Tl Designs
Basic fan controller reference design with over-
temperature detection

J‘ii TEXAS INSTRUMENTS

Design Overview Design Features

TIDA-00517 provides a complete reference design » Simple temperature switch to activate fan
for basic fan control leveraging minimal components. * Flexible design can operate with many fan
This design features a TMP302 temperature switch voltages

to detect over temperature conditions in personal * Low BOM count and cost

electronics, industrial PCs, power distribution units
and other applications leveraging fans to control

temperature conditions. This simple design can be Featured Applications
easily modified for different voltage fans, making it

applicable for a broad range of uses. *  Factory Automation and Control
e Telecom Infrastructure
Design Resources e Printers and Other Peripherals
TIDA-00517 Design Fold * Storage
- esign Folder e  Multi-Function Printers
TMP302 Product Folder e Audio Power Amplifiers
SN74AHC1G14 Product Folder
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1 Key System Specifications

SPECIFICATIONS and
PARAMETER FEATURES DETAILS
Voltage Supply 18.3V1t027.6V Section 4
ga%fgn Current Through MOSFET 190 mA at 70°C Section 4
Tigger Temperature 58°C to 62°C Section 3.1
Temperature Hysteresis 10°C typical Section 3.1
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2 System Description

Many designs need a fan controller for thermal management. This design implements a simple
method to control the fan using a small number of components. Component replacement and
connection can easily be modified to meet other thermal requirements.

Block Diagram
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Figure 1: System Block Diagram

2.1 Highlighted Products

This Simple Fan Controller Reference Design features the following devices:
e TMP302
— Easy-to-Use, Low-Power, Low-Supply Temperature Switch in Micropackage
e SN74AHC1G14
— Single Schmitt-Trigger Inverter Gate

For more information on each of these devices, see the respective product folders at
www.ti.com
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2.1.1 TMP302 Description

The TMP302 is a temperature switch in a micropackage (SOT563). The TMP302 offers low power (15-
MA maximum) and ease-of-use through pin-selectable trip points and hysteresis. These devices
require no additional components for operation; they can function independent of microprocessors

or microcontrollers. The TMP302 is available in several different versions.
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Figure 2: TMP302 Block Diagram

3.1.1.2 TMP302 Features

» Low Power: 15 pA (maximum)

» SOT563 Package: 1.6-mm x 1.6-mm x 0.6 mm

* Trip-Point Accuracy: +0.2°C (typical) From +40°C to +125°C
* Pin-Selectable Trip Points

* Open-Drain Output

* Pin-Selectable Hysteresis: 5°C and 10°C

» Low Supply Voltage Range: 1.4V to 3.6 V

2.1.1 SN74AHC1G14
2.1.1.1 SN74AHC1G14 Description

The SN74AHC1G14 device is a single inverter gate. The device performs the Boolean function Y = A.
The device functions as an independent inverter gate, but because of the Schmitt action, gates may
have different input threshold levels for positive- (VT+) and negative-going (VT-) signals.

2
A ui) Y
Figure 3 SN74HC1G14 Block Diagram
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2.1.1.2 SN74AHC1G14 Features

» Operating Range 2V to 5.5V

* Maximum tpaof 10 ns at 5 V

» Low Power Consumption, 10-pA Max lcc

» +8-mA Output Drive at 5 V

* Latch-Up Performance Exceeds 250 mA Per JESD 17

3 System Design Theory

This design uses the power for the fan to provide the power for the additional control circuitry. The
stand-by current, when the fan is off, is mostly through the resistor and zener diode connected
between the positive supply and ground. This zener diode is used to provide the voltage required to
power up the temperature switch (TMP302) and the inverter (SN74AHC1G14). The power supply
voltage range of the TMP302 is 1.4 V to 3.6 V and the zener provides a 3.3 V. If the voltage for the
fan is different, the resistor between the zener diode and the supply can be modified to meet other
fan voltage requirements. Using an inverter and an N-Channel MOSFET give the ability to use
multiple fans and have the inverter drive the N-Channel MOSFET.

