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ABSTRACT

This project demonstrates the design and construction of aided walker
machine. The basic principle of aided walker machine is controlling via switches of the
machine that are connected with microcontroller board by user. There was the set of
commands which were coded and programmed via the microcontroller board that
was controlling DC motor driver for driving motor to control the direction of wheels
movement. The speed of motor was controlled by a PWM signal. The aided walker
machine can move towards, backwards, tumn left and turn right. All directions of
movement can be controlled by user via switches. Moreover, this aided walker
machine was equipped with sound alarm system that would be alerted when user fell
down and barrier found. The aided walker machine could be operated via both manual
and automatic system. The manual system allowed users to control the direction of
movement by themselves, on the other hand for the automatic system, machine
would be moved by tracking of the black line. To select operation system, it depended

on the ability and need of users.
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1 ‘g‘; =l 1 é v 1 - 3
aumwidnduuaznssualnidndrunises lvadnluluveatnauiuutivin (Field coil
v o P v o - . od al @ wa )
as9vmile-1d 9sifinauinuiinan 2 aunu Tusmsden iy AuAuEaNTRYDILEULTY
witndnazlifiaduiiemnsadwasindafunasfiemasorssasuusturilianus e Tu
@ & ot | Vs ar 4 ¢ o q v ¢ 71
MBIINIDITINUNUNAIUBzUNUINAHANeg undugnTuveweime Slvefueesil
2 ﬂ' s 3 & o ¥ d' ygfq 1 ‘ A:f' 1 at
mjulavaziferfinmeiimihimuldiGendilsines (Rotor) Faanemnurin fvyuns

- o v o8 @ a aaa P w0 g u ¢ ] ¢ &
nouIEULsSwWanRaRliuAserenuilinainetiuaeivie Tameiuyuluty

L‘T‘Ju‘l.ﬂmmngﬂifw'ummauﬁa (Fleming left hand rule)

o
s
ar

uRIMBILUVRYNTA (Series Motor) Aeseinasfinevnainautusiindnoynsuivens
wiesvewenesiiatiindiatias (Series Field) figauinuaziinaslvusdngedouldHusy
dswessnliiinsaantes wsulwihaaiiseuremewesoynsudiolifivanmuiiavgs
mnuAtiilnanusie mmanifivvanaswmalnan Inasunvieeuntinaanuiianas us
vamnvesmeneilifudunssanguantatssdsmiunlifuadeddniluthumes
281 19U inSememy nFesaNe s aiulwihdnsduin wieut wawesnsruanse
wwueynsuldvumin lefdelfruminnszuaannnmumiisevarananislifinaninde
ARG UINDTY Lindumnglddeiiy WeGuaminuainesuuueynuisiedivanue
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UM 2.5 2sasmevinnurswewesivinseasauueynsy

UBWBSIHAINTEWANSILUUTLIY (Shunt Motor) w3BBENnITuviuewmes usimesuuy

J 1 [ . i i s « (3 a‘l‘d
TUUYAEIREUILIMaN(Field Coil) 9EADUUNUTAAIN YABINUIBSUBIRNDTUUUTUULL

s

al P A a ) ' e ¢ | Y
At ﬂﬁmguﬂqqﬂL%QﬂQWLL'NUﬂﬁu UHURN uﬂﬂ']’mﬁ'ﬁ'au’ﬂﬂvmu‘ﬂllﬂLma%ﬂ']u&ﬂﬂl“ﬂ'wﬂU

a ar

= a v o o v
J1UANU WABULNIIENADUNDINIT ﬂ')’l:JL";E'JﬂWLLaSG’I'mﬂ’mUﬁEJ‘LJﬂ’J’uJLg’J‘Lm’IU
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Arm. Shunt

U7 2.6 2ssmaihnuuewesiiiinssuansawuuruiu
wewnaslinilinszuanswuunay (Compound Motor) iai3enitneuUnsueines
& ° a el
vawmeilihnszuansuuunauissnudnvar i vemamoslniinssuanss wuuruy

LazuuveynIuTINiu namesuuuNas i guinvusiivavAsiiusadngs (High staring

v
ar i

' < P @ Mo @ & o < s
torque) unmanIIseuA awusdilitiluanau nssnadilvanfiud uewesuuunauiianng
sievnmINTUIUMTRYRAINTUYIRY 2 35

384 1 19seraalauvudunivuiuiuenanaesi3ond sendusi(Short Shunt

Compound Motor) flagt493



Series field (Finfaa)

O_rm\

[tl-‘l'l-ufll.-ﬂ-:l‘ij l;ﬂﬁ*iﬂ‘l L
Arm, Shunt fiald =
L

—

O

JUN 2.7 1esmainuuemesininssasauureindurinenurinueines
o a & a I3 ' ) '3
2091 2 ABADUAIA YU IUNUVVATINDYNTULALUAAINDUNIRBSITUNTT aoatunAoy

Unadeines(Long shunt motor) ﬁqgmwa‘

Series field (Fadan)

JOTIRIaE)
Arm.

(Eunian)
Shumt field

— h

Ui 2.8 2vsmhanaeweiihnsmswuuasuiResU Inueines
2.2.2 Arduino
Arduino fp veialulasreulvaiaesnszga AVR insWauaLuL Open Source Aed
mslimnedeyariadinu Hardware way Software Tnudw Hardware Ae vosadidnmseiing

- 1 3 ¢ o oo w
wmdnannsandeuirennmldavanlaeililaseoulnsaesifugunsaindniiddouas

L

figunsnididnnsedindsirequiuszneusaniu seunludity Software fauesa Arduino 1y

=

vesanlglulasreulnsaaeffaiudldnvasn winuuiedtu a1 C/Creaadiunisn

[v) <l [l v o as . 2/ ] -
dmiuilsulysunsufiunsvaie fdausauese Arduino 3ea1unsalderuleineg Jamuiy

o a v o= o & Y] Y a a o ] & w
dwiudisududnwiviedfldnudiamnsodauvas iudy Wauidesenniveianie

U

Wsunsusialednsie
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Digital Ground
Digital 1 /0 Pins (2-13)
|

Serial Out (TX)
Serial In (RX)

Analog Reference Pin

MADE
| IN ITALY
: - oy -
! i'—'_ g 3oy e
USB Plug — '
- >
wmme ARDUINO o Reset Button

In-Circuit
Serial Programmer

ATmega328
Microcontroller

External Power Supply

Reset Pin
3.3 Volt Power Pin

5 Voit Power Pin

Analog In
Pins (0-5)

Ground Pins

U 2.9 Arduino UNO R3

mszmnuazhidudeuresuein Arduino vhldaunsaregunsaliaduseifegn
avmnilufedldnuannsaseinsdidaneliadaneganmeusnuddoudeiduniian 10
vesveiavIansaiiendeiuussaEdy (Arduino Shield) Ussinnsinag \wu Arduino XBee
Shield, Arduino Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino
GPRS Shield tiusiu umdsuiuueiauuuesn Arduino udndsulusunsuianisels
> L

i I

UB3A Arduino Mega 2560 ewilauiu Arduino Mega ADK safumsaniuuuasalyl
31 USB Host 11l nslusunsusasiasvieinulusinaea UART agunveialiduled
lulasmeulvsiaediues ATmeea2560 Wiuuesn Arduino feanuuuIndmsunLidesls 10
' 5 ' Ay o < &
AN Arduino Uno R3 1 1uiideantsiudyqinin Sensor wismunuueinef Servo
wae e vl Pin 10 wasuada Arduino Uno R3 lsiannsasesduld vsiluedn Mega 2560
R3 dafiennuviigmiusiwuy Flash 11anda Arduino Uno R3 ilanunsadeulda

v ] d 1 ar
TUsunsudnlulaunngn Tuasin$ives MCU 7 winfu
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JU# 2.10 Arduino Mage 2560

dayaduwne
Fledlulaspaulnsiass
Teusesuluifin
s895UNISTIBLsTULNA (Fuuein)
5095UMseusIUlnN @d50)
Wosn Digital 1/0

- WB5A PWM output
Wo3M Analog Input

A 1 «
nizua‘lmlﬁW'i';uwmﬂ‘lc’ﬂunﬂwmm
i

nsrnalnirnewlalunesn
Fuilusunsunely

- M8 KB g]ﬂ'l‘ﬁﬂa Boot Loader
X
WU
&J A 1 o
WUVUIEAINI01S (EEPROM)

AINDATANA

ATmega2560
5V

7-12V
6-20V

54 wWoin

15 w5

16 wosin

40 mA

3.3V 50 mA

256 KB

8 KB
4 KB

16 MHz
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a4 & .
2 n1 WUFIU Ardui
Arduino T¥ughudnvarnsuuifniuamn /C+ Aaiuiaiilaseadramiteuiy

o

ANC/C+ Mluenihlihedemsanwildoudmivdnsianugnmn ¢/Cr+ dmiug

L ¥

- I 3 o w o w o« =t o o e 4 R o o P
Gald Arduino fivdndadgfidiesfiteaiumdaiugiu Arduino fiinslusisaiweslagniin

& 5 — ] - & [} o o .'; J &
(Preprocessor directives) Aadiunnsulwaiaesazyinisuseananawasynuddanouiiay

= v

=l I ) & - = % = - w [ '3
finsmoulwdlusunsy drudaziSuseinseanutslainiin directive) niodyanwal
<l a4 ) vy d o & H&HAw %) o o -t | &
LASBINUNYFAVABY # LAaINIUAILTBANFINGBINISITIIU USBRIMUR m’lumuuwaq’lu
dauvuga wisduhveslusuns uasdeseguanitsitundnlagfinudilvidrleseqiude
. o o a < A o 1Y ) - W oo 2 A o
#include 1urdaildddalndniouen edunlefaisy NIOMINUSNUNTATIVT oAU

Pl

o " {)

fetuty
#include <Wire.h>  //81994lwa Wire.h Iﬂmflu‘l.auﬁﬁ’ug‘mﬁﬁaq’lu Arduino
#include <Time.h>  // 81984l Time.h Taeifulaudiugruiidedlu Arduino
nsg1sdsliidainnielu wislndlavrsndegudalu Arduino wieilulaundisui
wluies azldinSemng <> lunisasendslndls Tnslusunsuneyinaaasozidnlainey
awnsalumibidiidedanlulnameslavidthues wazludnnsdidhresntssredalndiiegly
Inawelusian sxlfiniemune ™ adeuuny dwenlndiaeserialy wilwdilay $19d9amn
Indlusunsuiresilndiaesegronnifutinmamnsie #define [uddeilfunutoninui

o< v ol

o v v 2 - o v o v o -’l’ = el E a e ar
Awuald setonunivuall danslddsd demnelifinissedatusalusunsuias

¥ =

4 N1 TUA fine NAME VALUE

s ' 1

AIBYNLYY

#define LEDPIN 14 // laiéinin LEDPIN szagdlavedldnlusunsufiniy revlndiasios
e 1 v o v o Vv Y & =& P a X 4
WMUAT LEDPIN melav 14 unudstedneisibidesasiaduiudsiunniieidesiuiusy

1 o 2 & o v =l v 2
uavfataglilusunsiienniiiudndemsedigliseduvedeyauranusuvarsqnen
dauvean1simuadl (Global declarations) Wuduildlunsfmuseiindudsuuuuen

¢ o €O o cao o ° al v '
it vieussmeailaidu telifliiduivssnmeannsadmun veGunldldanvndiuves

Tsunsu 1wy int pin = 13; // Ussmedhudsuenitedu Heidu setup() wasiaddu loop() AiB
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o o L) =

FrdaiignUedulidesiilunnlusunsu Tnofleddy setup) Dudledduusnitgnizenls 14
Amuarsiieg Amuavilumsldenlidu input w3e output wiauduldelauadsiieg
wiu Tuilarddu setup( axildnda pinMode() Lﬁiaﬁwuﬂ'lﬁm'lmqﬁmmﬂuﬁ%maaﬁuvgm 30
widnalasmsimualudiudszimmaiivsndudeaindy dauiteisu loop() aziTumaridu
emmdennitaidy setup() Idvhamuadaduluud lagmsvhauesiinisuguuuuliidau
TWiesqienanldduileftsidu loop) vhammmdrdansuuda Haid loop() finzgniien
Puldsnfuuuuiludesy

