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&National Semiconductor

LM35

Precision Centigrade Temperature Sensors

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
° Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +4°C
at room temperature and +34°C over a full =55 to +150°C
temperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35’s low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a -55° to +150°C temperature range,
while the LM35C is rated for a —40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directly in ° Celsius (Centigrade)
Linear + 10.0 mV/°C scale factor

0.5°C accuracy guaranteeable (at +25°C)
Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only +%4°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
(4V TO 20V)

OUTPUT
L5 0 mV+10.0 mv/°C

DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

© 2000 National Semiconductor Corporation DS005516
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+Vs

LM35 | Vout

_L R1

—Vs
DS005516-4
Choose Ry = -Vg/50 pA
V our=+1,500 mV at +150°C
= +250 mV at +25°C
= -550 mV at -55°C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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Connection Diagrams

TO-46
Metal Can Package*

1)
\9/

Vour

a8\
Q)

+Vs

GND O™

BOTTOM VIEW
DS005516-1

*Case is connected to negative pin (GND)

Order Number LM35H, LM35AH, LM35CH, LM35CAH or

LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

www.national.com

S0-8
Small Outline Molded Package

Vour 11 = 8= +Vs
N.C.— 2 7=N.C.
N.C.—3 6 —N.C.
GND —{ 4 5—N.C.

DS005516-21

N.C. = No Connection
Top View

Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

LM
35DT

Vs Vour
ND
DS005516-24
*Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM35DP.
Order Number LM35DT
See NS Package Number TAO3F
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Arduino vs Raspberry Pi: which platform
is the best for home automation?

In today's article I will compare the two platforms I use the most for home automation projects: the Arduino platform, and the
Raspberry Pi platform. Of course, asking which one is the best would be a much too simple question. They both have their
advantages and disadvantages. Instead, I will compare the two platforms on some key points and show you in which case you

should use one or the other.

Setup. I will start with the most basic question of all: how easy to use are these platforms when you just received the package
from your favorite supplier? Well, for the Arduino, the setup is really easy: put the board out the box, plug a USB cable, download
the software from the Arduino website, and you are good to do. The only thing you have to buy extra is a USB cable. It's quite
different for the Raspberry Pi. Even before starting it, you need a USB cable for power, an SD card for the OS, a mouse, a
keyboard, an HDMI screen and cable, and finally an Ethernet cable or a Wifi dongle to connect it to the web. Of course, there are
kits that you can buy that solve most of these problems. And when all of this is done, you still need to install the right operating
system on the SD card so you can actually use the board. And although there are lots of tutorials around, this is not an easy

operation for a novice. So the winner of this first section is clear: the Arduino platform!

Connectivity. On a website, I am talking about home automation, and this often requires your boards to be connected to a central
computer that acts as the coordinator of your home automation system. Or you want a given board to be this coordinator and
therefore it has to be connected to the web. In all cases, you need to build connected projects, so it is necessary that the platform
you are using can be easily connected to the web. Well, the Rasperry Pi seems to have an advantage here: it has a built-in Ethernet
connection, at least for the most common boards. And you can easily add Wifi connectivity by plugin in a Wifi dongle on one
of the USB port. But the Arduino can also be easily connected to the web by using shields: you have an official Ethernet shield
which is very well documented on the web, and you can also buy the official Wifi shield which I already presented in a previous
article and used for a simple home automation project. Also, recently a GSM shield was released, which opens the door to even

more exciting applications with the Arduino platforms. So for the conectivity, I declare a draw between the two platforms.

Computing power. In terms of computing power, the situation seems to be clear as well. Most of the Arduino boards are
equipped with an 8-bit microcontroller from ATMEL, usually the ATmega328 which runs at 16 MHz. Of course, it cannot
compete with 700 MHz BCM2835 chip which powers the Raspberry Pi. Even one the latest board from Arduino, the Arduino
Due, can't compete with the Pi with its 84 MHz SAM3XS8E chip. So if it is computing power you are looking for, there is one

clear winner: the Raspberry Pi platform.

2 Tnya Junn
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Inputs/Outputs. This is nearly an easy one. The Raspberry Pi has some decent inputs and outputs of course, via the GPIO
connector, and supports the 12C and SPI interfaces, but these are all digital connectors. On the other hand, the Arduino Uno
board for example has digital inputs/outputs, but also PWM outputs, analog inputs, and 12C and SPI interfaces. Plus, some
recents boards like the Arduino Due also have analog outputs, which allows you the play sounds directly from the Arduino
board. Of course, you can easily get analog inputs on the Raspberry Pi by using Analog-to-Digital Converters, but that's external

components. So in this section, the clear winner is the Arduino.

Programming. In this section, I want to discuss how easy it is to program the two different platforms. At first, it would seem that
the Arduino is the clear winner: the processing language is really easy to use, you can write directly the code on your computer
in the Arduino IDE, and there are thousands of tutorials out there about how to program your Arduino. On the Raspberry Pi, it
is not that easy: you have to log on the device either with the board itself or via SSH from your computer, then write your code,
and run it. But... the Raspberry Pi already supports many languages, like Python. Not only the Python language is really easy to
use, but this also opens the door to the use of so many Python libraries that are available on the web, thus extending the range of

application of the Raspberry Pi board. For this last reason, I declare a draw again between the two platforms.
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