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Agenda Comparators. ..

-IN
« Comparator differentiation from amplifiers + Vout
« Comparator specifications @ "
— Output types

— DC specifications
— AC specifications

Applications/use cases —

— TI Comparator features Input Output
« Tl Comparator Webpage Vi > Veer HIGH (1)
Vin < Vger LOW (0)
~ UNDEF
Vin = Vier (Determined by Vos)
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Amplifiers and Comparator differences

Amplifiers Comparators
«  Amplifiers operate with negative « Comparators operate in open-loop
feedback with a “virtual” short or with positive feedback
across inputs (hysteresis)
* Analog input, analog output * Inputs can be independent and be
volts apart
 Analog input, digital output
R2
MV
VIN
If Viy > Vger: Vour = HIGH
VREF
If Viy < Vger: Vout = LOW
N\ Vour = -(R2/R1)vy
v Inverting operational amplifier Non-inverting comparator
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Comparator output types

Open-drain/open-collector output

Requires pull-up resistor — level shifting or wired-OR output apps

+Vee +V

QUTPUT

:

pull-up

A
pull-l.!:v_ Qn Off

'

Linear region

Push-pull (also called R-R or Totem Pole) output

No pull-up resistor required — strong output drive and

symmetrical rise and fall times

+Vee

"“'rnH ]

e - @ on, Q, off

Y

Linear region

¥
......... Q, on, Q off
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Output type usage examples

Push-pull output Open drain output
_ P-Channel MOSFET Output OR’ing
—:..I“_ S‘."EtEm VeuLLue

- Power

Vrhe O—

RPULLUP

VOUT

TLW1805 Vrn 0——

NS

Common in high-speed Bt
devices! =

Level shifting
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Comparator DC parameters - common mode range

Common mode voltage is commonly defined
as “the average of the two input voltages”

— Only true for operational amplifiers under
negative feedback

— Not true for comparators
Input common mode voltage range
specification is per input

If one input is within V,. and the other input is
above Vg, the output will be correct but the
comparator may not meet full datasheet specs

If both inputs are above Vg, the output may
be INCORRECT!!

-IN

Zal

Vi
Vout
+
OGNy
5 < Vicr
-IN <Vicr
+IN < Vcr
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Common Mode Range Considerations

V+
Example: V+ =5V for Non-RRI Comparator 4V N
Valid common mode input voltage range is 0 to 3V + Vout
ou
OV to 5V
Should we use this comparator for this Vgge and V? N + LM193. LM139-SP
No - ’
As V rises above 3V, BOTH inputs are above the input common
mode voltage range and the output may be INCORRECT!
LM193, LM139-SP (non RRI) -
. 0to
Vier Cnmn}g:n-mnde input-voltage ac Voo = 1.5 y
range® Full range 0to Technical article: Solving
Vo =2 top comparator challenges:
Violating input common-
TLV1704-SEP, TLV4HXx90-SEP (RRI) — better for low voltage systems mode range
INFUT VOLTAGE RANGE : I
Veu Common-mode voltage range [Ta=—55°C to 125°C | V=) v+ W
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https://e2e.ti.com/blogs_/b/analogwire/posts/solving-top-comparator-challenges-violating-input-common-mode-range

Comparator DC parameters — offset voltage (Vg)

Output voltage vs. input ramp voltage

VIN
2.54 A £ a1 + Vou
2.53 1
input V output
ramp 2.52 | 0s voltage
voltage
251 +— -10mV — 4 - — — — | =
250 +— o my
= Vin_tota = Vin * Vos 249 1 Kt = — + —
2.48 1+
The maximum Vg of a comparator ranges ar |
from about +0.5 mV up to £15 mV 7,
2.46 t ; t f t f t ; Lo
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 sec

+ Offset appears in series with positive input.

* “Suppresses” actual input signal

Example application: Zero crossing detection using comparator circuit
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https://www.ti.com/lit/an/snoa999/snoa999.pdf

Noise effect on comparator output — “chatter”

Vout = GND for Vin > Vth . . . .
Vout = V¢ for Vin < Vth Vout momentarily transitions from Vih to Vil

as Vin crosses above the 2.5V Vth level

j Vout 3.0+ /
U2 TLV3201 1

g 5V Vin 5 5t e VAG R A Moo o = 2,5
& Vee
Vth = 2.5V
‘ _g Zoom in on this section 20
= 5o Vih “Chatter”
= Vout
Vin 2.5
Vil
0 ! T ! | ! | |
0.0- 4u 5u 6u 7u 9u 10u 11u
5.0 Time (s)
“Slow” ram .
input signalp ot ze Comparator output rapidly changes
state near the threshold point in
0.0+ - - . , . .
0 ou a0u tou bou 1000 120w response to the noise peaks.

