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ABSTRACT

Nowadays, the autonomous positioning helps us to facilitate in many
ways. Mostly they apply from GPS (Global Positioning System) for specify Geographic
coordinates. However, in some areas, GPS doesn’t position their coordinates for
example in building. So, we use the Visible Light communication to apply for
positioning in building. According to the lighting system in building, the lighting is
necessary for human to illuminate for vision or others. To create the indoor
positioning transmitter and receiver, we use LED for a source of visible light and it
will be flashing when controlled by input data signal. Moreover, a receiver will receive
the signal by using a photodiode which is electrical conductor. When the light hits
the objects, this method will convert optical signal to electrical signal. After that, we
use a op-amp to amplify a voltage signal for receiving input data in distance
cormmunication. In the experiment, the positioning is examined by receiving a signal
and processing with Microcontrollers. The microcontrollers will measure a frequency
and compare data from previous procedure. Furthermore, they can separate ID from
each LED and display position of LED which is the most nearby the receiver via LCD
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2.2.4.2 uasaisiunniiuly
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2.3 wallan1sdetoyalagds Timer Interrupt

Arduino UNO’s ATMega328p il 3 Timer lawA Timer0, Timerl wag Timer2
41 Timer0 uae Timer2 £ 8 0 (aunsadfulgann 0 fs 255) JAamatdmsuaIuan Timer
8 Unfaguil 2.6 luraudl Timerl & 16 O (0 s 65535) FHawmasdmsuriuny Timer 16

Unelagun 2.7

Counter0 Counter2 :
TCCROA | TCCR2A

TCCROB TCCR2B Timer/Counter Control Register B
TCNTO TCNT2 Timer/Counter Register

OCROA OCR2A Output Compare Register A

OCROB OCR2B Output Compare Register B

TIMSKO TIMSK2 Timer/Counter Interrupt Mask Register
TIFRO TIFR2 Timer/Counter Interrupt Flag Register

Description
Timer/Counter Control Register A

UM 2.6 STawmesdmSuarunu Timer 8 On [4]
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Counter | Description
(| TCCRIA |[Timer/Counter | Control Register A

TCCRIB | Timer/Counter | Control Register B

TCCRIC |Timer/Counter | Control Register C
>._TE-W'IH Timer/Counter | High Register
(| TCNTIL |Timer/Counter | Low Register ]
(| OCRIAH Output Compare Register | A High )
| OCRIAL |Output Compare Register | A Low J
(| OCRIBH [Output Compare Register | B High )
| OCRIBL |Output Compare Register | B Low ]
f ICRIH  |Input Capture Register | High

ICRIL  |Input Capture Register | Low )

(| TIMSKI | Timer/Counter Interrupt Mask Register )
| TIFRI Timer/Counter Interrupt Flag Register S

a sal o ) ¢ a
U 2.7 SRawmesdmiuarumu Timer 16 On [4]

=

Tupsle Timer @ u3ums interrupt aziivianun 3 33

2.3.1 35 Timer Overflow Interrupt

g \ % A o 4 o o ]

FBusnidunismisasuiile Timer 1inn1s Overflow dududeuloiifinle
Timer dn1sduiiinvuauiuaiduausafiuls dusu Timerd uaz Timer2 a8iinnns
Overflow \fle Timer Yufis 255 Avergedanaznauluidu 0 d1usu Timerl aiinnas
Overflow Lila Timer tiufla 65535 Aerrgeaauaznauluilu 0 Fadle counter Winaduly

a a ) @ & %) @ o . &

iurgeanmiuld awnnduluidu wioudvads interrupt Ty

AaA1Un TOEI vuwAaz Timer Interrupt Mask Register (TIMSKx) @913 ua
mask 11381UalTY interrupt Aluuting TIMSKx Ae33awmasamsuiiu Timer/Counte #a

Ul 2.8
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bit 7 6 5 4 3 2 1 0
TIMSKO - - - - - OCIEOB  OCIEDA [ TOIED
ReadMfrite R R R R R RAW RMW RAY
Initial Value 0 0 0 0 0 0 0 0

gﬂﬁ 2.8 Timer Interrupt Mask Register [4]

Wadlin1saer1dn TOIEO waz I-bit Tuaaiursdames wu 1 Timer Overflow

Interrupt AzgniUaldu

| = s = s d s 1 o o s 5
Wi Overflow LN@ HNSTVUBYNUAIIUDLLALLALAILUILAUYIUUIWAT AIUUY
= o Ly A
ANIATUIULIAINIGTLNA overflow MINEANNITN 2.1

