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Abstract

This project presents the controlling of robot specd using fuzzy logic. The fuzzy is
designed to use mamdani inference. The processed is control the robot to speed at the desired
constant when the load is varied between 0 to 5 kilograms. The input of fuzzy controller is the
load variable measured by Strain Gauge load cell, The slope of the planc and the height of the
plane. The output is the duty cycle used to control the motor is speed. The results show that it is
capable to use fuzzy logic method to control the robot at the desired speed when the load, the

slope of plane and the height of plane is varied.
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L ()

CoG = (2.20)

- & = 4 1 o 1 3 Vo é’!’
WsaneniyavesszuuaIugueargilugli 2.30 mgagudalsainsaduon Tddeil

[(~100-83.33-66.67— 50 -33.33)x 0.62] +[(~16.67 + 0+16.67 + 33.33)x 0.35]
0.62+0.62 +0.62 +0.62 +0.62+0.35+0.35+0.35+0.35

COG =

=-43.33
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Atmel ATmega640/V-1280/V-1281/V-2560/V-2561/V

8-bit Atmel Microconiroller with 16/32/64KB In-System Programmable Flash

SUMMARY
Features

* High Perlormance, Low Power Atmel® AYR® 8-Bit Microconlroller
* Advanced RISC Archifechurs
=« 135 Powsrut Inptruclions — Mosi Single Clock Cycle Execution
~ 37 x 8 Qeneral Purpose Working Regislers
— Fully S1atke Opetallon
~ Uplo 16 MIPS Throughpul 21 16MHz
- On-Chip 2-¢cych MulllpBer
* High Endurance Non-yolt lite Memory Segments
n BAIH 2BK256KByles of k- Syslem Sell-Programmabke Flash
— 4Kyyles EEPROM
—~ BEbylos lnternal SAAM
- WrileErage Cycles: 10,000 Flash/ 100,000 EEPROM
— Data ratenllon: 20 years al 85°C 104 yoars at 25°C
Optipnal Boot Cods Seclion with Indspendent Lock Bits
‘ !I:I Syskem Prmmmhg::‘m Boot Program
ngummlng Leck fot Sohmr: Security
= Atmel® OTouehd Hbreny auppatt. e
— Capuaitive louch butiona, fdgrs and wheely
- UTouch and QUairx acquisition
- Up i &4 vonse channis
¥ JTAG [IEEE® sld. 1148.3 compliant) Inleiface
= Boumdary-4can Capabititias A obordEng Lo the JTAG Stanclard
- Extensive On-chip Debug Suppor
- Programming of Ftagh, EEPROM, Fusod, e Lock Bits through tha JTAQ Interlace
* Perlpheral Features
= T f-bR s /Couniets whh Separals Frescabr bod Compare Mods
—  Four 16-bil TiveriCourdeds with Saparale Prescaler, Compade- and Capiura Liods
+ Aenl Time Counter with Stparata Dseifater
— Four 80 PWH Channeln
- Shﬁmﬂﬂlﬂmu-hvmhﬁvgmnﬂnmluﬂonmzblsaih

1, KTmapab

- Qulpul Comparn odulator
= @i8chaantd, 10-b# ADC (ATmegul 2812581, ATmenaddlln 200:2560)
- TwofFour Programmable Serial USART (ATmega 12612581, ATmeget 40/ 280/2560)
= Hapes/Siaye 5P Serial mierface
- Brle Orisnked 2-wiry Serial nledlace
—  Progrinmable Wokthdog Timet with S4parste On-chip O siRalion
- On-ciip Anslog Compare of
- Inlsmupl and Wate-up on Pin Change
¢ Spaclal Miciocontrollsr Features
—  Powror-on Resst and Programmable Brown-oul Detection
= lnlarnad Cafrsted Crolilitor
~ Exiasnat and Infernal Inkerrupt Sources
- 5ix Sleep Modes- kile, ADC Holwe Reduction, Power-sBuve, Fowei-doun, Sundly,
and Entented Standby
* U0 and Packeges
— 8486 Programmable VO Lines (ATmegat 2812351, ATmaeges 41 28002560}
— s4-pad OFNAILF, BA-ad YOFP (ATmega 1281/2581)
— 100-ead TQFF, 100 bafl COOA (ATmaged 41 180r2580)
- RotS/Fully Green
* Tempeiature Range:
- -40°C 10 88°C Incusirial
" Ulra-Low Power Conaumpltion
- Active Mote: 1MHz, 1.8Y: 500uA
~  Power-down Mode: .1pA o 1 BY
* Speed Grade:
= ATnasgab {0VIAT megal 200V ATmegal 201V
=0-4MH2 B L8V . 5.5V, 0- BlHs B 27V - 5.5V
- ATrwga23BV/ATmega?SEIY:
=0 -2MHz @ 1.8V - 55V, 0 - BMHr & 27V - 5.5V
- AUmegaGHYATmega1ZB0ATmegal2B1;

<0-gMH @ 279 - S5V, 0 - 15MHx & 45V -5 5V
= ATmeQaXiEATmega2ss1:

=0 - 15MH: & L5V - 55V




1. Pin Cenfigurations

Figure 1-1. TQFP-pinoul ATmega640/1280/2560

(OCO0) PGS
MX00'PCINIB) PEQ
{TXDO) PE1
[XGHOAIND) PE2
(OCIAAINN PES
(OCABINT4) PE4
(GLICINTS) PES
(TAINTE) PEG
{CLRQCPINTY ) PET
VvCG

GRD

1AXDZ) PHO

{TXDZ] Rl

(XGK2) PH2

{GC4A) PH3

(OCAB] PH4
{OCAC) PHS

(OC28) PHE

155 PCINTO) PBG
(SCHPCINT I} AT
{MOSURCNTE) PB2
(MIBCPCINTS) FBI
(OC2A'PCINTa) PBA
{OC1A PCINTS) PaS
{0G1B PCINTS) FBE

Atmel

E Avce

E GND

E AREF

El PEQ (ADCD)

E PF1(ADCY)

El PF3(ADCH

E PF2(ADC2)

E PF4(ADCATCK]

E PF5 (ADCSTMS}

E PF6 (ADCATOO

5] PiO (ADCI LIPCINT3E)
[B] PH ADCIZPCINTZ0)
E PKS (ADCTVPCINTZ1)
@ PKG {ADC14PCINT22)

PKY {ADCI5/PGINT23)

E PKO {ADCB/PCINT 16}
El PK2 [ADCI0/PGINT 1 B)

E PFT (ADGT/TD])
E PK1 {ADCEUPCINTI?)

[ = FL EE R FE O

=

[] [%] () [F] [ (%] = (=] (= F] G &l = [FLE]

(OCoADCICPCINTT PBT

(TOBCZ) PGD

INDEX CORMER

(&

{TOSC) PGL

{ICP4) PLO

PA3 (ADJ)

PA1 (AD4)
PAS. (AD5)

PAB (ADG!

