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Micropower Precision Comparator and Precision Reference with Adjustable Hysteresis

Check for Samples: LMP7300

FEATURES

e (For Vg =5V, typical unless otherwise noted)
e Supply Current 13 pA

e Propagation Delay 4 ys

e Input Offset Voltage 0.3 mV

¢ CMRR 100 dB

e PSRR 100 dB

» Positive and Negative Hysteresis Control
e Adjustable Hysteresis 1 mV/mV

» Reference Voltage 2.048V

» Reference Voltage Accuracy 0.25%

» Reference Voltage Source Current 1 mA
e Wide Supply Voltage Range 2.7V to 12V

e Operating Temperature Range Ambient -40°C
to 125°C

APPLICATIONS

» Precision Threshold Detection
* Battery Monitoring

* Battery Management Systems
» Zero Crossing Detectors

Typical Application

Micropower Precision Battery Low Voltage Detector for 3
Cell Discharge Voltage

Rs ADJuST
X FOR LED
7 BRIGHTNESS

LED

DESCRIPTION

The LMP7300 is a combination comparator and
reference with ideal specifications for precision
threshold detecting. The precision 2.048V reference
comes with a 0.25% maximum error. The comparator
features micropower (35 pW), low offset voltage
(0.75 mV max), and independent adjustable positive
and negative hysteresis.

Hysteresis control for the comparator is accomplished
through two external pins. The HYSTP pin sets the
positive hysteresis and the HYSTN pin sets the
negative hysteresis. The comparator design isolates
the Vi source impedance and the programmable
hysteresis components. This isolation prevents any
undesirable interaction allowing the IC to maintain a
precise threshold voltage during level detection.

The combination of low offset voltage, external
hysteresis control, and precision voltage reference
provides an easy to use micropower precision
threshold detector.

The LMP7300 open collector output makes it ideal for
mixed voltage system designs. The output voltage
upper rail is unconstrained by V¢ and can be pulled
above V¢ to a maximum of 12V. The LMP7300 is a
member of the LMP precision amplifier family.
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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.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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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
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings Y@

ESD Tolerance® Human Body Model 2000V

Machine Model 200V
V|n Differential +Vg
Supply Voltage (Vs = V" - V") 13.6V
Voltage at Input/Output Pins VY +0.3V,V -0.3V
Storage Temperature Range -65°C to +150°C
Junction Temperature ) +150°C
Soldering Information Infrared or Convection (20 sec) 235°C

Wave Soldering Lead Temp. (10 sec) 260°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 ensured. For ensured specifications and the test
conditions, see the Electrical Characteristics Tables.

(2) If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) Human Body Model, applicable std. MIL-STD-883, Method 3015.7. Machine Model, applicable std. JESD22-A115-A (ESD MM std. of
JEDEC)Field-Induced Charge-Device Model, applicable std. JESD22-C101-C (ESD FICDM std. of JEDEC).

(4) The maximum power dissipation is a function of Tjpax), 8;a. The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) — Ta) 63a- All numbers apply for packages soldered directly onto a PC Board.

Operating Ratings®

Temperature Range® -40°C to 125°C
Supply Voltage (Vs = V" = V") 2.7V to 12V
Package Thermal Resistance (654 @) 8-Pin SOIC 166°C/W

8-Pin VSSOP 235°C/IW

(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 ensured. For ensured specifications and the test
conditions, see the Electrical Characteristics Tables.

