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		  rev. 1.0 1/15 copyright ? 2015  by silicon laboratories AN835 AN835 c ombining  t hree  v ery  l ow  s upply  c urrent   a nalog  ic s   into   a  usb-p owered  t hermostat 1.  introduction in areas where ambient temperatures reach in the high 80 degrees fahrenheit, such as central america, south america, asia, the middle east, and certain areas in t he united states, a portable fan would help. it may seem challenging to those new to the world of analog circuits an d analog circuit design to c onceptualize a solution using fundamental circuits and ics; however, the following  provides a step-by-step implementation of a basic temperature-based fan thermostat/controller. this approach  makes use of the popular usb port available in many portable devices to create a usb-powered fan thermostat/con troller that can bring relief to the user. by using a simple temperature sensor coupled with a simple low po wer circuit that consists of the ts6001-2.5 voltage reference, the ts1001 low power operational amplifier,  and the ts9001 comparator, you may find the design of a 5v usb-powered fan thermostat/controller to be easy, interesting, and useful. 2.  overview the ts9001-1?s low input offset voltage (vos) and low input  current (iin+/-) create a circuit with outstanding input sensitivity while consuming only  0.68a of supply current. an internal  1.252v reference voltage allows for simple interface and less components for setting the threshold volt age for the comparator. its rail-to-rail inputs support a wide range of input common-mode bias configurations and  the widest possible range of  input signals. in addition, the precision dc specifications of the ts1001, such as its low 0.5mv input offset voltage, its low 0.025na input bias current, and its high open-loop gain of 90db all combine  to produce an output voltage that represents the input temperature accurately. the ts6001 2.5-v precision voltage  reference operates as a low-dropout regulator in this circuit and its line regulation performan ce eliminates the need for additional bypass capacitances on the ts1001 and the ts9001-1 . figure 1 illustrates  the complete circuit. figure 1. very low supply current, usb-powered thermostat/fan controller circuit

 AN835 2 rev. 1.0 2.1.  circuit implementation the temperature sensor chosen for this design is an in dustry-standard lm35 temperature sensor, available from many sources. this temperature sensor  generates an output voltage proportional to the ambient temperature in degree celsius and exhibits a scale factor of +10mv/oc . this particular temperat ure sensor provides a linear output response with a maximum output voltage of  1500mv corresponding to a 150oc ambient temperature. however, given that the hottest temp erature achieved on  earth is approximately 60oc, this design will focus on temperatures up to this ambient level. the transfer curv e for the sensor is shown in figure 2. in addition, a si9942dy n-channel mosfet was used to switch an ap121p 5v/200ma fan on and off. figure 2. lm35 temperature sensor transfer curve the ts6001 voltage reference provides a 2.5v power su pply for the ts1001 op-amp. the ts9001-1 comparator, ts6001 voltage reference, lm35 temperature sensor, and the fan are powered with a common 5v power supply, supplied by the usb connector. in this particular design, the ts1001 op-amp is configured in a non-inverting scheme where the output of the temperature sensor is co nnected to the non-inverting input of the op-amp. when the temperature rises to 26.4oc, the lm35 sensor output is 264mv and is connected to to the non-inverting input of the ts1001. with a gain of 4.75, the ts1001 generates a  1.254v output voltage. the output of the ts1001 is connected to the non-inverting input of  the ts9001-1 that then switches to a hi gh state at its output, turns on the mosfet which, in turn, turns on the fan.