1 _
= x 2" x prescaler

T e (2.1)
1™ Arduino clock speed (16MHz)

& £ [} =J | 1 s
UBsA Arduino Uno 9vine1uiinanud 16 MHz lngil an pre scaler 3gLN1NY
1, 8, 64, 256 uay 1024

2.3.2 35 Timer Compare Interrupt

Tunisaredyaumaninds dieldddnauidousequilsidu delay Tuns

P ' ° Py o av va o = 2 " Y aa

deuldsunsumnaniadaasilinnudilédnisaataeiou 3eldl9nns interrupts dae3d
. \Y 5 ” _

Clear Timer @8 UW Compare Match %58 Inua CTC (Clear Timer on Compare Match

or CTC Mode) Fuilumsdsuiiisunisifuianiuaiame ynasaiituiatldviduandy

2
a o=

wiinnstadameiy vilfisannsavgasdumnnisaiunatiuneiinduly loop() Id
Turanfiuslug

Arduino Uno fits14agil 3 Timer e Timer0, Timerl way Timer2 wAay
Timer asdiatanglfiviouiisvdaiuaiisiivuniesainannis tnedi CTC timer
interrupts gAV3NINes detufisriame wasiulily compare match register il timer
counter tufsmiliussiades Glamdu 0) 7 tick dnluvesiinives timer nsntusy

WUVTUALA 0 TuiaiUSauisuiuAanzdnass
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s o o =l = a -
Arduino clock 9¥1191uNA1Ud 16 MHz Faidumnu$aimsunnlunisifiy

MUIUNTUUVD Timer 9 Timer0 wag Timer2 & 8 JadsnungniuinasisaiuaInis

s

val 1 . - 1 1 o va
tHugegnlaiidl 255 Timer 1 31 16 0 wemudannsafivimsdugegnldien 65535

LV |

r-'f & i . 1 o < . a &
uABLIBLIIRIAT compare match register Tiduainsiduiigefian interrupts astindy

ge

=]

NN 256/16,000,000 U1 (~16us) 195U Timer A3l 8 O WaEILAATUNN 9

9

a =

65,536/16,000,000 (~4 ms) W1 d3U Timer 71 16 90 fadunistuiidaannasldits,

s 1 U 1 o A
AIUYs pre scaler lumsdsavauauilunistu Hedanarlunisiu anaruives
s ) s P o £ o s < = J A a
dyayraniinmaniedanlglivmngauivau fgua 2.9 aviuiniedian pre scaler

A o = .
ATTUAVDIFAY YU UIWAT Timer A¢aRaY

dyeyrnuimudn H”IH || I ]Hl]”ll”[ H_H_H
Aty el Timer |||H||I “ —|]

fuBs Counter F7  )JFBJF9 FA FQ 00 X 01 X:

#1834 Prescaler 0 ] naauna

t=i = a o a
UM 2.9 Wisuiigudygaudiodien pre scaler

Pre scaler @1150MUUAAMMLSINITHUYOS Timer lamuaunisi 2.2 Tneil

A1 pre scaler WU 1, 8, 64, 256 uag 1024

Arduino clock speed ( 16MHz) (2.2)
prescaler

timer speed (Hz)=

Feaansarwaaud interrupt Idnuaunisi 2.3 Taguan 1 wWnlddlesann

compare match register az1541UAN 0

Arduino clock speed (16MHz) (2.3)
[prescaler x (compare match register + 1)]

interrupt frequency (Hz)=
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Nnaunsi 2.3 Sdeamslidygraiairefinuivilnfannsauwua
Wliae Tagfnevhmstnedreaunismen compare match register WothlUl4lumsiden
TUsunsu %quﬁwnwsqw 2 Wl lupnudidesnsiifosnduaaiiaionsd 2 anusde
High U Low nnelu 1 a1v Tnefid1 compare match register Ail@@LTu Timer0 wag