(2) The maximum power dissipation is a function of Tjpax), 8;a. The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) — Ta) 63a- All numbers apply for packages soldered directly onto a PC Board.
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2.7V Electrical Characteristics®
Unless otherwise specified, all limits are ensured for T, = 25°C, V* = 2.7V, V™ = 0V, and V¢gy = V2, Rpyue = 100 kQ, Ci o

= 10 pF. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
Is Supply Current RpuLLup = Open 9 i% MA
Comparator

Vew = V2 SOIC +0.07 ﬂi'; 5 mv
Vos Input Offset Voltage _1 0
+1.
Vewm = V2 VSSOP +0.07 0o mV
TCVos Input Offset Average Drift See® 1.8 pv/eC
I Input Bias Current® [Vio| < 2.5V 1.2 i nA
los Input Offset Current 0.15 0.5 nA
CMRR Common Mode Rejection Ratio 1V <Veu <27V 80 100 dB
PSRR Power Supply Rejection Ratio V" =2.7Vto 12V 80 100 dB
VoL Output Low Voltage lLoap = 10 mA 0.25 8';‘ v
ILEAK Output Leakage Current Comparator Output in High State 1 pA
Hysteresis Control Voltage 0 <Ref-HysTP,N <25 mV 1.000
HC_in ; . mV/V
Linearity 25 mV < Ref-HysTP,N < 100 mV 0.950
lhys Hysteresis Leakage Current 1.2 i nA
T Propagation De|ay Overdrive = 10 mV, C_L=10pF 12 17
) s
FD (High to Low) Overdrive = 100 mV, C, = 10 pF 4.5 7.6 H
Reference
SoIC 2.043 2.048 2.053 \Y
Vo Reference Voltage
VSSOP 2.043 2.048 2.056 \Y
Line Regulation Vce = 2.7V to 12V 14 80 uVvIvV
Load Regulation lout=0to 1 mA 0.2 0.5 mV/mA
TCVRerrc | Temperature Coefficient -40°C to 125°C 55 ppm/°C
. 0.1 Hz to 10 Hz 80 UVpp
VN Output Noise Voltage
10 Hz to 10 kHz 100 MVRMs

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No ensured specification of parametric performance is indicated in the electrical
tables under conditions of internal self-heating where T; > Th.

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through correlations using
statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) Offset voltage average drift determined by dividing the change in Vg at temperature extremes, by the total temperature change.

(5) Positive current corresponds to current flowing into the device.
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5V Electrical Characteristics®
Unless otherwise specified, all limits are ensured for T, = 25°C, V* =5V, V™ = 0V, and V¢y = V2, Rpyie = 100 kKQ, Ciopp =

10 pF. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
IS Supply Current RPULLUP = Open 10 ig UA
Comparator

Vew=V*2  SOIC +0.07 ﬂfr'27 5 mv
Vos Input Offset Voltage — 0
+
Vew = V2 VSSOP +0.07 o mv
TCVos Input Offset Average Drift See® 1.8 pv/eC
I Input Bias Current® [Vio| < 2.5V 1.2 i nA
los Input Offset Current 0.15 0.5 nA
CMRR Common Mode Rejection Ratio 1<Vcus5hV 80 100 dB
PSRR Power Supply Rejection Ratio V" =2.7Vto 12V 80 100 dB
VoL Output Voltage Low ILoap = 10 mA 0.25 0.4 \%
ILEAK Output Leakage Current Comparator Output in High State 1 pA
Hysteresis Control Voltage 0 < Ref-ViysTP,N < 25 mV 1.000
HCLIN . . mVv/V
Linearity 25 mV < Ref-ViysTP,N < 100 mV 0.950
lhys Hysteresis Leakage Current 1.2 2 nA
i Overdrive = 10 mV, C_ = 10 pF 12 15
TPD Pr(_)pagatlon Delay . L p us
(High to Low) Overdrive = 100 mV, C, = 10 pF 4 7
Reference
SoIC 2.043 2.048 2.053 \%
Vo Reference Voltage
VSSOP 2.043 2.048 2.056 \%
Line Regulation Vee = 2.7V to 12V 14 80 uVvIvV
Load Regulation lout=0to 1 mA 0.2 0.5 mV/mA
TCVgerrc | Temperature Coefficient -40°C to 125°C 55 ppm/°C
VN Output Noise Voltage 0.1 Hz to 10 Hz 80 uVpp
10 Hz to 10 kHz 100 UVRMs

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No ensured specification of parametric performance is indicated in the electrical
tables under conditions of internal self-heating where T; > Ta.

