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1.8V Low Voltage Comparator with Rail-to-Rail Input
Check for Samples: LMV7251, LMV7255
FEATURES » Input common mode voltage 0.1V beyond rails
e (Vg=1.8V, T, = 25°C, Typical values unless
specified). APPLICATIONS
« Single or Dual Supplies * Mobile communications
« Low supply voltage 1.8V to 5.0V + Laptops and PDA's
« Ultra low supply current 11pA + Battery powered electronics
« Low input bias current 14nA * General purpose low voltage applications

e Low input offset current 200pA
e Low input offset voltage +/-0.3mV
* Response time 670ns (20mV overdrive)

DESCRIPTION

The LMV7251/LMV7255 are rail-to-rail input low voltage comparators, which can operate at supply voltage range
of 1.8V to 5.0V. The LMV7251/LMV7255 are available in space saving SC-70 or SOT23-5 packages. These
comparators are ideal for low voltage and space critical designs.

The LMV7251 features a push-pull output stage. This feature allows operation with minimum power consumption
when driving a load.

The LMV7255 features an open drain output. This allows the connection of an external resistor at the output. The
output of the comparator can be used as a level shifter.

The IC's are built with National Semiconductor's advance Submicron Silicon-Gate BiCMOS process. The
LMV7251/LMV7255 have bipolar inputs for improved noise performance and CMOS outputs for better rail-to-rail
output performance.

Typical Circuit

VREF

Figure 1. Threshold Detector

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

“: '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @

Value Unit
1@ KV
ESD Tolerance 3
200 @ \Y
V |\ Differential +/-Supply Voltage
Supply Voltage (V* - V") 5.5 \Y
Voltage at Input/Output pins VY +0.1V, V" -0.1 \%
Soldering Information
Infrared or Convection (20 sec.) 235 °C
Wave Soldering (10 sec.) 260 °C
Storage Temperature Range —-65°C to +150 °C
Junction Temperature ) +150 °C
(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test
conditions, see the Electrical Characteristics.
(2) Human body model, 1.5kQ in series with 100pF.
(3) Machine Model, 0Q in series with 200pF.
(4) Typical values represent the most likely parametric norm.
Operating Ratings @
Value Unit
Supply Voltage V* 1.8t05.0 \Y
Junction Temperature Range @ -40 to +85 °C
Package Thermal Resisance @
SOT23-5 325 °C/W
SC-70 265 °C/W

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for
which the device is intended to be functional, but specific performance is not guaranteed. For guaranteed specifications and the test

conditions, see the Electrical Characteristics.

(2) The maximum power dissipation is a function of Tjmay), 834, @and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) - Ta)/03a- All numbers apply for packages soldered directly into a PC board.
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1.8V Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 1.8V, V™ = 0V. Boldface limits apply at the temperature

extremes.
- T Limits .
Symbol Parameter Condition E{P @ Units
Vos Input Offset Voltage 0.3 6 mV
8 max
TC Vos Input Offset Average Drift Vem = 0.9V @) 10 uv/C
Ig Input Bias Current 14 nA
los Input Offset Current 200 pA
Is Supply Current 11 15 HA
17 max
Isc Output Short Circuit Current Sourcing, Vo = 0.9V 8 4
(LMV7251 only) mA
min
Sinking, Vg = 0.9V 11.6 5
|LEAKAGE Output Leakage Current Vo =1.8V 300 pA
(LMV7255 only)
Vou Output Voltage High lo = 1.5mA 1.72 1.675 \%
(LMV7251 only) min
VoL Output Voltage Low lo=-1.5mA 65 125 mV
max
Vem Input Common Voltage Range CMRR > 45 dB 1.9 \%
max
-0.1 \%
min
CMRR Common Mode Rejection Ratio 0<Vem <18V 72 47 dB
min
PSRR Power Supply Rejection Ratio V*=1.8Vto5V 79 55 dB
min

(1) Typical values represent the most likely parametric norm.
(2) All limits are guaranteed by testing or statistical analysis.
(3) Offset Voltage average drift determined by dividing the change in Vog at temperature extremes into the total temperature change.
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1.8V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 1.8V, V™ = 0V, Vcy = 0.5V, Vo = V*/2. Boldface limits
apply at the temperature extremes.