PA? (ADT)
PG (ALE)
PJE [PLINT15)
PJS {PCINT14)
PJ4 (PCINT 1)
PJY (FCINT 12
& Pz (XCKIPOINT 11}
PJ1 MID3FCINTION
PJ0 (RXDAFCINTY)
GHND

VGG

PCT (A15)

PCE (A14)

PGS (A13)

PCA (AIZ)

PG (ATT)

PC2 (A10)

PC1 (AY}

PCO (A8}

PG (AD)

PGO (W)

5]

{GPS) PLT
(QC58) PL3
{OC5H) PLe
{0csC) PLS  [E]

1CP1) PDa
(XCK1} PDS

{SCLINTQ) PDD
(SDA/NT 1 PO
{RACUINT2Y PD2
({TXDVINTI PDO
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Top view Bottom view
1 2 3 4 5 6 7 8 9 10 i0 9 8 7 6 5 4 3 2 1
v R
A COO000O00O00O0 |a
B 0000000000 |8
c 0000000000 |
D @ OQO0O0O0000OQO0 (o
E Q000000000 |=
F O0O000000Q00 |[F
G O000000000 (s
H CQOO00O000OO00O |H
J O0000C00O000 |
K OO000O00OQO |«
Table 1-1. CBGA-pinout ATmegaG40/1280/2560
1 2 3 ¥) Brici's 6 7 B | 9 10|
Iy GND AREF PFO PF2 . PF5 PKO PK3 PKE | GND vee
B AVCC PGS PF1 PF3 | PFB PK1 PK4 PK7 | PAD PAZ
c PE2 PED PEi PF4 . PF7 PK2 PK5 PJ7 f PA1 PA3
D PE3 PE4 PES PEG FH? PA4 PAS PAG PA7 PG2
E PE7 PHO P | pPH3 ' pus | ese | oess | P4 1 P | P |
F vee PH4 PHB PEO PL4 Poi | Pm | P | PCY GND |
G GND PB1 PB2 PES PLZ PDO PDS PCS PCS vee |
H FB3 PB4 RESET PLY PL3 PL7 PD4 PC4 PC3 pC2
J PH7 PG3 FBG PLG XTALZ PLG PD3 PC1 PCO PG1
Tk PB7 PG4 vee GND XTALA PL5 PD2 PDS PD7 PGO
Note:  The lunctions for each pin is the same as for the 100 pin packages shown in Figure 1-1 on page 2.
ATmegaB40o/V-1280/V-1281/V-2560/V-2561/V [SUMMARY) a
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Figure 1-3,  Pinoul ATmegal1281/2561

SERE
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o (OC3BANT4) PE4 [ B 23 PG2(ALE)
(OC3CANTS)PES  [7] P, 4 PC7 (A5
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(ICPCLKOANTZ) PE7 [ 5] 40 PC5(A13)
(88/PCINTO} PBO 3d Pca(a12)
(SCK/PCINTIY PR [TT] 38 PCa (A1)
(MOSUPCINTZ} PB2  [1Z] 57 PG2 (A10)
(MISO/PCINTS) PB3 T3] 3§ PCY (89)
{OC2A/PCINTA} PB4 [14] 38 PCo (a8)
(OCIAPCINTS) PBS [T 34 PG1(RD)
{OCIB/PCINTS) PBE  [16 53 PGO(WR)
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~ M [S -] - @ T N Mm% W o
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Note:  The large center pad underneath the GFN/MLF package is made of metal and inlernalty corinected to GND. Il should
) ba soldered or glued to the board to ensure good mechanlkeal stability. If Ihe cenler pad is left vnconneded, the pack-
age might logsen Irpm the board.

Atmel ATmega640'V-1280/V-1281/V-2560/V-256 1V [SUMMARY) 4
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2. OQverview

The ATmoega640/1280/1281/2560/2561 Is a low-power CMOS 8-bit microcontroller based on the AVR enhanced

RISC architecture.

By executing powerlul

instruclions

designer to optimize power consumption versus processing speed.

2.1  Block Diagram

Figure 2-1.

s [V I I RASH l I TR ] I 16BATC l:
T - | |
AN ] 1—'—1 POAT G} Ir“l 3 [ ™ | I k2 2] | I BERTCO I ot TC2 I
¢ ! ‘ {
Fy
HOTE
Shaded palsonty avalable
m Ihe 100-pin vergen, ! 3 ‘
Complets fund onally for | - | | X l I [ I I SR I
Lhe ADC, 104, and TCE only & TR E) “‘“‘@ B - PO
availablyin I 1004l version -I
FO7 0 0 T O

Black Diagram

In a single clock cycle,
ATmagad40/1280/1281/2560/2561 achieves throughpuls approaching 1 MIPS per MHz allowing the systam

3

L

P

Ihe

The Atmel® AVA® core combines a rich instruction set with 32 generai purpose working registers. All the 32 regis-
lers are directly connecled lo the Arithmelic Logic Unit {ALU), allowing two independanl registers lo be accessed in
one single insiruction executad in ohe clock cycle. The resulting architecture is more code afficient while achieving
throughputs up 1o ten timas lasler than eonvenlional CI1SC microcontrollers.

Atmel

ATmegas40/V-1280/V-1281/V-2560/V-2561/V [SUMMARY]
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The ATmegab40/1280/1281/2560/2561 provides the following features: 64K/128K/256K byles o) In-System Pro-
grammable Flash with Read-While-Write capabilities, 4Kbyles EEPROM, 8Kbyles SRAM, 54/86 general purpose
/O lines, 32 general purpose working registers, Real Time Counter (RTC), sk flexible Timar/Counters with com-
pare modes and PWM, four USARTS, a byte orienled 2-wire Serial Interlace, a 16-channel, 10-bit ADC with
optional differential input stage wilh programmable gain, programmabla Walchdog Timer with Internal Oscillalor,
an SPI serial pont, |IEEE® std. 1149.1 compliant JTAG lest inlerface, also used for accessing the On-chip Debug
systemn and programming and six software seleclable powar saving modes. The Idle mode stops the CPL while
allowing the SRAM, Timer/Counlers, SPI port, and Interrup! system to conlinue functioning. The Power-down
mode saves lhe regisler contenls but lreezes the Oscillator, disabling all other chip functions unlil the next interrupt
or Hardware Heset. In Power-save mode, the asynchronous limer continues to run, aliowing the user to maintain a
limer base while the rest ol he davice is sleeping. The ADC Nolse Reduction mode slops the CPU and ail QO mod-
utes excepl Asynchronous Timer and ADC, to minimize swilching nolse during ADC conversions. In Standby
mode, ithe Crystal/Resonator Oscillator is running while 1ha rest of Ihe device is sleeping. This allows very fast
start-up combined with low power consumplion. In Extended Siandby mode, both the main Oscillator and the
Asynchronous Timer continue to run.

Almel olfers the QTouch® library for embedding capacilive touch buttons, sliders and wheals funclionalily inlo AVR
microcontrotlers. The patenled charge-transier signal acquisition offersrobust sensing and includes fully
debounced reporiing of touch keys and includes Adjacent Key Suppression® (AKS®) technology for unambiguous
detaction of key avanis. Tha easy-to-use QTouch Suite toolchain allows you to explore, develop and debug your
own leuch applicalions.

