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Comparator applications




Agenda

« Comparator differentiation from amplifiers
« Output types

» DC specifications & features

» AC specifications

» Applications/use cases

 Why come to Tl for comparators?

Comparators...
VCC
IN+
ouT
IN— ——
GND

Simple, right ???
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Key difference from amps - common mode range

« Similar structure to amplifier and share
key specs like, Vos, Iq, etc

Key difference:

« Amps have negative feedback which
creates “virtual” short across inputs

« Comparators do not have this behavior

» Frequently operated with inputs several
volts apart for detection
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Comparator output types

Open-drain/open-collector output

Requires pull-up resistor - useful for wired-OR output applications

QUTPUT

+V

pull-up

:

Vm ]

+VP""'LP. MNPM off
»

Linear region

v
-------- MPM W sat

* ESD not present on devices that allow Vp, .up > Vs, Such as
TLV170x, LMC677x or LMx39/x93 series.

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

No pull-up resistor required — cannot tie outputs together

"“'rnH ]

e - @ on, Q, off

Y

Linear region

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

Push-pull output

P-Channel MOSFET

ingm

System

- Power

Venr —

TLVLBDS

NS

Common in high-speed
devices!

Wuon

L

Open drain output

Voo

I

| WA

Voo

e

OUTA

Window comparators

Vauue
L]

Output OR’ing

§ Rpuuiue VPULLUP
S s0k0

Rpuiue

OuTeE

V1he O—

VOUT

TLVE710

Vs O—i

Level shifting

5

W3 TEXAS INSTRUMENTS



Comparator DC parameters - common mode range

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

— Only true for Operational Amplifiers under +3.5v -IN .
feedback

— Not true for comparators

Vout
+2.5V

* Input voltage range specification is per input N
+

« Do not “average” — look at each input voltage
separately for Comparators - +

* Newer SPICE models will force output to half Valid Input Range (Vcy) is 0 to 3V
supply when specs are violated.

Average input voltage is 3V

—_— Is this condition valid? No

Technical article: Solving top comparator Why Not? Because -IN > V5
challenges: Violating input common-mode range
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https://e2e.ti.com/blogs_/b/analogwire/posts/solving-top-comparator-challenges-violating-input-common-mode-range

Exceeding input common mode voltage (V)

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

L
]

Steering Diodes

x & %
\—\\\\ ESD Current-

Nt O

Most low-voltage and CMOS devices have ESD clamping diodes to supplies on all pins
Diodes will clamp to supply when input exceeds supply by >500mV
ESD diodes are not designed for continuous power dissipation

“Failsafe” inputs do not have top diode, and allow the input voltage to exceed V+

?

IN- O

o
5

+
5
mmmme (e e —————

Absorption Circuit

o

Corg
}/ Edge-Triggered ESD

>
>

Conventional ESD Protection

* Upper output ESD
diode may not be
present on Open
Collector Outputs

1

V-

SNAPBACK
ESD
CLAMPS

:

V-

S —O ouTt
Control
%

V- T v

Output

Bias [*

Power-On-Reset

(POR)

“Failsafe” with snapbvélck ESD Protection

b
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Integrated Fail-Safe Inputs e s -

o : Q |
Feature Highlight 1 Without Fail-Safe Inputs e e :

E - : y S E
Problem: Input pins are dependent on power supply : Absolute Maximum Ratings n+ O l+ Lo our !

T L . ! over operating free-air temperature range (unless otherwise noted)(") N-O R |

Designing with input pins that are dependent on the power supply can 1 = T T vee !
lead to system damages in cases where the power supply ramps down E Sl voit 7 X X % E
faster than the input supply or during start-up where the input supply | | Voltage PRy O agé = 8 % N L L !
ramps faster than the output supply. ; Signalinput pins 208 (Yoc) 1 03 - - !

