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Tips ‘n Tricks TIPS 'N TRICKS INTRODUCTION Microchip continues to provide innovative products that are smaller, faster, easier to use and more reliable. The Flash-based PICmicro® microcontrollers (MCU) are used in a wide range of everyday products from smoke detectors to industrial, automotive and medical products. The PIC12F/16F Family of devices with on-chip voltage comparators merge all the advantages of the PICmicro MCU architecture and the flexibility of Flash program memory with the mixed signal nature of a voltage comparator. Together they form a low cost hybrid digital/analog building block with the power and flexibility to work in an analog world. The flexibility of Flash and an excellent development tool suite, including a low cost InCircuit Debugger, In-Circuit Serial Programming™ (ICSP™) and MPLAB® ICE 2000 emulation, make these devices ideal for just about any embedded control application. The following series of Tips 'n Tricks can be applied to a variety of applications to help make the most of discrete voltage comparators or microcontrollers with on-chip voltage comparators.
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Tips ‘n Tricks TIP #1



Low Battery Detection



When operating from a battery power supply, it is important for a circuit to be able to determine when the battery charge is insufficient for normal operation of the circuit. Typically, this is a comparator-based circuit similar to the Programmable Low Voltage Detect (PLVD) peripheral. If the PLVD peripheral is not available in the microcontroller, a similar circuit can be constructed using a comparator and a few external components (see Figure 1-1 and Figure 1-2). The circuit in Figure 1-1 assumes that the microcontroller is operating from a regulated supply voltage. The circuit in Figure 1-2 assumes that the microcontroller supply is unregulated.
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Tips ‘n Tricks FIGURE 1-1:



REGULATED SUPPLY VDD



R1 VBATT Low Battery



R3



R4



R2 Enable



The comparator will trip when the battery voltage, VBATT = 5.7V: R1 = 33k, R2 = 10k, R3 = 39k, R4 = 10k, VDD = 5V. In Figure 1-1, resistors R1 and R2 are chosen to place the voltage at the non-inverting input at approximately 25% of VDD. R3 and R4 are chosen to set the inverting input voltage equal to the noninverting input voltage when the battery voltage is equal to the minimum operating voltage for the system.
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Tips ‘n Tricks FIGURE 1-2:



UNREGULATED SUPPLY VBATT



R3



R1



Comparator



Low Battery



D1



R2



Enable



Comparator will trip when VBATT = 3V: R1 = 33k, R2 = 10k and R3 = 470Ω. In Figure 1-2, resistor R3 is chosen to bias diode D1 above its forward voltage when VBATT is equal to the minimum battery voltage for the system. Resistors R1 and R2 are chosen to set the inverting input voltage equal to the forward voltage of D1.
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Tips ‘n Tricks TIP #2



Faster Code for Detecting Change



When using a comparator to monitor a sensor, it is often just as important to know when a change occurs as it is to know what the change is. To detect a change in the output of a comparator, the traditional method has been to store a copy of the output and periodically compare the held value to the actual output to determine the change. An example of this type of routine is shown below. EXAMPLE 2-1:



Test MOVF hold,w ; XORWF CMCON,w ; ANDLW COUTMASK BTFSC STATUS,Z RETLW 0 ; MOVF CMCON,w ; ANDLW COUTMASK ; MOVWF hold ; IORLW CHNGBIT ; RETURN



get old Cout compare to new Cout



if = return "no change" if not =, get new Cout remove all other bits store in holding var. add change flag



This routine requires 5 instructions for each test, 9 instructions if a change occurs, and 1 RAM location for storage of the old output state. A faster method for microcontrollers with a single comparator is to use the comparator interrupt flag to determine when a change has occurred.
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Tips ‘n Tricks EXAMPLE 2-2:



Test BTFSS RETLW BTFSS RETLW



PIR1,CMIF 0 CMCON,COUT CHNGBIT



;test comparator flag ;if clear, return a 0 ;test Cout ;if clear return ;CHNGFLAG RETLW COUTMASK + CHNGBIT;if set, ;return both



This routine requires 2 instructions for each test, 3 instructions if a change occurs, and no RAM storage. If the interrupt flag can not be used, or if two comparators share an interrupt flag, an alternate method that uses the comparator output polarity bit can be used. EXAMPLE 2-3:



Test BTFSS RETLW MOVLW XORWF BTFSS RETLW



CMCON,COUT 0 CINVBIT CMCON,f CMCON,CINV CHNGFLAG



;test Cout ;if clear, return 0 ;if set, invert Cout ;forces Cout to 0 ;test Cout polarity ;if clear, return ;CHNGFLAG RETLW COUTMASK + CHNGFLAG;if set, ;return both



This routine requires 2 instructions for each test, 5 instructions if a change occurs, and no GPR storage.
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Tips ‘n Tricks TIP #3



Hysteresis



When the voltages on a comparator’s input are nearly equal, external noise and switching noise from inside the microcontroller can cause the comparator output to oscillate or “chatter”. To prevent chatter, some of the comparator output voltage is fed back to the non-inverting input of the comparator to form hysteresis (see Figure 3-1). Hysteresis moves the comparator threshold up when the input is below the threshold, and down when the input is above the threshold. The result is that the input must overshoot the threshold to cause a change in the comparator output. If the overshoot is greater than the noise present on the input, the comparator output will not chatter. FIGURE 3-1:



COMPARATOR WITH HYSTERESIS



Input Output



R1



R3



VDD



R2
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Tips ‘n Tricks To calculate the resistor values required, first determine the high and low threshold values which will prevent chatter (VTH and VTL). Using VTH and VTL, the average threshold voltage can be calculated using the equation. EQUATION 3-1:



VAVG =



VDD * VTL VDD - VTH + VTL



Next, choose resistor values that satisfy Equation 3-2 and calculate the equivalent resistance using Equation 3-3. Note:A continuous current will flow through R1 and R2. To limit the power dissipation in R1 and R2 the total resistance of R1 and R2 should be at least 1k. The total resistance of R1 and R2 should also be kept below 10K to keep the size of R3 small. Large values for R3, 100k-10 megohm, can produce voltage offsets at the non-inverting input due to the comparator’s input bias current. EQUATION 3-2:



VAVG =
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Tips ‘n Tricks EQUATION 3-3:



REQ =



R1 * R2 R1 + R2



Then, determine the feedback divider ratio DR, using Equation 3-4. EQUATION 3-4:



DR =



(VTH - VTL) VDD



Finally, calculate the feedback resistor R3 using Equation 3-5 EQUATION 3-5:



R3 = REQ [ (



1 DR



) - 1]



Example: • A VDD = 5.0V, VH = 3.0V and VL = 2.5V • VAVG = 2.77V • R = 8.2k and R2 = 10k, gives a VAVG = 2.75V • REQ = 4.5k • DR = .1 • R3 = 39k (40.5 calculated) • VHACT = 2.98V • VLACT = 2.46V



D
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Tips ‘n Tricks TIP #4



Pulse Width Measurement



To measure the high or low pulse width of an incoming analog signal, the comparator can be combined with Timer1 and the Timer1 Gate input option (see Figure 4-1). Timer1 Gate acts as a count enable for Timer1. If the input is low, Timer1 will count. If the T1G input is high, Timer1 does not count. Combining T1G with the comparator allows the designer to measure the time between a highto-low output change and a low-to-high output change. To make a measurement between a low-to-high and a high-to-low transition, the only change required is to set the CINV bit in the comparator CMCON register which inverts the comparator output. Because the output of the comparator can change asynchronously with the Timer1 clock, only comparators with the ability to synchronize their output with the Timer1 clock should be used and their C2SYNC bits should be set. FIGURE 4-1:



COMPARATOR WITH TIMER1 AND T1G VDD



VINPUT COUT



TIG Timer1



Trigger Level
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Tips ‘n Tricks If the on-chip comparator does not have the ability to synchronize its output to the Timer1 clock, the output can be synchronized externally using a discrete D flip-flop (see Figure 4-2). Note:The flip-flop must be falling edge triggered to prevent a race condition. FIGURE 4-2: VDD VINPUT



TIG



COUT D O Trigger Level
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Tips ‘n Tricks TIP #5