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through correlations using
statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) Offset voltage average drift determined by dividing the change in Vg at temperature extremes, by the total temperature change.

(5) Positive current corresponds to current flowing into the device.
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12V Electrical Characteristics®
Unless otherwise specified, all limits are ensured for T, = 25°C, V* =12V, V- = 0V, and V¢y = V*/2, Rpyiiue = 100 KQ, Cioap

= 10 pF. Boldface limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
Is Supply Current RpuLLup = Open 11 ;‘0‘. HA
Comparator

Vew = V2 SOIC +0.08 ﬂfr'27 5 mv
Vos Input Offset Voltage _1 0
—\yt +1.
Vem = V2 VSSOP +0.08 0o mV
TCVos Input Offset Average Drift See® 1.8 pv/eC
I Input Bias Current® [Vip| > 2.5V 1.2 i nA
los Input Offset Current 0.15 0.5 nA
CMRR Common Mode Rejection Ratio 1V £ Ve < 12V 80 100 dB
PSRR Power Supply Rejection Ratio V" =2.7Vto 12V 80 100 dB
VoL Output Voltage Low ILoap = 10 mA 0.25 0.4 \%
ILEAK Output Leakage Current Comparator Output in High State 1 pA
Hysteresis Control Voltage 0 < Ref-VipysTP, N <25 mV 1.000
HCLIN A . mV/V
Linearity 25 mV < Ref-V,4ysTP, N < 100 mV 0.950
lhys Hysteresis Leakage Current 1.2 2 nA
i Overdrive = 10 mV, C_ = 10 pF 11 15
TPD Pr(_)pagatlon Delay . L p us
(High to Low) Overdrive = 100 mV, C, = 10 pF 35 6.8
Reference
T;=25°C SOIC 2.043 2.048 2.053 \%
Vo Reference Voltage
T;=25°C VSSOP 2.043 2.048 2.056 \%
Line Regulation Vee = 2.7V to 12V 14 80 uVvIvV
Load Regulation lout=0to 1 mA 0.2 0.5 mV/mA
TCVgerrc | Temperature Coefficient -40°C to +125°C 55 ppm/°C
, 0.1 Hz to 10 Hz 80 UVpp
VN Output Noise Voltage
10 Hz to 10 kHz 100 UVRMs

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No ensured specification of parametric performance is indicated in the electrical
tables under conditions of internal self-heating where T; > Ta.

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through correlations using
statistical quality control (SQC) method.

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped
production material.

(4) Offset voltage average drift determined by dividing the change in Vg at temperature extremes, by the total temperature change.

(5) Positive current corresponds to current flowing into the device.
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CONNECTION DIAGRAM

Top View
+IN = e 8
N =2 L REF
nD = 2 Hyste
out —4 = HysTN

Figure 1. 8-Pin VSSOP (See DGK Package)
8-Pin SOIC (See D Package)

Pin Descriptions

Symbol Pin Name Description
The +IN has a common-mode voltage range from 1V above the negative rail to, and including, the
Non-Inverting Comparator | positive rail. Internal ESD diodes, connected from the +IN pin to the rails, protect the input stage
+IN : ) h h
Input from overvoltage. If the input voltage exceeds the rails, the diodes turn on and clamp the input to a
safe level.
The —IN has a common-mode voltage range from 1V above the negative rail to, and including, the
-IN Inverting Comparator Inout positive rail. Internal ESD diodes, connected from the —IN pin to the rails, protects the input stage
9 P P from overvoltage. If the input voltage exceeds the rails, the diodes turn on and clamp the input to a
safe level.
This pin may be connected to a negative DC voltage source for applications requiring a dual
GND | Ground supply. If connected to a negative supply, decouple this pin with 0.1 pF ceramic capacitor to
ground. The internal reference output voltage is referenced to this pin. GND is the die substrate
connection.
The output is an open-collector. It can drive voltage loads by using a pullup resistor, or it can drive
ouT Comparator Output current loads by sinking a maximum output current. This pin may be taken to a maximum of +12V
with respect to the ground pin, irrespective of supply voltage.
. . This pin sets the lower trip voltage V.. The common mode range is from 1V above the negative
HYSTN | Negative Hysteresis Pin rail to Vcc. The input signal must fall below V,,_for the comparator to switch from high to low state.
This pin sets the upper trip voltage V|4. The common mode range is from 1V above the negative
HYSTP | Positive Hysteresis pin rail to Vcc. The input signal must rise above V| for the comparator to switch from low to high
state.
REF Reference Voltage Output | This is the output pin of a 2.048V band gap precision reference.
Pin
vt Positive Supply Terminal ;’:loeuﬁlépply voltage range is 2.7V to 12V. Decouple this pin with 0.1 yF ceramic capacitor to
6 Submit Documentation Feedback Copyright © 2007-2013, Texas Instruments Incorporated
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Typical Performance Characteristics

