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LM75A Digital Temperature Sensor and Thermal Watchdog With Two-Wire Interface

Features
No External Components Required

Shutdown Mode to Minimize Power Consumption
Up to Eight LM75As can be Connected to a Single

Bus

Power up Defaults Permit Stand-Alone Operation

as Thermostat

Key Specifications:

— Supply Voltage
— LM75A:2.7Vto55V

— Supply Current
— Operating: 280 pA (Typical)
— Shutdown: 4 pA (Typical)

— Temperature Accuracy
— 25°C to 100°C: +2°C (Max)
— 55°C to 125°C: +3°C (Max)

Applications

General System Thermal Management
Communications Infrastructure
Electronic Test Equipment
Environmental Monitoring

A0

Address
(Set as desired)

Al

A2

Interface

SCL

3 Description

The LM75A is an industry-standard digital
temperature sensor with an integrated sigma-delta
analog-to-digital converter (ADC) and I°C interface.
The LM75A provides 9-bit digital temperature
readings with an accuracy of +2°C from —-25°C to
100°C and +3°C over —55°C to 125°C.

The LM75A operates with a single supply from 2.7 V
to 5.5 V. Communication is accomplished over a
2-wire interface which operates up to 400 kHz. The
LM75A has three address pins, allowing up to eight
LM75A devices to operate on the same 2-wire bus.
The LM75A has a dedicated overtemperature output
(O.S.) with programmable limit and hysteresis. This
output has programmable fault tolerance, which lets
the user to define the number of consecutive error
conditions that must occur before O.S. is activated.
The wide temperature and supply range and I°C
interface make the LM75A ideal for a number of
applications including base stations, electronic test
equipment, office electronics, personal computers,
and any other system in which thermal management
is critical to performance. The LM75A is available in
an SOIC-8 package and an VSSOP-8 package.

Device Information®

PART NUMBER | PACKAGE BODY SIZE (NOM)
SOIC (8) 4.90 mm x 3.91 mm

LM75A
VSSOP (8) 3.00 mm x 3.00 mm

(1) For all available packages, see the orderable addendum at
the end of the datasheet.

Typical Application

+Vg

8

100 nF (typ) unless mounted
close to processor

5 LM75 3

To Processor
0. Interrupt Line

0O.S. set to active low
for wire OR’d multiple
interrupt line

GND

|||—h

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.


http://www.ti.com/product/LM75A?dcmp=dsproject&hqs=pf
http://www.ti.com/product/LM75A?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.ti.com/product/LM75A?dcmp=dsproject&hqs=td&#doctype2
http://www.ti.com/product/LM75A?dcmp=dsproject&hqs=sw&#desKit
http://www.ti.com/product/LM75A?dcmp=dsproject&hqs=support&#community
http://www.ti.com/product/lm75a?qgpn=lm75a

I3 TEXAS
INSTRUMENTS
LM75A
SNOS808P —JANUARY 2000—REVISED DECEMBER 2014 www.ti.com
Table of Contents
1 FRAUIMES oo a e 1 7.3 Feature Description.........cccocevviivniiiiniiiiiiniee 10
2 APPlICALIONS .o 1 7.4 Device Functional Modes........c..coooovvnininininnn, 10
3 DESCHPLION oo 1 7.5 Programming.......cccceereiriieiienie e 11
4 ReVISION HiStOMY....ooiiueeceieeeeeeeeeeee e 2 7.6 Register Maps.......ccvvev. e 13
5 Pin Configuration and FUNctions ........................ 3 8 Application and Implementation ....................... 15
6 SpecificationS....ccccoeciiiee i, 3 8.1 App'llcatlon I.nfor.matlon """"""""""""""""""""""""" 15
6.1 Absolute Maximum RAHNGS ...orrooorr oo 3 8.2 Typical Applications .........ccceceveiiiiiiiiiiic e 15
6.2 ESD RAUNGS..orr oo 3 8.3 System Examples ................. e 16
6.3 Recommended Operating Conditions.............c.c....... 4 9 Power Supply Recommendations.................. 18
6.4 Thermal INFOrMAatION ..o 4 10 LAYOUL. .ottt 18
6.5 Temperature-to-Digital Converter Characteristics..... 4 10.1 Layout GUIdElINES .........eeeiieeeiiiieeiiee e 18
6.6 Digital DC CharacteristiCs ............ceevvvverruerererrnnnnnns 5 102 Layout EXAMPIE oo 19
6.7 1°C Digital Switching Characteristics......................... 5 11 Device and Documentation Support................ 20
6.8 Typical CharaCteristics ..............cccorrvevvrveeirsresrnnnns 9 11,1 Trademarks ........cccoeiieiieiicicinec e 20
7 Detailed DeSCIiPtiON .......ovvveeeeeeeeeeerereeerereenne 10 11.2 Electrostatic Discharge Caution............coooeeeevva. 20
7.1 OVEIVIEW ..ot 10 11.3 GlOSSAY w.ooooorveerssrsnessnes s 20
7.2 Functional Block Diagram............c.ccccceeecrcnnnn.. 10 12 Mechanical, Packaging, and Orderable
INfOrmation ..o 20
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision O (May 2013) to Revision P Page