The device is manufactured using the Atmel high-density nonvolatile memory lechnology. The On-chip ISP Flash
allows lhe program memaory to be reprogrammed in-system through an SP| senal inlertace, by a conventional non-
volatile memory programmer, or by an On-chip Boot program running on the AVR core. The boot program ¢an use
any interlace to download the application program in the application Flash memory. Software in the Boot Flash
seclion will continue lo nun while the Application Flash seclion is updaled, providing irue Read-While-Write opeta-
tion. By combining an 8-bit RISC CPU with In-System Sell-Programmable Flash on a monolkilhic chip, the Atmel
ATmega64/1280/1281/2560/2561 is a powerlul microcontroller thal provides a highly flexible and cost eleclive
solution to many embedded conlrol applications.

The ATmegab40/1280/1281/2560/2561 AVR Is supporied with a full suile of program and system development
Lools Including: G compilars, macro assemblers, program debugger/simulators, in-gircult emulalors, and evaluation
kits.

Atmel. ATmega640/V-1280/V-1281/V-2560/V-2561/V [SUMMARY] 6
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22 Comparison Between ATmega1281/2561 and ATmega640/1280/2560
Each dovice In the ATmega640/1280/1281/2560/2561 tamily dilfers only in memory slze and number of pins. Table
2-1 summarizes the diflerent conliguralions for the six devices,
Table 2-1,  Configuration Summary
i General 16 blis resolulion Serlal ADC
Device Flash EEPROM RAM ! Purpose VO pins PWM channels USARTs : Channels
ATmegasdd |  64KB 4KB 8ke 86 12 4 1B
ATmegai2s0 | 128Ke 4KB BKE | 86 12 4 16
ATmegal1281 128K8 4KB ske ! 54 6 2 ' 8
ATmega2560 | 256KB KB 8KB 86 12 4 16
ATmega2561 256KB 4KB 8K | 54 3 2 8
2.3  Pin Deserlptlons
2341 vCC
Digital supply vollage.
23.2 GND
Ground.
233 Port A {PA7..PAD)
Port A is an 8-bil bl-direcliorral VO pert with internal pull-up resistors (selected for each bit), The Port A oupul buf-
fers have symmetrical drive characierisiics with both high sink and source capability. As inputs, Porl A pins that are
exlernally pulled low will source current  the pull-up resislors are aclivaled. The Port A pins are Uri-slated when a
resel condition becomes aclive, even if the clock is not running.
Part A also serves Lhe functions of various special features of the ATmega640/1280/1281/2560/2561 as listed on
page 75.
234 Port B (PB7..PB0)
Port B is an 8-bit bi-direclioral YO porl wilh inlernal pull-up resistors (selected for each bil). The Port B outpul bul-
fars have symmetrical drive characteristics with both high sink and source capability. As Inpuls, Port B pins that are
exlernally pulled low will source current if the pull-up resistors are activated, The Porl B pins are lri-slaled when a
reset condition bacomes active, even if the clock is not running.
Fort B has beller driving capabilities than the other porls.
Port B also serves the funclions of varous special features of the ATmega640/1280/1281/2560/2561 as listed on
page 786,
238 Port € (PC7..PCO)
Port C is an 8-bit bl-directional ¥Q port with intarnal pull-up resislors (selecled lor each bit). The Port C output bul-
fers have symmetrical drive characteristics with bolh high sink and source capabiFty. As Inputs, Pert G pins thal are
exlemally pulled low will source current if the pull-up resislors are activaled. The Porl C pins are tri-slated when a
resel condition becomes active, aven if the clock is net running.
Port G also serves the funclions of special leatures of the ATmega640/1280/1281/2560/2561 as lisled on page 79.
ATmega640/V-12680/V-1281/V-2560/V-2561/V [SUMMARY 7
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236  Porl D (PD7..PDO)

Porl D Is an B-bit bi-directional VO port with internal pull-up resislors (selecled lor each bil). The Poct D oulput buf-
fars have symmetrical drive characteristics with both high sink and source capability, As inpuls, Port D pins that are
externalily pulled low will source currenl if the pull-up resistors are adlivated. The Port D pins are tri-slated when a
resel condition becomes aclive, even i the ¢lock Is nol running.

Port D also sarves the functions of various special fealuras of the ATmega640/1280/1281/2560/2561 as listad on
page 80,

237  Port E (PE7..PEO)

Porl E is an 8-bil bi-directional IO porl with internal pull-up reslslors (selected lor each bit). The Porl E outpul bul-
fers have symmalrical drive characterislics with both high sink and source capability. As inpuls, Porl E pins that are
externally pulled low will source current il the pull-up resistors are activaled. The Porl E pins are Iri-slated when a
reset condition becomes active, even if Ihe clock is nol running.

Porl E also serves the funclions ol various special lealures of the ATmega840/1280/1281/2560/2561 as lisled on
page B2.

238 Port F (PF7..PF0)

Port F serves as analog Inputs to the A/D Converler.

Port F also serves as an 8-bil bi-directional /O port, il the A/D Converier is not used. Port pins can provide internal
pull-up resistors (selecled lor each bit). The Porl F oulput bullers have symmeirical drive characlarislics wilh both
high sink and source capability. As inpuls, Port F pins that are externally pulled low will source current if the pull-up
resislors are aclivated. The Porl F pins are tri-stated when a reset condition becomes aclive, even il the clock is not
running. If the JTAG inlerface is enabled, tha pull-up resislors on plns PF7{TDI), PF5(TMS), and PF4(TCK) will be
aclivated even il a resel occurs.

Port F also serves the funclions of the JTAG Interacs.
239 Port G (PG5..PG0)

Port G is & 6-bit VO port wilh intemal pull-up resistors (selecled for each bit). The Port G output butters have sym-
metrical drive characleristics wilh boih high sink and source capability. As inputs, Porl G pins Lthal are externally
pulled low will source current if the pull-up reslstors are activated. The Porl G pins are 1ri-slaled when a resel con-
dition becomes active, even if the clock is nol running.

Porl G also serves the funelions ol various special fealures of the ATmegag40/1280/1281/2560/2561 as listed on
page B6.

2310  Port H {PH7..PHD)

Port H is a B-bit bi-directionaf VO port wilh internal pull-up resistors (selecled lor each bil). The Port H outpul bul-
fers have symmetrical drive characteristics with bolh high sink and source capability. As Inputs, Porl H pins that are
exiemnally pulled low will source currenl i the pull-up resistors are aglivated. The Port H pins are tri-slaled when a
raset condition becomes aclive, aven if the clock Is not running.

Port H alse serves lhe functions of various special fealures of the ATmega640/1280/2560 as listed on page 88.
2311 PortJ (PJ7..PJ0)

Port J Is a 8-bit bi-direclional I/C porl with internal pull-up resistors {selecled for each bil). The Part J output buffars
have symmetrical drive characterislics with both high sink and source capability. As inpuls, Port J pins that are
exlernally pulled low will source currenl if the puli-up resisloss are aclivated, The Porl J pins are Iri-slated when a
resst conditlon becomes attive, even il the clock Is nod running. Port J also serves the funclions of various speclal
features of the ATmegab40/1280/2560 as listed on page 90.

