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Abstrak

Salah satu teknologi pemanfaatan dari energi surya menjadi listrik yang
merupakan sumber energi alternatif untuk menggantikan energi yang tak
terbarukan yaitu penggunaan sel surya. Salah satu komponen penting pada sel
surya adalah cover yang berfungsi menahan dan melindungi modul dari paparan
luar ruangan seperti kondisi iklim dan lingkungan-serta meningkatkan efisiensi
penangkapan sinar matahari. Saat.ini jenis cover yang.umum digunakan adalah
jenis kaca, dimana bahan kaca+4ni.memiliki tingkat indeks bias yang bagus. Selain
bahan kaca masih terdapatbanyak bahan/material lain yang lebih.optimal dan bisa
digunakan pada coverssel'surya. Untuk membandingkan tingkat efisiensi‘dari sel
surya tersebut diperlukan monitoring secara berkala dan diperlukan akuisisi data
parameter-parameter yang akandiuji yaitu tegangan,.arus, suhu dan tingkat UV
dengan menggunakan program komputer dimana data parameter yang dibaca oleh
mikrokontroller ATMega2560 kemudian di-input ke komputer selanjutnya akan
diproses dengan menggunakan program LabVIEW, sehingga data hasil akuisisi
tersebut dapat ditampilkan pada sebuah komputer sebagai monitoring dan data
logging. Parameter yang diambil berisi data yang fluktuatif dan dapat direkam
dengan keterangan tanggal dan waktu serta nilai data yang diambil dengan selang
waktu per detik dengan durasi yang ditentukan. Adapun hasil pengujian didapatkan
Program LabVIEW mampu merekam data-data parameter sensor yang diuji
dengan rentang waktu 1 detik, tetapi terdapat beberapa sensor loss dan data loss
dimana terdapat data yang tidak terekam/hilangoleh mikrokontroller.

Kata Kunci : sel surya, cover, ATMega2560, data logging, LabVIEW

Vi POLITEKNIK NEGERI JAKARTA
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ABSTRACT

One technology for utilizing solar energy into electricity which is an alternative
energy source to replace non-renewable energy is the use of solar cells. One of the
important components in solar cells is the cover which functions to hold and protect
the module from outdoor exposure such as climatic and environmental conditions
and increase the efficiency of capturing sunlight. Currently the type of cover that is
commonly used is the type of glass, where this glass material.has a good refractive
index. In addition to glass, there are many other materials that are more optimal
and can be used on solar panel covers. To compare the efficiency level.of the solar
cells, periodic monitoring:is required and data acquisition of the parameters to be
tested, namely voltage, current, temperature.and UV level is required using a
computer program where thewparameter data read by the ATMega2560
microcontroller'is then inputted to the next computer. will be processed using the
LabVIEW program, so that the acquired data can be displayed on a‘computer for
monitoring and data logging. The parameters taken contain fluctuating data and
can be recorded with a description of the date and time and the value of the data
taken at intervals per second with a specified duration. As for the test results, the
LabVIEW program is able to-record.sensor parameter. data that is tested with a
time span of 1 second, but there are several sensor losses and data loss where there
is data that is not recorded/lost by the microcontroller.

Keywards : solar cell, cover, ATMega2560, data logging, LabVIEW
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BAB |
PENDAHULUAN

1.1 Latar Belakang

Energi baru dan terbarukan mempunyai peran yang sangat penting dalam
memenuhi kebutuhan energi. Hal ini disebabkan. penggunaan bahan bakar untuk
pembangkit-pembangkit listrik_konvensional dalam jangka.waktu yang panjang
akan menguras sumber minyak bumi, gas dan batu bara yang semakin menipis dan
juga dapat mengakibatkan pencemaran lingkungan (Ima Maysha dan Bambang
Trisno 2013)..Maka sangat diperlukan pembangkit listrik dengan menggunakan
energi terbarukan sekaligus dapat mengurangi percemaran: udara maupun
lingkungan.