« Added Pin Configuration and Functions section, ESD Ratings table, Feature Description section, Device Functional
Modes, Application and Implementation section, Power Supply Recommendations section, Layout section, Device

and Documentation Support section, and Mechanical, Packaging, and Orderable Information section ..............ccccceeennnee. 1
Changes from Revision N (May 2013) to Revision O Page
¢ Changed layout of National Data Sheet t0 Tl FOrMAL ........ccoiiiiiiiiiiee e e e e e s e e e e e eaaeeas 16
2 Submit Documentation Feedback Copyright © 2000-2014, Texas Instruments Incorporated

Product Folder Links: LM75A


http://www.ti.com/product/lm75a?qgpn=lm75a
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOS808P&partnum=LM75A
http://www.ti.com/product/lm75a?qgpn=lm75a

13 TEXAS

INSTRUMENTS
LM75A

www.ti.com SNOS808P —JANUARY 2000—REVISED DECEMBER 2014

5 Pin Configuration and Functions

8-Pins
SOIC (D) and VSSOP (DGK) Packages
Top View
SDA —{1 N~ 8| +Vs
scL— 2 7} no
0.s.—3 6 At
GND — 4 5 a2

Pin Functions

PIN
DESCRIPTION TYPICAL CONNECTION
NO. NAME
2 A -
1 SDA :D?aﬁenal Bi-Directional Data Line, Open From Controller, tied to a pullup resistor or current source
2 SCL | I2C Clock Input From Controller, tied to a pullup resistor or current source
3 0.S 8vertemperature Shutdown, Open Drain Pull-up Resistor, Controller Interrupt Line
utput
4 GND | Power Supply Ground Ground
5 A2
6 Al User-Set I°C Address Inputs Ground (Low, “0") or +Vg (High, “1")
7 A0
- DC Voltage from 2.7 V to 5.5 V 100-nF bypass capacitor with 10-uF bulk
8 *Vs | Positive Supply Voltage Input capacitance in the near vicinity

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT
Supply Voltage Pin (+Vsg) -0.3 6.5 \%
Voltage at A0, Aland A2 Pins -0.3 (+Vs + 0.3) and must be < 6.5 \%
Voltage at OS, SCL and SDA Pins -0.3 6.5 \%
Input Current at any Pin®@ 5 mA
Package Input Current®@ 20 mA
O.S. Output Sink Current 10 mA
O.S. Output Voltage 6.5 \%
Storage temperature, Tgy —65 150 °C

(1) Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not
apply when operating the device beyond its rated operating conditions.

(2) When the input voltage (V|) at any pin exceeds the power supplies (V, < GND or V, > +Vg) the current at that pin should be limited to
5mA. The 20mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an
input current of 5mA to four.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001) +2500
Vieso) Electrostatic discharge g?gag(gd-dewce model (CDM), per JEDEC specification JESD22- +1000 v
Machine model +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions®®
MIN MAX UNIT
Specified Temperature Range (Tyyn to Tyax) -55 125 °C
Supply Voltage Range (+Vs) LM75A 2.7 5.5 \%

(1) LM75A 6;, (thermal resistance, junction-to-ambient) when attached to a printed circuit board with 2 oz. foil similar to the one shown in
Thermal Information is summarized in the table below the Operating Ratings table.

(2) Reflow temperature profiles are different for lead-free and non-lead-free packages. Soldering process must comply with Reflow
Temperature Profile specifications. Refer to www.ti.com/packaging.®

6.4 Thermal Information

LM75A
THERMAL METRIC® D DGK UNIT
8 PINS 8 PINS
Rgia Junction-to-ambient thermal resistance 200 250 °C/IW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

6.5 Temperature-to-Digital Converter Characteristics

Unless otherwise noted, these specifications apply for: +Vg = 2.7 to 5.5 Vdc for LM75AIM. T, = T; = 25°C, unless otherwise
noted.

