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LM397 Single General Purpose Voltage Comparator

Check for Samples: LM397

FEATURES

e (T =25°C. Typical Values Unless Otherwise
Specified).

e 5-Pin SOT-23 Package

e Industrial Operating Range -40°C to +85°C

e Single or Dual Power Supplies

e Wide Supply Voltage Range 5V to 30V

e Low Supply Current 300pA

 Low Input Bias Current 7nA

e Low Input Offset Current £1nA

e Low Input Offset Voltage £2mV

 Response Time 440ns (50mV Overdrive)

e Input Common Mode Voltage 0 to Vg - 1.5V

APPLICATIONS

» A/D Converters

» Pulse, Square Wave Generators
» Peak Detector

* Industrial Applications

Connection Diagram
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Figure 1. 5-Pin SOT-23 Package
See Package Number DBVOOO5A

DESCRIPTION

The LM397 is a single voltage comparator with an
input common mode that includes ground. The
LM397 is designed to operate from a single 5V to
30V power supply or a split power supply. Its low
supply current is virtually independent of the
magnitude of the supply voltage.

The LM397 features an open collector output stage.
This allows the connection of an external resistor at
the output. The output can directly interface with TTL,
CMOS and other logic levels, by tying the resistor to
different voltage levels (level translator).

The LM397 is available in space saving 5-Pin SOT-
23 package and pin compatible to TI's TL331, single
differential comparator.

Typical Circuit
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Figure 2. Inverting Comparator with Hysteresis

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.

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.

Copyright © 2001-2013, Texas Instruments Incorporated
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Absolute Maximum Ratings Y@

ESD Tolerance® Human Body Model 2KV
Machine Model 200V
V |y Differential 30V
Supply Voltages 30V or +15V
Voltage at Input Pins -0.3V to 30V
Storage Temperature Range —-65°C to +150°C
Junction Temperature ) +150°C
Soldering Information Infrared or Convection (20 sec.) 235°C
Wave Soldering (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.
(2) If Military/Aerospace specified devices are required, please contact the Tl 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), 83a- The maximum allowable power dissipation at any ambient temperature is

Po = (Tymax) - Ta) 834 . All numbers apply for packages soldered directly onto a PC board.

Operating Ratings®

Supply Voltage, Vg 5V to 30V
Temperature Range @ -40°C to +85°C
Package Thermal Resistance® 5-Pin SOT-23 168°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 ensured. For ensured specifications and the test
conditions, see the Electrical Characteristics.

(2) The maximum power dissipation is a function of Tjpax), 83a- The maximum allowable power dissipation at any ambient temperature is
Po = (Tymax) - Ta) 834 . All numbers apply for packages soldered directly onto a PC board.
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Electrical Characteristics

Unless otherwise specified, all limits are ensured for T, = 25°C, V5 = 5V, V™ = 0V, V¢y = V*/2 = V. Boldface limits apply at
the temperature extremes.

Parameter Test Conditions Min® Typ®@ Max @ Units
Vos Input Offset Voltage Vg =5V to 30V, 2 7 mV
Vo = 1.4V, Vg = OV 10
los Input Offset Current Vo =1.4V, Vepm = 0V 1.6 50 nA
250
Ig Input Bias Current Vo =1.4V, Vcy = 0V 10 250 nA
400
Is Supply Current R, = Open, Vg = 5V 0.25 0.7 .
R_ = Open, Vg = 30V 0.30 2
lo Output Sink Current ViN' = 1V,Vy = 0V, Vg = 1.5V 6 13 mA
ILEAKAGE Output Leakage Current ViN' = 1V,Viy = 0V, Vo =5V 0.1 nA
V|N+ = 1V,V|N' =0V, VO =30V 1 UA
VoL Output Voltage Low lo=—-4mA, V|\* = 0V,V|y = 1V 180 400 mV
700
Ve Common-Mode Input Voltage | Vg = 5V to 30vV® 0 Vs - 1.5V v
Range 0 Vg -2V
Ay Voltage Gain Vs =15V, Vg = 1.4V to 11.4V, 120 V/mV
R_ > = 15kQ connected to Vg
tpHL Propagation Delay Input Overdrive = 5mV 900
(High to Low) R, = 5.1kQ connected to 5V, C, = 15pF
ns
Input Overdrive = 50mV 250
R, = 5.1kQ connected to 5V, C_ = 15pF
tpLH Propagation Delay Input Overdrive = 5mV 940 us
(Low to High) R, = 5.1kQ connected to 5V, C, = 15pF
Input Overdrive = 50mV 440 ns
R, = 5.1kQ connected to 5V, C_ = 15pF