Supply Current Output Low Voltage
VS. VS.
Supply Voltage Load Current
20 0.5 T
v =12v
_ 125 S 04
315 &
E — T a5 4 E 0s 125¢C
Ll —(— .
% 0 p— - 25T g /7
=) E— = 85C
g r 9 0.2 %VA{/
T -40C =
% 5 FD—L %/ -40C
7y 2 o1 =
© 25C
0 0
2 4 6 8 10 12 0 2 4 6 8 10
SUPPLY VOLTAGE (V) LOAD CURRENT (mA)
Figure 2. Figure 3.
Output Low Voltage Output Low Voltage
VS. VS.
Load Current Load Current
05 ; 0.5 T
vi=sv vi=27v
S 04 S 04
w w
Q Q
E 125C E 125C
o 03 7 3 03 /
> >
2 85T / 2 85T /
9 0.2 ,/ 1 9 0.2 YVA//
z %4 " ; /Z/(
o -40CT
3 o1 Z—aa\ 5 0.1 == -40T
25T © 25T
0 0
0 2 4 6 8 10 0 2 4 6 8 10
LOAD CURRENT (mA) LOAD CURRENT (mA)
Figure 4. Figure 5.
Reference Voltage Reference Voltage
VS. VS.
Supply Voltage Source Current
2.052 T T 2.050
VRer UNLOADED v = 12v
S S -40C
W 2.050 < 2.049 25T |
o -40C ol v
3z 25T 1 Q
S e = 0
ot 2.048 |- Iy w2048
Q 85C 9 I
& w 85T
] 125C ] [ ——
i 2,046 L 2,047 F —~—
2.044 2.046
2 4 6 8 10 12 0 0.5 1 1.5 2
SUPPLY VOLTAGE (V) SOURCE CURRENT (mA)
Figure 6. Figure 7.
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Typical Performance Characteristics (continued)

Reference Voltage

Reference Voltage
VS

VS. .
Sink Current Source Current
2.050 — 2.050
vV =27V vz 27y
< -40C —
2 25¢C | 2
o 2.049 v o 2.049
0 L — o 25T -40C
= < \ﬁﬁ v
— [ —
C>) A 6‘ \\ T——
L 2048 | 0 2.048 ~———] —_—
g 85T Q —
w | j\\
i 2.047 A @ 85C
T | L 2,047
4 125C @ ‘f\\
125C B
2.046 2.046
0 50 100 150 200 250 0 0.5 1 1.5 2
SINK CURRENT (nA) SOURCE CURRENT (mA)
Figure 8. Figure 9.
Propagation Delay Propagation Delay
VS. VS.
Overdrive Voltage Overdrive Voltage
30 , 30 .
.
l vi=27v vV =5V
~ 25 ~ 25
12} (2]
S S
> >
5 2 < 20
| |
[a) [a)
g 15 g 15
= =
) -40T P}
I 10 . i I 10 \
25T -40C
[} — 85T Q 25¢C 85C
£ s N~ ! & s = —
X s
0 125C 125C
0 20 40 60 8 100 % 20 40 60 8 100
OVERDRIVE VOLTAGE (mV) OVERDRIVE VOLTAGE (mV)
Figure 10. Figure 11.
Propagation Delay
vs.
Overdrive Voltage
30 T
v =12v
= 25 CL =10 pFH
S
>
< 20
|
[a)
g 15
=
3
E 10
o} 40T | 25¢
o | 85T
o 5 |
— v =
0 125C
0 20 40 60 80 100
OVERDRIVE VOLTAGE (mV)
Figure 12.
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APPLICATION INFORMATION