Window Comparison



When monitoring an external sensor, it is often convenient to be able to determine when the signal has moved outside a pre-established safe operating range of values or window of operation. This windowing provides the circuit with an alarm when the signal moves above or below safety limits, ignoring minor fluctuations inside the safe operating range. To implement a window comparator, two voltage comparators and 3 resistors are required (see Figure 5-1). FIGURE 5-1:



WINDOW COMPARATOR VDD



R1



High Limit



Input



R2



Low Limit



R3
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Tips ‘n Tricks Resistors R1, R2 and R3 form a voltage divider which generates the high and low threshold voltages. The outputs HIGH LIMIT and LOW LIMIT are both active high, generating a logic one on the HIGH LIMIT output when the input voltage rises above the high threshold, and a logic one on the LOW LIMIT output when the input voltage falls below the low threshold. To calculate values for R1, R2 and R3, find values that satisfy Equation 5-1 and Equation 5-2.



Note:A continuous current will flow through R1, R2 and R3. To limit the power dissipation in the resistors, the total resistance of R1, R2 and R3 should be at least 1k. The total resistance of R1, R2 and R3 should also be kept less than 1 megohm to prevent offset voltages due to the input bias currents of the comparator. EQUATION 5-1:



VTH-HI =
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VDD * (R3 + R2) R1 + R2 + R3
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Tips ‘n Tricks EQUATION 5-2:



VTH-LO =



VDD * R3 R1 + R2 + R3



Example: • VDD = 5.0V, VTH = 2.5V, VTL = 2.0V • R1 = 12k, R2 = 2.7k, R3 = 10k • VTH (actual) = 2.57V, VTL (actual) = 2.02V Adding Hysteresis: To add hysteresis to the HIGH LIMIT comparator, follow the procedure outlined in TIP #3. Use the series combination of R2 and R3 as the resistor R2 in TIP #3. To add hysteresis to the LOW LIMIT comparator, choose a suitable value for Req, 1k to 10 kOhm, and place it between the circuit input and the noninverting input of the LOW LIMIT comparator. Then calculate the needed feedback resistor using Equation 3-4 and Equation 3-5.
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Tips ‘n Tricks TIP #6



Data Slicer



In both wired and wireless data transmission, the data signal may be subject to DC offset shifts due to temperature shifts, ground currents or other factors in the system. When this happens, using a simple level comparison to recover the data is not possible because the DC offset may exceed the peak-to-peak amplitude of the signal. The circuit typically used to recover the signal in this situation is a data slicer. The data slicer shown in Figure 6-1 operates by comparing the incoming signal with a sliding reference derived from the average DC value of the incoming signal. The DC average value is found using a simple RC low-pass filter (R1 and C1). The corner frequency of the RC filter should be high enough to ignore the shifts in the DC level while low enough to pass the data being transferred. Resistors R2 and R3 are optional. They provide a slight bias to the reference, either high or low, to give a preference to the state of the output when no data is being received. R2 will bias the output low and R3 will bias the output high. Only one resistor should be used at a time, and its value should be at least 50 to 100 times larger than R1. Example: Data rate of 10 kbits/second. A low pass filter frequency of 500 Hz: R1 = 10k, C1 = 33 µF. R2 or R3 should be 500k to 1 MB. © 2003 Microchip Technology Inc.
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Tips ‘n Tricks FIGURE 6-1:



DATA SLICER VDD



R2 Comparator Input R1



Output
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Tips ‘n Tricks TIP #7



One-Shot



When dealing with short duration signals or glitches, it is often convenient to stretch out the event using a mono-stable, multi-vibrator or oneshot. Whenever the input pulses, the one-shot fires holding its output for a preset period of time. This stretches the short trigger input into a long output which the microcontroller can capture. The circuit is designed with two feedback paths around a comparator. The first is a positive hysteresis feedback which sets a two level threshold, VHI and VLO, based on the state of the comparator output. The second feedback path is an RC time circuit. The one-shot circuit presented in Figure 7-1 is triggered by a low-high transition on its input and generates a high output pulse. Using the component values from the example, the circuit’s operation is as follows. Prior to triggering, C1 will have charged to a voltage slightly above 0.7V due to resistor R2 and D1 (R1 
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