Time (s)
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Reducing noise sensitivity with hysteresis

Vin > 2.7V causes Vout to transition to 0V

5V Vout_hyst

=

et

Rh 576k

Rx 100k

Ry 100k

av

Rx 100k

Ry 100k

Rh 576k

2.7V

= 2.3V

4945 Ud

Vout vs Vin with 400 mV of hysteresis

A
Vout with Vin increasing
>~ Y i >
|
I
|
|
| Vout with Vin
| v decreasing
S
2.0 2.3 25 27 3.0
V, V.,
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Reducing noise sensitivity with hysteresis

Once V, exceeds 2.7 V, downward noise peaks

oy Vi >2.7V do not cause the output to change state
+
Vout ,
n
+
+5V ——
- R, R,
100 k 576 k Vou
M-
R, 2.5
100 k ’ Vout_hyst N
VOL 0.0+ U I I IR B IR L I I I I |
. ' 0 8u 17u 25u 33u 42u 50u
Positive feedback or “hysteresis” Time (s)
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Some comparators have internal hysteresis

Tl comparators with internal (built-in) hysteresis:

« TLV3501-4.5ns, Vs 5.4 mV typ.

* TLV3601/2/5-2.5ns, Vyyst 3 MV typ.

* TLV3603 — 2.5 ns, resistor programmable Vst up to 60 mV.
* TLV38x1-225ps, V,yst 2 MV typ.

* TLV40x1 —-450 ns V,yst 20 mV typ.

* TLV701/2x — 3 us, Vyyst 6.5 mV typ.

External hysteresis can still be applied

» Total hysteresis = Internal hysteresis + External hysteresis

TLV3501 simulation model with built-in hysteresis

A
File Edit View Process Help X |‘I.EIT" 3"3|2-5

2 BEy g | Tlia~ }(E:l|'1.5? v[25 a

2 581 l A-B
¥ -498.91m ¥, 5.43m
H N——
VGl | v
C A ma\/
\J“Il' LLLR\'4
4
2.49
462
VI
0.00 . i . i .
1.00 1.25 1.50 1.75
Time (s)
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Technical article: Solving Top
Comparator Challenges: Chatter

Application note = SBOA219A:

Comparator with and without
Hysteresis Circuit

»

Chatter and hysteresis resources

Circuit Cookbook - SBOA313:

Non-Inverting Comparator with
Hysteresis

Circuit Cookbook =
SNOA997: Inverting Comparator
with Hysteresis

Tl training video: How to Add External
Hysteresis to a High Speed LVDS Comparator

HIGH SPEED LVDS
COMPARATORS
HOWTOADD [

EXTERNAL
HYSTERISIS

Tl training video: How to Solve Comparator
Noise Problems with Hysteresis

EXTERNAL NOISE AND
SOLUTIONS

AFFECT OF

EXTERNAL NOISE
ON FUNCTION
Tl Precision Labs

i3 TExAS INSTRUMENTS 1,


http://www.ti.com/lit/an/sboa313/sboa313.pdf
http://www.ti.com/lit/an/sboa313/sboa313.pdf
http://www.ti.com/lit/an/snoa997/snoa997.pdf
https://e2e.ti.com/blogs_/b/analogwire/posts/solving-comparator-challenges-chatter
http://www.ti.com/lit/an/sboa313/sboa313.pdf
https://training.ti.com/how-add-external-hysterisis-high-speed-lvds-comparator
https://training.ti.com/ti-precision-labs-comparator-how-solve-comparator-noise-problems-hysteresis

Comparator AC parameters - propagation delay

input wave 100%
to 50% — = ——n—e b — -
comparator 0 %

| |
I .
o o
outputwave 90% | : ) |
from 50 % — - ! _'_"_I'_Tx'ii;
comparator 19 |
I
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Comparator AC parameters - rise and fall time

input wave 100%
to 50% — - ——m e —m e —m e — e — e —
comparator 0% —oI
| I
I tr: I : tf
| . | | .
outputwave 90% | ' R :
from 50%_-.1_.._' _._.._i._--_ L.
comparator 19
I
I
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Comparator AC parameters - input overdrive

« A commonly misunderstood specification

« Overdrive is not the total change in input
voltage

» Overdrive is defined as the amount of
differential input voltage exceeding the
reference voltage

Reference
voltage (0V)

Input voltage

Example:

-IOverdrive =20mV

80 mV

Underdrive = 80mV

i Amm——

100mVpp input step with 20mV overdrive

17
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Input overdrive influences propagation delay

Propagation Delay (ns)

PROPAGATION DELAY vs OVERDRIVE VOLTAGE

OUTPUT RESPOMSE FOR VARIOUS
OVERDRIVE VOLTAGES (rising)

OUTPUT RESPOMSE FOR VARIOUS
OVERDRIVE WOLTAGES (falling)