: *Input limited by VCC GCN]JD 5
Solution: Make input pins independent of power supply [T m e oNoFF T '
By giving the input pins their own absolute maximum ratings independent /’ o o System
of the power supply, users can have more flexibility in designing without . . -
worrying about damage to the input pins. With Fail-Safe InpUtS ;

Comparator
System Care Abouts: vce " P
*  High Input Impedance in absence of supply
* Input signal can go well beyond the supply voltage of the comparator ? — Without fail-safe, when
as defined by Absolute Maximum Table T the power is shut off, the
iNe O >~ = battery must be
O out disconnected to protect
IN- O : - vee the comparator.

Comparators with Fail Safe TSNAPBACK Absolute Maximum Ratings

EsD over operating free-air temperature rance (unless otherwise noted)!")

CLAMPS MIN MAX UNIT
Supply voltage: Vg = (V+) - (V-) -0.3 \'J

6
@ LM393LV/LM339LV 25pA 0.4mV 600ns 1.65V to 5.5V (5 Input vokage (IN) from (v-) &) 03 g v
*Input independent of VCC
G TLVI0X2/4 16pA 0.3mV 100ns 1.65V to 5.5V GND
TLV701X/2X SpA 8mV 260ns 1.6V to 6.5V Benefits:
G TLV703X/4X 315nA 8mV 3us 1.6V to 6.5V * You don’t have to disconnect monitored signal from comparator input when powering down
TLV40X1 2pA - 360ns 1.6Vto 5.5V * You don’'t have to worry about power supply sequencing

* You don't have to level-shift comparator output

Want to learn more? Check out these links:

* [FAQ] How to the apply inputs before powering the supply of my comparator?

TS


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

Exceeding input common mode voltage (V)

» Current must be limited to under Abs Max input

current (TI recommends <10% of Abs Max) Current limiting

resistor
« Add current limiting resistor
— 1k per volt of expected overvoltage R1
» Add external Schottky diode +
 Output condition may be incorrect if > V), o 2
— Cannot warranty behavior outside of V., range 1 /

Schottky diode

Application note: Application design guidelines for LM339,
LM393, TL331 family comparators including the new B-versions

Technical article: Solving top comparator challenges: Negative
inputs and phase reversal
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https://urldefense.com/v3/__https:/e2e.ti.com/blogs_/b/analogwire/posts/solving-top-comparator-challenges-negative-inputs-and-phase-reversal__;!!N96JrnIq8IfO5w!33bHSM82P_pu9JfvkDO7YbZYcIkGGc7pNtsAjbtcICTluXC9cMbIv0Bbtfb-$
https://www.ti.com/lit/an/snoaa35b/snoaa35b.pdf

Comparator DC parameters — offset voltage (Vg)

- Vin_TotaL = Vin t Vos

The maximum Vg of a comparator ranges
from about £0.5 mV up to £15 mV

+ Offset appears in series with positive input.

* “Suppresses” actual input signal

Output voltage vs. input ramp voltage

VREF
A t t t F 3

254 1 1 2" 1 Vou

2.53 +
input V output
ramp 2.52 | 0s voltage
voltage

251 4+~ -10mV - — I N

250 — o my

249 + / B — 1 —

2.48 +

2.47 +

2.46 : : : . ; . : . Vo, >

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 sec

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)

13

i3 TExAs INSTRUMENTS



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 ;5


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

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.
16
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Comparators with known start-up conditions

Problem:

Start-up uncertainty creates a false output on

start-up, or even shut-down.

Solution:

Integrated power-on-reset (POR) circuitry

Iy tpp Supply range
TLV3601/2/3 6mMA 2.5ns 2.4V to 5.5V
TLV181x/2x THA 400ns 2.4V to 40V
TLV1805 135pA 250ns 3.3V to 40V
LM393LV/LM339LV 25pA 600ns 1.65V to 5.5V
TLV902x/3x 16pA 100ns 1.65V to 5.5V
TLV701x/2x 5pA 260ns 1.6V to 6.5V
TLV703x/4x 315nA 3us 1.6V to 6.5V
TLV40X1 2uA 360ns 1.6V to 5.5V
TLV185x/6x 560nA 30us 1.8V t0 40V
TLV183x/4x 100pa 50ns 2.4V t0 40V