GENERAL DESCRIPTION

The LMP7300 is a unique combination of micropower and precision. The open collector comparator has low
offset, high CMRR, high PSRR, programmable hysteresis and microamp supply current. The precision 2.048V
reference provides a DAC or ADC with an accurate binary divisible voltage. The comparator and reference
combination forms an ideal single IC solution for low power sensor or portable applications.

VOLTAGE REFERENCE

The reference output voltage is a band gap derived 2.048V that is trimmed to achieve typically 0.2% accuracy
over the full operating temperature range of —40°C to 125°C. The trim procedure employs a curvature correction
algorithm to compensate for the base emitter thermal nonlinearity inherent in band gap design topologies. The
reference accuracy and the set resistor tolerance determine the magnitude and precision of the programmable
hysteresis. In situations where reference noise filtering is required a 5 pF capacitor in series with a 190Q resistor
to ground are recommended.

COMPARATOR

Output Stage

The comparator employs an open collector output stage that can switch microamp loads for micropower
precision threshold detection to applications requiring activating a solenoid, a lamp, or an LED. The wired-OR
type output easily interfaces to TTL, CMOS, or multiple outputs, as in a window comparator application, over a
range of 0.5V to 12V. The output is capable of driving greater than 10 mA output current and yet maintaining a
saturation voltage below 0.4V over temperature. The supply current increases linearly when driving heavy loads
so a pullup resistor of 100 kQ or greater is recommended for micropower applications.

Fault Detection Rate

The user’s choice of a pullup resistor and capacitive load determines the minimum response time and the event
detection rate. By optimizing overdrive, the pullup resistor and capactive load fault update rates of 200 kHz to
250 kHz or greater can be achieved.

HYSTERESIS

False triggering on noise coupled into the signal path is a common problem for comparator based threshold
detectors. One of the most effective solutions is to add hysteresis. Hysteresis is a circuit signal path
characteristic where an amplitude delay is introduced to the normal input. Positive hysteresis forces the signal to
pass the normal switch point before the output makes a low to high transition while negative hysteresis does the
opposite. This is a memory effect. The comparator behaves differently based on which direction the signal is
going.

The LM7300 has been designed with a unique way of introducing hysteresis. The set points are completely
independent of each other, the power supply, and the input or output conditions. The HYSTP pin sets positive
hysteresis and the HYSTN pin sets the negative hysteresis in a simple way using two resistors. The pins can be
tied together for the same hysteresis or tied to separate voltage taps for asymmetric hysteresis, or tied to the
reference for no hysteresis. When the precision reference is used to drive the voltage tap resistor divider precise,
stable threshold levels can be obtained. The maximum recommended hysteresis is about 130 mV. This places
the HYSTP and HYSTN pin voltages at Vger — 130 mV which is approximately the center of their input common
mode range at 2.7V. For the typical example, a differential input signal voltage, V|y, is applied between INP and
INN, the non-inverting and inverting inputs of the comparator. A DC switch or threshold voltage, V1, is set on the
negative input to keep the output off when the signal is above and on when it goes below this level. For a
precision threshold tie the INN pin to Vgege. With the output, off the circuit is in the minimum power state.
Figure 14 through Figure 22 demonstrate the different configurations for setting the upper threshold V,4 and the
lower threshold V,_and their relationship to the input trip point Vreg, by the following formulas.
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Ry
ViL=V -V e ——
IL REF " VREF| R T R,
R1
Vig=V +V e —
H = VREF T VREF | B TR (1)
¥*
RpuLLuP
INP 1MQ
O +
+) VIN INN 7 out
HYSTP
HYSTN GND \*
_ VREF |5 048y
Rp1 RN1
1.47 kQ 4.91 kO
1% 1%
Rp2 R GND
1MQ 1“,\',|ZQ
1% 1%