 AN835 rev. 1.0 3 2.2.  discussion and results in order to design this circuit, here?s the step-by-step procedure: 1.  choose the ambient trip temperature to sense t in degree celsius. 2.  compute the lm35?s output voltage, v out , based on (1) as: equation 1. 3.  calculate the gain, g, necessary to achieve a 1.252 v voltage on the output of the ts1001 based on (2) as: equation 2. 4.  calculate the feedback total resistance: equation 3. 5.  solve for r4 and r5 by taking into account the non -inverting gain equation of the op-amp, equation 3, and  the value of g from step (3). the non-inverting equation is: equation 4. when the fan is energized, total current consumption of  the circuit from the usb-supplied 5v is 200.14 ma. the ts9001-1, ts6001, and the ts1001 altogether consume onl y 0.02% of the total power consumption. to further minimize the current consumption, the feedback resistor  values of the ts1001 can be increased. for instance, if the feedback resistance is doubled, the current on the f eedback is halved. this results in a reduction of supply current by 2.5 a. in this particular case, with a total resistance of 248.3 k ?  and an output voltage of 1.254 v on the output of the ts1001, the current on the feedback is 5 a. at a maximum  output voltage of 2.5 v, the current is 10.1 a. in this circuit, the input-referred hy steresis of the ts9001-1 is  3mv; hence, the rising threshold or vthr is at 1.254v, which corresponds to a 26.4oc  temperature. the fa lling threshold or vthf is  at 1.251v, wh ich corresponds to a 26.3 oc temperature. however, if one wishes to turn off the fan at a lower temperature relative to its turn off temperature, additional hysteresis can be added to the co mparator. please refer to the applications information section of the ts9001-1 product datasheet for a detaile d explanation on how to increase comparator hysteresis. the mosfet selected should be able to handle the fan  maximum current specification. since the output of the ts9001-1 switches to a full-scale 5v, the mosfet does not need to be an ultra-low threshold voltage type. in order to maintain an accurate gain g and accurate tr ip points or vthr and vthf , metal-film resistors with 1% tolerance were used in the circuit and are recommended. 3.  conclusion the combination of these three low-supply precisi on analog ic?s produces a usb-powered thermostat/fan controller with < 0.8 oc error. in summary, the ts9001, the ts1001, and the ts6001-2.5 are excellent choices for this application as well as other temperature sensing ap plications. for additional information, see documentation on the ts1001 op amp, ts6001 voltage reference, and  ts9001 analog comparator + reference, or contact silicon labs. v out t ? c 10mv /  ? c ? = g 1.252 v / v out = r t r4 r5 += g1r5 / r4 +=

 disclaimer silicon laboratories intends to provide customers with the latest, accurate, and in-depth documentation of all peripherals and modules available for system and software implementers  using or intending to use the silicon laboratories products. characterization data, available modules and peripherals, memory sizes and memory addresses refer to each specific  device, and "typical" parameters provided can and do vary in different applications. application examples described herein are for illustrative purposes only. silicon laboratories  reserves the right to make changes without further notice and limitation to product information, specifications, and descriptions herein, and does not give warranties as to the accuracy  or completeness of the included information. silicon laboratories shall have no liability for the consequences of use of the information supplied herein. this document does not imply  or express copyright licenses granted hereunder to design or fabricate any integrated circuits. the products must not be used within any life support system without the specific  written consent of silicon laboratories. a "life support system" is any product or system intended to support or sustain life and/or health, which, if it fails, can be reasonably expected  to result in significant personal injury or death. silicon laboratories products are generally not intended for military applications. silicon laboratories products shall under no  circumstances be used in weapons of mass destruction including (but not limited to) nuclear, biological or chemical weapons, or missiles capable of delivering such weapons. trademark information silicon laboratories inc., silicon laboratories, silicon labs, silabs and the silicon labs logo, cmems?, efm, efm32, efr, energy micro, energy micro logo and combinations  thereof, "the world?s most energy friendly microcontrollers", ember?, ezlink?, ezmac?, ezradio?, ezradiopro?, dspll?, isomodem ?, precision32?, proslic?, siphy?,  usbxpress? and others are trademarks or registered trademarks of silicon laboratories inc. arm, cortex, cortex-m3 and thumb are trademarks or registered trademarks of  arm holdings. keil is a registered trademark of arm limited. all other products or brand names mentioned herein are trademarks of their respective holders.  http://www.silabs.com silicon laboratories inc. 400 west cesar chavez austin, tx 78701 usa smart. connected. energy-friendly products www.silabs.com/products quality www.silabs.com/quality support and community community.silabs.com  
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