["Without POR |

Tek  JL

3V
#

IN+ > IN-

 lind

M Pos: -2080ms.
v

e
A

TAGGER
Type
Source

Slupe

Made
m

& -
&
7
15V 7
5 Vout
{
!
CHz 5

= Enﬁm

U M T00ms ’m

Tek . Tiid TRIGELF

vl

M Pas; —2080ms
+
Type
Edoe]
Spurce

CH1

Slope

Hlisino|

Mode

See  Coupling

Vee~1.2V

hL Vec 0V

Figure C. Push-Pull Output with POR

Benefits:

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

Tek . Tria‘d M Pos —20.80ms TRIGGER
+
Type
3V
*IN- > IN+ Saurce
Tek gL Trig'd M Pos: —20.80ms TRIGGER |:H1
¥ Type
P E
ope
e 15V
ﬂ Vec ~1.2V
15V Y o & ‘ Made
[ ] vou Moce rd
‘ F i
J o r— #._ Coupling
G i w0 LELQULE_B_‘ Figure D. Open-Drain Output with POR

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+

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

» Avoid false output conditions which can cause systems to not start properly
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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

18
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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

20
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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

21
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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”

Variation over process / lot / temperature
— Chance of missing pulses
— Better to use a faster comparator

* Recommend at least 2x prop delay as absolute
minimum, and 10x for best output fidelity

f C;::;p:lroa;;r':v 4 Distorted signal
. =,
(" Comparator w/ ™\
high f toggle Clean signal

High Hz

Signai

souce  [MVAAVARVIRVIRVERVIRY _SENERERERERERERE
N /

22
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What is 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

{

Texas
INSTRUMENTS

SNOSDA2D - SEPTEMBER :

TLV3604, TLV3605 800-ps High-Speed RRI Comparator with LVDS

1 Features

* Low propagation delay: 800 ps

» Low overdrive dispersion: 350 ps

* Quiescent current: 12.1 mA

= _High toggle frequency: 1.5 GHz / 3.0 Gbps

+ Narrow pulse width detection capability: 600 ps

to detect narrow pulse widths of
combination of low variation in pro

to input overdrive and the ability
pulses improve system perform

distance range in Time-of-Flight (Tc

+«  LVDS output
* Supplyrange: 24 Vto 55V
* Input common-mode range extends 200 mV

beyond both rails

» Low input offset voltage: £5 mV

fal

PulseWidth

Minimum allowed input pulse
width

overorivE = Vunperorive = 50mV

Vi
PW,

our = 90% of PW)y

The Low-Voltage-Differential-Signz
the TLV3604 and TLV3605 also F
throughput and optimizes power
complementary outputs reduce E
common mode noise on each ¢
output is designed to drive and int

600 ps

Minimum Pulse Width: 500-ps vs 1-ns Pulse Behavior

Comparator is capable of detecting pulse > 600-ps

f Vref

8

V+

OUT1: distorted pulse transmitted

7

ouT1

6

0]
1500-ps pulse IN1-‘ 1 1
2
IN1E
IN2— | 3
1-ns pulse =
! ! IN2? 4 H ]
1-ns timing
size

>
P

ouT2

V-

v

OUT2: complete pulse transmitted
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What iIs t, Channel-to-channel Skew (matching)?

Channel-to-channel skew (often called
“matching”) refers to the variation in
response time between two or more
channels when receiving the same input
signal