Figure 13. Typical Micropower Application to Set Asymmetric Positive and
Negative Hysteresis of =10 mV, +3 mV

Vout
A
1] < < <+
OUTPUT
STATE Y '\
—»] -10mV +3mV |je—
<+ P> >
0 f f f » VIN
Vi VREF ViH

V|L = VREF -10 mV V|4 = VREf +3 mV

Figure 14. Typical Micropower Application to Set Asymmetric Positive and
Negative Hysteresis of =10 mV, +3 mV
When V|5 = 0, INN = INP = Vqy

Figure 16 shows the configuration with no hysteresis when the HYSTP and HYSTN pins are connected together

to Vrer- This configuration is not recommended because it has the highest level of false triggers due to the
system noise.

v
RpuLLup
INP 1MQ
HYSTP
o
HYSTN GND /*
VREF

2.048V @

DGND

Figure 15. Typical Configuration for No Hysteresis
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Vout
A
1
— > <«
OUTPUT
STATE Y
A
0 >—4
t > VIN
VREF

Figure 16. Typical Configuration for No Hysteresis

Figure 18 shows the configuration with symmetric hysteresis when the HYSTP and HYSTN pins are connected
to the same voltage that is less than Vgge. The two trip points set a hysteresis band around the input threshold

voltage Vggr, such that the positive band is equal to the negative band.

This configuration controls the false triggering mentioned in Figure 16. Symmetric hysteresis values less than 5

mV to 10 mV are recommended for precise level detection applications.

.
\%
RpuLLuP
INP 1MQ
o +
/4 out

I—— -
N GND
_ VRer 2.048V
R1
2.45kQ
TGND

Figure 17. Symmetric Hysteresis +5 mV

-
A
\ 4

OUTPUT
STATE

—> 10 mv -

} > ViN

Figure 18. Symmetric Hysteresis £5 mV

Figure 20 shows the case for negative hysteresis by biasing only the HYSN pin to a voltage less than Vgge.
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v
e
RpuLLuP
'Ng + 1MQ
HYSTP
L

HYSTN GND_\*

_ VREF 2.048V
RN1
4.91 kQ
1%
Rn2 GND
1MQ
1%

Figure 19. Typical Configuration for Negative Hysteresis = =10 mV
Vout
A
1 < >
OUTPUT v 4
STATE

A 4

t > VN
ViL VREF

Figure 20. Typical Configuration for Negative Hysteresis = =10 mV

The case for setting only a positive hysteresis is demonstrated in Figure 22.

vt
RpuLLup
INP 1MQ
HYSTP
HYSTN GND *
o
VREF 2.048V
>Rp1
4.91kQ
1%
Rp2 GND
1MQ
1%

Figure 21. Connections for Positive Hysteresis = +10 mV
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Vout

OUTPUT Y 7
STATE

0

A\ 4

f f » ViN
VREF ViH

Figure 22. Connections for Positive Hysteresis = +10 mV

In the general case, as demonstrated with both positive and negative hysteresis bands in Figure 23, noise within
these bands will have no affect on the state of the comparator output. In Example #1 the noise is well behaved
and in band. The output is clean and well behaved. In Example #2, a significant amount of out of band noise is
present but due to hysteresis no false triggers occur on the rising positive or falling negative edges. The
hysteresis forces the signal level to move higher or lower before the output is set to the opposite state.

Vout
POSITIVE
TRIP POINTS Vourt
.
v
N
1 \ ’ VHYsTP | | HYSTERESIS
VTH V 1| (DEAD) BAND
| VHYSTN
ViL / 2
GND Val \
i / | » TIME
VIN
NEGATIVE
TRIP POINTS
EXAMPLE 1 EXAMPLE 2

Figure 23. Output Response with Input Noise Less than Hysteresis Band

How Much Hysteresis Is Correct?