AT 40/V-1280/V-1281/V-2560/V-2661/V MMAR
Atmel megag40. 8 8 560/V-26 [SU Y] 8
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2,312  Port K (PK7..PKO)
Porl K serves as analog inpuls to the A/D Converler,
Porl K is a 8-bit bi-direclional /O port with intemal pull-up resistors {selected for each bit), The Porl K oulput buifers
have symmelrical drive characteristics wilh both high sink and source capability. As inpuls, Porl K pins lhat are
extornally pulled low will source curront il the pull-up resistors are aclivated. The Porl K pins are tri-stated when a
resel condition becomes aclive, aven if the clock is not running.
Port X also serves lhe functions of various special leatures of the ATmega640/1280/2560 as listed on page 92,
2.3.13  PortL (PL7..PLD)
Port L is a 8-bit bl-direclional 1/O port with Internal pull-up reslstors {selected for each bit}). The Port L culput bulters
have symmetrical drive characleristics wilh both high sink and source capability, As inputs, Port L pins that are
exlernally pulled low will source curreni if Ihe pull-up resislors are activaled. The Porl L pins are lri-stated when a
resel condition hecomes aclive, aven if the clock is not running.
Port L also serves the funcliens of vadous special [eatures of the ATmegaB40/1280/2560 as lisled on paga 94.
2.3.14  RBESET
Reset inpul. A low level on ihis pin for longer than the minimum puise lengih will generale a resel, even il 1he clock
is nol runpning. The minlmum pulse langth Is givan In *System and Reset Charecterislics™ on page 360. Shorar
pulses are not guaranteed lo generate a resel.
23.15 XTAUl
Inpul to 1ha invadting Oscillalor amplilier and input to the intarnal clock cperating eircuit.
2316  XTALZ
Qutpul from the inverling Oscillator amplifier.
2317  AVCC
AVCC is the supply vollage pin for Port F and the A/D Converler. It should be externally connected o Vg, aven if
the ADC is not used. If the ADC is used, il should be connecled to Yog Lhrough a low-pass filler,
2318  AREF
This is the analog reference pin for the AD Converlar.
Atmel ATmegaB40/V-1280/V-1281/V-2560/V-2561/V [SUMMARY]) 9
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L298

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGE UP TO 46 V

» TOTAL DG CURRENT UPTO 4 A

» LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT YOLTAGE UP TO 1.5 V
{HIGH NOISE IMMUNITY}

DESCRIPTION

The L288 is an integraled mondlithic circuit ina 15-
lead Mulliwall and PowerS020 packages. Il is a
high voltage, high currenl dual lull-bridge driver de-
signed 1o accep! standard TTL logic levels and drive
Induclive loads such as relays, solencids, DC and
stepping motors. Two enable inpuls ara provided o
enable or disable the device independently of he in-
pul signals. The emitters of Lhe lower transistors of
each bridge are connected logether and the corre-
sponding external terminal can be used lor the con-

BLOCK DIAGRAM

Power5020

Multiwati1s

[PRDEAING NUMBERS : L298N {Mulliwahl Verl.)
L298HN {Multiwall Horiz.)
L28BP (PowerS020)

nection of an external sensing resistor. An additional
supply inpul is provided so thal the logic works al a
lower vollage.
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol Patameier Value unit
Vg Pawer Supply 50 v
Veg Logic Supply Voltage 7 Vv

Vi Ven Inpul and Enable Voliage —03te7 v
lo Peak Qulpul Curren {each Channel}
— Non Aepetitive (1 = 100,15) 3 A
—Repelitiva (80% o0 —20% off; 1w = 10ms) 25 A
-DC Operalion 2 A
Vsers Sensing Volage -1102.3 v
Pix Tolal Power Dissipalion (Tess = 75°C) 25 hid
Tep Juncilan Operating Temperature —25 10 130 °G
Tetg. T} | Storage and Junclion Temperature —40 to 150 °0
PIN CONNECTIONS (top view)
e l T E— CURRENT SENSING B
ta 77773 QUTPUTR4
'$‘ (K]} E—- OUTPUT 3
[EJ — 1T
[XI v—— EMABLE B
W ————3 WPuT2
I O —] LOGIG SUPPLY YOLTAGE Vo
Muliwaltis s/ o
7| O — WPUT 2
60 ENaBIEA
s MPUT 1
40 SUPPLY VOLTAGE Vg
_$, {3 — OUTPUT 2
[ — ) L)
., |’ e [ —) CUARENY SENSING A
Z TAR CONMEGTED TO P\H 8 DA
GhD [ 1 20 [ ) GND
Sensapd [ 2 19 ] SenzeB
NG 1 a 18 [ NG
outy [ 4 17 [ Ond
onz =] 5 PowerSO20 s [ ousa
ve & i5 [ Inpuia
Inpiit CJ 7 14 T Enable B
EnabieA [} 8 12 [T puts
rpui2 19 12 [/ vss
GND 1 10 1 {1 GND
DFINZ3I
THERMAL DATA

Symbol Paramgler PowerS020 Mulllwati1s Uni

Rinpeass | Thermal Reslsiance Junclion-case Max - 3 <Cw

Rmjarc | Themnal Resislance Junclion-amblent Max. 13() 35 °CW

(") Mourted on aluminum subslrale

2113
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L298

PIN FUNCTIONS (refer 1o Lhe block diagram)

MW.15 PowerS0Q Nama Funetlon
1:15 2,19 Sense A; Sense B [Between this pin and ground is connecled Lhe sense resistor 1o
control 1he current of the load.
23 45 Out1;0u 2 Quiputs of the Bridge A: the curen thal flows through the load
connecied between thase wo pins is monitored al pin 1.
4 6 Vs Supply Voltage for ihe Power Outpid Slages.
A noninductive 100nF capaciior must be connecled belween Lhis
pin and ground.
5,7 79 Ingul 1; Input 2 T1L Comgpatible Inpuls of the Bridge A
6,11 a8:14 Enable A; Enable B | TTL Compatible Enable Inpul. the L stale disables the bridge A
{enable A) and/or the bridge B (enable B),
8 1,10.11.20 GND Ground.
o 12 V5SS Supply Vollage far the Logic Blocks. A100nF capacilor must be
connecied between 1his pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16:17 Out3; Oul 4 Oulputs of the Bridge B, The current that flows through the foad
connecled between these two pins is monilored at pin 15.
— 318 N.C. Not Connecled

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, Tj = 25°C; unless ctherwise specified)

Symbaol Paramelar Test Condlitlons Min. | Typ. | Max. | Unlt
¥s Supply Vollage (pin 4} Cperalive Condition Vh+25 46 vV
Vss  |Logie Supply Voltage (pin 9 4.5 5 7 v

ls GQuiescent Supply Current (pind)  |Ven=H, L =0 Vi=L i2 22 mA
Vi=H 50 70 mA
Yen =L Vi=X 4 mA
Iss Quiescent Curreni Irom Vss (pin 8) |Ven=H, IL.=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Wen =L Vi=X & mA
Vi Inpul Low Vollage -0.3 1.5 v
(pins 5,7, 10, 12)
Viu  |Inpul High Voltage 2.3 V&8s v
{pins 5,7, 10, 12)
h Low Volage Input Cumrent Vi=L -10 nA
{pins §, 7, 10, 12)
I High VeHaga inpul Curreni Vi=H g Vgg-0.6V ki) 100 HA
{pins 5, 7, 10, 12)
Ven = L |Enable Low Volage (pins 6, 11) 0.3 1.5 v