PARAMETER TEST CONDITIONS MIN TYPD  MAX® UNIT
Ta =—25°C to +100°C -2 2
-55°C < Ty < 125°C
Accuracy °C
Ta =-55°C to +125°C -3 3
-55°C < T;<125°C
Resolution 9 Bits
Temperature Conversion Time See® 100
ms
See®, _55°C < T; < 125°C 300
I2C Inactive 0.28
2 ; mA
. 1“C Inactive, -55°C < T; £ 125°C 0.5
Quiescent Current LM75A
Shutdown Mode, +Vg =3V 4 MA
Shutdown Mode, +Vg =5V 6 MA
0O.S. Output Saturation Voltage lout =4 MA, -55°C = T; £125°C 0.8 \%
0.S. Delay See®, _55°C < T; < 125°C 1 6 Conversion
Tos Default Temperature See® 80 °C
Tuyst Default Temperature See® 75 °C

(1) Typicals are at To = 25°C and represent most likely parametric norm.

(2) Maximum values (limits) are ensured to AOQL (Average Outgoing Quality Level).

(3) The conversion-time specification is provided to indicate how often the temperature data is updated. The LM75A can be accessed at
any time and reading the Temperature Register will yield result from the last temperature conversion. When the LM75A is accessed, the
conversion that is in process will be interrupted and it will be restarted after the end of the communication. Accessing the LM75A
continuously without waiting at least one conversion time between communications will prevent the device from updating the
Temperature Register with a new temperature conversion result. Consequently, the LM75A should not be accessed continuously with a
wait time of less than 300ms.

(4) O.S. Delay is user programmable up to 6 “over limit” conversions before O.S. is set to minimize false tripping in noisy environments.

(5) Default values set at power up.
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6.6 Digital DC Characteristics

Unless otherwise noted, these specifications apply for +Vg = 2.7 to 5.5 Vdc for LM75AIM and LM75AIMM. T, = T; = 25°C,
unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP® MAX @ UNIT
o -55°C < T;<125°C +Vs x 0.7 \
Vine) Logical “1” Input Voltage +Vg + 0.3 v
- -55°C < T;<125°C -0.3 \Y

Vineo) Logical “0” Input Voltage +Vg % 0.3 v
VIN = +V5 0.005

Iing) Logical “1” Input Current VN = +Vs, —55°C < 1.0 UA
T;<125°C
V=0V -0.005

Iino) Logical “0” Input Current Vi =0V, -55°C < -1.0 uA
T,<125°C

Cin All Digital Inputs 5 pF

High Level Output _ o
lon Current LM75A \Tloﬂ 1255)@—55 Cs 1 WA
Open drain leakage J=

lo. =3 mMA, -55°C < 0.4

VoL Low Level Output Voltage T, < 125°C \%
C_=400pFlp=3 250

tor Output Fall Time mA, -55°C<T; < ns
125°C

(1) Typicals are at Tp = 25°C and represent most likely parametric norm.
(2) Maximum values (limits) are ensured to AOQL (Average Outgoing Quality Level).

6.7 I°C Digital Switching Characteristics
Unless otherwise noted, these specifications apply for +Vg = 2.7 to 5.5 Vdc for LM75AIM and LM75AIMM on output lines = 80

pF unless otherwise specified. T, = T; = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYPD  MAX@® | uNIT
ty SCL (Clock) Period -55°C = T;<125°C 25 ns
tr Data in Set-Up Time to SCL High -55°C = T;<125°C 100 ns
t3 Data Out Stable after SCL Low -55°C = T;<125°C 0 ns
iy SDA Low Set-Up Time to SCL Low (Start -55°C = T;<125°C 100 ns
Condition)

ts SDA High Hold Time after SCL High (Stop |-55°C <T;<125°C 100 ns
Condition)
SDA Time Low for Reset of Serial 75

fMEOUT  Interface WM79A | esrc =T, = 125°C 325

(1) Typicals are at Tp = 25°C and represent most likely parametric norm.
(2) Maximum values (limits) are ensured to AOQL (Average Outgoing Quality Level).
(3) Timing specifications are tested at the bus input logic levels (Vin(0)=0.3XVA for a falling edge and Vin(1)=0.7XVA for a rising edge)
when the SCL and SDA edge rates are similar.
(4) Holding the SDA line low for a time greater than tryeout Will cause the LM75A to reset SDA to the IDLE state of the serial bus
communication (SDA set High).
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SDA
Data in

§
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SDA ’
Data out

§

t3—> |-—
Figure 1. Timing Diagram

MAX CODE =0,1111,1111 —

Output Code

0,0011,0010—]