OLNLY

int pin = 13; // Ussmafudsuenitedi

void setup() {

pinMode(pin, OUTPUT); // ﬁaﬁﬁ"usetup()ﬁ'muﬂ'lﬁmﬁ 13 Lﬂuﬁ%mammﬁwm

}

void loop() {

digitalWrite(pin, HIGH); 1/ Wi loop0) Hnstvuslivesn 13 Taodnidu 1
delay(1000); /7 Wafi¥u delay0) Tunnswianan 1 3unil
digitalWrite(pin, LOW); // Wineda 13 fanuzasiniu 0

delay(1000); // M@ 1 Ju

}

0 '
g o o

nsegnanaiTluilaidu loop() ieaudds aviduviniledsu loop() TusiluiFeee
naitlddelwnsewuuuuesn Arduino Uno lunedndt 13 vhenuudlidauiufernumng
89 loop Msaiefandy uazni1sldarutleddu (Users-defined function) ﬁﬂgdﬁﬂaﬂﬁﬂq
nwluilaidu Fesegneliniomunelnania { uazdnntn 1 windu aeldindosmne o
wannsahfaidunderddlagflduldly uisdesduusiazididnoriomnawiladeu

; Tngasihimdwimualivssvinfieatuas visunussiatuslaifeauaisnuvedlas

o ] 1

AIDYNLGU
void Mode(int pin) {

pinMode(pin, QUTPUT); // Waﬁ'ﬁ'usetup()ﬁwuﬂ'i,ﬁpinﬁﬁmuﬂLﬂuﬁ%maaL@'}ﬁﬂm

}
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void setup() {
Mode(13);
}
dauedurglusunsy (Program comments) finv1ununedneg1931n13aeuLiy
Tsunsududuidfyedrannitastreliililddeulusunsu vaaiugideulusunsy
ilsluslusunsuldietulavanunsasildanaeusiu wnumshaudlalusunsiiae
suuazileity Tnsduesunelusunsy vieduasandiug shifinansenulagfuauinves
Wsunsumvasneulng ﬁustqsdauﬁwgnﬁ’ﬂﬁqﬁ"wuﬂLﬁmmnlﬁlﬁgnﬂ'ﬂtﬂij’uu laeaviing
iisuAdlnalAnveslusunsuaslvgFuan fiinnsmeudiuldnwesq sunfasiudun
frdnus safunsaeusiuldnslifnfuiinntn us HiBouwuniireuuildnlidy uas
nsvfuiiteliifinrumalunsvheudile nmsaeuuiulaniieg 3 gUuuu Aeilndae /*
uazlasng */ waswuugaving // Wumseeusiuldauvudaussin Aensuladiselaill +/mse
e fueeudiuimun
o o & 3 i I
e pinMode (wn¥iagld OUTPUT ) = ﬁaa’n‘lﬁ’mﬁLﬁuLaﬂﬁan‘lﬁﬂxwzmaaﬂu,as
fInoa
+ pinMode (w7Reld INPUT ) = ﬁ'an'ﬂﬁvﬁuﬁuﬁuvm’[ﬂﬁﬁqa YUIBINUATATINDA
o digitalWrite ( wiflevld dnusiiozuans ) = T%ﬁawﬂﬁutﬂutaqﬁwﬁ%maa \¥u LED
198

v a

o digitalRead ( viilald ) = Wdandusuduwvndnea iy sindnn 1Wuiwedianes
« analogWrite (17914 ) = T¥dewrdubuieniymewaen 1wy ICruauAImIS
L4
GGG
o Vo 5 v a 1 = v [3
* analogRead ( v1¥9:ld ) = Tgdawiuiudunmeunaen 1wy Riffensi LOR uiwes
TMTTHINN
1 & a aa =l 174 i [-J ] o o ar 1
o delay ( namnluiiadiuni ) = lombnavhaunewiheusdsely

e delayMicroseconds (nammuaedulalasiuii) = Wnirsnaivineunesurineu

Andasialy
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int = Misdadudsdmiufrmdusimiuiemiorsuiiuiauteddely
n

char = Tﬁﬁq%aﬁoLﬂw’ﬂ'?ftﬁuﬁaﬁﬂws(ﬂaaﬁuﬂ'ﬁ'tﬁué’ﬂwﬁ)

Serial.begin (9600) = MaAiSuduiteRnsedoasfunayfanessns15296000nse
M

. N «.° - Ve & o - ) "o @
Serial.print (“Ayn”) = lHRuvidyaieliuanmavussnouwuuliiuussin

'
o <

Serial.println (“Aya”) = dRunmyaRelilanmauuIsrsuLUUTLUT YA
Serial.available () = lns29aeuIniimsnafduesaviels
. 2 1 Ll ¢ o e o A:l L7 -
Serial.Read () = M98 wiuAdueiamdsiinedeiuadneans
FOMIMUT+H = INNAMUUSHUNRENIN = +1
A w W & - =
Fomuls—- = andwvnuniuiiavmils = -1
/ =M3
= AN
v

+ = Ui

Mufu@msaldIsuiisuimdsiuadetlalisniudeddfusiianvie

=-

=== |
Wisuauwmileuiy
% = MTLONAY LYY 6%3 =0 LWL 6 M5 3 a7 ,6%4 N5 6 15 4 13 1 wde
Pt
1= = laiwihiu
pi = 22/7
pow(x,y) = EAAIAY 11U pow(2,3) = 23
sqrt(x) = sInTices
= 31NN
< = UpEnin
= = INNIUTANNY

<= = Ypunimsawnfiu
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dudeaiud
nd hi
do
{
J/enda 1
} while(Foula);
/A 2

unensrenaliud while st raisafldtiuudan sivdrds 1 iledoulusineesenie
gndies Tiviaunusids 1 dedeulluwhiledsrniuats uiddoulviuli@usidusunsy
fogugavhinds 1 udaluvinmudnds 2 widlaisidnds 2 Tsunsufferugaviauies
A |
iftfeuly)

//Andq

MUEAINNTI ﬂ’]LJJEI‘lﬁ 7 aulﬁnﬂmamsamuﬁqﬁ'lm'mmmaauulﬂ

3 Fds if..else
if(Feuly)
{
//Fds 1
Jelse
{
//fda 2

1)
o

mngeni dudlslwsiiudeuligndeneiuaiiiiZuvddd 1 Tdudsal
\WuaSeflivhendadt 2 selurou
4. pda if..else if..else Tneiedsilannsaselulfidesqouninaewela
if(Jouly 1)

{
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/76784 1
Jelse if(Rouly 2)
{

//fda 2

Jelse

/A& 3

} lUiFenq

'
s

| 1o Y o Y oA d  a va o o w oa )
AUl ﬂqlﬁalﬂiﬂuULﬁau1ﬂ 1Qﬂm'EN'Vf'iﬂlﬂu’ﬂiﬂmﬁﬁquﬂ']ﬁ\'lﬂ 11@ OO

| a P = [V | P - o o o = 1w 1l a o
Tidusdefluasisaeuiitoulan 2 dudeuled 2 Wuaseiviendsd 2 uidluiuasaraans

o e o o & o ¥
Adanavyindndad 3 WunuuilluiGess
5. Ad4 for loop

- q' 2 d 2 o 4'
for(ReuluFudy; Reulvgeing; msviuvesdeuly)
{

/A8

}

=l

1 ) o .II H 1 aﬂ - 3 v o n'a 1 : ¥
wvadn TwvinandsilaluauninReulvavifiussrsuriazde lnedduvatos s
ANUFURUSTulaenTIfae
=4
2.3 nqufaunsal

2.3.1 usmainszaniniin

U 2.11 weimednavaninih
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wawwasnszanlwinuvewesiniinssuanss wiefduenes (DC Motonsiianils
& ¢al s v a v e P ) '
Wugunsaiiuamdanulwiiidundsuna Tassadraneludduemes Useneushedau
wang desdiu laun wiwdnasuazunuuaans wenainfideiiuusedu (Brush) Fadudu

§ I J al as sl 3 § ar
Wausaliesundnulnihaeusnludwnainueswenes Wevnaialasulniinssuansy oy
-l 09 Vv a & - P -l ° & A
gnienhlilieauuudindnseu vaan uenanfluawmesnszaniniinsianuiele
TisrelWlvifunewmes waweiarhivhouuarliannsomuld naAevdenllaaIsony
[ ] ¥ as L2 A i 7 [

loonlssnelwliiuueines Lummn:uaLma'ﬂwﬁﬂﬂizuamiqﬁi’nmgnuaz‘lmmma JanunIs
huamesininssuanse wldauldvainvans Wy veaduaundn $nseulnii wuuna

) d s 1
Yiusuduaziatesinsiieg Tulssugnamnssy

2.3.2 aalsatansiuan

= v
JUN 2.12 Gelsawmesiivan

v oA w & yvy o a ¢ o g vy
(] ﬂE]'JVlQE'U’Nﬂaugﬂﬂﬂ‘hﬂﬂ]ﬂLwaqﬂﬂﬁ'L?mi!ﬂﬂUElnﬁ'N YI'IIMﬂEJﬂ"IN'ﬁﬂWJ*U'ﬁE]ULWﬁ']

v qv 9 d gw A | & v o o
1 dnlfusznauiusuwmunitelifiadouiilalasireuuity delutlagtuiioguaitiuy wane

1 v =l

° @ ' o < o v vy O g L ¢ a
wwlagvihnnTagransagtmunnsldig iy deintouridaelsl deutin desnoud fevdl

& v o w | val o a %
g0y desalwiviviemdn deldgivieinwanadin Wudu wilulasanuillédelsa
Wesiuan 1uInd.5 U mu12.5 cm. Suhminlége

2.3.3 a1lna

U 2.13 dilwa
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o - [] RJ o v L %3 -l o
anlws 1 WugunsallniiBanaatandds vimhudasdaralwilndudes ety
o LY [ 3 a @ < al =l & -1 ] -
vanguuu dlwsiuiliuesiuszneunddglusruuaisades losflvuaruddnvilanes
3 1 2 1 3 LV n..’ 124 al' ] ar v n‘ " a
wislngunadurigudnatsiuduil Ineillassadfunnseiy waslfidosfiunndiatu
13 ° = v [ = ] 2 [ [ 1 < =i I:.t’ 1 4 o L4
fe m‘lwwzuuumanmasmmaq NIBuMaNULAUUL-81 da9siiunulnaduuimiuuuyinli
- [ i i [ =1 ' 1 o 1 [ = = 1 [
WNALUUTBIINUATY LTUNNANTUTINTIYRIUNULLEN (Magnetic Gap) BuTILLinan
5 1 s " o ﬂ‘l’ [ v L4 o €0
LAYz )NERTINNUBE I MUILILTIATIT Husiwanivunadnasliuseios (aden) vum

(3 a =

vgjaziiusaunn (Tadge) Tulagtuesildinsiiosnuuuliiiindgaduiim Tneldusivgn

u
alvg) LavuuUUIzdeu 2 w3 3 Yu srldindiigetiu

2.3.4 \wuwaiasiauuds (IR Reflective Sensor: TCRT 5000)

UM 2,18 wulwadazviouuds (TCRT5000)

lugagurazviounduvasuas 19w 3.3-5v imunedwiuldiu Arduino Tiesing
- aa w 1 oaw [ S Ve v ov o \

29NU1 2 LUUABKUUAINBAAILTAUTUATIABINSLA WeA e ulatasesundaintsiads
A1 1 sanun drdtliifissziunasdeen 0 sanun warBnuuuAsiesimmuuuesunden etusls
Judaiaw 0-1023 iedayqrallwluga 0-5v

anusailuvssenddunuldvalsuuy iy

o THlunsnduiduduniudmdmiuse smart car

o TuainduuulSduria

v g ¢ o o
o 9 Juwwwasuanidssiniseu
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2.3.5 Wwulwessansledia (Ultrasonic sensor: HC-SR04)

U 215 \wuiwesdansilaia (HC-SRO4)

Wwuwastinsansileiln (ultrasonic sensor) Wueuiwes (sensor) ivinaulaende

'
o3

d' =l ei 41' » - - & 4 (] A 1 Ve
AAUEINAMAZINIT 20 Alaldsn (kHz) 'uaLﬂuﬂauTuﬂwwuqvtﬁumminlmautﬁEN
3 - a’ - o Qs - A ad' a: -l s
wuwaitindanstlelinyitnulaseduniinszane nsensiedsunvesadudsslunsenuiu

WuHIT89RINaN Feo1aduvedaniauaunal UNaILTeInaudsessunsnaululy

v
al L3 @ =l i

v g o ==l < < ; Y ,
minaneiy uazdulngvesrduamnuigiiavasiounduienin "Echo” Ineiaaanvesnis
v ar J U 1 ar ] ' ar @ = Qs
agvounduresrdudsutiudadiulaenseiussesissenindingiueuiees deuldsans

leiinwugeidwiumsinszesmavesinguienmsinsziureavan anefuingléinarsnin

a ol o e

Lz iuingiiinuanifnisdangunienaaudinisgaduide 1wy i duss Tiy vie

: - LY e @ : e a0 2 al
Hon uarilpsnanvasnsavisunauvedssusg fugunnnsenumilidssnssangly