Symbol Parameter Condition T?{P L”(Q)'ts Units

tpHL Propagation Delay Input Overdrive = 20mV 720 ns
(High to Low) Load = 50pF//5kQ

Input Overdrive = 50mV 380 ns
Load = 50pF//5kQ

tpLH Propagation Delay Input Overdrive = 20mV 670 ns
(Low to High) Load = 50pF//5kQ

Input Overdrive = 50mV 400 ns
Load = 50pF//5kQ

(1) Alllimits are guaranteed by testing or statistical analysis.
(2) Machine Model, 0Q in series with 200pF.
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2.7V Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V™ = 0V. Boldface limits apply at the temperature
extremes.

Symbol Parameter Conditions TE{P L"(‘;)'ts Units
Vos Input Offset Voltage 0.03 6 mV
8 max
TC Vos Input Offset Average Drift Vem = 1.35v @ 10 HV/C
Ig Input Bias Current 15 nA
los Input offset Current 210 pA
Is Supply Current 11 18 HA
22 max
Isc Output Short Circuit Current Sourcing, Vg = 1.35V 28 15
(LMV7251 only) mA
Sinking, Vo = 1.35V 28 15
ILEAKAGE Output Leakage Current Vo = 2.7V, 320 pA
(LMV7255 only)
Vou Output Voltage High lo =2mA 2.63 2.575 \%
(LMV7251 only) min
VoL Output Voltage Low lo =—-2mA 61 125 mV
max
Vem Input Common Voltage Range CMRR > 45dB 2.8 \%
max
-0.1 \Y
min
CMRR Common Mode Rejection Ratio 0<Veum <27V 75 46 dB
min
PSRR Power Supply Rejection Ratio V*=1.8Vto5V 79 55 dB
min

(1) Alllimits are guaranteed by testing or statistical analysis.
(2) Machine Model, 0Q in series with 200pF.
(3) Offset Voltage average drift determined by dividing the change in Vog at temperature extremes into the total temperature change.
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2.7V AC Electrical Characteristics

Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 2.7V, V™ = 0V.Boldface limits apply at the temperature
extremes.

Symbol Parameter Condition T?{P L”(Q)'ts Units

tpHL Propagation Delay Input Overdrive = 20mV 830 ns
(High to Low) Load = 50pF//5kQ

Input Overdrive = 50mV 430 ns
Load = 50pF//5kQ

tpLH Propagation Delay Input Overdrive = 20mV 730 ns
(Low to High) Load = 50pF//5kQ

Input Overdrive = 50mV 410 ns
Load = 50pF//5kQ

(1) Alllimits are guaranteed by testing or statistical analysis.
(2) Machine Model, 0Q in series with 200pF.
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5V Electrical Characteristics
Unless otherwise specified, all limits guaranteed for T, = 25°C, V* = 5V, V™ = 0V. Boldface limits apply at the temperature

extremes.
Symbol Parameter Conditions TE{P L"(‘;)'ts Units
Vos Input Offset Voltage 0.03 6 mV
8 max
TC Vos Input Offset Average Drift Vem = 2.5V @) 10 HV/C
Ig Input Bias Current 16 nA
los Input Offset Current 220 pA
Is Supply Current 12 20 MA
25 max
Isc Output Short Circuit Current Sourcing, Vg = 2.5V 82 50
(LMV7251 only) mA
min
Sinking, Vo = 2.5V 78 50
|LEAKAGE Output Leakage Current Vo =5V, 375 pA
(LMV7255 only)
Vou Output Voltage High lo =4mA 4.9 4.82 \%
min
VoL Output Voltage Low lo = —4mA 920 180 mV
max

(1) Alllimits are guaranteed by testing or statistical analysis.

(2) Machine Model, 0Q in series with 200pF.