3.1 Temperature control

The TMP302 has many trigger options to turn the fan on (see Figure 5). This design turns the fan on
when the TMP302 gets to 60°C and does not turn off until the TMP302 gets to 50°C. The temperature
trip point is done by using TMP302A and setting the digital pins of TripSet0= Low and TripSet1 = High.
This sets the trip temperature to 60°C. The fan will remain on until the temperature hysteresis is met.
The hysteresis is set to 10°C by setting the digital pin HystSet = High (See Figure 5).
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Figure 4 TMP302 Temperature Trip Point Setting

HYSTSET THRESHOLD HYSTERESIS
GND 5°C
Vs 10°C

Figure 5 Hysteresis Setting for TMP302

3.2 N-Channel MOSFET Driver

To drive the N-Channel MOSFET that powers up the fan we need to invert the signal from the
TMP302 as it is an open drain, active-low output that cannot exceed its supply voltage. Add an
inverter at the output of the TMP302 to drive the N-Channel MOSFET. The output of the TMP302 is
pulled up to its supply voltage when it is not triggered.

4 Getting Started Hardware

The PCB’s external connection requires a fan and a power supply of 24 V. The high side of power
supply connects to “24 V Fan+” node and connects to the fan’s positive supply. The negative side of
fan then connects to the “Fan-" connection which is controlled by the design to turn the fan on at the
temperature set on the TMP302. The low side of the power supply is connected to the labeled
“Ground” connection. The fan used is the Sunon PMD2406PTB1-A which is a 24-V fan. The fan is
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specified to draw 158 mA at 24 V. The N-Channel MOSFET driving the fan can drive 190 mA at 70°C
and 250 mA at 25°C. The positive supply voltage on the high side is limited by the fan’s high voltage
rating of 27.6 V. The lowest voltage of the power supply is limited by the biasing required on the
zener diode to maintain a voltage and to power up the TMP302 and the SN74AHC1G14. Both devices
require low power so a minimum bias of 1.5 mA on the zener should be enough to provide the
voltage needed, per typical specification of the zener. With 1.5-mA bias current the lowest voltage is
defined by equation 3.

(Vsupply - V_Zener)/ R1 = [_Zener (1)
Solving for Vsupply:
Vsupply = I _Zener x R1 +V_Zener (2)

Vsupplymin = 1.5mA * 10Kohm + 3.3V = 18.3V (3)

24 U FAN+
o

FAN-
O

O
GROUND

For evaluation only;
not FCC approved for resale.

Figure 6 TIDA-00517 Board

5 Test Setup

For the test setup two power supplies, a fan, heat source and a thermocouple are required. A
thermocouple is placed on the TMP302 using a thermally conductive epoxy to get better
measurements of the TMP302. Thermal resistance from the TMP302 to the thermocouple is still a
cause of error in the temperature measurement. A 50-ohm power resistor was mounted on the
bottom of the board under the TMP302 to heat the PCB. The fan is placed 12 inches away. Once the
TMP302 is warmed up above the 60°C the fan will turn on and will stay on until the temperature is
below 50°C. The setup can be changed to modify the change of temperature by
increasing/decreasing the voltage across the power resistor within the resistor’s specifications. The
rate of the cooling can also be modified by placing the fan closer/further away or modifying the
airflow direction.
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6 Test Data

The data was collected by observing the thermocouple temperature and the condition of the fan
being either on or off. The heat source is on the bottom of the board and the TMP302 gets to
temperature before the thermocouple important factors to consider. The TMP302 needs to be
placed very close to the heat source being. Thermal mass and thermal resistance in the setup needs
to be controlled. Also the TMP302 is a small device that does not have a high thermal mass and can
change temperature easily. See PCB layout recommendations.
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7 Design Files

7.1 Schematics

To download the Schematics for each board, see the design files at http://www.ti.com/tool/TIDA-00517
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7.2 Bill of Materials

Figure 7: TIDA-00517 Schematic

To download the Bill of Materials for each board, see the design files at http://www.ti.com/tool/TIDA-00517
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7.3 PCB Layout Recommendations

The temperature conductivity on the PCB needs to be considered when layout of board is done. There needs to
a low thermal resistance from TMP302 to the heat source of interest. It is recommended to have a bigger mass,
such as a metal plane, that can conduct the temperature that is being controlled. The TMP302 should be in
close proximity to this thermal mass so that the temperature is better conducted.

7.3.1 Layout Prints
To download the Layout Prints for each board, see the design files at http://www.ti.com/tool/TIDA-00517

7.4 Altium Project
To download the Altium project files for each board, see the design files at http://www.ti.com/tool/TIDA-00517

7.5 Gerber files
To download the Gerber files for each board, see the design files at http://www.ti.com/tool/TIDA-00517

7.6 Assembly Drawings

To download the Assembly Drawings for each board, see the design files at http://www.ti.com/tool/TIDA-00517
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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