Ven=H |Enable High Yotage (pins 6, 11) 2.3 Vsg v

len=L |Low Voliage Enabla Current Vea=L -10 nA
{pins 6, 11)

lsn =H |HIgh Voltage Enable Cumrent Ven = H £ Vg5 0.6V 30 100 pA
{pins 6, 11}

Vcesa ) | Source Saturation Vollage IL=1A 0.85 1.35 1.7 v

IL = 2A 2 2.7 vV

Veesaqy |Sink Saturation Voltage IL=1A (5) 0.85 12 1.6 v

IL=2A (§ 1.7 2.3 v

Voest | Total Drop L=1A [5) 1.60 32 I

h=2A (5 4.9 v

Vsors | S0nsing Volage (pins 1, 15) -1 (1) 2 v

by a1
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9937 LM393 Comparator IR Speed Sensor Module (FC-03)

|

® ' ® 3 ® 9
N >
< [ =
" LH393 ” K
| S N
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10K [] 7 L) 104 e o

LN &
n o—
A Ot

By = -

Lo -

Pins Connection
VCC: positive power supply 3.3-5V;
GND: Ground;
DO: Output frequency pulses;

AO: analog output, real-time output voltage signal. (not useful)




LM393, LM393E, LM293,
LM2903, LM2903E, LM2903V,
NCV2903

Low Offset Voltage
Dual Comparators

The LM393 series are dual independeni precision vollage
caomparalors capable of single or split supply operation. These devices
ace designed (o permit a common mode range—to—ground level with
single supply operation. Inpul offs¢i voltage specifications as low as
2.0 mV make this device an excellent selection for many applications
in consumer, autemotyve. and industrial electronics.

Features

Wide Single-Supply Range: 2.0 Vdc 10 36 Vde

Split~Supply Range: £1.0 Vdc 1o 218 Vdc

Very Low Current Drain Independent of Supply Voltage: 0.4 mA

Low Input Dias Current: 25 nA

Low Input Offsel Currenl: 50 nA

Low Input Offset Vollage: 5.0 mV (max) LM293/393

[hpul Comenon Mode Range to Ground Level

Differential Input Veltage Range Equal 1o Power Supply Vollage

Outpul Yoltage Compatible with DTL, ECL, TTL, MOS, and CMQOS

Logic Levels

® ESD Clamps on the Inpuis Increase the Ruggedness ol the Device
withow Affecting Performance

* NCV Prefix for Automotive and Othier Applications Requiring
Unique Site and Control Change Requireinenis; AEC-Q100
Qualificd and PPAP Capable

# These Devices are Pb—Free, Halopen Free/BFR Free and are RoHS
Complian

* & & & & & & 5 @

Veg + Inpul - lnpul Oulpul
Q <]
A2
a1k
as E a5 ,'/ou
Y ¥
pt L i
QIp
o ’_\/‘]_ +—_ots
o2

an

Flgure 1. Representatlve Schemailc Dlagram
{Diagram shown Is for 1 comparator}

108

ON Semiconductor®
www.onseml.com

FDIP-8
NSUFFIX
8 CASE 626

SQIC-8
D SUFFIX
g CASE 751

Micro8™

B DM SUFFIX
1 CASE B46A

PIN CONNECTIONS

{Top View}

DEVICE MARKING AND ORDERING
INFCAMATION

See detaited marking informaben and ordering and shipping
informalion on pages 6 and 7 of this data sheel



LM393, LM393E, LM293, LM2903, LM2903E, LM2303V, NCV2903

MAXIMUM RATINGS

109

Raling Symbol Value Unit

Powar Supply Vollage Veo +360r118 v
input Differential Yokage Vipor 36 v
Input Commen Mode Vollage Range (Nole 1) Vo -0.310 +36 3
Cutpul Voltage Vo 36 v
Outped Short Circuil-lo-Ground Isc Continuous
Cutput Sink Curreni (Nole 2) I5ink 20
Power Dissipalion @ Tp = 25'C Po 570 mw
Derale above 25°C 1Rgya 57 mwWreG
Operaling Ambiant Temperature RHange Ta ‘C

Lit293 —2510 485

L4393, LM393E 010470

LM2803, LM2S03E -40to + 105

L2003V, NGV2803 (Note J) -40 1o +125
Maximum Operaling Junclion Temperalure Tymax) G

LM393, LM3S3E, L2903, LMZS03E, LM2303V 150

L2933, NCV2903 150
Sterage Temperalure Range Tsig -850 4150 C

Slresses exceeding ihose listed In the Maximum Ratings table may damage the gevica, If any of these imits are exceaded, devics funcionality

should nol be assumed, damage may occur and reliabifity may be aflected.

1, Forsupply vollages less Ihan 36 V, the absalule maximum Inpul vohage is equal 1o the supply vollage.

2. Tha maximum oulput curmenl may be as high as 20 mA, independenl of the magnilude of Ve, outpul shor circulis o Veg can cause

excessive heating and eventual destruclion.
3. NCV2903 is qualified for automolive use,

ESD RATINGS
Rallng HBM L Unit
ESD Prolection at any Pin (Human Body Meds! - HBM, Machine Model - MM}
NCV2903 (Note 3) 2000 200 v
LM333E, LM2903E 1500 150 v
LM393DGDR23, LM2803DG/DR2G 250 100 v
All Other Devices 1500 150 v
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LM393, LM393E, LM293, LM2303, LM2903E, LM2903V, NCV2903

ELECTRICAL CHARACTERISTICS (Vcg = 5.0 Vdc, Tigy < Ta < Thign, unless otherwise noted.)

LM2903/EV,
LM253, LM393, LM393E NCVv2803
Characleristic Symbol | Min | Typ Max Min | Typ Max Unit

Input Qlfset Voltage (Note 5) Vio my
Ta = 25°C - | +50 450 - | +0 47,0
Tiow < Ta < Thigh - - 9.0 - 9.0 +15

Input Oftset Current lio nA
Tp =25°C - +5.0 +50 - +5.0 +50
Tiow < Ta < Thigh - - +150 - | 50 +200

Input Bias Curment {Nole €) Ip nA
Ta=25°C - 20 250 - 20 250
Tiow = Ta < Thigh ~ - 400 - 20 500

Input Cammen Mode Voltage Range (Note 6) Vicr v
Ta = 25°C 0 - | vee-15] o - | vee-15
Tiow = Ta < Thigh Q - Veg -20 0 - Voo -28

Voltage Gain Avor 50 200 - 25 200 - Wimy
Ry 2 15 k6, Voo = 15 Vde, Ta = 26C

Large Signal Response Time - - 300 - - 300 - ns
Vin = TTL Logic Swing, Ve = 1.4 Vde
VpL =5.0 Vde, Ry = 5.1 k8, T = 25°C