Vo = 1V - = Input
Vg =5V z 0 | s |
o : nput
\Rim Cyoap = 17pF 3 0 .
5 ﬂ‘ﬁk Vg = S0mV
5
\\ 4 Vo= 10!]11‘:" { ! Vg = S0mV 4 - AM - -
Fall . 3 -'-.rm=2ﬂ:n~.-' . Vg = 100m || T Voo = 2 lx.r
N é : - < 2 “.II I["'_ Vog = SmV
N 2 i 3 I
—— o ' \E
— B »
20 40 80 80 100 -10 0 10 20 30 40 -10 0 10 20 30 40
Overdrive Voltage (mV) Time ns) Time (ns)
Prop delay tp Prop delay tpgy,
Temp Overdrive | Typical Maximum
Vv 25°C 10 ns
out
-40°C to 5mVv 7.5ns 12 s
85°C
25°C 6.4 ns
20 mV 4.5ns
Propagation delay time -40°C to 85C 7ns

measurement

Propagation delay tpp , AVin =100 mV
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Comparator AC parameters - maximum toggle frequency

« Maximum switching frequency of the comparator
» Overall “speed” of a comparator

* Rule of thumb:
— Ftoggle max=1/(tr+ TPLH + TPHL + tf)

— Does not account for output fidelity

* Do not try to “push” the speed of the comparator

— Output can distort or “shrink”

f C;::;p'alroa;;r':v 4 Distorted signal
\_
Comparator w/ ™\
high f toggle Clean signal

High Hz

Signai

Source
R

Variation over process / lot / temperature

froseLe

Input toggle frequency

Viy = 200 mVpp Sine Wave,
When output high reaches 80% of Ve - Veg 325 MHz
or output low reaches 10% of Vec - Ve

— Chance of missing pulses

— Better to use a faster comparator

19
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Comparator AC parameters — minimum pulse width

Minimum pulse width: smallest pulse size (measured in seconds) that will produce a
high output state on the comparator

A pulse that is too narrow will not be detected, as the pulses will disappear before the
comparator can transition its output

) Minimum allowed input pulse Voveroane = Vismesoene = S0my
PulseWidth wichth PNy = 90% of PV,

Minimum Pulse Width: 1ns vs 3ns Pulse Behavior

Comparator is capable of detecting pulse > 1.5-ns

| distorted pulse transmitted
' 1-ns pulse -+

i >

! =1

: >
>
! ! complete pulse transmitted
\ | 3-ns pulse > 1! >
- > = TLV1H103-SEP
3-ns timing )
size eref

w» lEXAS INSTRUMENTS



Comparator AC parameters -t Channel-to-channel

Skew (matching)

signal

AC Characteristics
tpp Propagation delay Voverorive = Vunperorive = S0mV 25 3.5(0
Cha.n nel'tO'Chan nel SkeW (Often Ca”ed teo Propagation delay ¥DVE$EWCE = VI;I;;ESDRNE:SDmV 4501 ns
a = —40"C to +1257 )
13 H ”» . . M =
matching”) refers to the variation in o (T¥3002 oy | LA e prapegeton Vo= Vol Voo =Vnossorn 2 -
1 tem_oispersION Common dispersion Ve varied from Veg to Ve 80 ps
reS p O n S e tl m e b etW ee n tW O O r m O re ton_pispersion Overdrive dispersion Overdrive varied from 10 mV to 125 mV 600 ps
w71 H tup_pisPERSION Underdrive dispersion Underdrive varied from 10mV to 125 mV 330 ps
channels when receiving the same input s P
te Fall time 90% to 10% 0.75
tarter RMS Jitter X,:N==11(J(())r;dn-l|-1\;ﬁlji’tter BW = 10Hz — 50MHz 4 ps
Vin = 200 mVpp Sine Wave,
facos LTS R T T i v os MHz
Channel-to-channel skew -
1 1
1
/\/\/\/ ’
1
1
1
| B I
> 1
1
> L |
» 1
> |
1
1 ({J Vi : : [
n 1! [
_ <+> <+ <
Vref . .o . . .
Skew causing timing differences in output signal
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Minimum Ch-Ch Skew Applications

Level shift from 1.8V
logic to 5V logic

5V

IN+

High speed
1.8V Logic

IN-

I
|
i
] ]
| ]
: ! !
5v ; H
|
Output to !
GANfet OV H
i ] i
I I [N

Well-matched prop delay minimizes timing
error and enables generation of precision
narrow pulses for GaN FET Driver

22
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Comparator applications/use cases
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Power supply monitoring

Comparator usage cases

Under-voltage detection:

Devices such as the MCU need to know when the power supply reaches
a nominal operating voltage to ensure proper operation. Standard
comparators are frequently used because a reference voltage is already
available in the system, otherwise comparators with an integrated REF
can be used for higher precision and lower power consumption.