(3) Offset Voltage average drift determined by dividing the change in Vog at temperature extremes into the total temperature change.
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Typical Performance Characteristics
(Ta = 25°C, Unless otherwise specified).
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Typical Performance Characteristics (continued)
(Ta = 25°C, Unless otherwise specified).
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Application Info

BASIC COMPARATORS

A comparator is quite often used to convert an analog signal to a digital signal. The comparator compares an
input voltage (V|y) at the non-inverting pin to the reference voltage (Vger) at the inverting pin. If V,y is less than
Vger the output (Vo) is low (Vo). However, if V| is greater than Vggr, the output voltage (Vo) is high (Vop).
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LMV7251

Input/Output
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Figure 2. Basic Comparator

HYSTERESIS

The basic comparator configuration may oscillate or produce a noisy output if the applied differential input is near
the comparator's input offset voltage. This tends to occur when the voltage on the input is equal or very close to
the other input voltage. Adding hysteresis can prevent this problem. Hysteresis creates two switching thresholds
(one for the rising input voltage and the other for the falling input voltage). Hysteresis is the voltage difference
between the two switching thresholds. When both inputs are nearly equal, hysteresis causes one input to
effectively move quickly pass the other. Thus, effectively moving the input out of region that oscillation may

occur.

Hysteresis can easily be added to a comparator in a non-inverting configuration with two resistors and positive
feedback Figure 3. The output will switch from low to high when Vy rises up to Vg1, where Vi, is calculated by

Vin: = (Vrer (R1 + R2))/ R2

The output will switch from high to low when V,y falls to V., where V|, is calculated by
Vinz = (Vrer (R1 + R2) - Ve R1) / R2

The Hysteresis is the difference between Vy; and V..

AV = Vine- Vine = ((Vrer (R1 + R2)) / R2) - (Vrer (R1 + R2) - Ve R1) / R2) = Ve R1/ R2.
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Vo

ViN2 ViNL

0 VIN

Figure 3. Non-Inverting Comparator Configuration — LMV7251

For an inverting configured comparator, hysteresis can be added with a three resistor network and positive
feedback. When input voltage (V|y) at the inverting node is less than non-inverting node (V7), the output is high.
The equivalent circuit for the three resistor network is R1 in parallel with R3 and in series with R2. The lower
threshold voltage V+, is calculated by:

Vo1 = (Vee R2) / ((R1 R3) / (R1+ R3)) + R2)

When V is greater than V, the output voltage is low. The equivalent circuit for the three resistor network is R2
in parallel with R3 and in series with R1. The upper threshold voltage V+, is calculated by:

V1, = Vee ((R2 R3) / (R2 + R3)) / ((R1 + ((R2 R3) / (R2 + R3))
The hysteresis is defined as

AVyy = V11 - V1o = ((Vee R2) 1 (R1 R3) / (R1+ R3)) + R2) — (Vee (R2 R3) / (R2 + R3)) / ((R1 + ((R2 R3) / (R2 +
R3)))
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Figure 4. Inverting Configured Comparator — LMV7255

INPUT STAGE

The LMV7251 and LMV7255 have rail-to-rail input stages. The input common mode voltage range is from
—lOOmV tO (VCC + lOOmV)

OUTPUT STAGE

The LMV7251 has a push-pull CMOS output stage. Large push-pull output drivers allows rail-to-rail output
swings with load currents in the miliampere range.

The LMV7255 has a open drain CMOS output stage. This requires an external pull-up resistor connected
between the positive supply voltage and the output. The external pull-up resistor should be high enough
resistance so to avoid excessive power dissipation. In addition, the pull-up resistor should be low enough
resistance to enable the comparator to switch with the load circuitry connected.

POWER SUPPLY CONSIDERATIONS

The LMV7251/LMV7255 are well suited for many battery-powered applications. The LMV7251/LMV7255 can
operate from single power supply of +1.8V to +5V. The device typically consumes only 11pA with a 2.7V supply.
With a high power supply rejection ratio (PSRR) of 79 dB (typical), the comparator is well suited for operating
under conditions of a decaying battery voltage.

Power supply decoupling is critical and improves stability. Place decoupling capacitors 0.1pF as close as
possible to the V* pin. For split supply applications, place decoupling capacitors 0.1uF on both the V* and V-
pins. The decoupling capacitors will help keep the comparator from oscillating under various load conditions.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
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Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
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Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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