Salah satu teknologi pemanfaatan dari energi surya menjadi listrik yang
merupakan sumber energi alternatif untuk menggantikan energi yang tak
terbarukan yaitu penggunaan sel surya (Rusman, 2017). Energi radiasi matahari
merupakan sumber energi alternatif yang jumlahnya tidak terbatas, terutama untuk
negara-negara tropis seperti Indonesia. Oleh karena itu, pengembangan energi
alternatif berbasis tenaga matahari akan sangat. menjanjikan. Salah satu cara
pemanfaatan energi radiasi,.matahari tersebut .dilakukan berdasarkan sistem
konversi fotovoltaik melalui suatu-piranti. optoelektronik.yang disebut sel surya
(Solar Cell). Sel surya merupakan. salah satu.sumber energi alternatif dan dapat
mengkonversi secara langsung energi matahari menjadi energi listrik (Sari, 2013)..

Salah satu komponen penting pada sel suryaadalah cover. Pemasangan cover
pada sel surya ini dapat memperpanjang umur sel surya, karena mampu menahan
dan melindungi ‘'modul _dari paparan luar ruangan seperti kondisi iklim dan
lingkungan. Selain itu“pemasangan cover pada sel surya dapat.meningkatkan
efisiensi penangkapan sinar matahari. Saat ini jenis cover yang umum digunakan
adalah jenis kaca, dimana bahan kaca ini memiliki tingkat indeks bias yang bagus.

Selain bahan kaca masih terdapat banyak bahan/material lain yang lebih
bisa digunakan pada cover sel surya, salah satunya adalah bahan mika. Untuk
membandingkan tingkat efisiensi dari sel surya tersebut diperlukan monitoring

secara berkala dan diperlukan akuisisi data dengan menggunakan program

1 POLITEKNIK NEGERI JAKARTA
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LabVIEW. Penelitian ini menghasilkan sebuah program aplikasi berbasis

komputer. Data yang telah diinputkan ke komputer selanjutnya akan diproses

dengan menggunakan program LabView, sehingga data hasil akuisisi tersebut

dapat ditampilkan pada sebuah komputer sebagai monitoring dan data logging.

Maka dari itu, tersebut penulis mengambil judul “Pemrograman LabVIEW untuk

Data logger Optimasi Daya Luaran Sel-Surya”

1.2 Perumusan Masalah

Permasalahan yang terdapat pada tugas.akhir Pemrograman LabVIEW-untuk

Data logger Optimasi Daya Luaran Sel Surya ini adalah :

=

2.

N o o s~ w

Parameter apa saja yang akan direkam dalam optimasi daya luaran sel surya ?
Komponen apa yang dibutuhkan untuk menghubungkan antara hardware dan
software LabVIEW?

Bagaimana cara mengkoneksikan Arduino ATMega2560 dengan LabVIEW?
Bagaimana cara memprogram LabVIEW untuk data logger?

Berapa lama perekaman data yang diambil dalam pengujian?

Setiap berapa lama data direkam dalam pengujian?

Bagaimana menguji program LabVIEW untuk data logger?

1.2.1 Batasan Masalah

Batasan masalah pada penelitian ini diantaranya :

1.
2.

Software LabVIEW digunakan untuk merekam data setiap detik

Parameter yang akan direkam secara.otomatiswyaitu tegangan, arus, suhu dan
tingkat UV

Pengambilan‘data dilakukan secara bersama untuk berbagai jenis cover
Parameter yang diuji' sama.antara pengujian di dalam ruangan.dan-di luar
ruangan

Sel surya yang diuji berjenis monocrystalline 0.6 V, 3.4 Wp

1.3 Tujuan

Adapun tujuan yang ingin dicapai dari tugas akhir ini adalah :

1.

2.

