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Hello, and welcome to the Tl Precision Laio&o

discussing comparator applications, part 2. In this
videowe will introduce how external noissanaffect
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the concept of hysteresis and howcianbe used to

solve noise problems, including how to select
component valueso achieve different levels of
hysteresis.



Noise Effect on Comparator Output
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Noise is a common consideration in analog circuits.

The comparator is a circuit with an analog input and a
digital type of output. Noise will effect the operation

2F | O2YLI NI ex@ihskoridtknSici K S NJ 7
V2A4Sd ! yF2NUdzyldStex RIFGL
much about the intrinsic (or internal) noise of the
comparator, because intrinsic comparator noise is

very difficult to characterize.

Here we show a comparator with a voltage divider
that applies 2.5V to thaon-inverting comparator
input, and a generator with a noisy triangle wave
applied to theinverting comparator input. Looking at



the input and output waveforms, we can observe the
noisy triangle waveform and its associated digital
output. The diagram at the right shows the results of
zooming in on the red circled area.

Inspecting this diagram, you can see that input noise
near the 2.5V threshold can cause the output to
rapidly change state, sometimes referred to as
chatter. This happens because the noise causes the
input to move rapidly above and below the threshold.
It will continue to change state back and forth until
the input voltage stays above the threshold, despite
the noise. As you might imagine, this chatter caused
by input noise is hormally an undesirable condition
that we would like to eliminate. For example,
suppose that we wanted to count the number of
triangle wave edges. The chatter would be
interpreted as an error in the count. Next we will
consider a method to eliminate this problem.



Reducing Noise Sensitivity with Hysteresis
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Sensitivity to noise can be reduced through the

application of what is called hysteresis. Hysteresis is a

form of positive feedback that creates two distinct
threshold levels. The first threshold is set for when

the input signal is increasing, and the second is set for

when the input is decreasing. In this example, the
threshold when increasing is set to 2.7V, and the

threshold when decreasing is set to 2.3V. This 400mV

separation of the thresholds sets the amount of
hysteresis in the circuit. The thresholds are set by the
values of the resistors in the voltage divider and the
feedback.
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output is high, at 5V. Notice that in this case, the
576kohm feedback resistor is in parallel wix the

upper resistor in the voltage divideiThis causes the
voltage at the nornverting input to be equal to 2.7V.

This 2.7V is called the upper threshotl Since the
comparator is in an inverting configuration, if the

signal applied to the inverting input goes above this
voltage the output will transition from logic high to

logic low.
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OV. In this case the 56@m resistor is in parallel

with Ry, the lower resistor in the dividegetting the

lower threshold,VL, to 2.3V. If the input signal is

driven below VL, the output will transition from logic

low to logic high.

This 400mV of separation between VH and VL creates
protection against sudden changes in output state,
since the level of the expected input noise is much
smaller than 400mV.



Reducing Noise Sensitivity with Hysteresis

Once Vy exceeds 2.7 V, downward noise peaks
do not cause the output to change state
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previously, now with the 400mV of hysteresis applied.
We now have two different thresholdsthe lower
threshold is 2.3V and thepperthreshold is 2.7V.

Notice that when the input waveform is increasing,
the output will not transition until the input goes
above the upper threshold of 2.7V. Once the input is
above 2.7V, the output will not transition again until
the input goes beneath the lower threshold of 2.3V.
As as long as the noise is lower that the hysteresis
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we saw previously. Thus, the amount of hysteresis



used is set according to the noise that you expect to
see in your system.



Some Comparators Have Built-in Hysteresis

Tl comparators with built-in hysteresis: TLV3501 simulation model with built-in hysteresis

- A
» TLV3202 - 40 ns micropower, push-pull output, ® Eot Tiew Prces Ber x 107 ¥[25
Viysr 1.2 mV typ. =d EDGJHHT&& e e ad
2.51 5 ' 5.5 -
. TLV3501 — 4.5 ns high speed, push-pull outpt, g £ dmom (7o)
Vhyst 6 mV typ. VG ' T 54mv
« TL712 - 25 ns high speed, differential open- i
collector, Vst 5 mV typ. 24 :
* TL714 - 5 ns high speed, push-pull output, Viysr
. VM1 '
10 mV typical i
+ LMP7300 — pPower, open-collector, positive 0.00 - ; . | ‘
and negative hysteresis set independently 1.00 125 1.50 175

