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The Comparator Function — Non-inverting

V,y and Vree applied to +IN and -IN inputs

* V,y = Input signal
* Vrer = reference signal

* may have both dc and ac components

Vout can be one of two levels

+ V,, = HIGH (1)
.V, = LOW (0)
Input Output
VN == Vger HIGH (1)
Vin < VRker LOW (0)

Vout
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The Comparator Function — Inverting

Switch the input and reference signals to

use the comparator in an inverting

configuration
* V,, applied to —IN

* Vrer applied to +IN

-IN

Input Output
Vin > Virer LOW (0)
Vin <= Vier HIGH (1)

Vout
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Reducing Noise Sensitivity with Hysteresis

Vin > 2.7V causes Vout

to transition to OV

Vin < 2.3V causes Vout
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Reducing Noise Sensitivity with Hysteresis

Once V|, exceeds 2.7 V, downward noise peaks

> 2.
Vy>2.7V do not cause the output to change state
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Some Comparators Have Built-in Hysteresis

Tl comparators with built-in hysteresis:

TLV7011 — 350 ns micropower, push-pull output,
Vivst 4.2 mV typ.

TLV3202 — 40 ns micropower, push-pull output,
Vivst 1.2 mV typ.

TLV3501 — 4.5 ns high speed, push-pull output,
Vihyst 6 MV typ.

TL712 — 25 ns high speed, differential open-collector,
Vhyst © MV typ.

TL714 — 5 ns high speed, push-pull output,
Vyyst 10 mV typical

TLV3691 — 24us, 75nA nanopower, push-pull output,
Vivst 17 mV typical

LMP7300 — yPower, open-collector, positive and negative
hysteresis set independently (0 to 110mV)

NOTE: External hysteresis can still be applied!

TLV3501 simulation model with built-in hysteresis
A

File Edit View Process Help 107 v[25

X

=l BEy g T E~ e a|
3 A-
M

2.51 H | B
! -498.91m y:5.43m

ver samv L

2.49 : [

4.62 .
VN1

0.00 . i . i .

1.00 1.25 1.50 1.75

Time (s)

wi# TEXAS INSTRUMENTS

15



Hysteresis Design Procedure — Non-inverting

Design goals Select starting values
*  Vhyst = 100 mV Vee=5V, Voo =5V, Vg =50mV
. V ~ 2 5 V O(max) O(min)
ref — = R1=100k R ., =10k
VCC
o Calculate remaining values
Vref R1 100 k
Vee R2 = Vcc = 5.0 =100k
(wrert)  (G51)
R2
— é Routen _ (R1R2) _ (10°10°)
a R3 = (R1+R2) ~ (105+105) =50k
R3 Ve
Vin + (V max)— Vo(min ) (5.0 —0.05)
o R4 = R3 [Youmen—Younin) | = 5. 104[(50-005) _ 1]
= R4 = 2.43 MEG
W\
R4
Make sure R, iS less than 1/10™ the value of R4!
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Hysteresis Verification with Simulation

Vce
R1 100k
Vref
Vce
R2 100k
= § Rpull-up 10k
— ~ U1 TLV1701
R3 50k n s { Vout
AA— yg
+ Vce
+
Vin @ - V15
R4 2. 3MEG
MV

Hysteresis accuracy improves when R, ., < 0.1 * R4
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Hysteresis Design Procedure — Inverting

Design goals Select starting values
* Vpyst =250 mV Vee=5V,  Voumag =50V, Vo = 0.05V
e V=25V
ref — = R1=10k R ., =10k
VCC

Calculate remaining values Note that equations

R2= 2L _ = ;OLk= 10k are different from
CC : - . -
(Vref_l) (ﬁ‘l) previous non-inverting!!

Vin O———

R3 = (R1'R2) (VO(max)_VO(min)) _1]

ot ~ (R1+R2) VHYST
Vcc I—NV‘ 1 Wy
R1 R3 (10%10%) [(5.0-0.05)
%RZ R3 = (10%+10%) 005 _1] =490k

Make sure R is less than 1/10t the value of R3!

pull-up
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Hysteresis Verification with Simulation

Vcc
—_ § Rpull-up 10k
™~ U1TLV1701
+ +> ¢ ( Vout
Vin @ v
*— Vcc
+
<4 =V15
Vce -
T R110k | vref R3 490k
NN NN————

R2 10k

Hysteresis accuracy improves with R, ;,, < 0.1 * R3
Equations can be used for push-pull output too!
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Hysteresis Design Procedure — Summary

VCC

* The resistor values affect either the reference voltage R1 Ve
and/or the V,, and V| levels. Their tolerances are an LG
Important factor in hysteresis accuracy. R2 V,
+
« The feedback resistor is usually very high in value ' 17 =
compared to the others. Its loading on the non-inverting Vmo_ﬁi RfM,

iInput divider is usually minimal.

* Keeping Ry, less than 10 % of the feedback resistor |
value assures more accurate V,, and V, voltage levels. VinO—— - .
« The inverting and non-inverting equations can also be .
used for push-pull output comparators If: Vref =
o Vee MWA—4—W\
— Remove R from the circuit R1 R3

pull-up %RQ

— Use the datasheet Output Voltage vs Output Current =
curves to establish Vg, @nd Vo iy from the Vg, Push-pull comparators with
and Vg, levels hysteresis applied

wi3 TEXAS INSTRUMENTS = 20