Timer2 9zApIdaenin 256 wazadu Timerl Afilamestiosnia 65536

2.3.3 75 Timer Capture Interrupt

Arduino timer interrupt i @nunsoldlauAfu Timer 1 Wfissograievini
UL Arduino UNO &4 Input Capture interrupt Ak mﬁum&gmifﬁ NNWUeN (input)
n3¥iauil 87 Timer/counter! SussBuviuiunawesiuluides uas
szieuluAuly register Wili} i TONTL Feanursansivuaeidus Tilg wu 1
3190 0 (Hudu iilesarn TONTI 4 fvune 16 Tn Fadu At soduligeanine
65535 ife uavidlatiuaudy Aewiu 65535 AoznduluGudl o lud
doiRakeETamesene ( register setup) lafaudn ei interrupt \intu sy
22 tanAly TONTL Sluifuly Input Capture register ( ICR1 )
mansdudnaaintule ﬁ’aﬁgﬂdﬂuﬁm ICP1 %39 D8 ﬁaguﬁ 2.10 N3

o

avvdUdaMausasyulaliinssduiaduuniouag

Atmega168 Pin Mapping

Arduino function Arduino function

resel (PCINT14/RESET) PC6]1 ™ 2 b PC5 (ADC5/SCL/PCINT13) analog input 5
digital pin 0 (RX) (PCINT16/MRXD) PDO[]2 27[] PC4 (ADC4/SDA/PCINT12) analog input 4
digital pin 1 (TX) (PCINT17/TXD) PD1[s 2601 PC3 (ADC3/PCINT 11) analog input 3
digital pin 2 (PCINT18ANTO) PD2}+ =11 PC2 (ADC2/PCINT10) analog input 2
digital pin 3 (FWM)  (PCINT19/0C2B/NT1) PD3[]5 241 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCKITO) PD4 e 207 PCO (ADCO/PCINTS) analog input 0
vce veeryr 21 GND GND
GND GND[Js 2117 AREF analog relerence
crystal (PCINT6/XTAL1/TOSC1) PB6 o 20l AVCC vCC
crystal (PCINT7/XTAL2/TOSC2) PB7 [0 19171 PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM)  (PCINT21/0C08B/T1) PDS ] 1] PB4 (MISO/PCINTA4) digital pin 12
digital pin 6 (PWM)  (PCINT22/0COA/AINO) PD6 ]2 171 PB3 (MOSI/OC2A/PCINT3) digital pin 11(PWM)
digital pin 7 PCINT2/AIN1) PO7 3 161 PB2 (SS/OC1B/PCINT2)  digital pin 10 (PWM)
digital pin 8 . " 15]7 PB1 (OC1A/PCINTY) digital pin 9 (PWM)

5U 2.10 91 ICP1 w3 D8 vas Arduino Uno [4]
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2.3.3.1 REGISTERS vanuniiagiasld
1) Timer/Counterl Control Register A (TCCR1A)

N1Y19UY849 Timerl 53ama5 TCCRIA ﬁegﬂﬁ 2.11 agwiuinazlaledn 2 - 6
FedmFU WGM11-WGM10 (bit 0-1) Tu Wusafiazuenineely timer 39y mode 1wy Tag

wldsauifu WeM12 & WGM13 flaglu TCCR1B

- — - V-

Bit 7 6 5 4 3 2 1 0

(0x80) [comm | COM1A0 | COM1B1 i COM1Bo | - ] - | WGM11 | WGM10 I TCCR1A
Read/write RW RW RW AW VE: S R RW

Initial value 0 0 0 0 0 0 £ 0 0 J

sUfl 2.11 F3ames TCCRIA [4]

TCCR1A 9¢l4 normal mode nan@e 1% counter fudsaindrasgn (0) U
ufergean Fariu f1 WGM13 Fa WGM10 aiiu 0 smum TCCRIA aefmualiifu 0

2) Timer/Counterl Control Register B (TCCR1B)

M3euLed Timerl 33amos TCCRIA faguil 212 awifiuii bit 3-4 Husy
TuTeadu WGM13-12 anafidnandnauw %aﬁwgﬂﬁwumiﬁlﬂu 0 @7y bit 0-1-2 Tlufa CS @4

\Wusueniy fesmsezyas Counter FaUnfvgdarindu sysetm clock ( prescale)

Bit

7 6 5 4 3 2 1 0
(ox81) qﬁ TCEST | - 3 iz | Csiz Csi1 Csio ] TCCRiB
Read/write — RW R FWJ W
Initial value 0 0 0 0 0 0 0 0
\
T T L e

U 2.12 F3awmes TCCR1B [4]
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Tnfisndiosldsn Aetnil 6 we ICEST Wun1siden EDGE SELECT win set A