System Care Abouts:

+ Low Offset | Low Power | Low Operating Voltage

Over-voltage detection:

High voltage sources are resistor divided down and compared against a
reference voltage to protect the system. Protection is provided by
disabling the power source or disconnecting the system from the source.
If powered by the source that is being monitored, the comparator’'s max
operating voltage must be greater than the highest supply voltage.
System Care Abouts:

* Low Offset | Propagation Delay | Max Operating Voltage

Standard comparators Precision comparators

DC/DC

Micro-

— VBAT Comparator

Controller

B,

A
VWA

RESET

BAT

DC/oC 3.3v

Sell-Diagnostics/
Montintering

Comparator Processor

\
/

=

RESET

4.2V to 36V

Comparator

TL431-01

System

BAT —.

Power

Comparator

Benefits:

©m | M2903B -> Standard DUAL
comparator; best price
guaranteed

@@ TLV1805 -> 40V operation with
push-pull output stage is well-
suited to drive a MOSFET

switch

TLV90XX -> 100ns, 16uA
TLV301X / TLV40OXX >
Integrated 1% REF

TLV170X -> 36V operation with
1Q of 55uA and low offset;
TLV70XX - Power sensitive

applications

» Integrated reference saves board space and reduces BOM count

*  Push-pull output eliminates the need for a pull-up resistor, thus saving power and decreasing the time it
takes to switch off or alert the system of undervoltage/overvoltage conditions

» Inverting/non-inverting options allow for more flexibility in design

Want to learn more? Check out these links:

* Overvoltage Protection with Comparator Circuit

¢ Non-Inverting Comparator with Hysteresis Circuit

* High-Side Inverting Comparator with Hysteresis Circuit

* Analog Engineers Cookbook: Op Amps & Comparators



http://www.ti.com/lit/an/snoaa20/snoaa20.pdf
http://www.ti.com/lit/an/sboa313/sboa313.pdf
http://www.ti.com/lit/an/sboa347/sboa347.pdf
http://www.ti.com/lit/an/snoa997/snoa997.pdf
https://www.ti.com/seclit/sl/slyy137/slyy137.pdf

..................................................................... AEC Q100

Low-Side Current Sensing

Current Sense

Comparator usage cases

Bi-directional current sense of the motor:

When the shunt resistor is placed in series with a phase lead of a motor,
the current sensing requirement is bi-directional. A current sense
amplifier will bias its output at mid-supply and a window comparator will
alert the system if the current ever goes outside the desired range.
System Care Abouts: | S oooooooooooooooooooo- !

uce_ocs

Micro-
Controller

<

. Low Offset | Propagation Delay | Output Configuration Vesr [

Waar — Voo

High-side & low-side current sensing ;l;

High and low side current sensing have current flowing in one direction.
The voltage across the shunt can be directly monitored by a comparator Over Rssunt
or a current sense amplifier can be used when higher precision is C””E“ti
required. An alert signal is generated by the comparator when an over-
current event occurs.

System Care Abouts: Comparator

. Low Offset | Propagation Delay | Input Common Mode Range SYSTEM

High-voltage Highspeed High-Side Current Sensing %
current sensing current sensing

Benefits:

Micro-
GPIO | controller

System

+
Currzrt LPVE21 Comparator

REF Micro

Controller

—

@ | M2903B > Standard dual TLVO0XX > 16pA, 100ns delay,
comparator best for low power application in
@@ TLV170x > 36V operation bi-directional current sensing * Low propagation delay allows the comparator to send a fast alert signal

with 1Q of 55uA and RRI; TLV320X - 40ns delay, 40uA » Simplifies design and monitors hardware
best for low power supply current for high speed OC

« Low offset increases accuracy of current detection

Want to learn more? Check out these links:

application in high-side alert L . . . . .
2e . » Bidirectional Current Sensing with a Window Comparator Circuit

current sensing e TLV360X > 800-ps prop delay,

G TLV1805 > 40V operation 350-ps overdrive dispersion *  Analog Engineers Cookbook: Op Amps & Comparators

with push-pull output stage TL331B/2903B -> 2.5mv offset + High-side Current Sensing with Comparator Circuit
is well-suited to drive a voltage, 2V to 36V supply range,

* Precision Over-Current Latch Circuit

MOSFET switch. 1ps prop delay TS

* High-Side Fast-response Over-Current Detection Circuit



https://www.ti.com/lit/an/snoaa40/snoaa40.pdf?ts=1647358149511&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/seclit/eb/slyy137a/slyy137a.pdf
http://www.ti.com/lit/an/sboa306/sboa306.pdf
http://www.ti.com/lit/an/snoaa21/snoaa21.pdf
https://www.ti.com/lit/an/sboa349/sboa349.pdf

Temperature Detection

5

Comparator usage cases

Detect when system reaches critical temperature:

Over-temperature detection is required to protect systems from
excessive temperatures during operation; note that no fixed reference is
required with integrated reference comparator solution.