- 1 o 1 e ar ot [ 2 ] ° ] [V daa a =
Tuiiensing 9 Fslimnzivingiiidnwusduiouliadinaus dwmiuingfidfinGouaiy

P | ' v X o ¥ T P ' P v
laﬂ\“’]lnﬁﬂﬂiﬁﬂUﬂ']u.[“fyﬂzﬂﬂwaUﬂﬂﬂ'ﬂqﬂwuﬂquuaﬂqQﬂﬁxLUﬂ‘U Fl'lﬁ'ﬁ:JLV]ENWiW‘ﬂﬂi]’ln

n13inazdifngunnnin lagdwmiseusuigeinnsaniuiuivesingaliuszansamly
2/ = [ o e | v ol ety a2l g
nssevpunaunduIngwiTuniige Tuannzwndesiiiduazeswieiilevrlusnia des

onagngaduluiuazgadendanilvluguvemdanuamuieu
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2.4 NN N3

JoaTunanu dieifeavin
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Fomdesuniarg

srvuuludeu
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o[- e

ma f |
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4.1 MTINFYYIUAIUANNBIABSINHIN SRS
4.1.1 nvaass
' oA o o v o
1. sorasinedadgygrunldaivauaiiuiiivesweinefiniinssuansa
@ o
a9 JUN 4.1
@ e v @ <
2. Tarndgyananldmuauanuiiiveswemesiniinssuanse o s
AR AIITIIUNEN wazA IS IdEnTRBIBIRe Y 2 Fy

3. vionstudindndygamldmuguanuiivewemesiniinssuanss o

ALTIAN9

PWM

<4 ¢ a
LATRNT2ELAY

GND

& d ¥ o
U 4.1 wesiieTadygnamldmusumnnivewmemesininsvuanse

4.1.2 wannaaay

& o

a 7 P O A a
Fyarauiilimuauanuiiveweimesinfinssuansed Taud 980 Hz tuded

| e = ) A al P a o A
AULIAWYIIAY 1.0 ms Fedewdudyaas PWM 713 Duty cycle uansineiuly gl



#Araniadngn
- yawesauged Duty cycle = 19.92 % w3 Amdu 0.1992 ms

- UBIMBIAUIIE Duty cycle = 21.48 % u3e Amdu 0.2148 ms
DSU-XA, MY52167134: Tue Nov 20 17:25:19 2018

Agilent

PR Ty
Measurements

D Coupling

U 4.2 Adyies PWM fisneliueinesiudne o Duty cycle = 19.92 %

DSO-X 20024, MY52167134: Tue Nov 20 17:24:41 2018

Agilent

Lequisition

Channels

.
Measurements

U 4.3 Andryyins PWM fidnelifuaime g o Duty cycle = 21.48 %
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- yawmeiAuLell Duty cycle = 27.73 % vise Amdu 0.2773 ms

- YaIRR3HUYIE Duty cycle = 29.32 % u3e Andu 0.2932 ms
DS0X 20024, MS2167134 TsNow 20 17:3743 2018

Agilent

ton

Channel:

Coupling BV Limit

U 4.4 Adyaas PWM Fidneliueimeidude 3 Duty cycle = 27.73 %

[S0-X 20024, MY52167134: Tue Nov 20 17:37:33 2018

Agilent

Hequisition

Channels

Measurement

Ui 4.5 Adyaios PWM fisnelifuewmedduen #f Duty aycle = 29.32 %
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firudagegn
- uswwesiugeil Duty cycle = 35.31 % wis Anu 0.3531 ms

- UBWBTAILYIE Duty cycle = 36.72 % w3a Anidu 0.3672 ms
DS0-X 20024, MY52167134: Tue Nov 20 17:26:09 2018

Agilent

Acquisition

Measurameants

Coupling

gﬂﬁ 4.6 Adyaes PWM fidnslsiuaiwmeianudie i Duty cycle = 35.31 %

DS0-X 20024 MY52167134: Tua Nov 20 17:25:09 2018

Agilent

Acquisition

Channels

Measurements

gﬂﬁ 4.7 mdyayins PWM fisneliueimasdnuemn i Duty cycle = 36.72 %
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4.2 myianszuaiuaimasinfinssuanseld
4.2.1 FNINAADY
1. fimnsasiteinnssuaiivemeiwinssuansdlds ;;ﬂﬁa.a
2. fanszuafivewmeslninnssuansld o mnandasgn auidavaunans
uazmmn%qaqmamama%ﬁa 2 s filmannnse 0 (no load), 1.5, 3, wawd.5 ke.
AUARU
3. vinstiuiinssud s armisaAeneg filwann1se 0 (no load), 1.5, 3,

uay 4.5 kg. MudAU

+ -
®
: 12v
— hh o
LATRITAELAY
GND

=i i a I~ [
JUN 4.8 2o innszuaiuewmeslninssuansald

4.2.2 NANINAADY
firruiadngn
- uamBA UL Duty cycle = 19.92 % 5o Andlu 0.1992 ms

- 1R IUYINE Duty cycle = 21.48 % w39 Andu 0.2148 ms

< < & v gv °
MT1eh 4.1 nszuafuawnestiifnssuanseais 2 ¢ 1 e auashgn

Load Curent |  warlumswaoud 8AINIINNTIA
(kg.) (A) (sec)/60cm. (m/s)
0 1.48 9 0.07
1.5 1.65 12 0.05
3 1.70 20 0.03
4.5 1.72 20 0.03
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NAMULSIUIUNEANY
- uaweIAuEeil Duty cycle = 27.73 % vie Andu 0.2773 ms

- UBWBIAUIINE Duty cycle = 29.32 % wip Amidu 0.2932 ms

o a o @
A5 4.2 nszuanuewesiwinssuansand 2 o 14 e amnasiuiunans
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Load Current nanlumsiadaudl 8RNI INMTIA
(kg.) (A) (sec)/60cm. (m/s)
0 1.70 5 0.12
1.5 2.62 6.5 0.09
3 2.68 1.2 0.08
4.5 2.80 8.5 0.07
firnandagegn

- dawesaugiad Duty cycle = 35.31 % vi3e Andu 0.3531 ms

- UBLBIAUYITM Duty cycle = 36.72 % w3n Anlu 0.3672 ms

] = 1 v qu ‘
A19197 4.3 nszuainewmeslwihnssuansaia 2 i 19 ar asnudagean

Load Current narlumsiadoudi A3 NFINN59A
(kg.) (A) (sec)/60cm. (m/s)
0 1.80 3.8 0.18
1.5 2.66 q 0.15
3 2.90 4.3 0.14
4.5 3.38 5 0.12
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4.3 NMINAFIUEHYYINTU-89 vausuwesdanslulia (HC-SR04)

4.3.1 35Mnnaes
1 d s ar a ) a d
1. ponsasinelndypnneugesdansilelln (HC-SRO4) fia Juna.o
o o 3 =l LY P 1 -
2. I9FEYIUNYT Trig INBUNULT Echo N1528¥¥18 10 20 War 30 WuRlung
MNUEIAY
o o = 1 a = = - s ' i
3. MMTUUANANEIYY NN Trig NeUAUYI Echo ti SE8ennerIfngeg

$Echo

CH1

Oscilloscope —
CH2 %

& Digital port

Ul 4.9 2vsadynamnieuiseisansleila (HC-SR04)

4.3.2 Han1InNaes

INNTVAABIANNINUIAIMATIVBY Pulse width wdTwIanssasviasle a7n
YN = (SEOraxenInSde) /2 m (4.1)

31 Snsudades = 331+(0.606xgaungiimiheeirmivaides) m/s (4.2)

guvilvessuinalng 27 ssmwaidu
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NITHENN 10 LYUALUNT

- Pulse width 593.9 us %"aﬁmf}uixazmqﬂizmm 10.315 WURWUAS

DS0-X 20024, MY5216134: FriMay 17 17:02:08 2019

— bt e

Agilent

Channels

ant Prleeiidrs = «o{Frhe PIN, AIGH):
int Mmtacce = PulssRuidin < 0.007SE31:

{"Pul

P e | ¥ daunard Wakeecky > Midnd  « | Cloomipd |
D) 2 —1

B W O "=
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- Pulse width 1.1797 ms ﬁaﬁmtﬂuizaxmqﬂizmm 20.489 \WURLLUAT

DSTJ-X?]I[ZA,MYEZG?S‘!:HMB; 17 17.01:53 2019

Agilent

Hoquisitiorn

Channels

Measurements

fortacre 19 21 .

(PaleeRime: ia 1165 zn.
losamce 18 20 &,

a1 Priseliarn ia LY5H Te.

Telnteniy « SR

v ooy |

320%™ s W O SIE
3UM 4.13 #" Pulse width

04
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- Pulse width 1.7538 ms @efniduszesvnelseune 30.460 LWURALLAS

0S0-X 20024, MY52167134: FriMay 17 17:01:03 2019

Agilent

quisitiorn

L il - LI S L0 T TN TSR RS
Ecd Sietch Tools Heip

B CIAD et Terane Ures)

frsmamee ix 30 o

PaiseRits dn 1750 na.
Tostastr 2» 30 o2
PulestRifes ix 1744 na,

P * 7 huwemd Whetrdry » Wildadl <~ | (hsamed |
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4.4 MINAFBUNITATIDUNAIVD LT UIYDIFIDUNES (TCRT5000)
4.4.1 F3M1NAA04
1. finsasiftennanunisasioulaswonsuweiarioulas (TCRT5000)
fa Ut 4.16
2. Sausssuntldnnnisasieunasninduds wasidudvn

3. JUNNNANISVINGDY

Oscilloscope ——

= - v ¢ o
JUT 4.16 299TEVIAdBUNMSALY DULAYBIYULYB SaETIoULAY (TCRT5000)

Analog port
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4.4.2 Nan1snNaasy

WWUAAN WsaTUIINNTITETYiouLas 2.4821 V
DSO:X 20024, MYS2167134: Sat Apr 20 (25506 2019

Agilent

Aecquisitior

e

Channels

Y e

- e R S S L U il

S0Urce ) Type Add Setting

a4 (TCRT5000) agvisuiduas

o ' @ o <
FUN 4.17 Aussiudisigusesasvioul

WWUAY? USRUINNTISTASTEULEY 110.2 mV

DS0-X 20024, MY52167134: Sat Apr 20 0255:22 2019

Agilent
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Channels

el
e ey

Aone Srannte
Measurement
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gunsaldmiurineiasneifu
gunsaidmivveimastusemesnssuanss dwmiuuewes 1/
- TIP142
- TIP147
- BC547
- 2n3904

1

- Resistor 20 kOhm Z W
1

- Resistor 10 kOhm Z W
1

- Resistor 220 Ohm Z w

- Resistor 120 Ohm iW

- Diode SR540

- PIN Header

- Heat sink
gunsaldmsuutasli 12v 18u sv

- LM7805

- Capacitor 100 u

- Diode 1N4002
gunsnidmiusiaduaing 1 /i

- Resistor 10 kOhm i— W

- Capacitor 100 n
Microcontroller (Arduino mega2560)
Ultrasonic sensor (HC-SR04)
IR Reflective sensor (TCRT5000)
Walker
uawmesininszuanss (wewmesnsvaninii)
aslsalansiiuan

AlnsruIaLan 12V



wimdngs
naasdmiulduesa
WURABY3 12V 9A
Switch on-off
Switch nada Uasaau
R Usuale 10 k
aglvunengg
Viaua
wUana
deil#lunsauay
#define Trig_PIN 32
#define Echo_PIN 34
int pwm_out_leftl = 2;
int pwm_out_left2 = 3;
int digi_out_leftl = 22

int digi_out_left2 = 24;

int pwm_out_rightl = 7;
int pwm_out right2 = §;
int digi_out_right1 = 26;

int digi_out_right2 = 28;

int pwm_left1;
int pwm_left2;
int pwm_right1;

int pwm_right2;
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int Anal;
int Anaz;
int Ana3;

int Anad;

int TagLL = 0;
int TagRR = 0;
int AnaT;
int Ana8;

int val = 0;

void setup() {
pinMode(pwm_out_Lleftl, OUTPUT);
pinMode(pwm_out_left2, OUTPUT);
pinMode(digi_out_left1, QUTPUT);
pinMode(digi_out_left2, QUTPUT);
pinMode(pwm_out_rightl, OUTPUT);
pinMode(pwm_out _right2, OUTPUT);
pinMode(digi_out_rightl, OUTPUT);
pinMode(digi_out_right2, OUTPUT);
pinMode(30, OUTPUT);
pinMode(Trig_PIN, OUTPUT);
pinMode(Echo_PIN, INPUT);