Membuat pemrograman LabVIEW untuk data logger daya luaran sel surya
dengan cover mika, kaca dan non cover
Mengkoneksikan Arduino ATMega2560 dengan software LabVIEW

POLITEKNIK NEGERI JAKARTA



Merekam data sensor dan data luaran sel surya dengan software LabVIEW

Menguji program LabVIEW untuk data logger daya luaran sel surya
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BAB V

PENUTUP

5.1 Kesimpulan

Berdasarkan pengerjaan dan pengujian_modul ini. penulis dapat memberi

kesimpulan :
1

Modul Optimasi daya‘luaran sel surya menggunakan cover mika merupakan
sistem yang bertujuan untuk meningkatkan, efisiensi penyerapan sel surya
dengan pemasangan cover di permukaannya. Untuk membandingkan tingkat
efisiensi .dari sel surya tersebut diperlukan monitoring dan “akuisisi data
parameter-parameter yang akan diuji dalam rentang dan durasi waktu tertentu
dengan pemrograman LabVIEW

Banyaknya sinar matahari/lampu UV yang.ditangkap oleh sel surya sangat
mempengaruhi nilai output yang dihasilkan sel surya

Program data logger mampu merekam data-data.parameter sensor yang diuji
berupa nilai arus, tegangan yang didapat dari keluaransel suryaserta nilai suhu
dan tingkat UV matahari di lingkungan pengujian

Program data logger mampu merekam-data -dalam kurun waktu satu detik,
tetapi terdapat beberapa sensor loss dan data loss yang disebabkan oleh
terdapatnya delay 7 s/d 8 detik.dalam pengiriman data dari mikrokontroller
ATMega2560 ke software LabVIEW serta_error_program yang tidak dapat

merekam data sepenuhnya

5.2 Saran

Dalam perancangan sistem Data logger Parameter Sel surya ini masih memiliki

kekurangan sehingga dibutuhkan saran-saran pengembangan yang berguna apabila

terdapat mahasiswa yang tertarik melakukan penelitian atau tugas akhir di bidang

ini.

1.

Melakukan proses kalibrasi yang lebih baik pada sensor suhu dan sensor arus
karena ralat yang didapat cukup mempengaruhi data hasil pengukuran
Dapat dilakukan pengembangan berupa monitoring secara mobile dengan

berbasi Internet of Things (loT)
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SUNPOWER

C60 SOLAR CELL

MONO CRYSTALLINE SILICON

BENEFITS

Maximum Light Capture

SunPower’s all-back contact cell design
moves gridlines to the back of the cell,
leaving the entire front surface exposed
to sunlight, enabling up to 10% more
sunlight capture than conventional cells.

Superior Temperature Performance
Due to lower temperature coefficients
and lower normal cell operating
temperatures, our cells generate more
energy at higher temperatures compared
to standard c-Si solar cells.

No Light-Induced Degradation
SunPower n-type solar cells don't lose
3% of their initial power once exposed to
sunlight as they are not subject to light-
induced degradation like conventional
ptype c-Si cells.

Broad Spectral Response

SunPower cells capture more light

from the blue and infrared parts of the
spectrum, enabling higher performance
in overcast and low-light conditions.

Broad Range Of Application

SunPower cells provide reliable performance
in a broad range of applications for years
to come.

C60 SOLAR CELL

/-
\/////, -
e i
———l/ [

The SunPower™ C60

solar cell with proprietary
Maxeon™ cell technology
delivers today’s highest
efficiency and performance.
The anti-reflective coating

and the reduced voltage-

femperature coefficients
provide outstanding energy delivery per peak power watt.
Our innovative allback contact design moves gridlines to

the back of the cell, which not only generates more power,
but also presents a more attractive cell design compared to

conventional cells.

SunPower’s High Efficiency Advantage

22,4 %

Solar Cell Efficiency (%)

i
|
I

-y

i

hotovoltaics



SUNPOWER C60 SOLAR CELL

MONO CRYSTALLINE SILICON

Electrical Characteristics of Typical Cell Physical Characteristics
at Standard Test Conditions (STC) Construction: All back contact
STC: 1000W/m?2, AM 1.5g and cell temp 25°C Dimensions: 125mm x 125mm (nominal)
, Thickness: 165pm = 40pm
. Pmpp Eff. Vmpp Impp Voc Isc . . .
Bin Wp) ) V) A ) A Diameter: 160mm (nominal)
G 3.34 21.8 0.574 5.83 0.682 6.24
H 3.38 22.1 0577 =~ 58 0684 = 626 Cell and Bond Pad Dimensions
| 3.40 22.3 0.581 5.90 0.686 6.27
125
J 3.42 22.5 0.582 5.93 0.687 6.28
All Electrical Characteristics parameters are nominal L] _>H<_7 1 uT
Unlaminated Cell Temperature Coefficients Bond pad ) 7.1
Voltage: -1.8 mV / °C Power: -0.32% / °C detail with
- . ositive
Positive Electrical Ground POS
indicator V4 125
Modules and systems produced using these cells must be configured as — o’O
“positive ground systems”. 71
vt
TYPICAL I-V CURVE -
Positive Bond Pads