Wunsuanit 9¢19 ICP1 interrupt \induuuy Iinszdumeuwdu rising wiearlinsedu
mauv1ad (falling )
3) Timer/Counterl Interrupt Mask Register (TIMSK1)

L2

alal -1 a & = d | " v v
39AWBIAIU MBS enable Uav 5 Failunisusuanin foanasly Input Capture

4) Timer/Counterl (TCNT1)

s I = =

alal &<l = Y '
5Q3Lﬂ@§WﬂEULﬁUF\?UUﬂW counter 159 UIWNIUDILIT FIALAANS update A1

2
=l

189 910 datasheet FWawasiiazilu 16 bit register zidusnosduadly

5) Input Capture Register (ICR1)

aal o A ) =] ot ' .
PRGOS interrupt {inTW A1lW TCNT1 %Qmmm&.ﬁUM ICR1 register
o

<2 v = v = 1 du 173 o
\neRslminnreanuaAlul uld TunisArunu

2.4 NQEfNEINUNITBBNUUUINATVRAATDITZYMUMani8Tuaas

N1I99NLUVIISTDLATEITEYIUMmINgluaInTsiuansouisean|fily 2
du AN158DNLUUNIITNINAFBATBsEYMUMan1elUBIAT WavNT00NLULIIeS

NIN1ATUYRIATEITEURUALIA 1 UDANS

2.4.1 v uN1TaNUUUIIRINIAd VR LIRS BTy AumienieTy

21A13

dmsuissnaniedaiudulesiasevuiedunssualsvaonweasanssnsu
ahulagmugunisiaduvemasauoadiinurmudideudunluies dufunguives

1ITMINAdRzigItestunIdamesiiudining 29asmeniadsaninsauleenld

2/
L

Wy 2 dau Aedauduneinivihiiasuauiasesiageidearuidunaiidiun wavdouy

2/

TUBUNG

q

aala Y

wiMATLANINITNSENTUTBIABA KRB RTIIUBYTUAILAR
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2.4.1.1 N udanes

P = & o ¢ & w0 o wa s
Wasnnnsudawme silugunsalansieingy Alinauandivensdygyralni
Ua/Aedgyaadnil asrussiulnih vionad@yanaluih nsvieuvemadanedos
<4 s

= W s L fd 2 3/ A s
HanwuzmilsununuaIngnavaumedymInlniivd tieuiusuianseualwiliun

A L 1 s
DONNNINWNAITIEULTINY
NIUTAADINITEA NPN wazviln PNP 9zdasvnnsluwealimsiudainesyinn

v i 1< [ < ] a & =l <
Nule Wdredunsvenedygu vieduaing leeindnnislunisluuea fe

1) 3ansluneanseliiusesdeseninedinnes (a1 £) fu

Wud (91 B)
2) danslukeanauliiusessaszuininaaaniaes (@1 C)

Aulud (31 B)

@ IC
Ry .

Vit ll‘

1 +
|

A = L3 2 1 o/ 2/
3UN 2.13 nsluneamsu@awmes NPN Tngldmssafduniu [5)

13U 2.13 lunsdawmesimnbinszualvanniiuluenaviilifegedu
1 anungueslesiudslainisusunseuaainmsuiulnitsnasmiosnauiuanaiag

munlnensiadafumusynsuiuuasdnglnides
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+0V

. (_ — v
Ha R Current flow
l . 1 E*|FromcCtoE
1 ¥ 5 o ‘ * v ' *
N ; + N
b . * LR .
. e . Yt 2
depletion I ot
R i region i v g
L e R b s
3 Bid i naceer] P S~ D, 0! -0s- | P
e e ———] - . r' .. @ "._
oA No electron Pl Bl Ll electron
b - & across the O acrossthe
5 " p-n junction | S . p-n junction
"+ * g . 1. + O
=, | o o o N
P 4N SRS W { & =

