBus specification calls out that the maximum current

through the pull-up resistor be 350 µA (minimum,

100 µA,  is also specified). Therefore, the value of the

pull-up resistors will vary depending on the system’s

bias voltage, VDD. Minimizing bus capacitance is still

very important as it directly effects the rise and fall times

of the SDA and SCLK lines. The range for pull-up resis-

tor values for a 5 V system are shown in Figure 7-1.

Although SMBus specifications only require the SDA

and SCLK lines to pull down 350 µA, with a maximum

voltage drop of 0.4 V, the TC664/TC665 devices have

been designed to meet a maximum voltage drop of

0.4 V with 3 mA of current. This allows lower values of

pull-up resistors to be used, which will allow higher bus

capacitance. If this is to be done, all devices on the bus

must be able to meet the same pull down current

requirements as well.

A possible configuration using multiple devices on the

SMBus is shown in Figure 7-2.

FIGURE 7-2: Multiple Devices on SMBus.

7.2 Setting the PWM Frequency

The PWM frequency of the VOUT output is set by the

capacitor value attached to the CF pin. The PWM fre-

quency will be 30 Hz (typical) for a 1 µF capacitor. The

relationship between frequency and capacitor value is

linear, making alternate frequency selections easy.

As stated in previous sections, the PWM frequency

should be kept in the range of 15 Hz to 35 Hz. This will

eliminate the possibility of having audible frequencies

when varying the duty cycle of the fan drive.

A very important factor to consider when selecting the

PWM frequency for the TC664/TC665 devices is the

RPM rating of the selected fan and the minimum duty

cycle that you will be operating at. For fans that have a

full speed rating of 3000 RPM or less, it is desirable to

use a lower PWM frequency. A lower PWM frequency

allows for a longer time period to monitor the fan cur-

rent pulses. The goal is to be able to monitor at least

two fan current pulses during the on time of the VOUT

output.

Example: Your system design requirement is to oper-

ate the fan at 50% duty cycle when ambient tempera-

tures are below 20°C. The fan full speed RPM rating is

3000 RPM and has four current pulses per rotation. At

50% duty cycle, the fan will be operating at approxi-

mately 1500 RPM.

EQUATION

If one fan revolution occurs in 40 msec, then each fan

pulse occurs 10 msec apart. In order to detect two fan

current pulses, the on time of the VOUT pulse must be

at least 20 msec. With the duty cycle at 50%, the total

period of one cycle must be at least 40 msec, which

makes the PWM frequency 25 Hz. For this example, a

PWM frequency of 20 Hz is recommended. This would

define a CF capacitor value of 1.5 µF.
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7.3 Temperature Sensor Design

As discussed in previous sections, the VIN analog input

has a range of 1.62 V to 2.6 V (typical), which repre-

sents a duty cycle range on the VOUT output of 30% to

100%, respectively. The VIN voltages can be thought of

as representing temperatures. The 1.62 V level is the

low temperature at which the system only requires 30%

fan speed for proper cooling. The 2.6 V level is the high

temperature, for which the system needs maximum

cooling capability, so the fan needs to be at 100%

speed.

One of the simplest ways of sensing temperature over

a given range is to use a thermistor. By using an NTC

thermistor as shown in Figure 7-3, a temperature vari-

ant voltage can be created.

FIGURE 7-3: Temperature Sensing 

Circuit.

Figure 7-3 represents a temperature dependent volt-

age divider circuit. Rt is a conventional NTC thermistor,

R1 and R2 are standard resistors. R1 and Rt form a par-

allel resistor combination that will be referred to as

RTEMP (RTEMP = R1 * Rt/ R1 + Rt). As the temperature

increases, the value of Rt decreases and the value of

RTEMP will decrease with it. Accordingly, the voltage at

VIN increases as temperature increases, giving the

desired relationship for the VIN input. The purpose of

R1 is to help linearize the response of the sensing net-

work.  Figure 7-4 shows an example of this.

There are many values that can be chosen for the NTC

thermistor. There are also thermistors that have a linear

resistance, instead of logarithmic, which can help to

eliminate R1. If less current draw from VDD is desired,

then a larger value thermistor should be chosen. The

voltage at the VIN pin can also be generated by a volt-

age output temperature sensor device. The key is to

get the desired VIN voltage to system (or component)

temperature relationship.

The following equations apply to the circuit in

Figure 7-3.

EQUATION

In order to solve for the values of R1 and R2, the values

for VIN, and the temperatures at which they are to

occur, need to be selected. The variables, t1 and t2,

represent the selected temperatures. The value of the

thermistor at these two temperatures can be found in

the thermistor data sheet. With the values for the

thermistor and the values for VIN, you now have two

equations from which the values for R1 and R2 can be

found.

Example: The following design goals are desired:

• Duty Cycle = 50% (VIN = 1.9 V) with Temperature 

(t1) = 30°C

• Duty Cycle = 100% (VIN = 2.6 V) with Tempera-

ture (t2) = 60°C

Using a 100 k thermistor (25°C value), we look up the

thermistor values at the desired temperatures:

• Rt = 79428  @ 30°C

• Rt = 22593  @ 60°C

Substituting these numbers into the given equations,

we come up with the following numbers for R1 and R2.