7 2 e Y N

5 1000W/ m: n n n
- 5 Dimensions in mm F‘ 38.5 -’F 38.5 4
‘q:'; 4 Bond pad area dimensions are 7.1mm x 7.1mm
= 3 Positive pole bond pad side has “+” indicator on leftmost and rightmost
O 9 bond pads.

| | 300w/m? \

0 c

Interconnect Tab and Process Recommendations
0.0 0.2 04 0.6 0.8
Voltage (V)

SPECTRAL RESPONSE B><C><ﬂ

Tin plated copper interconnect. Compatible with lead free process.

100

§ 80 7 \

£ ® \ Packaging

§ w0 Cells are packed in boxes of 1,200 each; grouped in shrink-wrapped
% \ stacks of 150 with interleaving. Twelve boxes are packed in a water-
2 @ \ resistant “Master Carton” containing 14,400 cells suitable for air

. 0 transport.

0.3 0.4 05 0.6 0.7 0.8 0.9 1.0 11 12

Wavelength, microns Interconnect tabs are packaged in boxes of 1,200 each.

About SunPower

SunPower designs, manufactures, and delivers high-performance solar electric technology worldwide. Our high-efficiency solar cells
generate up to 50 percent more power than conventional solar cells. Our high-performance solar panels, roof tiles, and trackers
deliver significantly more energy than competing systems.

sunpowercorp.com
SUNPOWER and the SUNPOWER logo are trademarks or registered frademarks of SunPower Corporation.
© November 2010 SunPower Corporation. All rights reserved. Specifications included in this datasheet are subject to change without nofice. Document #001-66352 Rev** A4_en



Arduino MEGA 2560
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Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.

Technical
Specifications

How to use Arduino
Programming Enviroment, Basic Tutorials

Terms &
Conditions

Enviromental Policies
half sgm of green via Impatto Zero®

& E] Radiospares
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http://www.atmel.com/dyn/resources/prod_documents/doc2549.PDF

Technical Specification

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino-mega2560-schematic.pdf

Summar
Microcontroller ATmega2560
Operating Voltage 5V
Input Voltage (recommended) 7-12V
Input Voltage (limits) 6-20V
Digital I/O Pins 54 (of which 14 provide PWM output)
Analog Input Pins 16
DC Current per 1/0 Pin 40 mA
DC Current for 3.3V Pin 50 mA
Flash Memory 256 KB of which 8 KB used by bootloader
SRAM 8 KB
EEPROM 4 KB
Clock Speed 16 MHz
the board
Power
12C Led

' MADE
IN ITALY

WiW . ARDUIND.CC

analog pins

EE! [::} Radlospares RADIONICS

ALLIED ELECTRONICS
ANELECTROCOHPORENTS COMPANY


http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-schematic.pdf
http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-reference-design.zip
http://dev.arduino.cc/wiki/uno/Main/ArduinoBoardMega2560?action=upload&upname=arduino-mega2560-reference-design.zip

s Allegro-

ACS712

Fully Integrated, Hall Effect-Based Linear Current Sensor
with 2.1 kVRMS VWoltage Isolation and a Low-Resistance Current Conductor

Features and Benefits
* Low-noise analog signal path

= Device bandwidth is set via the new FILTER pin

= 5 us output rise time in response to step input current

= 80 kHz bandwidth

= Total output error 1.5% at T,=25°C

= Small footprint, low-profile SOIC8 package

* 1.2 mQ internal conductor resistance

= 2.1 kVpyg minimum isolation voltage from pins 1-4 to pins 5-8
= 5.0V, single supply operation

= 66 to 185 mV/A output sensitivity

= Output voltage proportional to AC or DC currents

* Factory-trimmed for accuracy

= Extremely stable output offset voltage

= Nearly zero magnetic hysteresis

= Ratiometric output from supply voltage
TUV America

Certificate Number:
U8V 06 05 54214 010

G“ us

Package: 8 Lead SOIC (suffix LC)

Approximate Scale 1:1 ﬂ

Description

The Allegro® ACS712 provides economical and precise
solutions for AC or DC current sensing in industrial,
commercial, and communications systems. The device
package allows for easy implementation by the customer.
Typical applications include motor control, load detection and
management, switched-mode power supplies, and overcurrent
fault protection.