System care about:

»  Low quiescent current

*  Low input offset voltage

* Integrated hysteresis

*  Rail-to-rail inputs

*  Multichannel options for measuring multiple temperatures

*  Known startup condition

G TLV703X/4X > Nanopower, @@ TLV3011/TLV3012-> Power on

best when need low power in Reset circuit, Externally
high-side current sensing, 0.8 available precision 1.2V
mm X 0.8 mm, reference, =1% accuracy
@@ TL331B/TL391B - operating *  TLV4031R1-> Power on Reset
voltage up to 36V, Low input circuit, precision 1.2V reference,
offset +1% accuracy, 0.73 mm X

0.73 mm size package

Vthermistor

Rthermistor
NTC

Comparator

Vout

Integrated C!
MPU romoto sonsing
-
)

Benefits:

» Offers analog backup protection when placed in parallel with microcontroller

* Hysteresis and low Vg eliminate false output transitions for slow temperature transitions

* Rail to rail inputs allow for monitoring temperature over a wider range

* Inthe presence of a POR circuit, the output is in a known state during startup

Want to learn more? Check out these links:

e Thermal Switch with a Comparator

* Analog Engineers Cookbook: Op Amps & Comparators

s



https://www.ti.com/lit/an/snoaa02/snoaa02.pdf
https://www.ti.com/seclit/sl/slyy137/slyy137.pdf

Comparator Special Features

« Known Startup Condition (Power on Reset Circuit)

» Fail-safe Inputs

* |Integrated references

65V Comparator with Integrated Reference

* Reverse battery protection

» Over-the-rail operation — transient voltage protection up to 40V

» Split-supply input operation with ground reference outputs

» Hysteresis pin

» Self-Latching Comparator

27
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Start-up output state uncertainty

VvV, =1.50V, V, =154V
(Output should be high)

V, =154V, V, =150V
(Output should be low)

Sawtooth  Tale 1., Tria'd M Post —2080ms  TRIGGER Tek  .IL Trig'd M FPos: 2080ms  TRIGGER
i : : :

o 3V 3V

1.50 V / -
1.54V 0urce Source

CH1 .
CH1
+
\ 3
o L5V F:iiu 1.5V HAope
10 k Rizing
Vout

— Dd Vout Muode

- -- B - ‘

123 ¥ n ¥ £ Coupling J )
- Coupling

CH S00mY M 10.0ms
= CHE SO0 M 100ms
The comparator output flips state as it is powering up.
This is a common behavior for comparators.
28
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Examples where Known Start-up is needed

Latching output circuits Feedback loops
« Latches HIGH, so needs to start logic LOW

* Needs to start LOW, otherwise system is
* Remains latched until power is cycled never ENABLED

TP2136

CARpigEs.
3P EX UEE0

2ot i,
3 17

TR
. k0 1%

0k +1S

29
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Known Start-Up Conditions

Power-on-Reset (POR)

Feature Highlight

Problem: Start-up uncertainty creates a false state on start
In Figure A, output should be logic high, but upon start-up, the output
toggles between high and low before stabilizing at logic high. In Figure B,
output should be logic low, but the output briefly transitions to logic high
before stabilizing at logic low. This transition between a high and low
state can cause the premature activation of the circuit

Solution: Integrated Power-On-Reset (POR) Circuity

The integrated POR circuit forces the comparator output to a known
state during start-up until the supply reaches the minimum supply value.

Feature Facts:
* Integrated POR circuitry will be designed into most new Tl
comparators

Comparators with POR

@m TLV3601/2/3
G TLV181X/2X
@ TLV1805
©@m TLV701X/2X
@m TLV703X/4X
TLV40X1

TLV185X/6X

2.5ns
400ns
250ns
260ns
3us
360ns

30us

2.4V to 5.5V

2.4V to 40V

3.3V to 40V

1.6V to 6.5V

1.6V to 6.5V

1.6V to 5.5V

1.8V t0 40V

""""""""""""""""""""" Tek L. Trigd M Por: ~2000ms  TRIGGER
+
I W|th0ut POR I Type
/ Source
IN+ > IN- B
Tek Il i Trig'd M Pos; -2080ms  TRIGGER
M Type Slope
3V 4 [Fiisinal
v // : Vec~1.2V
ause
Iade
15V %
A Vode kL Vec 0V K Coupling
v/ £ oo Figure C. Push-Pull Output with POR