0,0000,0001—

Temperature

0,0000,0000:

1,1111,1111

1,1100,1110

—— 1,1001,0010

+127.5°C

Figure 2. Temperature-to-Digital Transfer Function (Non-Linear Scale for Clarity)

22"

2.85"

Figure 3. Printed Circuit Board Used for Thermal Resistance Specifications
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Start | I D ek b I ! pek b I INo Ak~ Stop
by by by by Cond

Master Address Byte LM75 Most Significant Data Byte Master Least Significant Data Byte Master Mbyk
aster

(a) Typical 2-Byte Read From Preset Pointer Location Such as Temp, Toss THysT

x
T/ T\ o/ T EXEXET o 0 o o o o fmXmh /-

Start L I | Ack L I | Ack
by

Mast Add Byt by Pointer Byt by
aster ress Byte LM75 ointer Byte LM75

Repeat] I ! pck | I F pck b I INo Ack ~ Stop
Start by by b Cond
by Address Byte LM75 Most Significant Data Byte Master Least Significant Data Byte Mas);er by
Master Master
(b) Typical Pointer Set Followed by Immediate Read for 2-Byte Register such as Temp, Tos: THysT
Start L I | Ack L I INo Ack Stop
by by by Cond
Master Address Byte LM75 Data Byte Master by
Master
(c) Typical 1-Byte Read From Configuration Register With Preset Pointer
Figure 4. 1°C Timing Diagram
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1 9 1 9 1 9 1 9

T\l o/ T @EXn DA o

0
StartL I I pck L | I ok Repeatl ‘ ) Ack b I INo Adk Stop
by by . by Start by by Cond
Master Address Byte LM75 Pointer Byte LM75 by Address Byte LM75 Data Byte Master by
Master Master
(a) Typical Pointer Set Followed by Immediate Read from Configuration Register
1 9 1 9 1 9
T\0 o/ 1Xa R/W 0 0 0o o0 o o pt/po\_ 0 0 04D4xXD3IXD2XDIXDO)
Startl I I ack L | I Ack L | gk Stop
by by by by Cond
Master Address Byte LM75 Pointer Byte LM75 Configuration Byte LM75 by
Master
(b) Configuration Register Write
1 9 1 9 1 9 1 9
T\ T\o_o/TYmXAXENM o o o o o o £b1XBo)\_£57X08 )Xo )55 X0z 01 X50) (06 (05 Y04 Y03 Y52 X010
StartL | ) ack L I I Ack b I ) pck L I I pck Stop
by by by by b Cond
Master Address Byte LM75 Pointer Byte LM75 Most Significant Data Byte LM75 Least Significant Data Byte LM;S by
Master
(c) Tog and Tyygr Write
. 2 . . .
Figure 5. 1°C Timing Diagrams (Continued)
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6.8 Typical Characteristics
4 T T T T
Maximum Limit —
2
o
° 1
s | b
O (P cxdll I M N v,
= 0 7/‘ T 7‘15.:3]
oD
&) -1 /
2 4 Typical Parts -
_2 /
-3 /
Minimum Limit -/
-4 l | | |
-75-50-25 0 25 50 75 100125150
TEMPERATURE (°C)
Figure 6. Accuracy vs Temperature (LM75A)
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7 Detailed Description

7.1 Overview

The LM75A temperature sensor incorporates a band-gap type temperature sensor and 9-bit ADC (sigma-delta
ADC). The temperature data output of the LM75A is available at all times via the 1°C bus. If a conversion is in
progress, it will be stopped and restarted after the read. A digital comparator is also incorporated that compares
a series of readings, the number of which is user-selectable, to user-programmable setpoint and hysteresis
values. The comparator trips the O.S. output line, which is programmable for mode and polarity. The LM75A has
an integrated low-pass filter on both the SDA and the SCL line. These filters increase communications reliability
in noisy environments.

The LM75A also has a bus fault timeout feature. If the SDA line is held low for longer than tyyeout (S€e
specification) the LM75A will reset to the IDLE state (SDA set to high impedance) and wait for a new start
condition. The TIMEOUT feature is not functional in Shutdown Mode.