The device consists of a precise, low-offset, linear Hall
sensor circuit with a copper conduction path located near the
surface of the die. Applied current flowing through this copper
conduction path generates a magnetic field which is sensed
by the integrated Hall IC and converted into a proportional
voltage. Device accuracy is optimized through the close
proximity of the magnetic signal to the Hall transducer. A
precise, proportional voltage is provided by the low-offset,
chopper-stabilized BiCMOS Hall IC, which is programmed
for accuracy after packaging.

The output of the device has a positive slope (>Vioyt(Q)
when an increasing current flows through the primary copper
conduction path (from pins 1 and 2, to pins 3 and 4), which
is the path used for current sensing. The internal resistance of
this conductive path is 1.2 mQ typical, providing low power

Continued on the next page...

Typical Application

+5V
1 8
1P+ VCC v
2 7 out
IP+ VIOUT }——0 Cavp
T 0.1 uF
Ip ACS712 —_
3
p IP— FILTER—_I_ c.
1P— GND 1nF

Application 1. The ACS712 outputs an analog signal, Vgoyt-
that varies linearly with the uni- or bi-directional AC or DC
primary sensed current, |p, within the range specified. Cg
is recommended for noise management, with values that

depend on the application.

ACS712-DS, Rev. 7



Fully Integrated,
ACST712 2.1 KVRMS \oltage Isola

Hall Effect-Based Linear Current Sensor with
tion and a Low-Resistance Current Conductor

Description (continued)

loss. The thickness of the copper conductor allows survival of
the device at up to 5x overcurrent conditions. The terminals of
the conductive path are electrically isolated from the sensor leads
(pins 5 through 8). This allows the ACS712 current sensor to be
used in applications requiring electrical isolation without the use
of opto-isolators or other costly isolation techniques.

Selection Guide

The ACS712 is provided in a small, surface mount SOICS8 package.
The leadframe is plated with 100% matte tin, which is compatible
with standard lead (Pb) free printed circuit board assembly processes.
Internally, the device is Pb-free, except for flip-chip high-temperature
Pb-based solder balls, currently exempt from RoHS. The device is
fully calibrated prior to shipment from the factory.

. T, Optimized Range, | Sensitivity, Sens
Part Number Packing* (06) P A) e lp (Typ) (n):V/A)
ACS712ELCTR-05B-T | Tape and reel, 3000 pieces/reel —40 to 85 5 185
ACS712ELCTR-20A-T | Tape and reel, 3000 pieces/reel —40 to 85 +20 100
ACS712ELCTR-30A-T | Tape and reel, 3000 pieces/reel —40 to 85 +30 66
*Contact Allegro for additional packing options.
Absolute Maximum Ratings
Characteristic Symbol Notes Rating Units

Supply Voltage Vee 8 \%
Reverse Supply Voltage Vree -0.1 \Y
Output Voltage Viout 8 \Y
Reverse Output Voltage VRiouT -0.1 \%

Pins 1-4 and 5-8; 60 Hz, 1 minute, T\=25°C 2100 \%
Reinforced Isolation Voltage Viso Voltage applied to leadframe (Ip+ pins), based 184 v

on |IEC 60950 peak

Pins 1-4 and 5-8; 60 Hz, 1 minute, T\=25°C 1500 \Y
Basic Isolation Voltage Viso(bsc) Voltage applied to leadframe (Ip+ pins), based 354 v

on |[EC 60950 peak
Output Current Source liouT(Source) 3 mA
Output Current Sink louT(sink) 10 mA
Overcurrent Transient Tolerance Ip 1 pulse, 100 ms 100 A
Nominal Operating Ambient Temperature Ta Range E —40 to 85 °C
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature Tstg —651to0 170 °C

Parameter Specification
CAN/CSA-C22.2 No. 60950-1-03
Fire and Electric Shock UL 60950-1:2003
EN 60950-1:2001

Allegro MicroSystems, Inc. 2

lle m@; - 115 Northeast Cutoff
L] 7 Worcester, Massachusetts 01615-0036 U.S.A.