4:‘ = = dI Yas
UM 2.14 msvavesnszuavemaudawasaiin NPN Woldsumsluwed [5]

n3UA 2.14 uansisn1svhuemsudamedeain NP sUlamerauansdy
nsladldsunisluda FedemaliiAausnaasanivg (Depletion Region) Huan uazgUila
Frodunsludanssisesdedinnesuaziva warludanduisessonaaannasiasiva
Mnmsiiswihmsludanduliunsesseneaaninesiaziua lsvlvusnadasanme
niendrseusediiawmesiaziva AldTunsiusanse duiudadunaly dpmuduniuiien
wa (Ry) ffge dieliasevinuguiuuvesialonazyilims i nszuaiviua (1,) du
Ansuaisnun eifisuiurinssuavineaianines (1) fedurvesnssuaudinmne s
%’@mmnﬁhﬂmmﬂaamﬂLmai‘ﬁiaaﬁiamaa;,anLma%LLasLummmwu%amaifluﬁ';uimgLLas
¥sudutessnananssuaiiviva (1,) Seilildaunis

L= (2.4)

ndawnmsinaluneanuguil 2.13 wiusiaunsadontorsesiflmildituaces

Bimesian luueallsBunnienisluweanss warluweailuendnadenisluweandu Tny
Lma’aﬁhmmﬁuﬁjﬁuwm‘muaa A9 Vg u,axLmeiafdwaLLﬁaﬁuEﬁumﬁwmlmLaa A9 Ve

AlumvIe B wineds dnsidusEwinnszuanoaanmes (I.) funszuaiva

(I5) w3ednsndruseninnszuaeding fudunws 1Soni1dnsiverenenseua (Current

gain) azlaaung
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(2.5)

=
II
|
|

o

RnaNnsi 2.5 nsudanaslaoialueziian p 243581719 20-200 w30
wnnd1 A B 1Sendnedmiein by,

MU 213 axiudn Vi, Wuundssrsluweanseseninaua (a B) way
oliawmes (11 E) lunsalveanasmiadasiagldunasineainuedn Arduino uardmiu V.
lhduuasireluweanduliiusessdoneaianmosfudianes Wevivauazedinmes
Ie5uluneanseaziAnussdumnasausossatiuiy

Vi#07v (2.6)

Vi AOUSIRUANATONTEWINEY B AU E (057176 dmsunsiudawmesuuy

0
= ol =

aa o I ) i = Y-
Yanau LﬁJﬂ'ﬂ%ﬁluaﬂerga M7 EULIIPUANATONY TN 0.7 V ‘Uﬁﬂjiﬁfﬂﬂqﬁm'QUﬁﬂq?g

= @/ [ i 2/ s ] <
UM LW‘S']3L'U‘LJﬁﬂW'Ja‘ﬁm‘ULL'Nﬂuﬁ]ﬂﬂ‘iE}ﬂJﬂJ’lﬂVlE‘:{ﬂ

Vee= Vip- Vip (2.7)

Tagil Ve ABLIIAUANATON RB
Vi AR IUTIAUAIUANINUBSA Arduino
Vi ABUTIRUANATONTEWINGU B fUwn E(NS 16
way
Vau=TR5 (2.8)

=l = 1%
Ime Iy AD ATTLETNLIMIVILUE (27 B)

R, Ao Msunufidenuyiiua (41 B)

IiRg= Vi~ Vi (2.9)

_ Vi~ Vi (2.10)
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I.=Pl,

I. Aonszudalwiilvariurimeaanimesan C

B ABdnIIN15VENE (Current Gain)
L=I+1

I, Aenszualiiifilwaniuvidinmesinedan
Vie=IcR¢

Ve POUTIAUANATOL R,

1 ' IJ 1 1 1 -
WANITONIAILTIAUNANATONTOUADUDIUARLVIVDINT TUTALNDS LAY

Ve 777 F X

W aa

Ver POUTRUANAIONTDEADADALANIABSTUDT]

Ve Aolnidieaniailaenving
Ve = Ve - Ve
Ve POUTIFUANATONTRERDADAANABS UL U

ANBNYEN LD INNATDIINATDAAAD T3

)

E-)

MBS

@

FI94l
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(2.11)

(2.12)

(2.13)

(2.14)

(2.15)
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ke 4

;V‘:
:J s s s
JUN 2.15 nswpuduiusves 1. useiu Vi, uag I, [5]

= v o s o a1 A ) [y
NFUN 2.15 wamsauduiusves I, e I, dArasiamids uazusasu
= = o -t Y Y| <
Ve finnsiasuudasly dsusvenfienadnyusasenssuataz ussduiineaanineslngfiil
Lo o as g 4 nl = .
nszuauauimmuaumumNdRuSTeauns Faduaunisitanios udeiw (Active
. = O =i
region) A9 ANIEVLEAYYIM AINANNITN 2.11
= AJ I U 1 J [ 1
#915019M995 luguN 2,13 Tiunaedne V,, Wuuvasiieusualaluseanss
Wifusandalua uagdlinmes dnfunsuiuarveanssua dufuavesnseua I, 1
1 44 :‘J’ J al Ql ] o v g 1 U
AN 1> 0 9ntumoy 9 USuifinaAwmsaiu Ve Wiuinduain 0 v azwuda 1, eee 9

