COMPARATORS


1. Basic Comparator Circuit
The comparator circuit work by simply taking two analog inputs, comparing them and produce the logical output high “1” or low “0“.
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If V+ > V-  then Vout = Hi = 1, LED = off
If V+ < V-  then Vout = Lo = 0, LED = on
By applying the analog signal to the comparator + input called “non-inverting” and - input called “inverting“, the comparator circuit will compared this two analog signal, if the analog input on + input is greater than the analog input on - input (inverting) then the output will swing to the logical “1” and this will make the open collector transistor Q8 on the LM339 equivalent circuit above to turn ON. When the analog input on + input (non inverting) is less than the analog input on - input (inverting) then the comparator output will swing to the logical “0” (the Q8 transistor turn OFF). Furthermore on this tutorial, I will use the term non-inverting and inverting instead of + input and - input on the comparator analog input.

As you’ve seen from the LM339 equivalent circuit picture above, the LM339 use an open collector transistor Q8 for its output, therefore we have to use what is called “pull-up” resistor connected to the Q8 collector lead with the Vcc in order to make this Q8 transistor work. The maximum current that could flow on this Q8 transistor (output sink current) according to the LM339 datasheet is about 18 mA.

The testing circuit simply connects the comparator inverting input to the voltage divider R1 and R2, with 5 Volt voltage supply the V- could be calculated as follow:

V- = (R2 / (R1 + R2)) x Vcc

V- = (10 / 20) x 5 volt = 2.5 volt

The comparator non-inverting input is connected to the 10 K trimmer potentiometer  which is also forming the voltage divider circuit where we could adjust the V+ voltage start from 5 volt down to 0 volt. First when the V+ is equal to Vcc (5 volt) the comparator output will swing to the logical high (Vout = Vcc) because the V+ is greater than V- (2.5 volt). This will switch the Q8 transistor OFF and the LED will turn OFF. When the voltage V+ drop below 2.5 volt, the comparator output will swing to the logical low (Vout = GND) and this will switch the Q8 transistor ON and the LED will turn ON.
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By swapping the analog input; the R1 and R2 voltage divider connected to the non-inverting input (V+) and the trimmer pot. connected to the inverting input (V-) we will get the opposite output result.
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If V- > V+  then Vout = Hi = 1, LED = off
If V- < V+  then Vout = Lo = 0, LED = on

Again using the voltage divider principal the voltage on the non-inverting input (V+) is about 2.5 volt, therefore if we start the inverting input voltage (V-) at 5 volt; the V+ is lower than the V-, this will make the comparator output will swing to the logical low (the Q8 transistor ON) and the LED will turn ON. When we adjust the V- down bellow the 2.5 volt (V+) than the comparator output will swing to the logical high (the Q8 transistor OFF) because the V+ now is greater than V- and the LED will turn OFF. You could see all of this experiment on the video at the end of this tutorial.
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As you’ve seen from the experiment above, the comparator is usually used to compare one variable analog signal with predetermined analog signal or we could call it as the reference voltage. Therefore by placing the reference voltage to the inverting or non-inverting input we could manage the comparator output accordance to our need. This comparator circuit is also known as the zero crossing detector circuit.

The following schema show you how we utilized the zero crossing detector circuit in the infra-red reflective detector usually found in many robotics projects.
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When the infra-red LED beam reflected back to the photo transistor, the photo transistor will turn ON; this will make the reference voltage (V+) become greater than the input voltage (V-). This condition will make the comparator give a logical high to the microcontroller I/O port. When the infra-red LED beam is blocked, the photo transistor will turn OFF; this will make the input voltage (V-) become greater than the reference voltage (V+) and the comparator will give a logical low to the microcontroller I/O port.
Hmm, by applying the circuit schema above to all the comparators in the LM339 package (four comparators), we could make a very sensitive infrared reflector sensors for sensing the black/white line used in many line follower or line maze solver robot.