Tek T Tria'd M Pos —20.30ms TRIGGER
+

Type

3V
*IN- > IN+ Source

Tek NN Tria'd M Pas; ~20.50ms TRIGGER CHT

* Tyoe
av 3

N ope

e 15V
Vee~1.2V

4.5V ‘ Mode
- /‘ Vout # ‘
» J Coping :'-----’, Z" Coupling

o wms | FiQUEE B Figure D. Open-Drain Output with POR

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
' CH2 SO0 M 10.0ms
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

Figure A i

For a Push-Pull
comparator, the output
is held low until the
minimum operating
voltage is reached

*IN+ > IN-

For an open-drain
comparator, the output
follows the supply until
the minimum
operating voltage is
reached

*IN- > IN+

Benefits:

« Allows the comparator to consistently remain in a known state (POR state or reflective of input)

* Minimizes impact of brownout conditions by protecting against an accidental change in state

» Avoid false output conditions

Want to learn more? Check out these links:

« How to Solve Comparator Startup Uncertainty with POR

« [FAQ] How Power on Reset Comparators Simplify Designs

TS



https://training.ti.com/ti-precision-labs-comparator-how-solve-comparator-startup-uncertainty-por#:~:text=A%20common%20issue%20encountered%20in,regardless%20of%20the%20input%20signal.
https://e2e.ti.com/support/amplifiers-group/amplifiers/f/amplifiers-forum/897407/faq-how-power-on-reset-comparators-simplify-designs/3317601?tisearch=e2e-sitesearch&keymatch=por%2525252525252520comparator#3317601

Input voltages beyond VCC

« Common question: “What if | expect the input voltage to exceed the rails?”

* Most low-voltage and CMOS devices have conventional ESD clamping diodes to supplies
» Diodes will clamp to supply when input exceeds supply by >500mV

« ESD diodes are not designed for continuous power dissipation

1

i 1

1

— 1
1

1

+ ESD Current- !
- Steering Diodes 1

1

1

1

1

1

1

1

1

L
E)

+
5
e (e e e m————
g
L]

t Edge-Triggered ESD
_f_ _f Absorption Circuit
T SR —— * Upper output ESD
Y, diode may not be
present on Open
Conventional ESD Protection Collector Outputs

31
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Integrated Fail-Safe Inputs [ T -

Without Fail-Safe Inputs
Feature Highlight

Problem: Input pins are dependent on power supply

Absolute Maximum Ratings N+ O
over operating free-air temperature range (unless otherwise noted)(!) N- O

MIN MAX UNIT
Supply voltage 7 ) v
Signal input pins'? 0.5 (Vo) + 0.5 GND

*Input limited by VCC S

ON/OFF
. » System

O out

Designing with input pins that are dependent on the power supply can
lead to system damages in cases where the power supply ramps down
faster than the input supply or during start-up where the input supply
ramps faster than the output supply.

o/
i ]
ol
i ]

Voltage

Solution: Make input pins independent of power supply
By giving the input pins their own absolute maximum ratings independent With Fail-Safe Inputs _l_
of the power supply, users can have more flexibility in designing without —
worrying about damage to the input pins. ; Ccom parator
vcc

System Care Abouts: ?
*  High Input Impedance in absence of supply - Without fail-safe, when

* Input signal can go well beyond the supply voltage of the comparator the power is shut off, the

as defined by Absolute Maximum Table N+ O S = battery must be
O out disconnected to protect
IN- O ’ - vee the comparator.
SNAPBACK

Absolute Maximum Ratings

@D LM393LV/LM339LV 25pA 600ns 1.65V to 5.5V T ; Lishgps over operaing free-alr tempersture ranos funiess ofherwise noled)!)
@D TLVI02x/3x 16pA 100ns 1.65V t0 5.5V oND GND ) - JAS el
Supply voltage: Vg = (V+) = (V=) -03 40 v
TLV701X/2X 5pA 260ns 1.6V to 6.5V 6 Input vokage (IN) from (V-) @ 03 40 v
*Input independent of VCC
G TLV703X/4X 315nA 3us 1.6V to 6.5V GND
G 7| v185X/6X 560nA 30us 1.8V to 40V Benefits:

Want to learn more? Check out these links: » Don’t have to disconnect monitored signal from comparator input when powering down

» [FAQ] How to the apply inputs before powering the supply »  Eliminates power supply sequencing concern

of my comparator?
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https://e2e.ti.com/support/amplifiers-group/amplifiers/f/amplifiers-forum/898617/faq-how-to-the-apply-inputs-before-powering-the-supply-of-my-comparator

Integrated Reference

R1

R2

V+

VREF

Veer = R2/(R1+R2)V+

Vrer here is sensitive to the
power supply and variations
in the resistors.