MicroSystems, Inc. 1.508.853.5000; www.allegromicro.com
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TECHNICAL DATA ==.
UV-B Sensor

Features Applications

e Gallium Nitride Based Material e UV Index Monitoring

e Schottky-type Photodiode e UV-A Lamp Monitoring

¢ Photovoltaic Mode Operation

e Good Visible Blindness

Absolute Maximum Ratings

High Responsivity & Low Dark Current

ltem Symbol Value Unit
Forward Current I 1 mA
Reverse Voltage Vr 5 \
Operating Temperature Top -30 ... +85 °C
Storage Temperature Tt -40 ... +90 °C
Soldering Temperature * Tsol 260 °C
* must be completed within 10 seconds
Characteristics (25°C)
Iltem Symbol Test Conditions Min Typ. Max. Unit
Dark Current Io Ve=0.1V - - 1 nA
UVA Lamp, 1 mW/cm? - 113 - nA
Photo Current Ipp 1 UV - 6 - oA
Temperature Coefficient ltc UVA Lamp - 0.08 - % /°C
Responsivity R A=300nm,Vg=0V - 0.14 - AW
Spectral Detection Range A 10% of R 240 - 370 nm
Package Dimension
» 28402 o Cathode i.EE:I:ELE: » 21401 = 2.3 ]
PR« T 5 - 3 - b r
i L 1 ﬂ [ ) - 1
< —
= —~ & 17 bl 4
HEN &3 iEe ] —— Sk
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LM35 Precision Centigrade Temperature Sensors

FEATURES

e Calibrated Directly in ° Celsius (Centigrade)
* Linear + 10 mV/°C Scale Factor

e 0.5°C Ensured Accuracy (at +25°C)

» Rated for Full =55°C to +150°C Range

e Suitable for Remote Applications

 Low Cost Due to Wafer-Level Trimming

» Operates from 4to 30 V

e Less than 60-pA Current Drain

» Low Self-Heating, 0.08°C in Still Air

* Nonlinearity Only +%°C Typical

 Low Impedance Output, 0.1 W for 1 mA Load

+Vs
(4 Vto 20 V)

|

LM35 | OUTPUT
0mV +10.0 mVv/°C

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

DESCRIPTION

The LM35 series are precision integrated-circuit
temperature sensors, with an output voltage linearly
proportional to the Centigrade temperature. Thus the
LM35 has an advantage over linear temperature
sensors calibrated in ° Kelvin, as the user is not
required to subtract a large constant voltage from the
output to obtain convenient Centigrade scaling. The
LM35 does not require any external calibration or
trimming to provide typical accuracies of +¥°C at
room temperature and +%°C over a full -55°C to
+150°C temperature range. Low cost is assured by
trimming and calibration at the wafer level. The low
output impedance, linear output, and precise inherent
calibration of the LM35 make interfacing to readout or
control circuitry especially easy. The device is used
with single power supplies, or with plus and minus
supplies. As the LM35 draws only 60 pyA from the
supply, it has very low self-heating of less than 0.1°C
in still air. The LM35 is rated to operate over a -55°C
to +150°C temperature range, while the LM35C is
rated for a -40°C to +110°C range (-10° with
improved accuracy). The LM35 series is available
packaged in hermetic TO transistor packages, while
the LM35C, LM35CA, and LM35D are also available
in the plastic TO-92 transistor package. The LM35D
is also available in an 8-lead surface-mount small-
outline package and a plastic TO-220 package.

+V5

LM35 Vour

R1

Vs

Choose Ry =—Vg /50 pA
Vout = 1500 mV at 150°C
Vout = 250 mV at 25°C

Vout =-550 mV at —-55°C

Figure 2. Full-Range Centigrade Temperature
Sensor

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 © 1999-2013, Texas Instruments Incorporated
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‘ 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.