7.2 Functional Block Diagram

+Vs

10-Bit »| Temperature — o0.s.
Digital Tos Set Point
Decimation T ] Threshold

Filter Register

A Set Point
Comparator

9-Bit Sigma-Delta ADC

Reset
A

Silicon Bandgap Configuration Pointer ThysT Set Product ID
Temperature Register [ ¢ Register | Point Register Register

i T R A T A

Two-Wire Interface

4
GND

A0
Al
A2

)
Fvy

3
%)
o]
Q

7.3 Feature Description

7.3.1 Digital Temperature Sensor

The LM75A is an industry-standard digital temperature sensor with an integrated sigma-delta ADC and 1°C
interface. The LM75A provides 9-bit digital temperature readings with an accuracy of +2°C from —25°C to 100°C
and +£3°C over —-55°C to 125°C.

The LM75A operates with a single supply from +2.7 V to +5.5 V. Communication is accomplished over a 2-wire
interface which operates up to 400kHz. The LM75A has three address pins, allowing up to eight LM75A devices
to operate on the same 2-wire bus. The LM75A has a dedicated over-temperature output (O.S.) with
programmable limit and hysteresis. This output has programmable fault tolerance, which allows the user to
define the number of consecutive error conditions that must occur before O.S. is activated.

7.4 Device Functional Modes

In Comparator mode the O.S. Output behaves like a thermostat. The output becomes active when temperature
exceeds the Tqg limit, and leaves the active state when the temperature drops below the Tyyst limit. In this mode
the O.S. output can be used to turn a cooling fan on, initiate an emergency system shutdown, or reduce system
clock speed. Shutdown mode does not reset O.S. state in a comparator mode.

In Interrupt mode exceeding Tpg also makes O.S. active but O.S. will remain active indefinitely until reset by
reading any register via the 1°C interface. Once O.S. has been activated by crossing Tos, then reset, it can be
activated again only by Temperature going below T,ys7. Again, it will remain active indefinitely until being reset
by a read. Placing the LM75A in shutdown mode also resets the O.S. Output.
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Device Functional Modes (continued)

The LM75A always powers up in a known state. The power up default conditions are:
» Comparator mode

+ Tos=80°C

* Thuyst=75°C

* O.S. active low

* Pointer = “00”

When the supply voltage is less than about 1.7V, the LM75A is considered powered down. As the supply voltage
rises above the nominal 1.7V power up threshold, the internal registers are reset to the power up default values
listed above.

If the LM75A is not connected to the 1°C bus on power up, it will act as a stand-alone thermostat with the power
up default conditions listed above. It is optional, but recommended, to connect the address pins (A2, A1, AO) and
the SCL and SDA pins together and to a 10k pullup resistor to +Vg for better noise immunity. Any of these pins
may also be tied high separately through a 10-k pullup resistor.

7.5 Programming

7.5.1 1°C Bus Interface

The LM75A operates as a slave on the I1°C bus, so the SCL line is an input (no clock is generated by the LM75A)
and the SDA line is a bi-directional serial data path. According to 12C bus specifications, the LM75A has a 7-bit
slave address. The four most significant bits of the slave address are hard wired inside the LM75A and are
“1001". The three least significant bits of the address are assigned to pins A2-A0, and are set by connecting
these pins to ground for a low, (0); or to +Vg for a high, (1).

Therefore, the complete slave address is:

VAR

0.S.
(Comparator Mode)

1 | 0 | 0 | 1 | A2 | Al A0
MSB LSB

N }

Tos U" i |

| |

g I I

I I I

/\ : | :

1 | h |

I I

I I

I I

0.S.

(Interrupt Mode) I |:

—

v

Temperature response Time
shown for 0.S. set for
active low.

These interrupt mode resets of O.S. occur only when LM75A is read or placed in shutdown. Otherwise, O.S. would
remain active indefinitely for any event.

Figure 7. O.S. Output Temperature Response Diagram
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7.5.2 Temperature Data Format

Temperature data can be read from the Temperature, Tog Set Point, and Tyyst Set Point registers; and written to
the Tpog Set Point, and Tyyst Set Point registers. Temperature data is represented by a 9-bit, two's complement
word with an LSB (Least Significant Bit) equal to 0.5°C:

Digital Output
Temperature -

Binary Hex
+125°C 01111 1010 OFAh
+25°C 0 0011 0010 032h
+0.5°C 0 0000 0001 001h

0°C 0 0000 0000 000h
-0.5°C 11111 1111 1FFh
-25°C 11100 1110 1CEh
-55°C 11001 0010 192h

7.5.3 Shutdown Mode

Shutdown mode is enabled by setting the shutdown bit in the Configuration register via the 1°C bus. Shutdown
mode reduces power supply current significantly. See specified quiescent current specification in the electrical
tables. In Interrupt mode O.S. is reset if previously set and is undefined in Comparator mode during shutdown.
The I1°C interface remains active. Activity on the clock and data lines of the I1°C bus may slightly increase
shutdown mode quiescent current. Tos, ThysT, and Configuration registers can be read from and written to in
shutdown mode.