Response Time (Nole 8) rn - 1.3 - - 15 - us
VAL = 5.0 Vdc, B = 5.1 k8, Ta = 25°C

Input Ditferential Voltage (Nole 9) Yin - - Vee - - Voo v
All Vi > GND or V- Supply (i used)

Output Skak Current sk | 60 | 16 ., 6.0 | 16 - mA
Vin 2 1.0 Vde, Vi, = 0Vde, Vg < 1.5 Vde Ty = 25°C

Outpu! Saturation Vollage VoL my
Vin 2 1.0Vde, Vin, = 0, g £ 4.0 mA, Tg = 25°C - 160 400 - - 400
Tiow = Ta = Thigh ) - - 700 - 200 700

Oulput Leakage Current loL nA
Vin- =0 ¥, Vip, 2 1.0 Vdo, Vg = 5.0 Vde, Tp = 25°C - 0.1 - - 0. -
Vip- =0V, Vi, 2 1.0 Vde, Vg = 30 Vde,
Tiow = Ta = Thign - - 1000 - - 1000

Supply Current lcc ] mA
RL = = Bolh Comparalors, T = 25°C - 0.4 1.0 - .4 1.0
A = == Both Comparators, Voo =30 V - - 25 - - 25

Produc! paramebic perfarmance is indicated in 1he Electical Characterislics tor the listed Last conditions, unless athenwise noled. Producl

perdarmance may nol be indicaled by the Eleclical Characieristics if operated under ditferent condtions,

LM293 Ty, = -25°C, Tyygn = +B5°C

LM393, LMIOIE Tioy, = 0°C, Trigp = 470°C

LM2903, LM2903E Tigw = ~40°C, Thigh = +105°C

LM2903V & NGV2803 Tigy = 407G, Trigh = +125°C

NCVZ290J Is qualified for aulomotive use.

4. The maximum oulpul currenl may be as high as 20 mA, Indapendent of the magnitude of Vg, cutput shert ¢itcuits 1o Vo ¢an cause
excessive heating and eveniual deslruction.

5, a.}su!p%t switch p:r\?)v. Vo= 1.4 Vde, Ag = 0 £ with Vo from 5.0 Vde te 30 Vde, ard over the full input common moda range

o =-1. e

6. Duelo Ih%cPNP transistor inpuls, bias curreni wil iow outlofthe npuns. This current ks assentialy constanl, independenl of the outpul state,
theretore, no loading changes will exist on the mpuf lines.

7. Inpulcommon mode ol aither input should nel be permitted to ga more than 0.3 V negalive of ground gr minus supply. The upper limit of
common mode range is Vog -1.5 V.

8. R;spongle time is specified wilh a 100 mV step and 5.0 mV of ovardrive. Wilh larger magniudas of overdrive fasler responsa tlimes are
oblainable.

9. Tha comparator will exhibit proper output siate if ene of the inputs becomes greater than Y, the other inpul mus! remain within the commeon
mede range. The low inpul stale must nol be less than -0.3 ¥ of ground or minus supply.
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LM393, LM393E, LM293, LM2903, LM2303E, LM2903V, NCV2903
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LM393, LM393E, LM203, LM2903, LM2903E, LM2903V, NCV2303

APPLICATIONS INFORMATION

Tihese dual comparators feature high pain, wide
bandwidih characteristics, This gives the device oscillation
tendencics il the oulpuls are capacilively coupled o the
inputs via stray capacitance. This oscillation manifests
itsell during output 1Imnsitions (VoL 1o Von). To alleviate
this situation, input resislors < 10 k€2 should be used.

+15V

D1 prevents inpu Tam going negative by moe than 0.6 V.
AM+B2=R3

RS
Ri< w0 for small &1or in ze10 Cf0SSINg.

Flgure B. Zero Crossing Detector

(Single Supply)
LomG2 v,
AAS cC
R
! 10k
Veo TR 0.001F o vy
51k
51k
Yo
B 0
—_——

Flgure 10. Free-Running Square-Yave Osclllator

The addition of posilive Teedback (<10mV) is also
recommended. It is good design practice to ground all
unused pins.

Differential input vollages may be larger than supply
voltage without damaging the comparator's inputs, Vollages
more negative than —0.3 V should not be used.

Yo Vrim
— e
Voo t— [
|
Yo ] =]
|
AB
v LA L

Vijminj = 0.4 V peak far 1% phase dislortion (A6).

Figure 9, Zero Crossing Deteclor
{Spiit Supply)

“ONlord = 1+ At

whete: v,,_‘\vil_—l_l—
A<RC{ h) ‘ 1
Ay Ot B
|
Ve gy ! —

Flgure 11. Time Delay Generator

Voo
Rs=Fil|| R
Rs Ry
- P - L
Li3%3 = Trl Rl +R2 A
+
S (Ve -V Low) A
A1 w2 = Tl - Rt A2
Viel #— VWA vl;/z\,

Figure 12. Comparator with Hysleresis
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LM393, LM393E, LM2983, LM2803, LM2903E, LM2903V, NCV2903

PDIP-8
CASE 626
s A LA efy A
LM393NG LM2803N
D AWL D AWL
 Yrww ) YYWWG
YT T
8
LMx93
ALYW
1
8
393E
ALYW

MARKING DIAGRAMS

MicroB
CASE 846A
8 8 8

%93 2903
AYW = AYW =

o o "

90IV
AYW »

o

SQIC-8
CASE 751

aNANER 8
2903 . 2903V
ALYW ALYW
. .
1080 1
aHHAAK

2903E
ALYW

5 .
+HF0E

=20ord
= Assembly Location
,L  =WaferLot
Y = Year
W = Work Week
.G = Pb-Free Package

335>

{Note: Microdol may be in gilher location)
*This marking dizgram also applies to NCY2903DR2G
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LM393, LM393E, LM293, LM2903, LM2903E, LM2903V, NCV2303

QADERING INFORMATION
Operaling Temperalure
Devica Range Package Shipplngt
LM29306 S0IC-8 98 Unils / Rall
LM293DR2G _25°C 10 +B5C {Pb-Free) 2500 / Tape & Reel
LM293DMA2G (P"';'_"g’ge) 4000/ Tape and Rea!
LM393DG S0Ic—8 98 Units / Rail
LM393DR2G (Pb-Free) 2500 / Tape & Ree)
LM393EDR2G s 2500  Tape & Reel
0°C 10 +70°C

LM3IIING (;Elgr-ai) 50 Units / Rail
LM39IDMR2G (P'f_";?ge) 4000/ Tape and Reel
LM2903DG S008 98 Unils / Rait
LM2903DR2G (Pb-Free) 2500 / Tape & Reel
LM2903EDR2G (FSE_’E:;] 2500 / Tape & Reel

40 Clo+105C
LMZ303DMR2S oy 4000/ Tape and Rel
LMz303HE (,ffj,f;‘:) 60 Unils / Ral
LM2809VDG S 98 Units / Rail
UM2903VDR2G {Pb-Fres) 2500  Tape & Reel
LMZ303VNG PDIP-B o

AR C {Pb-Free) 5¢ Units / Rail
NGV2903DR2G! ﬂf‘g_'gr‘eg) 2500/ Tape & Reel
NCGV2903DMAG® (p"lf_cgge) 4000 / Tape & Reel

tFor Information on lape and reel specifications, including pad onentation and tape sizes, please relar to our Tape and Reel Packaging

S pecilicalions Brechure, BRDBO11/D.