AVATAY

Overdrive Dispersion Effect on Prop Delay

>
>

vyyVvVvyy

1 /\) Vin
? eref

AC Characteristics
tpp Propagation delay Voverorive = Vunperprive = 50mV 25 3.5(1 ns
" Voverorive = Yunperprive = 50mV (1)
ten Propagation delay Th = —40°C to +125°C 4.5 ns
Channel-to-channel propagation |V = Vee/2, Voverorive = VUNDERDRIVE =
Atep (TLV3E02 only) delay skew!?) 50mV, 50 MHz Squarewave 24 ps
tem_oispersION Common dispersion Ve varied from Veg to Ve 80 ps
ton_pispersion Overdrive dispersion Overdrive varied from 10 mV to 125 mV 600 ps
tup_DISPERSION Underdrive dispersion Underdrive varied from 10mV to 125 mV 330 ps
tr Rise time 10% to 90% 0.75 ns
te Fall time 90% to 10% 0.75 ns
. Vin = 100mVe.p,
tirter RMS Jitar fin = 100MHz, Jitter BW = 10Hz — 50MHz 4 ps
Vin = 200 mVpp Sine Wave,
face VTR SR =T A i " K¥i MHz
ns
[ (]
1 T
1 1
1 1
1 1
1 1
1 1
1 1
> 1 1
] | —_—
1
1 1
1 1
1 1
1 1
> 1 1
1 1
1 1
1
[ (]
[ (]
[ [
<+> +» <>
Skew causing timing differences in output signal
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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

Signal Restoration

Comparator usage cases

Receiver interface: noise suppression and rebuffing

Many factors can cause signal deterioration (attenuation, distortion,
etc.), prohibiting devices such as an FPGA from reading data reliably.
A comparator can be used to recover the clock and/or data signal
integrity and convert it to a full scale output.

The comparator needs to
* remove the common mode noise

* sometimes needs to convert differential signal to single ended
signal and drive the next stage

System care about:
* Toggle frequency | Dispersion | Adjustable hysteresis.

LVDS High speed
comparators comparators

TLV3801 >

225 ps propagation delay
5 ps overdrive dispersion
3 GHz toggle frequency
1.5mV hysteresis

TLV3604/5 >

2.5/3.3/5V power supply
1.5GHz data frequency with
LVDS output

on-chip adjustable hysteresis
5V input signal range

TLV3603 >

2.5/3.3/5V power supply

325 MHz data frequency with
push pull output;

On-chip adjustable hysteresis
5V input signal range

TLV3601 >

2.5/3.3/5V power supply

325 MHz data frequency with
push pull output;

Fixed hysteresis

5V input signal range

ﬂt/t;;u ated an\d\ \ .
/distoned signal \\. P o, M S
PN Ao w ) able or Long H _
“/ ! - y \‘ : LVDS si gp - PCB trace Anenuaten! and lc-!logr: pse?r?a?gr
\ | /‘w // - S|gna| ( ( distorted signal '+\ FPGA
\\ ™ / / Source B (Data & Clock
— r // LVDS Output Receiver)
r” / (restored data &
/ / clock)
- — Or
Single-ended output LVDS output
Benefits:
» Adjustable hysteresis allows for more threshold control and saves board space by
eliminating external feedback loop
* Small size makes it ideal for space-constrained designs
« Fast toggle frequency and low dispersion preserves signal integrity
Want to learn more? Check out these links:
* Analog Engineers Cookbook: Op Amps & Comparators
+ Signal and Clock Recovery Comparator Circuit
+ LVDS data and clock recovery circuit with high-speed comparators 28
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https://www.ti.com/seclit/eb/slyy137a/slyy137a.pdf
https://www.ti.com/lit/an/sboa317a/sboa317a.pdf?ts=1631310833833&ref_url=https%253A%252F%252Fwww.google.com%252F
https://www.ti.com/lit/an/sboa520/sboa520.pdf?ts=1639775837173&ref_url=https%253A%252F%252Fwww.google.com%252F

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

Why TI? Investment in special features

 Known startup condition (power on reset circuit)

* Fail-safe Inputs

* Integrated references and application specific standard products

* Reverse battery protection

* Qver-the-rail operation

» Split-supply input operation with ground reference outputs

» Hysteresis pin

» Self-latching

e 65V operation

30
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Comparators web portal —ti.com/comparators

Browse by category

Select by parametric specification

High-speed comparators (tpp <100 ns)

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

== 5to 100-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 (Ig/ch < 10 pA)