Serial.begin(9600);
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void loop() {

val = analogRead(A0);
Serial.print("val = *);

Serial.println(val);

Serial.println(" - - - - - - - - - - - - - - oL

pwm_leftl = map(val, 0, 1023, 100, 240);
pwm_rightl = pwm_leftl + 2;
Serial.print("pwm_left1 ");

Serial.printin(pwm_left1);

Seriallprintin(™ A - - F,~ %= - = etk -

Serial.print("pwm_right1 ");

Serial.printin(pwm_right1);

Serialprintlafieitio 3 L A8 L L L L

Anal = analogRead(A1);
Ana2 = analogRead(A2);
Ana3 = analogRead(A3);
Anad = analogRead(Ad);
TagLL = analogRead(A5);
TagRR = analogRead(A6);
Ana7 = analogRead(A7);
Ana8 = analogRead(A8);
Ana9 = analogRead(A9);
digitalWrite(Trig_PIN, LOW);
delayMicroseconds(5);
digitalWrite(Trig_PIN, HIGH);

delayMicroseconds(10);
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digitalWrite(Trig_PIN, LOW);
unsigned int PulseWidth = pulseln(Echo_PIN, HIGH);
unsigned int distance = PulseWidth * 0.0173681;
Serial.print("Distance is ");
Serial.print(distance);
Serial.println(* cm.");
if ( (Ana8>900)&&(Ana8<=1023) ) {
if ( (Ana7>900)&&(Ana7<=1023)) {
digitalWrite(30, LOW);
if (distance>=20) {
digitalWrite(30, LOW);
if ( ((Ana1>=0)&&(Anal1<500)) && ((Ana2>=0)&&(Ana2<500)) &&
((Ana3>=0)&&(Ana3<500)) && ((Anad>=0)&&(Anad<500)) ) {
analogWrite(pwm_out_left1,0);
analogWrite(pwm out_left2,0);
analogWrite(pwm_out right1,0);
analogWrite(pwm_out _right2,0);
digitalWrite(digi_out left1, LOW);
digitalWrite(digi_out _left2, LOW);
digitalWrite(digi_out rightl, LOW);
digitalWrite(digi_out right2, LOW);
}
if ( ((Ana1>900)&&(Ana1<=1023)) && ((Ana2>=0)&&(Ana2<500))
&& ((Ana3>=0)&8(Ana3<500)) && ((Anad>=0)&&(Anad<500)) ) {
analogWrite(pwm_out_leftl,pwm_left1);

analogWrite(pwm_out_left2,0);
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analogWrite(pwm_out_right1,pwm_right1);
analogWrite(pwm_out _right2,0);
digitalWrite(digi_out_left1, HIGH);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out_right1, HIGH);
digitalWrite(digi_out _right2, LOW);
}
if ( (Ana1>=0)&&(Ana1<500)) && ((Ana2>900)&&(Ana2<=1023))
&& ((Ana3>=0)&&(Ana3<500)) && ((Anad>=0)&&{Anad<500)) ) {
analogWrite(pwm _out_left1,0);
analogWrite(pwm_out_left2,pwm_left1);
analogWrite(pwm _out_right1,0);
analogWrite(pwm_out_right2,pwm_right1);
digitalWrite(digi_out_leftl, LOW);
digitalWrite(digi_out left2, HIGH);
digitalWrite(digi_out_right1, LOW);
digitalWrite(digi_out right2, HIGH);
}
if ( ((Anal>=0)8&&(Anal<500)) && ((Ana2>=0)&&(Ana2<500))
&& ((Ana3>900)&&(Ana3<=1023)) && ((Anad>=0)&&(Anad<500)) ) {
analogWrite(pwm _out_left1,0);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out_right1,pwm_right1 + 3);
analogWrite(pwm_out_right2,0);
digitalWrite(digi_out_left1, LOW);

digitalWrite(digi_out_left2, LOW);
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digitalWrite(digi_out _right1, HIGH);

digitalWrite(digi_out right2, LOW);

}

if ( (Ana1>=0)&&(Ana1<500)) && ((Ana2>=0)&&{Ana2<500))
&& ((Ana3>=0)&8(Ana3<500)) && ((Anad>900)&&(Anad<=1023)) ) {

analogWrite(pwm_out_leftl,pwm_leftl + 5);

analogWrite(pwm_out left2,0);

analogWrite(pwm_out_right1,0);

analogWrite(pwm_out _right2,0);

digitalWrite(digi_out left1, HIGH);

digitalWrite(digi_out_left2, LOW);

digitalWrite(digi_out _right1, LOW);

digitalWrite(digi_out_right2, LOWY);

}

}

if (distance<20) {

digitalWrite(30, HIGH);

if ( ((Ana1>=0)&&Anal1<500)) && ((Ana2>=0)&&(Ana2<500)) &&
(Ana3>=0)&&(Ana3<500)) && ((Anad>=0)&&Anad<500)) ) {

analogWrite(pwm_out_left1,0);

analogWrite(pwm_out_Left2,0);

analogWrite(pwm_out_right1,0);

analogWrite(pwm _out_right2,0);

digitalWrite(digi_out_left1, LOW);

digitalWrite(digi_out_left2, LOW);

digitalWrite(digi_out _right1, LOW);
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digitalWrite(digi_out_right2, LOW);

}

if ( (Ana1>900)&8&(Anal<=1023)) && ((Ana2>=0)&&(Ana2<500))
&& ((Ana3>=0)&&Ana3<500)) && ((Anad>=0)&&{Anad<500)) ) {

analogWrite(pwm_out_leftl,pwm _leftl);

analogWrite(pwm _out_left2,0);

analogWrite(pwm_out rightl,pwm_right1);

analogWrite(pwm_out_right2,0);

digitalWrite(digi_out_left1, HIGH);

digitalWrite(digi_out left2, LOW);

digitalWrite(digi_out right1, HIGH);

digitalWrite(digi_out _right2, LOW);

}

if ( (Anal>=0)&8&(Anal<500)) && ((Ana2>900)8&(Ana2<=1023))
&& ((Ana3>=0)&&Ana3<500)) && ((Anad>=0)R&(Anad<500)) ) {

analogWrite(pwm_out_left1,0);

analogWrite(pwm_out_left2,pwm_left1);

analogWrite(pwm_out_right1,0);

analogWrite(pwm_out right2,pwm_right1);

digitalWrite(digi_out_left1, LOW);

digitalWrite(digi_out_left2, HIGH);

digitalWrite(digi_out _right1, LOW);

digitalWrite(digi_out_right2, HIGH);

}

if ( ((Ana1>=0)88&(Ana1<500)) && ((Ana2>=0)&&{Ana2<500))

&& ((Ana3>900)&&(Ana3<=1023)) && ((Anad>=0)&&Anad<500)) ) {
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analogWrite(pwm_out_left1,0);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out_right1,pwm _right1);
analogWrite(pwm_out_right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out_right1, HIGH);
digitalWrite(digi_out_right2, LOW);
}
if ( ((Ana1>=0)&&(Anal1<500)) && ((Ana2>=0)&8&Ana2<500))
&& ((Ana3>=0)&&(Ana3<500)) && ((Anad>900)&&({Anad<=1023)) ) {

analogWrite(pwm_out_leftl,pwm_leftl);
analogWrite(pwm _out_left2,0);
analogWrite(pwm_out right1,0);
analogWrite(pwm _out right2,0);
digitalWrite(digi_out_left1, HIGH);
digitalWrite(digi out_left2, LOW);
digitalWrite(digi _out right1, LOW);
digitalWrite(digi_out right2, LOW);
}
}

}

if ( (Ana7>=0) && (Ana7<500 ) ) {

digitalWrite(30, HIGH);

analogWrite(pwm out_left1,0);

analogWrite(pwm_out_left2,0);
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analogWrite(pwm_out right1,0);
analogWrite(pwm out right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, LOW);
digitalWrite(digi_out right2, LOW);
}
}
if ( (Ana8>=0) && (Ana8<500)) {
if ( (Ana7>900)&&{Ana7<=1023)) {
digitalWrite(30, LOW);
if (distance>=20) {
digitalWrite(30, LOW);
if ((TagLL>=0)&&(TagLL<100))8&((TagRR>=0)&&TagRR<100)) {
analogWrite(pwm_out_leftl,pwm_left1);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out rightl,pwm _right1);
analogWrite(pwm _out_right2,0);
digitalWrite(digi_out left1, HIGH);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out_right1, HIGH);
digitalWrite(digi_out_right2, LOW);
}
if ((TagLL>100)&&(TagLL<=700))&&((TagRR>=0)&&(TagRR<100))) {
analogWrite(pwm_out_left1,0);

analogWrite(pwm_out_left2,0);
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analogWrite(pwm_out_right1,0);
analogWrite(pwm _out_right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, LOW);
digitalWrite(digi_out right2, LOW);
delay(100);
analogWrite(pwm_out_left1,0);
analogWrite(pwm out_Left2,0);
analogWrite(pwm out right1,pwm _rightl + 5 );
analogWrite(pwm_out right2,0);
digitalWrite(digi_out_leftl, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, HIGH);
digitalWrite(digi_out_right2, LOW);
}

if ((TaglLL>=0)&&(TaglL<100))&&((TagRR>100)&&(TagRR<=700))) {
analogWrite(pwm_out _left1,0);
analogWrite(pwm_out_Left2,0);
analogWrite(pwm_out right1,0);
analogWrite(pwm _out _right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out_right1, LOW);
digitalWrite(digi_out_right2, LOW);

delay(100);
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analogWrite(pwm_out_leftl,pwm_leftl + 10);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out _right1,0);
analogWrite(pwm_out _right2,0);
digitalWrite(digi_out_left1, HIGH);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, LOW);
digitalWrite(digi_out _right2, LOW);

}

}

if (distance<20) {

digitalWrite(30, HIGH);

delay(100);

if ((TagLL>=0)&&(TagLL<100))&&((TagRR>=0)&&TagRR<100))) {
analogWrite(pwm_out_leftl,pwm_left1);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out rightl,pwm _right1);
analogWrite(pwm_out right2,0);
digitalWrite(digi_out_left1, HIGH);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out _right1, HIGH);
digitalWrite(digi_out_right2, LOW);

}

if ((TagLL>100)&&(TagLL<=700))&&((TagRR>=0)&&(TagRR<100))) {
analogWrite(pwm_out_left1,0);

analogWrite(pwm_out_left2,0);
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analogWrite(pwm_out _right1,0);
analogWrite(pwm_out_right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, LOW);
digitalWrite(digi_out_right2, LOW);
delay(100);
analogWrite(pwm_out_left1,0);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out right1,pwm _rightl + 5 );
analogWrite(pwm _out_right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, HIGH);
digitalWrite(digi_out right2, LOW);
}

if (TagLL>=0)&&(TaglL<100))&&((TagRR>100)&&(TagRR<=700))) {
analogWrite(pwm _out_left1,0);
analogWrite(pwm_out_left2,0);
analogWrite(pwm_out_right1,0);
analogWrite(pwm_out _right2,0);
digitalWrite(digi_out_left1, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out _right1, LOW);
digitalWrite(digi_out_right2, LOW);

delay(100);



analogWrite(pwm_out_leftl,pwm_leftl + 10);
analogWrite(pwm_out_left2,0);
analogWrite(pwm _out _right1,0);
analogWrite(pwm_out _right2,0);
digitalWrite(digi_out_left1, HIGH);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out right1, LOW);
digitalWrite(digi_out_right2, LOW);
1
}
}
if ( (Ana7>=0) && (Ana7<500 ) ) {
digitalWrite(30, HIGH);
analogWrite(pwm_out_left1,0);
analogWrite(pwm_out_left2,0);
analogWrite(pwm _out right1,0);
analogWrite(pwm_out_right2,0);
digitalWrite(digi_out_leftl, LOW);
digitalWrite(digi_out_left2, LOW);
digitalWrite(digi_out _right1, LOW);
digitalWrite(digi_out_right2, LOW);

}
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1N4001, 1N4002, 1N4003,
1N4004, 1N4005, 1N4006,
1N4007

Axial Lead Standard
Recovery Rectifiers

This data sheet provides information on subminiature size, axial
lead mounted rectifiers for general-purpose low—power applications.