For the LM75A, the TIMEOUT feature is turned off in Shutdown Mode.

7.5.4 Fault Queue

A fault queue of up to 6 faults is provided to prevent false tripping of O.S. when the LM75A is used in noisy
environments. The number of faults set in the queue must occur consecutively to set the O.S. output.

7.5.5 Comparator and Interrupt Mode

As indicated in the O.S. Output Temperature Response Diagram, Figure 7, the events that trigger O.S. are
identical for either Comparator or Interrupt mode. The most important difference is that in Interrupt mode the O.S.
will remain set indefinitely once it has been set. To reset O.S. while in Interrupt mode, perform a read from any
register in the LM75A.

7.5.6 O.S. Output

The O.S. output is an open-drain output and does not have an internal pullup. A “high” level will not be observed
on this pin until pullup current is provided from some external source, typically a pullup resistor. Choice of
resistor value depends on many system factors but, in general, the pullup resistor should be as large as possible.
This will minimize any errors due to internal heating of the LM75A. The maximum resistance of the pullup, based
on LM75A specification for High Level Output Current, to provide a 2-V high level, is 30 kQ.

7.5.7 O.S. Polarity

The O.S. output can be programmed via the configuration register to be either active low (default mode), or
active high. In active low mode the O.S. output goes low when triggered exactly as shown on the O.S. Output
Temperature Response Diagram, Figure 7. Active high simply inverts the polarity of the O.S. output.
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7.5.8 Internal Register Structure

SCL

IZC Interface

SDA

7 Y
Data Address
A 4

y
Pointer Register
(Selects register for
communication)

\ Temperature / Configuration /
(Read-Only) (Read-Write)
Pointer = 00000000 Pointer = 00000001
\ Tos Set Point / ThysT Set Point /
(Read-Write) (Read-Write)
Pointer = 00000011 Pointer = 00000010

A

Product ID
(Read-Only)
Pointer = 00000111

\ 4

Figure 8. Register Structure

There are four data registers in the LM75A and an additional Product ID register selected by the Pointer register.
At power-up the Pointer is set to “000”; the location for the Temperature Register. The Pointer register latches
whatever the last location it was set to. In Interrupt Mode, a read from the LM75A, or placing the device in
shutdown mode, resets the O.S. output. All registers are read and write, except the Temperature register and the
LM75A's Product ID register, which are read-only.

A write to the LM75A will always include the address byte and the Pointer byte. A write to the Configuration
register requires one data byte, and the Tog and Tyyst registers require two data bytes.

Reading the LM75A can take place either of two ways: If the location latched in the Pointer is correct (most of the
time it is expected that the Pointer will point to the Temperature register because it will be the data most
frequently read from the LM75A), then the read can simply consist of an address byte, followed by retrieving the
corresponding number of data bytes. If the Pointer needs to be set, then an address byte, pointer byte, repeat
start, and another address byte will accomplish a read.

The first data byte is the most significant byte with most significant bit first, permitting only as much data as
necessary to be read to determine temperature condition. For instance, if the first four bits of the temperature
data indicates an overtemperature condition, the host processor could immediately take action to remedy the
excessive temperatures. At the end of a read, the LM75A can accept either Acknowledge or No Acknowledge
from the Master (No Acknowledge is typically used as a signal for the slave that the Master has read its last
byte).

7.6 Register Maps

7.6.1 Pointer Register (Selects Which Registers Will Be Read From or Written to):

P7 P6 P5 P4 P3 P2 ‘ P1 PO
0 0 0 0 0 Register Select

P0O-P1: Register Select:

P2 P1 PO Register
0 0 0 Temperature (Read-only) (Power-up default)

0 0 1 Configuration (Read/Write)

0 1 0 Thyst (Read/Write)

0 1 1 Tos (Read/Write)

1 1 1 Product ID Register
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P3-P7: Must be kept zero.

7.6.2 Temperature Register (Read-Only):

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
MSB Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 LSB X X X X X X X

D0-D6: Undefined. D7-D15: Temperature Data. One LSB = 0.5°C. Two's complement format.

7.6.3 Configuration Register (Read/Write):

D7 D6 D5 p4 | D3 D2 D1 DO
0 0 0 Fault Queue O.S. Polarity Cmpl/Int Shutdown

Power up default is with all bits “0” (zero).

DO: Shutdown: When set to 1 the LM75A goes to low power shutdown mode.