An effective way of determining the minimum hysteresis necessary for clean switching is to decrease the amount
of hysteresis until false triggering is observed, and then use a multiple of say three times that amount of
hysteresis in the final circuit. This is most easily accomplished in the breadboard phase by making R; and R,
potentiometers. For applications near or above +100°C a minimum of 5 mV hysteresis is recommended due to
peaking of the LMP7300 noise sensitivity at high temperatures.

LAYOUT RECOMMENDATIONS

A good PCB layout is always important to reduce output to input coupling. Positive feedback noise reduces
performance. For the LMP7300 output coupling is minimized by the unique package pinout. The output is kept
away from the non-inverting and inverting inputs, the reference and the hysteresis pins.
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EVALUATION BOARDS
Texas Instruments provides the following PCB boards as an aid in evaluating the LMP7300 performance.

. Evaluation Board
Device Package Ordering ID
LMP7300MA 8-Pin SOIC LMP7300MA-EVAL

WINDOW COMPARATOR

Figure 25 shows two LMP7300s configured as a micropower window detector in a temperature level detection
application. The circuit shown monitors the ambient temperature change. If the temperature rises outside the
15°C to 35°C window, either comparator 1 for high temp, or comparator 2 for low temp, will set low, indicating a
fault condition has occurred. The open collector outputs are pulled up separately but can be wire-OR'd for a
single fault indication. If the temperature returns inside the window it must overcome the 22 mV asymmetric
hysteresis band established on either comparator. For the high side the temperature must drop below 34°C and
for the low side the temperature must rise above 16°C for the outputs to reset high and remove the fault
indication. The temperature is sensed by a 30 kQ @ 25°C Omega Precision NTC Thermistor #44008 (+0.2% tol).

USB POWER SOURCE

4.3V t0 5.5V
RT*
R2
> >
C:;) 196kQ = Simo
< < <
1%
VHIGH
O TEMPERATURE
ouT FAULT
LMP7300

* NTC Thermistor
Such as: OMEGA #44008
30 kQ @ 25T
19.74 kQ @ 35T

Rs L 46.67 kQ @ 15T

154k 2 —L
1% -
0.1 pF
INP
INN Viow
HYSTP ;iMfTERATUE
HYSTN
R1$ Ra L LMP7300
6L9kQ S 464kQ S
1% 1%

i

Figure 24. Temperature Controlled Window Detector to Monitor Ambient Temperature

PRECISION HIGH TEMPERATURE SWITCH

The LMP7300 brings accuracy and stability to simple sensor switch applications. Figure 26 shows the LMP7300
setup in a high temperature switch configuration. The input bridge establishes the trip point at 85°C and the reset
temperature at 80°C. The comparator is set up with positive hysteresis of 14.3 mV and no negative hysteresis.
When the temperature is rising it trips at 85°C. The 14.3 mV hysteresis allows the temperature to drop to 80°C
before reset.
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The temperature sensor used is an Omega 44008 Precision NTC Thermistor. The 44008 has an accuracy of
+0.2°C. The resistance at 85°C is 3270.9Q and at 80°C is 3840.2Q. The trip voltage threshold is established by
one half of the bridge, which is the ratio of R5p; and Rger. The input signal bias is set by the second half, which
is the ratio of the thermistor resistance Ryy and Rger. The resistance values are chosen for ~50 pA bridge
current to minimize the power in the thermistor. The thermistor specification states it has a 1°C/mW dissipation
error. The reference voltage establishes the supply voltage for the bridge to make the circuit independent of
supply voltage variation. Capacitor C, establishes a low frequency pole at Fcorner = 1/(2TTC1*2(Rset//Rapy))-
With the resistance values chosen C; should be selected for Fc < 10 Hz. This will limit the thermal noise in the
bridge.