• R1 = 34.8 k
• R2 = 14.7 k

FIGURE 7-4: How Thermistor Resistance, 

VIN, And RTEMP Vary With Temperature.

Figure 7-4 graphs three parameters versus tempera-

ture.  They are Rt, R1 in parallel with Rt, and VIN. As

described earlier, you can see that the thermistor has a

logarithmic resistance variation.  When put in parallel

with R1, though, the combined resistance becomes

more linear, which is the desired effect. This gives us

the linear looking curve for VIN.
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7.4 FanSense Network (RSENSE & 
CSENSE)

The network comprised of RSENSE and CSENSE allows

the TC664/TC665 devices to detect commutation of the

fan motor. RSENSE converts the fan current into a volt-

age. CSENSE AC couples this voltage signal to the

SENSE pin. The goal of the SENSE network is to pro-

vide a voltage pulse to the SENSE pin that has a mini-

mum amplitude of 120 mV. This will ensure that the

current pulse caused by the fan commutation is recog-

nized by the TC664/TC665 device.

A 0.1 µF ceramic capacitor is recommended for

CSENSE. Smaller values will require larger sense resis-

tors be used. Using a 0.1 µF capacitor results in rea-

sonable values for RSENSE. Figure 7-5 illustrates a

typical SENSE network.

FIGURE 7-5: Typical Sense Network.

The value of RSENSE will change with the current rating

of the fan. A key point is that the current rating of the

fan specified by the manufacturer may be a worst case

rating. The actual current drawn by the fan may be

lower than this rating. For the purpose of setting the

value for RSENSE, the operating fan current should be

measured.

Table 7-1 shows values of RSENSE according to the

nominal operating current of the fan. The fan currents

are average values. If the fan current falls between two

of the values listed, use the higher resistor value.

TABLE 7-1: RSENSE VS. FAN CURRENT

Figure 7-6 shows some typical waveforms for the fan

current and the voltage at the Sense pins.

FIGURE 7-6: Typical Fan Current and 

Sense Pin Waveforms.

7.5 Output Drive Device Selection

The TC664/TC665 devices are designed to drive two

external NPN transistors or two external N-channel

MOSFETs as the fan speed modulating elements.

These two arrangements are shown in Figure 7-7. For

lower current fans, NPN transistors are a very econom-

ical choice for the fan drive device. It is recommended

that, for higher current fans (500 mA and above), MOS-

FETs be used as the fan drive device. Table 7-2 pro-

vides some possible part numbers for use as the fan

drive element.

When using an NPN transistor as the fan drive ele-

ment, a base current limiting resistor must be used.

This is shown in Figure 7-7.

When using MOSFETs as the fan drive element, it is

very easy to turn the MOSFETs on and off at very high

rates. Because the gate capacitances of these small

FAN

RISO

RSENSE

CSENSE

SENSE

VOUT

(0.1 µF typical)

715 

Note: See Table 7-1 for RSENSE  value.

Nominal Fan Current 

(mA)
RSENSE (ohm)

50 9.1

100 4.7

150 3.0

200 2.4

250 2.0

300 1.8

350 1.5

400 1.3

450 1.2

500 1.0
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MOSFETs are very low, the TC664/TC665 devices can

charge and discharge them very quickly leading to very

fast edges. Of key concern is the turn-off edge of the

MOSFET. Since the fan motor winding is essentially an

inductor, when the MOSFET is turned off, the current

that was flowing through the motor wants to continue to

flow. If the fan does not have internal clamp diodes

around the windings of the motor, there is no path for

this current to flow through and the voltage at the drain

of the MOSFET may rise until the drain to source rating

of the MOSFET is exceeded. This will most likely cause

the MOSFET to go into avalanche mode. Since there is

very little energy in this occurrence, it will probably not

fail the device, but it would be a long term reliability

issue. The following is recommended:

• Ask how the fan is designed. If the fan has clamp 

diodes internally, you will not experience this 

problem. If the fan does not have internal clamp 

diodes, it is a good idea to put one externally 

(Figure 7-8). You can also put a resistor between 

VOUT and the gate of the MOSFET, which will help 

slow down the turn-off and limit this condition.

FIGURE 7-7: Output Drive Device Configurations.

TABLE 7-2: FAN DRIVE DEVICE SELECTION TABLE (NOTE 2)

Device Package
Max Vbe sat / 

Vgs(V)
Min hfe Vce/VDS

Fan Current 

(mA)

Suggested 

Rbase (ohms)

MMBT2222A SOT-23 1.2 50 40 150 800

MPS2222A TO-92 1.2 50 40 150 800

MPS6602 TO-92 1.2 50 40 500 301

SI2302 SOT-23 2.5 NA 20 500 Note 1

MGSF1N02E SOT-23 2.5 NA 20 500 Note 1

SI4410 SO-8 4.5 NA 30 1000 Note 1

SI2308 SOT-23 4.5 NA 60 500 Note 1

Note 1: A series gate resistor may be used in order to control the MOSFET turn-on and turn-off times.

2: These drive devices are suggestions only.  Fan currents listed are for individual fans.

Q1

GND

VDD

RSENSE

RBASE

VOUT

FAN

a) Single Bipolar Transistor

Q1

GND

VDD

RSENSE

VOUT

b) N-Channel MOSFET

FAN
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