Non-Inverting Inverting
) I
V+ V4
IN our IN our
O—+ S — - S
~ TIV4021 s TiV4a031
Tiv4041 TIV4051
[ rer | [rer ]
V- V-
~ o
V+
IN+ [T~
>—— ouT
IN- >
REF — [+ 1.242v
T Ref
elrerence |
v. TLV3011B/TLV3012B
Benefits:

* Vger is more precise and insensitive
to variations in power supply

* Lower BOM count due to not
needing resistive divider to create

VREF
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TLV192x: 65V Comparator

Single and Dual Channel with Integrated REF

Features 10F Benefits @
Specifications: *  Wide supply range and low quiescent current offers low power

* Propagation Delay: 1us performance for PELV/SELV voltage supplies

* Input Offset Voltage: 3 mV (max @ 25C)

» Output Type: Open-Drain, 5.5V max * 65V inputs eliminates concern for HV shorts or opens in divider network
Key performance:

* Supply Range: 4.5V to 65V + Externally available reference allows for health checks and design

* Input range Up to 65V flexibility

* Quiescent Current: 20 UA
Additional Features: c c

. 65V Fail Safe Inputs Common Functionality

* Externally Available Int. Ref: 2.5V, 1.75%

» Package Options: Dual: WSON-8, SOIC-8 Vou

Single: WSON-8 Vion

(up to B5V)

ov_
TP1

Applications/EE 9%

>
1.
&

= PELV/SELV voltage monitoring 5 Dual Over-Voltage
- v 1] o ] ono Application 2
= Power loss dual UV detection Application P2
IN‘I—IZ 7 | OUT1
= DC-DC Conversion protection INZ—E > s | out2
= 24V Industrial Backplane voltage 'NQ*E — 5 | REF_OUT
monitoring
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TLV185x/6x Reverse Battery Protection Feature

The TLV185x/6x devices have an internal reverse battery protection feature that prevents damage to the comparator in the
event of improper battery installation to the supply pins. This protection feature works up to 40 V.

™ . D3 System

? %7 (141 Power

| a1
Rewverse Battery Open-Drain Reverse o |
Protection only ? battery vervoltage
V —
O + Output o BAT =t
e ' - Control +\
SNAPBACK 5 i
%‘-‘ ESD % | T TLvass1
CLAMPS T "

V- W

& rer

Power-On

Bias

Reset

0

V- Reverse Battery + Overvoltage Protection Scheme

TLV185x/6x Internal Block Diagram

. This feature can be used to prevent damage to the
overall system in the event of reverse battery and
overvoltage conditions
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TLV185x/6x Over-the-rail Inputs

The TLV185x/6x devices have a unique input stage that allows the input common mode range to extend from OV to 40V,

independent of the supply voltage. Operation at low supply voltages does not limit the range of the input voltages that can be
compared.

4.00—
ovtosov  R1IK —
——"VVVv—¢ +
| —=Vvi133 ]
0 —
S x ' 3.00
= w
\ 4 N F 2.00
4 (] . -]
12V Supply _/) I —————{ QUT g
10V REF| ]
5 “T U1 TLvasst
iy - 1.00-]
o™~ o—
® « T U3TL431 ]
| [
| S
} Z | 0.00 . | : |
| | 0.00 10.00 14V 20.00
. S
e @ e Input voltage (V)
-
Overvoltage Protection Scheme using Over-the-rail +  “Over-the-rail” allows the comparator to monitor high

voltages on the inputs while operating at low supply
voltages (i.e, monitor a 12V battery for overvoltage
conditions while powering the comparator at 3.3V)
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Separate input and output supplies
(maintain GND referenced outputs)

Open-drain comparator

Benefit:

Output high voltage can be a
voltage V;, different from V+ VCCI VCCO
Disadvantage: T v74a=y - T T
Asymmetrical propagation
delay (t,, dependent on
Ry C, time constant)

Benefit:

Symmetrical propagation .

delay (tyn = ton) Benefits: _

Disadvantage: * Symmetrical propagation

Output high voltage is pulled delay (ton = ton)

to V+ * Ability to level shift with
separate input and output
supplies
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Hysteresis pin

(eliminates need for external feedback (R,) and input resistor (R,))

VREF
Vo
Vin

R1/

R1 & R2 create impedance Ra
mismatch and filtering with

parasitic capacitance; R1 also VCC
acts as a load for VIN

I

TIV3IBO03
|
IN+ ——
|
|

VEE

Vhyst (MV)

—_— 405
25°C
— B5°C
— 125°C
200 400 GO0 800 1,000
Ruysr (K2)
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TLVO03xL

In Production

5.5V Single, Dual Channel High Speed Comparator Family

Specifications:
* Propagation Delay
* Input Offset Voltage:
* 1o/CH:
* Supply range:
Key performance:
» Self-latch
* CLR Logic level
* CLR to Output Delay
* Output Short-Circuit Current

Additional Features:
R2R Inputs
Known Start-up Conditions

REF

Applications/EE 9§ ouT

Package Options:

.
¥

= Qvercurrent detection

» Reverse current sense
= Undervoltage detection

ouT

CLR

100ns

2mV (max @ 25C)
20uA

1.65V to 5.5V

1.8V
40ns
100mA

Single: SC706
WSONG6

Dual: VSSOP10
X2QFN10

Grid Infrastructure
Power Delivery

Simplify design by reducing component count with inte

AEC Q100 Planned

grated self-latch

Low propagation delay allows for a fast response to signals crossing

voltage thresholds

Push-pull output type allows latching on low to high transition, requiring

no pull-up resistor

Low power usage is ideal for constant monitoring appli

cations, while low

offset enables better accuracy for sensitive voltage sensing

Push-Pull Functionality

e I

REF ——— — <
IN /

CLR
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Comparators

Simplified solutions without compromise

3> View all products

Whether you need ultra-low-power comparators for extending battery life, high-speed comparators for fast response in critical timing measurement applications, high-
voltage comparators with wide operating range for greater detection capability, or low-voltage comparators for precision in sensitive applications, our innovative

portfolio provides you with versatility to design. Our comparators are specialized for industrial, automotive, and aerospace applications, and can provide over-voltage,
under-voltage, and current monitoring solutions, or more specific solutions like zero cross detection.

Browse by category

Select by parametric specification

High-speed comparators {tep <100 ns)

Our lightning-fast comparators provide a performance
advantage with optimized power and response times as
low as 210 ps

-

<= 5to100-ns propagation delay

£ <5ns propagation delay

Small-size comparators

High-performance comparators in packages as small as
0.7mm x 0.7mm

= Find your device

Low-power comparators (lg/ch < 10 pA)

Power-efficient comparators with quiescent current as
low as 75 nA for extending battery life

2 1t010pAlg

2 <lpalg

Automotive comparators

AEC-Q100 Grade 0 and Grade 1 qualified comparators
with robust 2-kv ESD

2 Find your device

High-voltage comparators (Vge >12 V)

Robust, high-voltage and fast-response-time comparators
from0.9Vto 40V

= 12 to 30-V supply voltage

= >30-V supply voltage

Standard comparators

Standard comparators from the industry's largest and
highest-quality comparator portfolio

= Find your device

Comparators web portal —ti.com/comparators

40

i3 TExAs INSTRUMENTS



Comparators all products —ti.com/comparators

@ [ & Comparators productselection| X - — a x
CI | (o} k h ere < C @ ) https//www.ti.com/amplifier-circuit/comparators/products htmi# ® AN G o]
for .

{’ TeEXAS INSTRUMENTS Search Q Login / Register @ English | Shipto | USD

Cross-reference search

parametric
fl |te|’3 Products Applications

Design & development Quality & reliability Ordering resources

About Tl Sliders for
Comparstars v each
specification
Comparators can be
activated

Reset table 300 of 300 total products Email Download Excel Log in to view inventory h e r- e

Home / Products / Amplifiers v

= Hide filters

) Product number Images Number of Output type Propagation Vs (max) (V) Vs (min) (V) Package type Rating
Search lters channels delay time (us)
Selectable
. ~ Description
filters for - . - - =
~ Number of channels - - - - * -
m O re ~ [0 TLV4H290-SEP - NEW L] 4 Open-collector, 01 P @ TN 14 Space )
4 Datasheet: PDF | HTML Open-drain
detailed ° s s s Configure
@ or O anp v [0 TLV1922 - NEW L] 2 Open-drain 1 i 8 Catalog I d
sear h Data sheet: PDF | HTML Resetfilter SI ider to
A 5
&) e refine each
~ [J TLv1832-Q1-NEW B 2 Push-Pull 0.065 40 27 TSSOP, VSSOP 8 Automa . .
g‘ Datasheet, PDF | HTML Spec|f|cat|on
2
= MR [0 TLv1842-Q1 - NEW L} 2 Open-drain 0.065 40 27 TSSOPR, VSSOP 8 Automa
Reset filter Datasheet PDF | HTML
~ [J TLv3232 - NEW 2 Push-Pull 0.02 55 27 VSSOP 8 Catalog
v output type Data sheet PDF | HTML
~ Propagation delay time (us) i i . R e - L - e fr]
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Questions?




To find more technical resources on
comparators and search for
products, visit ti.com/comparators.
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Learn more

Check out Tl.com/PrecisionLabs

Tl Precision Labs A= s:m‘w.'
Sharpen your skills with on-demand video trainings ‘,* 7 ; el b m ! ‘ I NT RO D U CTI O N
OP AMPS

Tl Precision Labs

Discover training videos for other Tl product categories
Watch more than 60 videos on Op Amps

Download simulation files
Wal through hands-on labs with the TI-PLABS-AMP-EVM
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