ON Semiconductor®

http:/fonsemi.com
LEAD MOUNTED RECTIFIERS
i 50-1000 VOLTS

® Shipped in Plastic Bags, 1000 per bag
® Available Tape and Reeled, 5000 per reel, by adding a “RL” suffix to DIFFUSED JUNCTION

the part number
® Available in Fan—Fold Packaging, 3000 per box, by adding a “FF”
suffix to the part number
® Pb-Free Packages are Available //
Mechanical Characteristics
® Case: Epoxy, Molded
® Weight: 0.4 gram (approximately)

® Finish: All External Surfaces Corrosion Resistant and Terminal &SAESI?E*}:S
Leads are Readily Solderable PLASTIC
® Lead and Mounting Surface Temperature for Soldering Purposes:
260°C Max. for 10 Seconds, 1/16 in. from case
® Polarity: Cathode Indicated by Polarity Band
MARKING DIAGRAM

A = Assembly Location
1N400x = Device Number

b =1,2,3,4,560r7
Y. = Year

ww = Work Week

= = Pb-Free Package

(Note: Microdot may be in either location)

ORDERING INFORMATION

See detailed ordering and shipping information on page 5 of
this data sheet.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Technigues
Reference Manual, SOLDERRM/D.

dusiries, LLG, 2012 1

0 s.. i r.fT -
October, 2012 - Rev. 13




1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

MAXIMUM RATINGS
Rating Symbol | 1N4001 | 1N4002 | 1N4003 | 1N4004 | 1N4005 | 1N4006 | 1N4007 | Unht
tPeak Repetitive Reverse Voltage VRRM 50 100 200 400 600 800 1000 \'
Working Peak Reverse Voltage VawM
DC Blocking Voltage Vg
tNon-Repetitive Peak Reverse Voltage VRsMm 60 120 240 480 720 1000 1200 \
(hatfwave, single phase, 60 Hz)
TRMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 v
tAverage Rectified Forward Current lo 1.0 A
(single phase, resistive load,
60 Hz, Tp = 75°C)
TNon-Repetitive Peak Surge Current IFsm 30 (for 1 cycle) A
(surge applied at rated load conditions)
Operating and Storage Junction Ty -65t0 +175 °C
Temperature Range Teig

Stresses exceeding Maximum Ratings may damage the device. Maximum Ratings are stress ratings only. Functional operation above the
Recommended Operating Conditions is not implied. Extended exposure to stresses above the Recommended Operating Conditions may affect
device reliability.

tindicates JEDEC Registered Data

THERMAL CHARACTERISTICS

Rating Symbol Max Unit
Maximum Thermal Resistance, Junction-to-Ambient Roya Note 1 °C/W
ELECTRICAL CHARACTERISTICSt
Rating Symbol Typ Max Unit
Maximum Instantaneous Forward Voltage Drop, (i = 1.0 Amp, T = 25°C) VE 0.93 1.1 v
Maximum Full-Cycle Average Forward Voltage Drop, (Ig = 1.0 Amp, Ti = 75°C, 1 inch leads) VFav - 0.8 "
Maximum Reverse Current (rated DC voltage) Ig A
(T, = 25°C) 0.05 10
(Ty=100°C) 1.0 50
Maximum Full-Cycle Average Reverse Current, (Ig = 1.0 Amp, T =75°C, 1 inch leads) Ir(av) - 30 pA

tindicates JEDEC Registered Data

A T3 0 S5 T 0 V5 77 TV A A O s PP VS AT A R AT ST,
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I, FORWARD CURRENT (A)

0.1

1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1 N4006, 1N4007

VR, REVERSE VOLTAGE (V)
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—
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Figure 1. Typical Forward Voltage Figure 2. Typical Reverse Current
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Figure 3. Typical Capacitance
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1N4001, 1N4002, 1N4003, 1N4004, 1N4005, 1N4006, 1N4007

NOTE 1. - AMBIENT MOUNTING DATA

Data shown for thermal resistance, junction-to—ambient
(Reya) for the mountings shown is to be used as typical
guideline values for preliminary engineering or in case the
tie point temperature cannot be measured.

TYPICAL VALUES FOR Rgya IN STILL AIR

Mgunﬁng Lead Leng‘th, L
Method 18 | 1/4 | 12 Units
1 52 65 72 °C/W
2 Resa | 67 | 80 | 87 | “CW
50 °CIW

MOUNTING METHOD 1

aagh N

MOUNTING METHOD 2

—TT—
R Siiipraiii)y A

Vector Pin Mounting

MOUNTING METHOD 3

“— Board Ground Plane” —

P.C. Board with
1-1/2” X 1-1/2” Copper Surface

hitp://onsemi.com



2N3903, 2N3904

2N3903 is a Preferred Device

General Purpose

Transistors
NPN Silicon

MAXIMUM RATINGS

Junction to Case

Rating Symbol Value Unit
Collector-Emitter Voltage VCEO 40 Vdc
Collector-Base Voltage VeBo 60 Vdc
Emitter—Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation Pp

@Ta=25C 625 mwW
Derate above 25°C 5.0 mWrC
Total Device Dissipation Pp
@Tc=25C 15 Watts
Derate above 25°C 12 mWi°C
Operating and Storage Junction T4 Tstg -55to °C
Temperature Range +150
THERMAL CHARACTERISTICS (Note 1.)
Characteristic Symbol Max Unit
Thermal Resistance, Reja 200 *‘CIwW
Junction to Ambient
Thermal Resistance, Rajc 83.3 °‘Cw

1. Indicates Data in addition to JEDEC Requirements.

-

November, 2000 — Rev. 3

o mc«mkﬂm LLC, 2001

ON Semiconductor™
http://lonsemi.com
COLLECTOR
3
2
BASE
1
EMITTER
STYLE 1
TO-92
CASE 29
1 STYLE 1
2
3
MARKING DIAGRAMS
P [~ \\
fl 2 [ ¥l 2n |
3903 3904
YWwW YWW
Y = Year
WW = Work Week
ORDERING INFORMATION
Device Package Shipping
2N3903 TO-92 5000 Units/Box
2N3903RLRM TO-92 2000/Ammo Pack
2N3904 TO-92 5000 Units/Box
2N3904RLRA TO-92 2000/Tape & Reel
2N3904RLRE TO-92 2000/Tape & Reel
2N3904RLRM 10-92 2000/Ammo Pack
2ZN3904RLRP TO-92 2000/Ammo Pack
2N3904RL1 TO-92 2000/Tape & Reel
2N3904ZL1 TO-92 2000/Ammo Pack

and best overall value.

Preferred devices are recommended choices for future use

2N3303/D




2N3903, 2N3904

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

2

Characteristic l Symbol l Min [ Max Unit l
OFF CHARACTERISTICS
Collector-Emitier Breakdown Voltage (Note 2.) (i = 1.0 mAdc, Ig = 0) V(BR)CEO 40 = Vdec
Collector-Base Breakdown Voltage (I = 10 pAdc, Ig = 0) V(BR)CBO 60 - Vdc
Emitter-Base Breakdown Voltage (Ig = 10 pAdc, I = 0) V(BR)EBO 6.0 - Vde
Base Cutoff Cumrent (Vo = 30 Vde, Vgg = 3.0 Vdc) I¥TR - 50 nAde
Collector Cutoff Current (Vcg = 30 Vdc, VEg = 3.0 Vdc) IcEX - 50 nAdc
ON CHARACTERISTICS
DC Current Gain (Note 2.) hrE N
(Ic = 0.1 mAdc, Vg = 1.0 Vdc) 2N3903 20 -
2N3904 40 -
(Ic = 1.0 mAdc, Vg = 1.0 Vdc) 2N3903 35 -
2N3904 70 -
(Ic = 10 mAdc, Vg = 1.0 Vdc) 2N3903 50 150
2N3904 100 300
(Ic = 50 mAdc, Vg = 1.0 Vdc) 2N3903 30 -
2N3904 60 -
(Ic = 100 mAdc, Ve = 1.0 Vdc) 2N3903 15 -
2N3904 30 -
Collector—Emitter Saturation Voltage (Note 2.) VCE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) - 0.2
(Ic = 50 mAdc, Ig = 5.0 mAdc - 0.3
Base—Emitter Saturation Voltage (Note 2.) VBE(sat) Vdc
(lc =10 mAdc, Ig = 1.0 mAdc) 0.65 0.85
(Ic = 50 mAdc, Ig = 5.0 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
(Ic = 10 mAdc, VcE = 20 Vdc, f = 100 MHz) 2N3903 250 -
2N3904 300 -
Output Capacitance (Vgg = 5.0 Vdc, Ig = 0, f = 1.0 MHz) Cobo - 40 pF
Input Capacitance (VEg = 0.5 Vdc, I = 0, f= 1.0 MHz) Cibo - 8.0 pF
Input Impedance hie kQ
(Ic = 1.0 mAdc, Vg = 10 Vdc, f= 1.0 kHz) 2N3903 1.0 8.0
2N3904 1.0 10
Voltage Feedback Ratio hre X104
(Ic = 1.0 mAdc, Vg =10 Vdc, f= 1.0 kHz) 2N3903 0.1 5.0
2N3904 0.5 8.0
Small-Signal Current Gain hfe -
(Ic = 1.0 mAdc, Vg = 10 Vdc, f= 1.0 kHz) 2N3903 50 200
2N3904 100 400
Output Admittance (Ic = 1.0 mAde, Vg = 10 Vdc, = 1.0 kHz) hoe 1.0 40 pmhos
Noise Figure NF dB
{ic = 100 pAde, Vg = 5.0 Vde, Rg = 1.0k ©, f= 1.0 kHz) 2N3903 = 6.0
2N3904 - 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vce = 3.0 Vdc, VRE = 0.5 Vdc, td - 35 ns
Rise Titwe Ic =10 mAdc, Ig1 = 1.0 mAdc) & = 35 ns
Storage Time (Vce =3.0 Vdc, I = 10 mAdc, 2N3903 i - 175 ns
IB1 =IB2 = 1.0 mAdc) 2N3904 - 200
Fall Time tf - 50 ns
2. Pulse Test: Pulse Width < 300 ps; Duty Cycle < 2%.
' http:Honsemi.com )



BC546B, BC547A, B, C,
BC548B, C

Amplifier Transistors
NPN Silicon

Features

® Pb-Free Packages are Available*

MAXIMUM RATINGS

Rating Symbol Value Unit
Collector - Emitter Voltage Vceo Vde
BC546 65
BC547 45
BCs548 30
Collector - Base Voltage Veeo Vde
BC546 80
BC547 50
BC548 30
Emitter - Base Voltage VEBO 6.0 Vdc
Collector Current — Continuous lc 100 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mwW
Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ T¢ = 25°C Pp 1.5 w
Derate above 25°C 12 mwW/°C
Operating and Storage Junction Ty Tsg | 55 to +150 $C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to-Ambient RaJa 200 °C/w
Thermal Resistance, Junction-to-Case Rouc 83.3 °C/W

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

June, 2012 - Rev, 7

ON Semiconductor®

http://onsemi.com

COLLECTOR
1
2
BASE
3
EMITTER
T0-92
CASE 29
STYLE 17
i
1
23 M
STRAIGHT LEAD BENT LEAD
TAPE & REEL

MARKING DIAGRAM

e F

/[ BC }
Saxy

AYWW =

-
=6,7,0r8
=A,BorC
= Assembly Location
= Year

W = Work Week
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ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