(1) Alllimits are specified by testing or statistical analysis.
(2) 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 specified on shipped
production material.
(3) The input common-mode voltage of either input should not be permitted to go below the negative rail by more than 0.3V. The upper end
of the common-mode voltage range is Vs - 1.5V at 25°C.

Copyright © 2001-2013, Texas Instruments Incorporated
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Typical Performance Characteristics
Ta = 25°C. Unless otherwise specified.

Supply Current
VS.
Supply Voltage

0.45 T
.4}?"(:
0.4
= ’ﬂ————‘
|
T 035 25°¢ =
= 03 S
E L — 85°C
£ 025
3
0.2
E /'/
& 015
2
9 01
0.05
0

0 5 10 15 20 25 30
SUPPLY VOLTAGE (V)

Figure 3.

Output Saturation Voltage
%

S.
Output Sink Current

1 TIT T

0.01

< 1T T
> 40 CHL
<~ Tj=—c°
w W [ 2C
Q J
: 7
g /j///
7

8 A
Eoal AN
& 117 85°C
D
g iz
) /4
5 /A
=
&
2
O V

1

10 100
OUTPUT SINK CURRENT (mA)

Figure 5.

Response Time for Various Input Overdrives — tpy

INPUT BIAS CURRENT (nA)

INPUT OFFSET VOLTAGE (mV)

Input Bias Current

VS.
Supply Current

14 I
12 7 . -4(|)°c
N c
10 e
¥ g5°C
8
6
4
2
0
0 5 10 15 20 25 30
SUPPLY VOLTAGE (V)
Figure 4.
Input Offset Voltage
VS.
Supply Voltage
2.5

—40iC
L]
— 85°C

B
= | 25°C

/
w5 //
/

0 5 10 15 & 25 30
SUPPLY VOLTAGE (V)
Figure 6.

Response Time for Various Input Overdrives — tp 4

Product Folder Links: LM397

Or—T—T T T T T T 1 Or—T—T T T T 71771771
S 8 | Vs =5V, RpyLL-up =5.1kQ TO Vg g s | Vs =5V, RpyLL-up = 5.1kQ TO Vg
E 6 CL = 15pF TO GND E 6 CL = 15pF TO GND
E ‘ ‘ 5 4 =
3 ¢ \ UBL o 4 —— 7
2 Vop = 5mV ) r 7/ A
\ Vop = 50mV VAR
0 0 Vop = 5mVT]
10| Vop = 50mV 10
— 0 s ©
E 50 1 E 50
5 O 5 o Y
g . t OVERDRIVE S | |¥| ‘overbrivE
= 50 V‘OLT‘AGE‘ (VO‘D) 50 VOLTAGE (Vop)
-100 100 P iaarhi
200 400 800 1200 1400 2000 200 400 800 1200 1400 2000
TIME (ns) TIME (ns)
Figure 7. Figure 8.
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APPLICATION NOTES

Basic Comparators

A comparator is quite often used to convert an analog signal to a digital signal. The comparator compares an
input voltage (V,\) at the non-inverting pin to the reference voltage (Vgree) at the inverting pin. If Vy is less than
Vrer the output (Vo) is low (Vo). However, if V| is greater than Vggr, the output voltage (Vo) is high (Vo).
Refer to Figure 9.
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Figure 9. 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.