CONNECTION DIAGRAMS

METAL CAN PACKAGE
TO (NDV)

Case is connected to negative pin (GND)

PLASTIC PACKAGE
TO-92 (LP)
BOTTOM VIEW

/ +V5 VOUT GND \

SMALL-OUTLINE MOLDED PACKAGE

SOIC-8 (D)
TOP VIEW

VOUT— 1
N.C.— 2
N.C.— 3
GND— 4

N

8 —+Vs
7—N.C.
6 [—N.C.
5FN.C.

N.C. = No connection

PLASTIC PACKAGE
TO-220 (NEB)

O

Product Folder Links: LM35

LT LT Od
LM
35DT
+Vsldo U UVour
GND
Tab is connected to the negative pin
(GND).
NOTE: The LM35DT pinout is different than
the discontinued LM35DP
2 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
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ABSOLUTE MAXIMUM RATINGS®®

MIN MAX UNIT
Supply voltage -0.2 35 \%
Output voltage -1 6 \%
Output current 10 mA
Electrostatic discharge (ESD) susceptibility® 2500 v
Storage temperature TO Package —60 180
TO-92 Package -60 150 .
TO-220 Package -65 150 ¢
SOIC-8 Package -65 150
Lead temperature TO Package (soldering, 10 seconds) 300
TO-92 and TO-220 Package (soldering, 10 seconds) 260 oc
SOIC Package Infrared (15 seconds) 220
Vapor phase (60 seconds) 215
Specified operating temperature | LM35, LM35A -55 150
range: Ty t0 Twax ¥ LM35C, LM35CA 40 10| °C
LM35D 0 100

@
@

®3)
4)

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

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. See Note 1.

Human body model, 100 pF discharged through a 1.5-kW resistor.

Thermal resistance of the TO-46 package is 400°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-
92 package is 180°C/W junction to ambient. Thermal resistance of the small outline molded package is 220°C/W junction to ambient.
Thermal resistance of the TO-220 package is 90°C/W junction to ambient. For additional thermal resistance information see table in the
APPLICATIONS section.

ELECTRICAL CHARACTERISTICS®®

LM35A LM35CA UNITS
PARAMETER TEST CONDITIONS TYP TESTED DESIGN TYP TESTED DESIGN
3 4 3 2| (MAX)
LIMIT® LIMIT® LIMIT®  LiMiT®
Ta=25°C +0.2 +0.5 +0.2 +0.5
5 Ta=-10°C +0.3 +0.3 +1
Accuracy® °C
TA = TMAX 104 +1 i04 +1
TA = TMlN 104 +1 i04 115
Nonlinearity Ty < Ta < Tuax +0.18 +0.35 +0.15 03| °C
Sensor gain Tvin < Ta < Tuax +10 +9.9, +10 +9.9, mv/eC
(average slope) +10.1 +10.1
Load regulation® Ta=25°C +0.4 +1 +0.4 +1
0<Il <1mA mV/mA
L TMlN < TA < TMAX +0.5 +3 +0.5 +3
) . Ta=25°C +0.01 +0.05 +0.01 +0.05
Line regulation(” mv/v
4V<Vg<30V +0.02 +0.1 +0.02 +0.1

@

()
®3)
4)
®)
(6)

@)

Unless otherwise noted, these specifications apply: -55°C < T; < 150°C for the LM35 and LM35A; -40°C < T; < 110°C for the LM35C
and LM35CA; and 0°C < T; < 100°C for the LM35D. Vg =5 Vdc and I oap = 50 WA, in the circuit of Figure 2. These specifications also
apply from +2°C to Tyax in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.
Specifications in boldface apply over the full rated temperature range.

Tested Limits are ensured and 100% tested in production.

Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.

Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).

Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.

Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.