2. Comparator with the Positive Feedback
One of the drawbacks with the zero crossing detector on the circuit above is; it’s very sensitive to the noise signal (small interference signal) on its input as shown on this following picture:
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Should the input voltage hover around the threshold voltage the output will probably bounce between the rails as the input fluctuates either side of the reference. To compensate this behavior we could apply a small amount of positive feedback to the non-inverting input as shown on this following schema:
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To analyze this circuit first we assume the output voltage is high; in order to meet this condition the V- (inverting input) voltage should be lower than the V+ (non-inverting input) voltage. When the V- voltage increases toward the V+ voltage, this will drive the Vout toward ground which will also shift the V+ voltage through the R3 resistor. Because the V+ is the non-inverting input to the comparator; this feedback will help to drive down the Vout to ground even faster. The opposite condition also occur when the V- voltage decrease, because of the R3 resistor feedback on the V+ input; this feedback will shift the V+ voltage input will ensure a faster switching result to logical high (Vcc) on the Vout.
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The V+ voltage upper threshold (VUT) to make the Vout voltage to swing to ground could be calculated as this following formula.

VUT = (R2 / (R2 + R1||R3)) x Vout

We assume the Vout equal to Vcc when the output is high then we could have this following formula:

VUT = (R2 / (R2 + R1||R3)) x Vcc	and

R1||R3 = (R1 x R3) / (R1 + R3).

Substituting the R1||R3 (R1 parallel R3) inside this equation we will get this following formula:

VUT = (Vcc x R2 x (R1 + R3)) / (R1 x R2 + R1 x R3 + R2 x R3).

The V+ voltage lower threshold (VLT) to make the Vout voltage to swing to high (Vcc) could be calculated as this following formula.

VLT = (R2||R3 / (R2||R3 + R1)) x Vcc  and

R2||R3 = (R2 x R3) / (R2 + R3).

Again by substituting the R2||R3 (R2 parallel R3) inside this equation we will get this following formula:

VLT = (Vcc x R2 x R3) / (R1 x R2 + R1 x R3 + R2 x R3).
The different between the upper and lower threshold voltage is called the hysteresis voltage:

VH = VUT – VLT

Therefore by applying the upper and lower threshold formula, we could get the hysteresis voltage as follow:

VH = (Vcc x R1 x R2) / (R1 x R2 + R1 x R3 + R2 x R3).
To insure that Vout will swing between Vcc and ground we have to choose:

R3 > R pull-up and R pull-up < R load

Therefore by assigning the R pull-up = 10K, R1 = R2 = R3 = 100K and using the 5 volt supply we could calculate the upper and lower threshold voltage as follow:

VUT = 2/3 Vcc and VLT = 1/3 Vcc

The different between the upper and lower threshold is called the hysteresis voltage:

VH = 1/3 Vcc 

The common way to represent the hysteresis graph instead of using two graphs as shown on the above picture is by assigning the Vout on the Y axis and V- (in) on the X axis, now we could get this following picture:
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Therefore by shifting the V+ voltage with the R3 feedback resistor we could compensate the comparator output to become more immune to the noise signal. This hysteresis comparator circuit also could be used as a Schmitt Trigger with the adjustable threshold point by just changing the value of R1, R2 and R3 resistors respectively.


Today the modern comparator is easily found in the form of integrated circuit such as the popular National Semiconductor LM339 quad (four) comparator 14 pins dual in line (DIL) package bellow:
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When you look closely to the comparator symbol, some of you will recognize it as the Op-Amp (Operational Amplifier) symbol, so what make this comparator differ from its big brother; Op-Amps is designed to accept the analog signal and outputting the analog signal while the comparator only outputting the digital signal; although the ordinary Op-Amp could be used as the comparator such as the popular National Semiconductor LM324 quad Op-Amps, but the real comparator is designed to have a faster switching time comparing to the multipurpose Op-Amps. Therefore you could say that the comparator is the modified version of the Op-Amps which specially designed to give the digital output.
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LM339 Single Comparator Testing Circuit (swap the input)
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