Time (s)

NOTE: External hysteresis can still be applied!
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Some of our comparators at Texas Instruments have
built in hysteresis, but in general, tlranount of built-

In hysteresis is normally just a few millivolts. This list
gives examples of several comparators with bimilt
hysteresis. For example, the TLV3202 micropower
comparator with a pusipull output has a hysteresis

of just 1.2 mV. The TLV3501 high speed comparator
has 6mV of hysteresis. Note that devices with built in
hysteresis can still use the external hysteresis circuit
that we described in the previous slide if you need
more hysteresis than what is internally provided. The
example simulation shown here is using the TLV3501
SPICE model. The input waveform VG1, a low level




triangle wave, shows the points at which the upper
and lower thresholds VH and VL occur. Note that the
simulated hysteresis is about 5.4mV, very close to the
6mV specified in the data sheet.



Hysteresis Design Procedure — Non-inverting

Design goals Select starting values
* Vhysr =100 mV Vee=5V, Voume =5V, Vouum =50mV
e V=25V

ref = < R1=100k R =10k

pull-up
VCC
Calculate remaining values

Vref . R2 = __R1 100k

(rert)  Gs)

R1

=100k

o

_ (R1-R2) _ (10%10%) _
R3 = (R1+R2) '(105+105)'50k

R4 = R3 [M_l] = 5. 104522005 _q]

VHYST

R4 = 2.43 MEG

#i3 Texas INSTRUMENTS

The equations here provide a general procedure for
determining the resistor values to set the hysteresis
requirement. This particular design process is specific
to anon-inverting comparator circuit with an open
drain, or openrcollector output. In this example, the
design goals are to set the hysteresis to 100mV with a
reference voltage of 2.5V. The supply voltage for the
comparator Vcc is 5V. This makes the output swing
equal to 5V maximum and 50mV minimum.

We must first select values for R1, the upper resistor
in the Vref voltage divider, as well Rpultup. Once
these are selected, we can easily calculate the



remaining resistances in the circuit. In order to
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andRpultup to 10k.

Next, using the voltage divider equation, we can
calculate the value for R2 in order to create the
desired Vref voltage of 2.5V. This works out to be
100Kk.

We then calculate R3, setting it equal to the parallel
combination of R1 and R2, which in this example is
equal to 50k.

CAylLfttesr gSQftft OFfOdz 4GS v
the equation shown here which depends on the value

of R3, the comparator output swing, and the desired
hysteresis voltage. The result is that R4 must be equal

to 2.43 M.

This completes the necessary design calculations.
Keep in mind thathe hysteresis voltage will be most
accurate wherR, ., is less than 1/10 the value of
R4. Athe end of the design calculations, you should
always double check the pulp value to make sure
this relationship is maintained. In this caBpultup

Is 10k and R4 is 2.43M ohm, so there is no issue.



Hysteresis Verification with Simulation

Vee VH = 2.55 V
V, =245V
Vyyst = 100 mV

R1 100k
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simulation. Here we show the circuit as designed on
the previous page using the TLV1701 comparator.
Applying a slownoving triangle wave to the nen
iInverting input, we can use cursors to mark the points
where the output voltage transitions. In this example
we see that the output transitions when the input
passes a VH, or upper threshold, of 2.55V, and when
the input passes a VL, or lower threshold, of 2.45V.
This results in 200mV of hysteresis, matching the
design goals very well.
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for aninverting comparator configuration. Notice that

the input signal for this circuit is connected to the
inverting input of the comparator, where in the nen
inverting circuit it was applied to theon-inverting

input.

In this example, the design goals are to set the
hysteresis to 50mV with a reference voltage of 2.5V.
The supply voltage and output swing are the same as
before. This time we will set R1 to 10k aRdultup to
10k, where in the previous example R1 was equal to
100k. The remaining resistors, R2, and R3, can now