Copyright © 1999-2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS®® (continued)

LM35A LM35CA UNITS
PARAMETER TEST CONDITIONS TYP  TESTED DESIGN TYP TESTED DESIGN
3 A 5 N1 (mAaXx)
LIMIT® LIMIT® LMIT®  LiMiT®
Vs =5V, 25°C 56 67 56 67
_ o | Vs=5V 105 131 91 114
Quiescent current®) PA
Vs =30V, 25°C 56.2 68 56.2 68
Vs =30V 105.5 133 91.5 116
Change of quiescent |4V <Vs<30V, 25°C 0.2 1 0.2 1 A
current”) 4V<Vs<30V 05 2 05 2|
Temperature +0.39 +0.5 +0.39 +0.5
coefficient of UHA/°C
quiescent current
Minimum temperature | In circuit of Figure 1, 1. =0 +1.5 +2 +1.5 +2 oc
for rate accuracy
Long term stability T3 = Tmax, for 1000 hours +0.08 +0.08 °C
(8) Quiescent current is defined in the circuit of Figure 1.
ELECTRICAL CHARACTERISTICS®®
LM35 LM35C, LM35D UNITS
PARAMETER TEST CONDITIONS TYP  TESTED DESIGN TYP TESTED DESIGN
3 A 5 N1 (mAaXx)
LIMIT® LIMIT® LMIT®  LiMiT®
Ta =25°C +0.4 +1 +0.4 +1
Accuracy, LM35, Ta =-10°C +0.5 +0.5 oc
LM35C®) Ta = Tuax +0.8 +15 +0.8
TA = TMlN +0.8 +1.5 +0.8 +2
Ta=25°C +0.6 +1.5
Accuracy, LM35D®) | Ta = Tyax +0.9 2| °C
TA = TMlN +0.9 +2
Nonlinearity Ty < Ta < Tuax +0.3 +0.5 +0.2 #05| °C
Sensor gain Tvin < Ta < Tuax +10 +9.8, +10 +9.8, mv/eC
(average slope) +10.2 +10.2
ion(™ Ta=25°C +0.4 +2 +0.4 +2
I60<a? rfglula/t_{on A mV/mA
sh=lm Twvin S Ta < Tuax +0.5 5 +0.5 +5
. . Ta=25°C +0.01 +0.1 +0.01 +0.1
Line regulation(” mv/v
4V<sVg=s30V +0.02 +0.2 +0.02 +0.2
(1) Unless otherwise noted, these specifications apply: =55°C < T; < 150°C for the LM35 and LM35A; -40°C < T; < 110°C for the LM35C
and LM35CA; and 0°C < T; < 100°C for the LM35D. Vg =5 Vdc and I oap = 50 WA, in the circuit of Figure 2. These specifications also
apply from +2°C to Tyax in the circuit of Figure 1. Specifications in boldface apply over the full rated temperature range.
(2) Specifications in boldface apply over the full rated temperature range.
(3) Tested Limits are ensured and 100% tested in production.
(4) Design Limits are ensured (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are
not used to calculate outgoing quality levels.
(5) Accuracy is defined as the error between the output voltage and 10 mv/°C times the case temperature of the device, at specified
conditions of voltage, current, and temperature (expressed in °C).
(6) Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the rated
temperature range of the device.
(7) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.
4 Submit Documentation Feedback Copyright © 1999-2013, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS®® (continued)

LM35 LM35C, LM35D UNITS
PARAMETER TEST CONDITIONS TYP  TESTED DESIGN TYP TESTED DESIGN | (MAX
3 4 3 A ( )
LIMIT® LIMIT® LMIT®  LiMiT®
Vs =5V, 25°C 56 80 56 80
_ g |Vs=5V 105 158 91 138
Quiescent current®) PA
Vs =30V, 25°C 56.2 82 56.2 82
Vs=30V 105.5 161 91.5 141
Change of quiescent |4V SVs<30V, 25°C 0.2 2 0.2 2 A
current(® 4V<Vs<30V 05 3 0.5 3
Temperature +0.39 +0.7 +0.39 +0.7
coefficient of UHA/°C
quiescent current
Minimum temperature | In circuit of Figure 1, 1. =0 +1.5 +2 +1.5 +2 oc
for rate accuracy
Long term stability T3 = Tmax, for 1000 hours +0.08 +0.08 °C

(8) Quiescent current is defined in the circuit of Figure 1.
(9) Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating
effects can be computed by multiplying the internal dissipation by the thermal resistance.
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