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 (V), the output is high.
The equivalent circuit for the three resistor network is R, in parallel with R; and in series with R,. The lower
threshold voltage V+, is calculated by:

V11 = (Vs R) / (((Ry Ry) / (Ry + Ry)) + Ry)) oy

When V) is greater than Vy, the output voltage is low. The equivalent circuit for the three resistor network is R,
in parallel with R; and in series with R;. The upper threshold voltage V1, is calculated by:

V12 =Vs ((R2 Rs) / (R2 + R3)) / (Ry + ((R2 Ra) / (R2 + Ry))) (2
The hysteresis is defined as

AViy= Vi = Vg ®)
Copyright © 2001-2013, Texas Instruments Incorporated Submit Documentation Feedback 5
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Figure 10. Inverting Configured Comparator - LM397

Input Stage

The LM397 has a bipolar input stage. The input common mode voltage range is from 0 to (Vg — 1.5V).

Output Stage

The LM397 has an open collector grounded-emitter NPN output transistor for the 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.
Because it is an open collector output stage, several comparator outputs can be connected together to create an
OR’ing function output. With an open collector, the output can be used as a simple SPST switch to ground.The
amount of current which the output can sink is approximately 10mA. When the maximum current limit is reached,
the output transistor will saturate and the output will rise rapidly (Figure 11).
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Figure 11. Output Saturation Voltage vs. Output Sink Current
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REVISION HISTORY

Changes from Revision C (March 2013) to Revision D Page
¢ Changed layout of National Data Sheet t0 TI fOrMAL .........cooiiiiiiie e 6
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
LM397MF NRND SOT-23 DBV 5 1000 TBD Call Tl Call TI -40 to 85 C397
LM397MF/NOPB ACTIVE SOT-23 DBV 5 1000 Green (RoHS CU SN Level-1-260C-UNLIM -40 to 85 C397 Samples
& no Sh/Br)
LM397MFX/NOPB ACTIVE SOT-23 DBV 5 3000 Gg:eens(ls;l)BH)S CU SN Level-1-260C-UNLIM -40 to 85 C397 Samples
no r

® 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.

@ 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): Tl'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)

® 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.

® 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.

© 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 TlI'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
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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)
LM397MF SOT-23 | DBV 1000 178.0 8.4 3.2 3.2 14 4.0 8.0 Q3
LM397MF/NOPB SOT-23 | DBV 1000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
LM397MFX/NOPB SOT-23 DBV 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
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TAPE AND REEL BOX DIMENSIONS
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4
///
// S
/\g\ /)i\
. 7
~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM397MF SOT-23 DBV 5 1000 210.0 185.0 35.0
LM397MF/NOPB SOT-23 DBV 5 1000 210.0 185.0 35.0
LM397MFX/NOPB SOT-23 DBV 5 3000 210.0 185.0 35.0
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MECHANICAL DATA

DBV (R—PDSO—G5)

PLASTIC SMALL—OUTLINE PACKAGE

0,50
I 175 300 o
1,45 2,60 l
; v
Pin 1 |:| I:I I:I —
Index Area 1 3
(Optional) 505 Goge Plane
' 2,75 > f
oﬁ
— 1,45 MAX
b \
v \_L i J_/ v Seating Plane
0,15
0.00 s ] [a]o10]
4073253-4/L 08/2013
NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.
D. Falls within JEDEC MO—178 Variation AA.

w3 TEXAS
INSTRUMENTS

www.ti.com



LAND PATTERN DATA

DBV (R—PDSO-G5) PLASTIC SMALL OUTLINE

Example Board Layout Stencil Openings
Based on a stencil thickness

of .127mm (.005inch).

- 1,90 —~ | 1.90
— mfo—————r ————— 4 —
I loss
I 2.7 2.7
e "
; N
/ \\
e S O R
\ /
\. "L// l— 0,95 — - 095

’ \

/ ‘__/T/'So\der Mask Opening

/ 1,05 \
\ | ————— Pad Geometry

\ /
\ 0,07 — L— /

’

N Al Around //

4209593-3/C 08/11

NOTES: A. Al linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Customers should place a note on the circuit board fabrication drawing not to alter the center solder mask defined pad.
D

E

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Example stencil design based on a 50% volumetric
metal load solder paste. Refer to IPC=7525 for other stencil recommendations.
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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
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.

Tl 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 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.

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
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DSP
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Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity
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Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging
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