‘NCV Prelix for Aulomotive and Other Applications Requiring Unique Sie and Control Change Requiremants; AEC-Q1490 Qualified and PPAP

Capable.
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LM393, LM393E, LM293, LM2903, LM2903E, LM2903V, NCV2903

TOP YIEW

PACKAGE DIMENSIONS

PDIP-§

N, AN, VN SUFFIX

CASE 626-05
ISSUE P

[\
(U

—wle
END VIEW
WITH 1E AD5 CONSTRANED
ROTE 5
A2

A notes

NOTES:

L Y

@ N

. Dlh:lENS IONNG AND TOLEAAN GG PER ASME Y14.5M, 1994,
_ CONTROLLING DIMENSION: INCHES.
. DIMENSIONS A, A1 AND L ARE MEASURED WI(TH THE PACK-

AGE SEATED N JECEC SEATING PLANE GAUGE G8-3.

. DIMENSJIONS D, D1 AND E1 DO NOT INCLUDE MOLD FLASH

DR PROTRUSIONS. MOLD FLASH DR PROTRUSIONS ARE
NOT TO EXCEED 0.10 INCH,

DIMENSIONE 1S MEASURED AT A PCENT 0.015 BELCW DATUM
PLANE H WATIT TI'E LEADS CONSTRAIED PEAPENDICULAR
TODATUK C.

DIMENSION eB 1S MEASURED AT THE LEAD TIPS WITH THE
LEADS UNGONSTRAINED,

DATLIM PLANE H 15 COINCIDENT W(TH THE BOTTOM OF TIIE
LEADS. WHEAIE THE LEADS EXIT FHE BODY.

. PAGKAGE CONTOUR IS OPTIONAL (ROUNDED OR S{31ARE

GORNEAS).

ML LMETERS
HH | MAX
533

485
0.56

J

.!\1-‘r

D1 —=

SIDE VIEW

—
"z,
o

le—ox b END VIEW

HOTE &

L
SEATHG
%] PLANE
[+ @]

0.430
ou5 | o150
10°
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LM393, LM393E, LM293, LM2903, LM2903E, LM2903V, NCV2903

PACKAGE DIMENSIONS

S0IC-8 N8
CASE 751-07
ISSUE AK

NOTES:

. DINENSIONING AND TOLERANGING PER

ANSIV145M, 1982,

CONTROLLING DRAENSION: MiLL METER

DRENSION A AND B DO NOT INCLUDE

MOLD PROTAUSION.

MAXZIUM MOLO PROTAUS ICN 0.15 (0.006)

PERSIDE

DRENSION D DOES NOT INCLUDE DAMBAR

PROTRUSION. ALLOWABLE DAMBAR

PAOTRUSICH SHALL BE 0.127 {0.005) TOTAL

B ENCESS OF THE D DIMENSIGN AT

MAXIMUM MATE RIAL CONDITION.

. 751-01 THAU 751-06 ASE OBSOLETE. NEW
STANDARD IS 75407,

T
2

moa wn

B s [@ ospo0@[ Y @]
—¥- H_E _H _E__

3

4.| |.._ MLUMETERS| INCHES
G o] W | war _MAX
Al 480 | 5000189 [oagr
c M xa5—» Bl 3p0 ] 400 (0350 [ Q157
SEATIHG G| 135 | 175 ] 0053 | 0.069 |
BLANE Y O | 033 | 651 logia{gge |
= i bereg |/ e L} N - Lcipssc |
= H | 010 0250604 Tag
J 1 | 0.0 (0004} —J | 019 | 025 [0007 {0
H- —»lle—p M J k| o0 | 127 [0018 [ 0.050 |
] ol _a<] pe} g=
H| 025 | 035010010 40000 |
5| 580 | e20 022 Te2u

[@]oes 0@ [z] YO x@]

SOLDERING FOOTPRINT"

000 0=

X |:| |:|
0.6 ‘_I F 1.270
0.024 0.050
SCALE 6:1 [ﬁ}
‘Foraddtional intormation en our Pb-Free strategy and soldaring

delals, ploass download the ON Semicanduciar Soldering and
Mounling Techniques Reference Manual, SOLDERAM/D.



LM393, LM393E, LM283, LM2903, LM2903E, LM2903V, NCV2903

PACKAGE DIMENSIONS

Micro8 ™
CASE 846A-02
ISSUE J
b— p— NOTES:
1. DIENSIONNG AND TOLERANCTNG PER ANSI Y1454, 1882
F 2. CONTROLLIVG DMENSION. MILLIMETER,
3. DIMERSION A DOES KOT INCLUDE LIDLO FLASH, PROTRUSHONS DR GATE
BUFRS. WOLD FLASH, FROTRUSIONS DR GATE 3UFAS SHALL KOT EXCEED
H 0.150.006] PEA STE.
E 2 4. DINENSION B DOES KOT INCLUDE INTEALEAD FLASH OR FROTRUSIDN.
INTERLEAD FLIS) OR PROTAUSION SHALL NOT £X0EE0 0.3 £.010] PER SIDE
5. B4€A-0 | DBSOLETE, NEW STANDARD 45,

i MILLMETERS WCHES
['T:3 NO“ MAX MM HOM MAX
PHID e—-—l |-— — 110 — — | oom
berL

005 0 Cﬂ 0.15 9.002 0.003 0.008
1] o8 000 @] T[ 6 ®[AD]

a40 0010 | 0013 0016

.13 \8 0.2 0.005 | 0007 0009
90 .00 310 0114 O11B Q122
00 N 0114 | 0118 0122

0.65 BEC 0.026 BSC

x| la [ 2= | |2
el | (i !r_l-]z
R
]

040 0% | o7o 0018 | 0021 | 0028
475 49 | s0% 0187 [ 01 [ 0599

jT 137 =l -1

RECOMMENDED
SOLDERING FOOTPRINT*

o
. 8x 0.48—>] = ro.&o

Oooo

5] fo

PITCH
DIMENSION: MILLIMETEAS

*For additional infermatien on our Po-Free sirategy and soldering

detalis, please download lhe ON Semiconductor Soldering end
Mounling Techniques Reference Manual, SOLDERRM/D.

Microg is a Irademark of fnternational Rocifiar.