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

= 1t010-pAlg

= <1-pA Ig

Automotive comparators

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

== Find your device

High-voltage comparators (Vg =12 V)

Robust, high-voltage and fast-response-time comparators
from 0.9 Vo 40V

-

= 1210 30-V supply voltage

= >30-V supply voltage

Standard comparators

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

2= Find your device
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Comparators web portal — ti.com/comparators

Click
“Products”
tab for
parametric
1%=10] [C]

Selectable

filters for
more

detailed
search

Click on
arrow to
expand filter
selections

& Comparators | Products | Amplifiers | TLcom - Internet Explorer

@:- %o o

.. com/amplifier-Grcuit fcomparators products.html=

{';i TEXAS INSTRUMENTS Everything ~ | Searcn

Products  Applications & designs  Tools & software  Support & training

Recommendations from Tl.com: [P Reference designs selected for you

£ =] [##] ¥ comparators | Products | Am.. %

o

Order Now  About Tl

{8 Products of interest for you [ Top technical documents for you

s,

i

Tools and
software tab

Login/ Register

DMyHistory Y Cat @English  © myTl

for selguide,

Amplifiers

Overview [LIESWES Tools &software  Technical documents

Support & training

nérgtsr [ crossref and

TINA

Menu

Comparators - Products

Quick search

Technical

Number of Vs (Max) (V)
Channcls (4} ¥ * .
Ea zle =5 =36
documents tab
Output Type ~ Special Features ~
. v pp
B, ——0 e — d
> 00007 <64 =09 =n
: : notes an
PSR guides
Y — p—
Part Number Numberof o o Propagation (o8 0SE qper InpuiBias  Raik Opsrating Package Approx. VIR
Cramsls (Odn)  (Mex) DelayTime o mfﬂ chamnel  Cumemtis) o SpecialFeawrss  Rating Temperaure (oot Package Size: mm2WxL (PKG)  Price. Ma)
. . Filter by part number  Q @ i w (S 3 (Magy(md)  (Max)(mA)  Rail Range (€) 2 wssy
‘ :
o TLV7011 - TLV70x1 Low-Vohage Comparators. Pushpull 16 55 035 3 001 0005 in Hysteresis Catalog 2010125 ‘See datasheet 025 56
Newr Thu
o Rail1o-Rail Pushpull 27 53 0.047 s 00s 0os in Hysteresis Automotve 4010 125 4mm2:2.1 x 2(SC70) 047 57
Inpat, ¢« with Push-
2 ousa .
& oupnTyee Pull Outputs - New
or [¥] ~ o TLV3202.Q1 - Dual, 40ns, microPower, Railto- 2 PushPull 27 55 0047 s 0os cos In Hysteresis Automotve  -40to 125 vssoP 15 mm2: 4.9 x 3(VSSOF)
Rail input Comparator with Push-pull outputs -
A Click
A O A meeesaizivezy 4 omn 22w om o as aos 5w e O —— ICK On
O Open Collecior microPower Comparator Collector
2 oo o umemmeenzivessy : e 2w sm 2 o s w O - headers to
[ microPower Comparator Collector
O Fush-rul
o 1. Avomotie Srgle 18V Low 1 open 15 33 18 . ooa R, fwomctve 03 s e 21 20570 vl s to le
Power Comparators with Raikto-Rail Input Collector Thu
— . [u] TPS3701 - 36-V Window Comparator with Over Vokiage Catalog SOT-23THIN  8mm2:28x29(SOT-23-THIN)  0.89
Ve (Mim) (V) Internal Ref for Over- and Undervoltage Sense, Window Thu sortin
L e ————
08 n Comparator Collector SOT-23, 8 mm2: 2 8x29{S0T-23), Ty
P A i el 32
o TLV1704- Quad 2.2-V 10 36-V. microPower 4 Open 22 36 056 25 0075 15 In NA Catalog 4010125 TssoP 32 mm2: 6.4 x S{TSSOP) 0.97 36
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Questions?




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