BC546B, BC547A, B, C, BC548B, C

Characteristic | symbol Min | Typ | Max [ unit |
OFF CHARACTERISTICS
Collector — Emitter Breakdown Voltage V(er)cEO \
(lc=1.0mA, Ig=0) BCs46 65 - -
BC547 45 - -
BC548 30 - -
Collector - Base Breakdown Voltage V(BRICBO \"
(Ic = 100 pAdc) BC546 80 - -
BC547 50 - -
BC548 30 - o
Emitter - Base Breakdown Voltage Visr)EBO \
(lg = 10 pA, I = 0) BC546 6.0 - -
BC547 6.0 - -
BC548 6.0 - -
Collector Cutoff Current lceEs
(Ve =70V, Vge = 0) BC546 - 0.2 15 nA
(Vce =50V, Vge = 0) BC547 - D.2 15
(Vce =35V, Vge = 0) BC548 - 0.2 15
(Ve =30V, Ta = 125°C) BC546/547/548 - - 4.0 pA
ON CHARACTERISTICS
DC Current Gain hre -
(lc =10 pA, Ve =5.0V) BC547A = 90 -
BC546B/547B/548B - 150 -
BC548C - 270 -
(lc=2.0mA, Vge =5.0V) BC546 110 = 450
BC547 110 - 800
BC548 110 - 800
BC547A 110 180 220
BC546B/547B/548B 200 290 450
BC547C/BC548C 420 520 800
(IC =100 mA, VCE =50 V) BCS47A}'548A 5 120 -
BC546B/547B/5488B - 180 -
BC548C - 300 -
Collector — Emitter Saturation Voltage VeE(say V
(Ic = 10 mA, Ig = 0.5 mA) > 0.09 0.25
(Ic = 100 mA, Ig = 5.0 mA) d 0.2 0.6
(lc = 10 mA, Ig = See Note 1) & 0.3 0.6
Base - Emitter Saturation Voltage VBE(sat) - 0.7 - \
(lc =10 mA, Ig = 0.5 mA)
Base — Emitter On Voltage VBE(on) \
(lc=2.0mA,Vge=5.0V) 0.55 - 0.7
(lc =10 mA, Vgg = 5.0 V) o - 0.77
SMALL-SIGNAL CHARACTERISTICS
Current - Gain - Bandwidth Product fr MHz
(Ilc =10 mA, Vgg = 5.0 V, f = 100 MHz) BC546 150 300 -
BC547 150 300 =
BC548 150 300 -
Output Capacitance Cobo - 1.7 4.5 pF
Veg=10V,Ic =0, f=1.0 MHz)
Input Capacitance Cibo - 10 - pF
(Veg=0.5V,Ic=0,f=1.0 MHz)
Small - Signal Current Gain hie -
(Ilc =2.0mA, Vge = 5.0V, f = 1.0 kHz) BC546 125 = 500
BC547/548 125 - 900
BC547A 125 220 260
BC546B/547B/548B 240 330 500
BC547C/548C 450 600 900
Noise Figure (Ig = 0.2 mA, Vog = 5.0 V, Rg = 2 kQ, f = 1.0 kHz, Af = 200 Hz) NF dB
BC546 - 2.0 10
BC547 - 2.0 10
BC548 - 2.0 10

1z

I is value for which Ig = 11 mAat Veg =1.0 V.

' Ht".t[;:/,;';r‘lsemi.co.m .

2

N R AR




e, NORMALIZED DC CURRENT GAIN

VcEe, COLLECTOR-EMITTER VOLTAGE (V)

C, CAPACITANCE (pF)

BC546B, BC547A, B, C, BC548B, C
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LM78XX/LM78XXA

Features
m Output Current up to 1A

W Thermal Overload Protection
| Short Circuit Protection

m Output Voltages of 5, 6, 8, 9, 10, 12, 15, 18, 24

W Output Transistor Safe Operating Area Protection

3-Terminal 1A Positive Voltage Regulator

May 2006

General Description

The LM78XX series of three terminal positive regulators
are available in the TO-220 package and with several
fixed output voltages, making them useful in a wide
range of applications. Each type employs internal current
limiting, thermal shut down and safe operating area pro-
tection, making it essentially indestructible. If adequate
heat sinking is provided, they can deliver over 1A output
current. Although designed primarily as fixed voltage
regulators, these devices can be used with external com-
ponents to obtain adjustable voltages and currents.

Ordering Information

Product Number Output Voltage Tolerance

Package

Operating Temperature

LM7805CT
LM7806CT
LM7808CT
LM7809CT
LM7810CT
LM7812CT
LM7815CT
LM7818CT
LM7824CT

+4%

LM7805ACT
LM7806ACT
LM7808ACT
LM7809ACT
LM7810ACT
LM7812ACT
LM7815ACT
LM7818ACT
LM7824ACT

+2%

TO-220

-40°C to +125°C

0°C to +125°C

©2006 Fairchild Semiconductor Corporation
LM78XX/LM78XXA Rev. 1.0.1

www.fairchildsemi.com
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Block Diagram

Input Series Pass QOutput
O— Element O
1 3

Current SOA
Generator Protection o
P
Starting | | Reference Error
Circuit Voltage Amplifier
Thermal 2
Protection
GND
o 0]
g
Figure 1.

Pin Assignment

o A 1. Input
1 2. GND
3. Output

Figure 2.

Absolute Maximum Ratings

Absolute maximum ratings are those values beyond which damage to the device may occur. The datasheet
specifications should be met, without exception, to ensure that the system design is reliable over its power supply,
temperature, and output/input loading variables. Fairchild does not recommend operation outside datasheet
specifications.

Symbol Parameter Value Unit
V| Input Voltage Vo =5V to 18V 35 %
Vg =24V 40 Vv

Rouc Thermal Resistance Junction-Cases (TO-220) 5 °C/W

Rgua Thermal Resistance Junction-Air (TO-220) 65 °C/W
Torr Operating Temperature LM78xx -40 to +125 °C

Fangs LM78xxA 0to +125
Tstg Storage Temperature Range -65 to +150 °C
2 www.fairchildsemi.com

LM78XX/LM78XXA Rev. 1.0.1
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Electrical Characteristics (LM7805)
Refer to the test circuits. -40°C < T; < 125°C, Ig = 500mA, V| = 10V, C, = 0.1uF, unless otherwise specified.

Symbol Parameter Conditions Min. Typ. Max. | Unit
Vo Output Voltage T,=+25°C 4.8 5.0 5.2 \
5mA <lg < 1A, Pg < 15W, 4.75 5.0 5.25
V=7V to 20V
Regline |Line Regulation() Ty=+25°C |Vg=7Vto25V - 4.0 100 mV
V| =8Vto 12V - 1.6 50.0
Regload | Load Regulation(" T, =+25°C |[lg=5mA to 1.5A — 9.0 100 mv
lo = 250mA to 750mA - 4.0 50.0
la Quiescent Current T, =+25°C - 5.0 8.0 mA
Alg Quiescent Current Change | lp = 5mA to 1A - 0.03 0.5 mA
V, =7V 1o 25V - 0.3 1.3
AV/AT | Output Voltage Drift®) lo = 5mA - 0.8 N mv/eG
Vn Output Noise Voltage f=10Hz to 100kHz, Ty = +25°C - 42.0 - uVNg
RR |Ripple Rejection®® f = 120Hz, Vg = 8V to 18V 62.0 73.0 - dB
Vbrop | Dropout Voltage lo=1A, Ty=+25°C - 2.0 - \
ro |Output Resistance® f= 1kHz 2t 15.0 - mo
lsc Short Circuit Current V| =35V, Ty = +25°C = 230 ~ mA
lpk | Peak Current® Ty =+25°C - 2.2 - A
Notes:

1. Load and line regulation are specified at constant junction temperature. Changes in Vi due to heating effects must
be taken into account separately. Pulse testing with low duty is used.

2. These parameters, although guaranteed, are not 100% tested in production.

3 www.fairchildsemi.com
LM78XX/LM78XXA Rev. 1.0.1
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Typical Performance Characteristics

V=10V
YD:SSVA
o = 2m.
= 5.75
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E 55 -
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-50 -25 0 25 50 75 100 125
JUNCTION TEMPERATURE (°C)

Figure 3. Quiescent Current
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1.01
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Figure 5. Output Voltage
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Figure 6. Quiescent Current

LM78XX/LM78XXA Rev. 1.0.1
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Typical Applications

U Lmzexx
Input Output
C, 2 Co == 0.1pF
0.33uF
Figure 7. DC Parameters
1 3
O LM78XX § O
Input Output
3 R 270pF
[ HVo
9 . 2N6121 v ov
0.33uF - AL O Vo
@ )
Figure 8. Load Regulation
51Q 1 3
O AN~ : LM78XX
Input Output
2 R
1_033uF
‘ 0

1”—«

470pF

120Hz +

Figure 9. Ripple Rejection
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Notes:

ripple voltage.

1
Input
G 2

2. Gy is required if regulator is located an appreciable distance from power supply filter.
3. Cp improves stability and transient response.

Figure 11.

LM78XX

1 3
LM78XX
Input Output
C 2 Co == 0.1yF
0.33uF
Figure 10. Fixed Output Regulator
3
U Lm78XX O Output
Input
Ci 2 Co == 0.1uF
0.33uF
la
j|0
RL
I =\b'<'&+l
Q R1 Q

1. To specify an output voltage, substitute voltage value for “XX." A common ground is required between the input and the
output voltage. The input voltage must remain typically 2.0V above the output voltage even during the low point on the input

Output

0.33uF =
¢ :

Ifi 25l
VO = Vxx(1 +H2.I'H1)+ [QRQ

Figure 12. Circuit for Increasing Output Voltage

LM78XX/LM78XXA Rev. 1.0.1
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Input 1 3 Output
O LM7805 * O
2
C, == 0.33yF 1 1 Co
LM741 ’ - T o1pF
+ =

4 [\

IFlI &5 |Q b -

V0=Vxx(1+R2/H1)+JQR2 =

Figure 13. Adjustable Output Regulator (7V to 30V)
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IREG 0
2
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lo = Iree + Ba1 (IrRec—Veea1/R1)

Figure 14. High Current Voltage Regulator

Input RSC Q1
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R1 1 3 Output
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Figure 15. High Output Current with Short Circuit Protection
24 www.fairchildsemi.com
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1 3
O LM78XX * O
V| l VO
Sl 2
T PaF O-wFT 4.7k
b COMMON
COMMON i 1702
6 <Im741
NE 24.7kQ
; % \
“Vin TIP42 Vo
Figure 16. Tracking Voltage Regulator
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Figure 17. Split Power Supply (+15V - 1A)

LM78XX/LM78XXA Rev. 1.0.1
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Figure 18. Negative Output Voltage Circuit
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Figure 19. Switching Regulator
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Mechanical Dimensions
Dimensions in millimeters

TO-220
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Certificate Number: Q10561 Certificate Number: E17276

SR520 - SR560

PRV : 20 - 60 Volts
lo: 5.0 Amperes

FEATURES :

* High current capability

* High surge current capability
* High reliability

* High efficiency

* Low power loss

* Low cost

* Low forward voltage drop

* Pb/ RoHS Free

MECHANICAL DATA:

* Case : DO-201AD Molded plastic

* Epoxy : UL94V-O rate flame retardant

* Lead : Axial lead solderable per MIL-STD-202,
Method 208 guaranteed

* Polarity : Color band denotes cathode end

* Mounting position : Any

* Weight : 1.1 grams

SCHOTTKY BARRIER
RECTIFIER DIODES

DO-201AD

1.00 (25.4)
’.; MIN.

0.375 (9.52)
0.285 (7.24)

e

0.21(5.33)
0.19 (4.82)

i

1.00 (25.4)
0.052(1.32) || MIN.
0.048 (122) " |* l

Dimensions in inches and ( millimeters )

MAXIMUM RATINGS AND ELECTRICAL CHARACTERISTICS

Rating at 25 °C ambient temperature unless otherwise specified.
Single phase, half wave, 60 Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

’— RATING SYMBOL| SR520 | SR530 | SR540 | SR550 | SR560 | UNIT
Maximum Recurrent Peak Reverse Voltage VRRM 20 30 40 50 60 Vv
Maximum RMS Voltage VRms 14 21 28 35 42 Vv
Maximum DC Blocking Voltage Voc 20 30 40 50 60 Vv
Maximum Average Forward Current
0.375", 9.5mm Lead Length See Fig.1 ) = B
Maximum Peak Forward Surge Current,
8.3ms single half sine wave IFsm 150 A
superimposed on rated load (JEDEC Method)

Maximum Forward Voltage at I = 5 A (Note 1) VE 0.57 | 0.70 v |

Maximum Reverse Current at Ta=25°C Ir 10 mA

Rated DC Blocking Voltage (Note 1) Ta =100°C IR(H) " 50 , 25 mA

Junction Temperature Range Ty -55to + 150 €
ﬂage Temperature Range Tste - 55 to + 150 °C
Note : o -

(1) Pulse Test : Pulse Width = 300 us, Duty Cycle = 2%.
Page 1 of 2
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TIP140, TIP141, TIP142,
(NPN); TIP145, TIP146,
TIP147, (PNP)

Darlington Complementary
Silicon Power Transistors

Designed for general-purpose amplifier and low frequency
switching applications.