ON Semicondustor and uare trademarks of Semicondkd or Components ndursiries, LLC dba ON Semiconducior of il suteidares in the Uniled States and'or other couniries.
ON Samicandustof cwns e Fghls 10 a number of paten s, bademarks, oopyrths, trade secret, and othet inkstierliad propery. A Isting of ON Semiconduclor's product patenl
oiverage may be 200es sed al W nsermi pom 5 1e Ddl Palenl-Mardng pdl. ON Semicondhe b reserves the (ighl 1o make changes without Linher nelice 10 any produd s harain.
ON Semicond.ctor makes nowaranly, representalion or guwranlee regarding Lhe sulabiiny ol ils products ko eny parficuby purpose, nor dogs ON Semicorgucior assume any Tablity
anging oul ¢f the applicaion of usa of any producd of dreuit, and speaically dadaims any and af hatliy, mdudn; munul Iimitation $pécil, tors equential or incidental damages.
Buye: 7 ceeponsible for i produdls and applieabons Lsing ON Semicondurion produdts, Indudng complance with all lsws, requislions and safely requioments of stendards,
regardiess of any suppod of applicakons nlomation pravided by ON Semicond Typicat whith may be prosded in ON Sermiconduclor daa sheets and of
specbtaions can and do vary In difrenl appficalions and axlusl perfomance may vany over bre. All operaling paramelers, nauding “Typeals® must be valdated ko each customer
applralion by cusiormen's Lechnical experts. ON Semicondudar does nol convey any lcense Lnded its paenl rghls nor Lhe rights of dhers. ON Semicanductor producks are el
designed, Imanded, of authorized for use 85 & eritcal COTPOnaNt in Lie Supon Systems o any FDA Class 3 medoal devices of radical 0¢vices wihia same or simla dassifcation
in & koreign fursdicion o any devices intended ko implantalon m the human tody. Shoukd Buper purthese of Lse ON Sarnconductor protucss for any such uninlended o umLtharieod
appfcalion, Buyer shal indemnily and hold ON Semi ondodtor and ils off cers, emplyy eess, subsidraries, alflisles and d sirbulors harmless against sl dalms, axs's. damages, and

. and reasonatfa altiorney lees arising oul ol dedlly or indwecty. any daim ol personal injury of death assotialed with sudh uriniended of unauthonized se, even il such
daim albges Lhal ON Sermicenductor was negigen repardng the desgn ov manutaciure of the parl. ON Semcandutar 3 an Equal OpoortunidyAllmmatve Action Erployer. This
Meralure is subjec] o ol asplicable aopy ighl Laws and 16 nat R resale in any manner.

lPUBLICATION OHDERING INFORMATION

EITERATURE FULFILLMENT: H_American Technical Supparl B00-282-8055 Toll Free  ON Semkconductor Welislte, weww.on semil, com
Leeralure Distrtulion Cenler far ON Semiconductor USACanada .
18521 E 32nd Pyowy, Aurora, Colorado BOO 11 USA Europe, Middie Eagt and Alrics Technical Suppord: Order Nevature: hib: Www.onsemi oom orderit
Phone: 203 6752175 o B00-344-3860 Toll Free USA'Canada  Phone: 421 .33 790 2210 -
Fox: 303-675-2176 or B00-344_3867 Toll Free USACanads  Japan Customer Focus Conter For addlonal infonmalon, please oontact your local
Email onded t@cnsemioom Phoe: B1-3-5817-1050 Sales Representalve
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Accelerometers & Gyroscope GY-521

Foyaidiaady (Introduction / Overview)

GY-521 1uluga Accelerometers & Gyroscope Fawrsmienildi 2 athduendoatu 1€
Tumgemsapufinnisedoud wae annsdldluntsasisasur i tunsAsuwlasfiante vesunu
Xvz I undhedn fringiiemsiadpuiivinidng Output 193 Accelerometer SRUENAYAINTTIBENTY
anwytiyluatwes xvZ agitvinls us Gyroscope sxtarldnoufiiduduavionouidundouln
wimiy iladnquymis Arswas Gyroscope i]ﬂ’:fﬂulﬁm‘i:]513jﬁﬂ_15lﬁ5_i)ﬂ?l1
AruraiR (Features) ;

o Tflidus +3.3 foas v

8 P MPUBDS0

o Eowsina 12C
nsinluusegnflday (Applicatlon Ideas)

mwnﬂuﬁﬂmqnmﬂﬁwﬁ' wapulwsnqussing
Yonrsssistunistdary (Caution / Warning)

* asvdnmBmnisaoiesliifanisdns
o masBIIBNATIIEUMTAEINNTTR

o Tiastdlvifumuienaisivun



AnEnwus (Specification)
o guugiifisneiu -0 to 485 °C
® RSN 33 -5V
. ﬂﬂﬁﬂuﬁ'ﬁ?’lnn'ﬁﬂllﬂnﬁ 1.8 wmq
® guip: 16 mm * 20 mm

{m3sa¥1e (Dimension)

Mtz50 m

m

20,26 mm
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1 VCCIN 13U +5 Taadluil Resulate 3.3 Tuad
2 a3y ol 3.3 Taam
3 GND ‘Al
4 SCL PN Rnn vuta 12C
5 SDA - wdynnudaya v 12¢
6 | XDAAUX_SDA) DWFYQINEDURA VLT 12001 v i te e o)
7 | xcL@aux_sc) IFOATENT VTR 1200 s crts ot 1)
8 INT ' Interrupt
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{rom external sensors
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3. Product Views

FRONT BACK

e
REEEEFNIE
D

:..‘ '

4"

4, Module Pin Asignments

Pin Symbol Pin Function Description
1 VCC 5V power supply
2 Trig Trigger Input pin
3 Echo Receivar Qutput pin
4 GND Power ground

5. Flectrical Specifications

WARARNING

Do Not cannect Module with Power Appliedl Always apply power after connecling
Connect "GND" Terminal first

Electrical Parameters HC-SR04 Ulirasenic Module
QOperating Voltage 5VDC
Operating Current 15mA
Opsrating  Freguency 40KHz
Max. Range 4m
Nearest Range 2om
Measuring Angle 15 Degrees
Input Trigger Signal 10us min. TTL pulse
. TTL level signal, proportional to
Qutput Echo Signal distance
Board Dimensions 1-1316" X 13/16" X 5/8"
Board Connections 4 X 0.1" Pitch Right Angle Headser Pins

123



6. Module Operation

Set Trig and Echo Low to initalize module. Place a minimum 10us High
level pulse to "Trigger" (medule will automatically send eight 40KHz acoustic
bursts). At the same time, Gate the microcontroller timer 1o start timing.

Wait to caplure the rising edge output of ECHO port o slop the timer. Now
read the lime of the counter, which 1s the ullrasonic propagation time in the air,
According to the formula: Distance = (ECHO high level time X ultrasonic
velocily (Speed of Sound in air 240m/sec) / 2, you can calculate the distance to

ihe obstacle.

For best resulls and maximum range, the Object should be larger than 0.5M?2

the nearer the target object, the smaller it may be
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7. ModuleTiming

HC-SR(4 ULTRASONIC MODULE

Trigger ¢ ]

Acoustic

Burst 8x40KHz

Reflected 7 L

Signal

Output of
ECHO Pin

Propagation Delay
Dependent on Distance

Trigger 10us min. start measurement from microcontroller.

Max Rep. Rate: 50us
ECHO Output pulse to microcontroller, width is the time from last of 8 40KHz
bursts to detected reflected signal {microcontroller Timer gate signal)

Distance in cm = echo pulse width in nS/58

Distance in inch = echo pulse width in u5/148

Information obtained from or supplied by Mpja.com or Mardin P. Jones and Associates
inc. is supplied as a service to our customers and accuracy is not guaranteed nor is it
definitive of any particular part or manufacturer. Use of information and suitability for
any application is at users own discretion and user assumes ali risk.
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