The accuracy of the circuit can be calculated from the nearest resistance values chosen. For 1% resistors RADJ
is 3.24 kQ, and Rge7 is 78.7 kQ. The bridge gain becomes 2.488 mV/C at 85°C. In general, the higher the bridge
current is allowed to be, the higher the bridge gain will be. The actual trip point found during simulation is 85.3°C
and the reset point is 80.04°C. With the values chosen the worst case trip temperature uncertainty is £1.451°C
and the reset uncertainty is +1.548°C. Accuracy could be maximized with resistors chosen to 0.1% values, 0.1%
tolerance and by using the 0.1% model of the Omega 44008 thermistor.

VREF Vce (2.7V -12V)

RaDJ RTH 1

3.24 kQ >
T 01 ”F; ; 1MQ
d € N Ve
S V =
—e o——cr1 | MP7300 —0
HYSTN

RseT C1 > RseT RH1 I

787kQS 681F S 737kq € 144KQ  HysTp GND

RH2 =
205 kQ

Figure 25. Precision High Temperature Switch

MICROPOWER PRECISION BATTERY LOW VOLTAGE DETECTOR

The ability of the LMP7300 to operate at very low supply voltages, makes it an ideal choice for low battery
detection application in portable equipment. The circuit in Figure 26 performs the function of low voltage
threshold detection in a 3 cell 0.9V discharge voltage, battery monitor application. R; and R, are chosen to set
the inverting input voltage equal to the non-inverting input voltage when the battery voltage is equal to the
minimum operating voltage of the system. Here, the very precise reference output voltage is directly connected
to the non-inverting input on the comparator and sets an accurate threshold voltage. The hysteresis is set to 0
mV negative and 20 mV positive. The output is off for voltages higher than the minimum Vga71, and turns on
when the circuit detects a minimum battery voltage condition.

VBATT

The LED turns on when VBaATT X

R2
< VREF:
R2

VREF
= o and Ry is known,
VBATT

so, if

1- a] [VBATT - VREFJ
=R\ —Vv

then, R =Ry ( ruk Vrer

As an example:
VREE = 2.048V, VBaTTLow = +2.7V, R2 = 1 MQ
then Ry = 318.4 kQ

Figure 26. Battery Voltage Monitor for 3 Cell Discharge Voltage
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PACKAGE OPTION ADDENDUM

10-Sep-2014

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
LMP7300MA/NOPB ACTIVE SoIC D 95 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP73 Samples
& no Sh/Br) O00MA
LMP7300MAX/NOPB ACTIVE SoIC D 2500  Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 LMP73 Samples
& no Sh/Br) 00MA
LMP7300MM/NOPB ACTIVE VSSOP DGK 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40to 125 C31A Samples
& no Sh/Br)
LMP7300MME/NOPB ACTIVE VSSOP DGK 250 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 C31A
& no Sh/Br) P
LMP7300MMX/NOPB ACTIVE VSSOP DGK 3500 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 125 C31A Samples
& no Sh/Br)

@ The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

® MsL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMP7300MAX/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LMP7300MM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LMP7300MME/NOPB VSSOP DGK 8 250 178.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LMP7300MMX/NOPB VSSOP DGK 8 3500 330.0 12.4 53 34 1.4 8.0 12.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 1-Nov-2014
TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMP7300MAX/NOPB SoIC D 8 2500 367.0 367.0 35.0
LMP7300MM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LMP7300MME/NOPB VSSOP DGK 8 250 210.0 185.0 35.0
LMP7300MMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

0.197 (5,00)
‘ 0.189 (4,80) ’
A
8 5
0.244 (6,20)
0.228 (5,80)
’ - 157 (4,00)
0.150 (3,80) AN

Pin 1

\

I

Index Area ﬁ bj
4

0.050 ( « 0.020 (0,51)

0.012 (0,31)

[ ]0.010 (0,25) @]

[T ]
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\ Ve
i \

v
Toowo

L 0.069 (1,75) Max 0,004 (

0.010 (0,

\
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NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.
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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.

TI 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
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity
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Medical

Security
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