Features
e High DC Current Gain —
Min hFE = 1000 @ IC
=50A,Vep=4V
® Collector-Emitter Sustaining Voltage — @ 30 mA
Vepogsusy = 60 Vde (Min) — TIP140, TIP145
= 80 Vdc (Min) - TIP141, TIP146
=100 Vde (Min) — TIP142, TIP147
e Monolithic Construction with Built-In Base—Emitter Shunt Resistor
® These are Pb—Free Devices*

MAXIMUM RATINGS

TIP140 | TIP141 | TIP142

Rating Symbol | TIP145 | TIP146 | TIP147 | Unit
Collector - Emitter Voltage Veeo 60 80 100 Vde
Collector - Base Voltage Ve 60 80 100 Vde
Emitter - Base Voltage VEB 5.0 Vdc
Collector Current Ic Adc

- Continuous 10

- Peak (Note 1) 15
Base Current - Continuous Ig 0.5 Adc
Total Power Dissipation Pp 125 W
@ Tg=25°C
Operating and Storage Ty Tstg -65to +150 °C

Junction Temperature Range
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance, Rauc 1.0 °C/W
Junction-to-Case

Thermal Resistance, RoJa 35.7 °C/W

Junction-to-Ambient

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.

1. 5ms, = 10% Duty Cycle.

*For additional information on our Pb-Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

© Semiconducter Components Industries, LLC, 2012 1
May, 2012 - Rev. 6

ON Semiconductor®

http://onsemi.com

10 AMPERE
DARLINGTON
COMPLEMENTARY SILICON
POWER TRANSISTORS
60-100 VOLTS, 125 WATTS

SOT-93 (TO-218)

CASE 340D
STYLE 1
>
TO-247
A CASE 340L
/ STYLE 3

NOTE: Effective June 2012 this device will
be available only in the TO-247
package. Reference FPCN# 16827.

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

TIP140/D



TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TIP147, (PNP)

MARKING DIAGRAMS

TO-247
E TO-218
T
O [ O
F TIP14x
AYWWG AYWWG
TIP14x
1 BASE ﬁl (]/[\ J):, 3 EMITTER 1 BASE lr L[r‘ll—l 3 EMITTER
2 COLLECTOR 2 COLLECTOR
TIP14x = Device Code
A = Assembly Location
Y = Year
Ww = Work Week
G = Pb-Free Package
DARLINGTON SCHEMATICS
NPN COLLECTOR PNP COLLECTOR
TIP140 TIP145 ]
TIP141 |~ =N "¢ TIP146 | R e ———
TIP142 | : TIP147 | f
I I
BASE © | BASE © I
| | | |
| | | |
| =40 |
| | | I
1 AP \ s —_XC 9C 9 4
EMITTER EMITTER

ORDERING INFORMATION

Device Package Shipping

TIP140G S0T-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP141G S0T-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP142G SOT-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP145G SOT-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP146G S0T-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP147G SOT-93 (TO-218) 30 Units / Rail
(Pb-Free)

TIP140G TO-247 30 Units / Rail
(Pb-Free)

TIP141G TO-247 30 Units / Rail
(Pb-Free)

TIP142G TO-247 30 Units / Rail
(Pb-Free)

TIP145G TO-247 30 Units / Rail
(Pb-Free)

TIP146G TO-247 30 Units / Rail
(Pb-Free)

TIP147G TO-247 30 Units / Rail
(Pb-Free)

http://onsérﬁi.com' :
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TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TiP147, (PNP)

ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

Characteristic ! Symbol | Min l Typ l Max | Unit ’
OFF CHARACTERISTICS

Collector-Emitter Sustaining Voltage (Note 2) VeEo(sus) Vdc

(Ic =30mA, Ig=0) TIP140, TIP145 60 = -
TIP141, TIP146 80 - N
TIP142, TIP147 100 = -

Collector Cutoff Current lcEo mA
(Vce = 30 Vde, Ig = 0) TIP140, TIP145 - = 2.0
(Vce =40 Vde, Ig = 0) TIP141, TIP146 _ - 2.0
(Vo = 50 Vdc, Ig = 0) TIP142, TIP147 N _ 50

Collector Cutoff Current lcao mA
(Mcg =60V, Ig=0) TIP140, TIP145 . - 1.0
(Vce =80V, Ig=0) TIP141, TIP146 e, - 1.0
(Mcp =100V, g =0) TIP142, TIP147 . i 1.0

Emitter Cutoff Current (Vgg = 5.0 V) leso - - 20 mA

ON CHARACTERISTICS (Note 2)

DC Current Gain hre -
(lc=5.0A, Vge=4.0V) 1000 = -
(lc=10A,Vge=4.0V) 500 - =

Collector-Emitter Saturation Voltage VCE(sat) Vde
UC:&O A lg =10 mA) X - 2.0
(Ic=10A, Ig = 40 mA) = " 3.0

Base-Emitter Saturation Voltage VBE (sat) - - 3.5 Vdc
(lc=10A Ig=40 mA)

Base-Emitter On Voltage VBE(on) - - 3.0 Vdc
(Ilc =10 A, Vgg = 4.0 Vdc)

SWITCHING CHARACTERISTICS

Resistive Load (See Figure 1)

Delay Time tg - 0.15 - us

Rise Time (Vec =380V, Ic=5.0 A, t - 0.55 - s

Iz = 20 mA, Duty Cycle < 2.0%,
Storage Time g1 = g2, Rc & Rg Varied, T, = 26°C) ts - 25 - us
Fall Time t - 25 - us
2. Pulse Test: Pulse Width = 300 s, Duty Cycle < 2.0%.
10 e
Rg & Rg VARIED TO OBTAIN DESIRED CURRENT LEVELS  _'G5, A
Dy, MUST BE FAST RECOVERY TYPE, eg: 50— —
1N5825 USED ABOVE Ig = 100 mA Ao g | i T — -
MSD6100 USED BELOW Ig = 100 mA { SCOPE e = ‘_\.;Q:. L
V2 T N =rE e 1
approx __ __ __ __ - = e L LI
fiEy ’_”—J' g 10 —
= A =19
04—+ —— L AN = ~= F= 1 1=
y [ JI:_J 0.5 SRS —
1 e T
appox, +4.0V L NG) Vo = 0 Veg=30V
-8.0v 25 s for tg and t,, D1 is disconnected 0.2 \ ~ :dlﬂ TBZED
d V=0 B1=lg2 |

I 1< 10 ns and¥z = Ty=25°C

DUTY CYCLE - 1.0% 0.1 R L[ [Ty=25%

0.2 0.5 1.0 3.0 5.0 10 20

For NPN test circuit reverse diode and voltage polarities.

Figure 1. Switching Times Test Circuit

3
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Figure 2. Switching Times



VCE(sAT), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) hrg, DC CURRENT GAIN

VBE. BASE-EMITTER VOLTAGE (VOLTS)

TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TIP147, (PNP)

TYPICAL CHARACTERISTICS

NPN PNP
TIP140, TIP141, TIP142 TIP145, TIP146, TIP147
A 20,000 I 1
5000 [—{ 1 - 150°C q Ty=150°C — e
ol — N el ke ]
= 10°c_L—=" | — x\ 10,000 ] 100°C T~ \k
L~ = ] N 3 e \! Ok
2000 P 14‘*0 sl e T L 25°C N
1 il B e v
// // ~ s % 5000 : I ~
// / S L~ / _55°C 5
1000 - - S 3000 > e N
- e ] i — ™~
| A [T -1 1
A = 2000 A >
"
500 Ve =40V Vee =40V &
] o L |
300 1000
05 1.0 20 30 4050 70 10 05 07 1.0 20 30 4050 70 10
Ig, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS)
Figure 3. DC Current Gain versus Collector Current
2
pT}
&)
=
S 5.0
5.0 R
5
g
8
3.0 s 3
= 0
o«
=
20 lc=10Alg=40mA ] & 20 lc=10A,Ig=4.0mA
~— ——— e . —
: - xg A =N
T2 Ig=5.0A,lg=10mA o N - P lc=50A, I = 10mA
1.0 i = i 5 1.0 — D { ,
" ~ c=10AIz=20mA — g ol = Pl =20ma
: 43 o 4
N 3 ~ |
0.5 = 05 |
=75 -50 -25 0 25 50 75 100 125 150 {75 &S -7 -50 -25 0 25 50 75 100 125 150 175
Ty, JUNCTION TEMPERATURE (°C) o Ty, JUNCTION TEMPERATURE (°C)
=
Figure 4. Collector-Emitter Saturation Voltage
4.0 40
| ¥§ @ [ ]
.
36 Vee=40V — = 3.6 Vee=4.0V —
32 & 3
g 3.2
5
2.8 e 28
] ~
TN} P —
2.4 = 24 ---._______- oy
sl T lc=10A = - — | g 10
; T ) ' —
b o “-__..____‘__‘ 5 C!A - g 16 s ‘-..,___-..________ : JA u
— P— A - r—— A
1.2 B B - B 1
' ~—1_ 1.0A ’ T 1.0A
0.8 0.8
-75 -25 25 75 125 175 -75 -25 25 75 125 175

Ty, JUNCTION TEMPERATURE (°C)

Figure 5. Base-Emitter Voltage
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TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TIP147, (PNP)

ACTIVE-REGION SAFE OPERATING AREA

There are two limitations on the power handling ability of
a transistor: average junction temperature and second
breakdown. Safe operating area curves indicate Ic-Veg
limits of the transistor that must be observed for reliable
operation; i.e., the transistor must not be subjected to greater
dissipation than the curves indicate.

20
=
L
% 7.0 i
= 5.0 ~
E "
% 3.0 dc \\
o 20 1)-150°C
:5_ | —— SECONDARY BREAKDOWN LIMIT
Q 1.0 F —-— BONDING WIRE LIMIT =
= | —— THERMAL LIMITATION @ T¢ = 25°C
= TIP140, 145 u
L TIP141, 146
0.2 TIP142, 147 >
10 15 20 30 50 70 100

Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 6. Active-Region Safe Operating Area

_L——@ Vee MONITOR

MPS-Us2 r————q

l

Rep1

TEST CIRCUIT

NOTE 1: Input pulse width is increased until lem = 1.42 A,
NOTE 2: For NPN test circuit reverse polarities.

The data of Figure 6 is based on Tjpky = 150°C; Te is
variable depending on conditions. At high case
temperatures, thermal limitations will reduce the power that
can be handled to values less than the limitations imposed by
second breakdown.

15

s N

Z 10 =

=

@ 7.0

o "\

3 50 Y :

oo 100 m,

g N

] =y

g N

8 20 N

© N
1.0

05 1.0 20 50 10 20 50 100
L, UNCLAMPED INDUCTIVE LOAD (mH)

Figure 7. Unclamped Inductive Load

f== w=7.0ms (SEE NOTE 1)
INPUT — 5.0V
VOLTAGE 0

COLLECTOR j«—- f00ms—»/ |
CURRENT | ' : 0
1,42A—:—514—- ﬁ_—r—\ﬂh
o 4

VeE(sa) —
-20V

COLLECTOR
VOLTAGE

Visricer ~
VOLTAGE AND CURRENT WAVEFORMS

Figure 8. Inductive Load
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TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TIP147, (PNP)

100 T
'-_—,__. 70 VCE = 10 V —
E 5 lc=10A ]
== . _ AEo .
3 ~ ] =2
o S PNP Tt
2o o = PNP ——
<Eg 2 N
Ex > . NPN — —
% ::: T \
LW NPN = ~—
%g 7.0 e
% [E 50 -
J ~ PN
= ="
@20 P \\
2 ~
=
1.0 _ N
1.0 2.0 3.0 5.0 7.0 10
1, FREQUENCY (MHz)
Figure 9. Magnitude of Common Emitter
Small-Signal Short-Circuit Forward
Current Transfer Ratio
5.0
&
E 40
=
8 b I
= 3
<
- >
@
a
) |
=
o
o 10 N
o \
0 N
0 40 80 120 160 200

Ta, FREE-AIR TEMPERATURE (°C)

Figure 10. Free-Air Temperature Power Derating
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TIP140, TIP141, TIP142, (NPN); TIP145, TIP146, TIP147, (PNP)

PACKAGE DIMENSIONS

SOT-93 (TO-218)
CASE 340D-02

ISSUE E
NOTES:
e 1. DIMENSIONING AND TOLERANCING PER ANS!
E - Y145M, 1982.
_-l 2. CONTROLLING DIMENSION: MILLIMETER.
MILLIMETERS | INCHES
L DM MIN | MAX | miN | mAX
Al - (2035 - [ oan
B | 1470 | 1520 | 0579 | o588
C [ 470 | 490 | 0.185 [ 0.193
D | 1.0 | 130 | 0.043 | 0051
— E | 147 | 137 | 0046 [ 0054
G | 540 | 555 | 0213 | 0219
H [ 200 | 300 | 0079 | 0.118
J | 050 | 078 [ 0020 | 0.oa1
K | 31.00REF 1.220 REF
L - T12] .. [osm
Q | 400 | 410 | 0158 | 0.161
| S | 1780 | 1820 | 0701 |os17
U | 400REF 0.157 REF
| G J_.j | - V| 175REF 0.069
H 4 STYLE 1:
PIN1. BASE
i _:’ 2. COLLECTOR
G 3. EMITTER
4. COLLECTOR
TO-247
CASE 340L-02
ISSUE F
T NOTES:
1. DIMENSIONING AND TOLERANCING PER ANS!
5" Cum= Y14.5M, 1982,
2. CONTAOLLING DIMENSION: MILLIMETER.
—t -‘—E
J } MILUMETERS | INCHES
T U NG | o [ wIN T wAX || max
= A [ 2032 | 2108 [ 0800 | 830
N j _f r" S B [ 1575 | 1626 | 0620 | 0640
C | 470 | 530 | 0.185 | 0.209
A D | 100 | 140 | 0040 | 0.5
E | 150 | 260 | 0075 | 0.102
g !ibl@ 0.63 (D.DZS)@lT'B ®—l F | 165 ] 213 ] 0.065 | 0.084
E 3l G | s4sB5C 0.215 BSC
= g H | 150 [ 249 | 0.059 | 0.098
l i ’ P J | 040 | 080 [ 0016 [ 0031
K | 1981 { 2083 | 0.780 | 0.820
Il L | 540 | 620 0212 | 0.044
K N | 432 | 549 | 0170 | 0216
I Pl —— 1450 -— [o0a77
Q | 355 | 365 | 0.140 | 0.144
U | e1sBSC 0.242 BSC
» W 287 | 312 | o413 | 0123
J
STYLE 3:
Fapu iy — o~ PIN 1. BASE
G 2. COLLECTOR
- DapL 3. EMITTER
4, COLLECTOR

[@]o2s 0010)®[v[a ®]
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VISHAY.