D1: Comparator/Interrupt mode: 0 is Comparator mode, 1 is Interrupt mode.

D2: O.S. Polarity: 0 is active low, 1 is active high. O.S. is an open-drain output under all conditions.

D3-D4: Fault Queue: Number of faults necessary to detect before setting O.S. output to avoid false tripping due
to noise. Faults are determine at the end of a conversion. See specified temperature conversion time in the
electrical tables.

D4 D3 Number of Faults
0 0 1 (Power-up default)
0 1 2

1 0 4

1 1 6

D5-D7: These bits are used for production testing and must be kept zero for normal operation.

7.6.4 Tyyst and Tog Register (Read/Write):

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

MSB | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | LSB X X X X X X X
DO0-D6: Undefined D7-D15: Tyyst Or Tog Trip Temperature Data. Power up default is Tog = 80°C, Thyst =
75°C

7.6.5 PRODID: Product ID Register (Read-Only) Pointer Address: 07h

D7 D6 D5 D4 D3 D2 D1 DO
1 0 1 0 0 0 0 1

D4--D7 Product Identification Nibble. Always returns Ah to uniquely identify this part as the LM75A.
D0--D3 Die Revision Nibble. Returns 1h to uniquely identify the revision level as one.
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The wide temperature and supply range and I?C interface make the LM75A ideal for a number of applications
including base stations, electronic test equipment, office electronics, personal computers, and any other system
where thermal management is critical to performance.

8.2 Typical Applications

8.2.1 Simple Fan Controller, Interface Optional

+Vg

+12V

L
. R3 100 nF +12V/300 mA
Optional but é
Recpommended < 10k | Fan Motor
Pull-up —_ 8
In Stand-alone A0 7 Q2

NDP410A
series

Mode Q1

AL 6 2N3904

A2 5

LM75A
SDA 1

When using the two-wire interface: program O.S. for active high and connect O.S. directly to Q2's gate.

Figure 9. Simple Fan Controller, Interface Optional

8.2.1.1 Design Requirements

The LM75A requires positive supply voltage of 2.7 V to 5.5 V to be applied between +Vs and GND. For best
results, bypass capacitors of 100 nF and 10 puF are recommended. Pullup resistors of 10 kQ are required on SCL
and SDA.

8.2.1.2 Detailed Design Procedure

Accessing the conversion result of the LM75A consists of writing an address byte followed by retrieving the
corresponding number of data bytes. The first data byte is the most significant byte with the most significant bit
first, permitting only as much data as necessary to be read to determine temperature condition. For instance, if
the first four bits of the temperature data indicates an overtemperature condition, the host processor could
immediately take action to remedy the excessive temperatures. At the end of a read, the LM75A can accept
either Acknowledge or No Acknowledge from the Master (No Acknowledge is typically used as a signal for the
slave that the Master has read its last byte). Temperature data is two's complement format and one LSB is
equivalent to 0.5°C.
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Typical Applications (continued)
8.2.1.3 Application Curve
4 I [ [ I
Maximum Limit—\
2
o
e 1
S 0 / A . - ——\Qx; K,
= 7/’ T f'.:?_:'f
o -
2 4 Typical Parts 2
_2 /
-3 /
Minimum Limit -/
-4 L1
-75-50-25 0 25 50 75 100125150
TEMPERATURE (°C)
Figure 10. Temperature Accuracy
8.3 System Examples
8.3.1 Simple Thermostat, Interface Optional
*5VvbC Heater p—
Heater
° | Supply
Opti | but éRZ l o
lonal bu
Refommended 10k I 100nF R1 lN40[(;i g&
Pull-up In — g| +Vs 10k Relay
Stand-alone -
Mode A0 7
Al 6
A2 5
LM75A 2N2222A
SDA 1 o
| .scL2 =
4
=)
Figure 11. Simple Thermostat, Interface Optional
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System Examples (continued)
8.3.2 Temperature Sensor with Loudmouth Alarm (Barking Watchdog)
+Vg
Lcs
Optional b;td S i?k Iloo nF ?(;Lk SHUTDOWN Vo2
Recommende:
BYPASS  GND
Pull-up = 8
In Stand-alone A0 7 _E)'%!;t +IN Vopf— JT_
Mode 1o o N L vagsim VoL [T
A2 5 3 100 nF R5 200k
LM75A Jos. : o AN
SDA 1 c3 ca c5
| _..SCL2 6.8 nF 6.8 nF 6.8 nF
4 R2 R3 R4
GN[J_ 10k 10k 10k
Figure 12. Temperature Sensor with Loudmouth Alarm (Barking Watchdog)
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9 Power Supply Recommendations

The LM75A is specified for operation from 2.7 V to 5.5 V. Place 100-nF and 10-pF capacitors close to +Vs in
order to reduce errors coupling in from noisy or high impedance supplies.

10 Layout

10.1 Layout Guidelines

To achieve the expected results when measuring temperature with an integrated circuit temperature sensor like
the LM75A, it is important to understand that the sensor measures its own die temperature. For the LM75A, the
best thermal path between the die and the outside world is through the LM75A's pins. In the VSSOP-8 package,
the GND pin is directly connected to the die, so the GND pin provides the best thermal path. If the other pins are
at different temperatures (unlikely, but possible), they will affect the die temperature, but not as strongly as the
GND pin. In the SOIC-8 package, none of the pins is directly connected to the die, so they will all contribute
similarly to the die temperature. Because the pins represent a good thermal path to the LM75A die, the LM75A
will provide an accurate measurement of the temperature of the printed circuit board on which it is mounted.
There is a less efficient thermal path between the plastic package and the LM75A die. If the ambient air
temperature is significantly different from the printed circuit board temperature, it will have a small effect on the
measured temperature.

In probe-type applications, the LM75A can be mounted inside a sealed-end metal tube, and can then be dipped
into a bath or screwed into a threaded hole in a tank. As with any IC, the LM75A and accompanying wiring and
circuits must be kept insulated and dry, to avoid leakage and corrosion. This is especially true if the circuit may
operate at cold temperatures where condensation can occur. Printed-circuit coatings and varnishes such as
Humiseal and epoxy paints or dips are often used to insure that moisture cannot corrode the LM75A or its
connections.

10.1.1 Digital Noise Issues

The LM75A features an integrated low-pass filter on both the SCL and the SDA digital lines to mitigate the
effects of bus noise. Although this filtering makes the LM75A communication robust in noisy environments, good
layout practices are always recommended. Minimize noise coupling by keeping digital traces away from
switching power supplies. Also, ensure that digital lines containing high-speed data communications cross at
right angles to the SDA and SCL lines. Excessive noise coupling into the SDA and SCL lines on the
LM75A—specifically noise with amplitude greater than 400 mV,, (the LM75A’s typical hysteresis), overshoot
greater than 300mV above +V,, and undershoot more than 300 mV below GND—may prevent successful serial
communication with the LM75A. Serial bus no-acknowledge is the most common symptom, causing unnecessary
traffic on the bus. Although the serial bus maximum frequency of communication is only 400 kHz, care must be
taken to ensure proper termination within a system with long printed circuit board traces or multiple parts on the
bus.
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10.2 Layout Example
GND
R2
SCL
GND
Figure 13. Printed Circuit Board Used for Thermal Resistance Specifications
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11 Device and Documentation Support

11.1 Trademarks
All trademarks are the property of their respective owners.

11.2 Electrostatic Discharge Caution

‘ 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.

11.3 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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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
I Drawing Qty @ (6) (3) (4/5)
LM75AIM/NOPB ACTIVE SoIC D 8 95 Green (RoHS SN Level-1-260C-UNLIM -55to 125 LM75 Samnles
& no Sh/Br) AIM e
LM75AIMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS SN Level-1-260C-UNLIM -55to 125 TOOA Samples
& no Sh/Br) =
LM75AIMME/NOPB ACTIVE VSSOP DGK 8 250 Green (RoHS SN Level-1-260C-UNLIM -55to 125 TOOA Samples
& no Sh/Br)
LM75AIMMX/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS SN Level-1-260C-UNLIM -55to 125 TOOA
& no Sb/Br) L
LM75AIMX/NOPB ACTIVE SOIC D 8 2500 Green (RoHS SN Level-1-260C-UNLIM -55to 125 LM75 Eamnles
& no Sb/Br) AIM L

@ 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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.
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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
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
[ 8
T
A
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)
LM75AIMM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM75AIMME/NOPB VSSOP DGK 8 250 178.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
LM75AIMMX/NOPB VSSOP DGK 8 3500 330.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LM75AIMX/NOPB SOIC D 8 2500 330.0 12.4 6.5 54 2.0 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\ /)i\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM75AIMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LM75AIMME/NOPB VSSOP DGK 8 250 210.0 185.0 35.0
LM75AIMMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LM75AIMX/NOPB SOIC D 8 2500 367.0 367.0 35.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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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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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

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. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated


http://www.ti.com/legal/termsofsale.html
http://www.ti.com
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