TCRT5000, TCRT5000L

Vishay Semiconductors

Reflective Optical Sensor with Transistor Output

19156_2
o] A
E o]
Top view 191561
DESCRIPTION

The TCRT5000 and TCRT5000L are reflective sensors
which include an infrared emitter and phototransistor in a
leaded package which blocks visible light. The package
includes two mounting clips. TCRT5000L is the long lead

version.

FEATURES
Package type: leaded
Detector type: phototransistor

Peak operating distance: 2.5 mm

current: 0.2 mm to 15 mm

Daylight blocking filter
Emitter wavelength: 950 nm
Lead (Pb)-free soldering released

Compliant
accordance to WEEE 2002/96/EC

APPLICATIONS
+ Position sensor for shaft encoder

magnetic tapes etc.

Dimensions (L x W x H in mm): 10.2x 5.8 x 7

Operating range within > 20 % relative collector

to RoHS directive 2002/95/EC and

Pb-fres

RoHS

COMPLIANT

Typical output current under test: Ig = 1 mA

in

» Detection of reflective material such as paper, IBM cards,

+ Limit switch for mechanical motions in VCR

* General purpose - wherever the space is limited

PRODUCT SUMMARY

DISTANCE FOR DISTANCE RANGE FOR TYPICAL OUTPUT DAYLIGHT
PART NUMBER MAXIMUM CTR,g (1 RELATIVE lgy > 20 % CURRENT UNDER TEST (2 | BLOCKING FILTER
(mm) {mm) (mA) INTEGRATED
TCRT5000 2.5 0.21t015 1 Yes
TCRT5000L 2.5 0.2t0 15 1 Yes
Notes
() CTR: current transfere ratio, lou/lin
) Conditions like in table basic charactristics/sensors
ORDERING INFORMATION
ORDERING CODE PACKAGING VOLUME () REMARKS
TCRT5000 Tube MOQ: 4500 pes, 50 pes/tube 3.5 mm lead length
TCRTS5000L Tube MOQ: 2400 pcs, 48 pes/tube 15 mm lead length
Note

(1 MOQ: minimum order quantity

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER | TEST CONDITION SYMBOL VALUE UNIT

INPUT (EMITTER)

Reverse voltage Vg 5 Vv

Forward current Ig 60 mA

Forward surge current tp <10 s Irsm 3 A

Power dissipation Tamp <25 °C Py 100 mw

Junction temperature Tj 100 °C
Document Number: 83760 For technical questions, contact: sensorstechsupport@vishay.com www.vishay.com

Rev. 1.7, 17-Aug-09
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TCRT5000, TCRT5000L

Vishay Semiconductors

Transistor Output

Reflective Optical Sensor with

Y
VISHAY.

ABSOLUTE MAXIMUM RATINGS (1)
PARAMETER I TEST CONDITION | SYMBOL VALUE UNIT
QUTPUT (DETECTOR)
Collector emitter voltage Veeo 70 Y
Emitter collector voltage Veco g Y
Collector current o 100 mA
Power dissipation Tamp < 55°C Py 100 mw
Junction temperature T 100 °C
SENSOR
Total power dissipation Tamb < 25 °C Prot 200 mw
Ambient temperature range TFarih -251to0 + 85 °C
Storage temperature range Tsig -25to0+ 100 °C
Soldering temperature 2 mm from case, t<10s Tsd 260 G
Note
() Tamp = 25 °C, unless otherwise specified
ABSOLUTE MAXIMUM RATINGS
300 ’
E Coupled device
§ 200
2
g
o Phototransistor
z 100 = \
0_— IR - diode| \
o \q
0
0 25 50 75 100
95 11071 Tamb - Ambient Temperature (°C)
Fig. 1 - Power Dissipation Limit vs. Ambient Temperature
BASIC CHARACTERISTICS (1)
PARAMETER —[ TEST CONDITION [ SYMBOL MIN. TYP. MAX. UNIT
INPUT (EMITTER)
Forward voltage I =60 mA Vg 1.25 1.5 \
Junction capacitance Vp=0V,f=1MHz C; 7 pF
Radiant intensity Ir =60 mA, t, =20 ms le 21 mW/sr
Peak wavelength le =100 mA ip 940 nm
Virtual source diameter Method: 63 % encircled energy d 2 mm
OUTPUT (DETECTOR)
Collector emitter voltage lc=1mA Vceo 70 \
Emitter collector voltage lg = 100 pA Veco TS \
Collector dark current Vee=20V,Ig=0A E=01Ix lceo 10 200 nA
SENSOR
Collector current Vee =05 :12‘::1:’_'0 mA, I @@ 0.5 1 2.1 mA
sot)lltgagcéor emitter saturation lp= 10Dm:\.1§;n:1m0.1 mA, Vogsar @ @ 0.4 v

Note
) Tamn = 25 °C, unless otherwise specified
@) See figure 3
() Test surface: mirror (Mfr. Spindler a. Hoyer, Part No. 340005)

www.vishay.com

2

For technical questions, contact: sensorstechsupport @vishay.com

Document Number: 83760
Rev. 1.7, 17-Aug-09



TCRT5000, TCRT5000L

Reflective Optical Sensor with Vishay Semiconductors
Transistor Output

g
VISHAY.

94 9226 [ [
Vi Flat mirror d = working distance
& =225mm
rem. 2 D = dislance
12+ 0.2mm

/" TCRT5000

.

96 12314 |_| E I_I
Fig. 2 - Test Circuit Fig. 3 - Test Circuit
BASIC CHARACTERISTICS
Tamb = 25 °C, unless otherwise specified
1000 10
T
= i &
E 100 // g ~ 1L
£ = g
g / S\ ¢
p= = B
o 10 3 01k
'E L E /
< e -
) 1 O 0.01f
o a2 B) Ve
Qi / 0_001- T T (. T AR T
0 02040608101214 16 1820 0.1 1 10 100
96 11862 Ve - Forward Voltage (V) 96 11763 I - Forward Current (mA)
Fig. 4 - Forward Current vs. Forward Voltage Fig. 6 - Collector Current vs. Forward Current
& 1.2 —— 10
g Vee=5V =
<Y I =20 mA = - " | lr=50mA
w E = p——
% E LA i
= 10 L — & 1k
- 1 | (5] F 10 mA
5 o N EE .
£ o9 - s F 5 mA
= - / s I
o v __8 -
2 o8 = 01 2mA_
] O i it
© ' F, 1 mA
Coo07 -
@
o
5 0.6 001 L1111l [N Ll LLLLl}
-30-20-10 0 10 20 30 40 50 60 70 80 90 100 0.1 1 10 100
96 11762 Tamb - Ambient Temperature (°C) 9611764  Vge - Collector Emitter Voltage (V)
Fig. 5 - Relative Current Transfer Ratio vs. Ambient Temperature Fig. 7 - Collector Emitter Saturation Voltage vs. Collector Current
Document Number: 83760 For technical questions, contact: sensorstechsupp www.vishay.com

Rev. 1.7, 17-Aug-09 3



TCRT5000, TCRT5000L

Vishay Semiconductors Reflective Optical Sensor with
Transistor Output

12
= e Voe =10V
‘.;;.’ CVCE=5V € IF=20mA
o ® 10
& A <§ N
o 10 S 08
2 F 8 / N
i - / 8 os AN
o 2 B
E 1k I 04 \\
sk : ™~
i - s 02 [~
o = s 0.
G | o
0.1 R B S B [ W AT sl L1211 0.0
01 1 10 100 0 2 4 6 8 10 12 14 16
9611765 I - Forward Current (mA) 9611766 d - Distance to Reflecting Card (mm)
Fig. 8 - Current Transfer Ratio vs. Forward Current Fig. 9 - Relative Collector Current vs. Distance
PACKAGE DIMENSIONS in millimeters, TCRT5000
Marking area
2z / TCRTS000)\ 3 / N\
s T w\ k2 == j
m 'I""I ==] ¥} |
T
5 il
$0.9:005 |
245 |
li 254s03
Coll, A # Tolerances related
\ ch | to reference plain
A=,
i ) ) S 2' 'ﬁ weight- ca. 0.23g 'a‘ '@
n / : technical drawings
 ACRTISO0D g
E Cath. Footprint Top View
.01
10.2-0.2
2:75_ . 2.75
‘_—'r-—-
Drawing-No.: 6.550-5096.01-4
Issue: &; 110407
96 12073
www.vishay.com For technical questions, contact: sensorstechsupport @ vishay.com Document Number: 83760
4 Rev. 1.7, 17-Aug-09
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Freaks

Tech Support: services@elecfreaks.com

Ultrasonic Ranging Module HC - SR04

Product features:

Ultrasonic ranging module HC - SR04 provides 2cm - 400cm non-contact
measurement function, the ranging accuracy can reach to 3mm. The modules
includes ultrasonic transmitters, receiver and control circuit. The basic principle

of work:

(1) Using 10O trigger for at least 10us high level signal,
(2) The Module automatically sends eight 40 kHz and detect whether there is a

pulse signal back.

(3) IF the signal back, through hlgh level tlme of hlgh output IO duratlon is
the time from sendmg tltrasonic to retumlng '

Test distance = (h1ghfievel tlmerelocny of sound (340M/S) /2,

Trigger Pulse Input
Echo Pulse Output
0V Ground

Electric Parameter

o R

Wire connecting direct as following:

Working Voltage DC5V

Working Current 15mA

Working Frequency 40Hz

Max Range 4m

Min Range 2em

MeasuringAngle 15 degree

Trigger Input Signal 10uS TTL pulse

Echo Output Signal Input TTL lever signal and the range in
proportion

Dimension 45%20*15mm




i

A

HC—-SRO4

e AR, Y e ST I s ST

]

Vee Tr:g* Echo GND

ijing diagram

The Timing diagram is shown below. You only need to supply a short 10uS
pulse to the trigger input to start the ranging, and then the module will send out
an 8 cycle burst of ultrasound at 40 kHz and raise its echo. The Echo is a
distance object that is pulse width and the range in proportion .You can
calculate the range through the time interval between sending trigger signal and
receiving echo signal. Formula: uS / 58 = centimeters or uS / 148 =inch; or: the
range = high level time * velocity (340M/S) / 2; we suggest to use over 60ms
measurement cycle, in order to prevent trigger signal to the echo signal.

10us TTL Timing Diagram

Trigger Input
to Module

& Cycle Sonic Burst

Sonic Burst
from Module

Input TTL lever
Echo Pulse Output signal with a range
to User Tunemg Circuit in proportion




Attention:

® The module is not suggested to connect directly to electric, if connected
electric, the GND terminal should be connected the module first, otherwise,

it will affect the normal work of the module.

e When tested objects, the range of area is not less than 0.5 square meters
and the plane requests as smooth as possible, otherwise ,it will affect the
results of measuring.
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