< X = <l o § w4 - =~
WnTuauiegn B lugui 2.15 lidnseualnihasiivas Sulumuaunsi 2.11

EEERISEaT i e s R e
T @O R e e .
B i B e e e o £ = 1 N BREESDS
o + Sasturation 51 = ) L
T A s douA Pt i Load line

ax)= 6. B T

lcluux) 5mA S L1y = 60 pA :
"'i - : 7 ‘j': - i S o 4
3y 8 e Q-point
P
Haprrr I = 40 uA
Ty -
- 3 = e
e =2
T M '
EEoes Sxaas = 20 pA
== 30 2
= T R o
:“_‘::.,1 = 2 bkl Veemax)=20V
2.::._'0 = i '.* ;

[ = 10

f—" @ (3 aa 6 1
JUN 2.16 NN BasMIIe1ANAUDIMTBRNAeSIM [5]
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a1

= ¥ < = < & I
NNUR 2.16 ssiiulddndlonszuadunaiivnua (1) fandugud szaglu

[

I ar =i © = L =i 2/ 1 L 1 [
guAnea avinavilinszuaednaivireaennes (I,) dendugudseuiu dugn

Y

o a

l:‘ s 5 =t 1 A s =1 v s L3
BUMIUUILAUIYDY HTUNILLTIANU VCE MﬂﬂﬂaLﬁU&ﬂ‘U ov Lgaxﬁmwmwadm’mﬂzﬁamm

a4 . = - 7 = a ¢
139 90 Q-Point vunsigaiianunsaventadndives I, I.uay Ve vasinsudawnos

° & e ' a v . q‘ly v o
Vn\ﬁu@%uumﬂ']l,wﬂlli Iﬂﬁlﬂ’ﬁw%’mmf\l’lﬂLﬂuIViaF}(Load Line) Nau1nndunaanusenIg

WAUATEUE T LAZUNULIINY Vi,

a o [ o = o '
2.4.2 nuNBINUNITRBNLUVINRINATUYD AT ITZYA LML In18 Ty

21A17

o @ Dt A ) AT A s y
mmmwsmamﬂsuuuLﬂmaa31nas’|wmwaswanﬂalugﬂwmLLaamnWNEJ\1
| o v a a a ' "7 W o
denoanuinnasaLaadnlasleiisusasnFoninwldlalen wazantiuyiinisiudey
av v o ) o ° a a W
nszualaanlldlalenlvinanaduussiu ievziluseredyaniiuuazdstoyasoniy
Tiiuluga Arduino Wathluvhnisussananaduasialefieanuntunigousads iy
s A £ 24 s &) ] 1 1 (]
N uireATIINMATUIBRgITesiusaUkendudIng 299Inaniadeannsanys
2/ 1 1 =} al 1 q' as v s 1 o:] o
ponloiliu 3 diu Aedwunudsuainainszuaiinldlalensulalriduusady drufivinis

YYIWUTINY LALAIUNYIINITUS VAR

2421 ﬂ']‘iLUgEJuﬂSBLLﬁLfJULLNﬁU

Tudruvesnisildsunsvuadunsasuliinisleaaseeny transresistance Mss
299siUasunsEuadunsay (Current - to — Voltage Converters) fidnwaiziliduraasuuy
WAL TIAUGNAIUANAIBNTELE Ao Lﬁalﬁﬁms%'wn'saLf,ﬂé‘uwmL%’mﬁaﬁqﬂmUé‘au’[ﬁ

udusesumaening
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WV out

| = w
JUM 2.17 299siasunseiaiduusai

4 1 1 a 2 1 v L) s s
NFUN 217 aguirdnmssedadunulddhlulsmidusdeundudyain
NNDWIWALTIEN LB UNA wasiadumidvhwihidudiafuinu verenssua vl
i P & = a1 v oo X a =
Anszuanlasvunanlnlalalonasausniionviiandesliifiudua iy WazNgNATAUA
lugvazuanaliiiuisianiesnisivavesnsyuadiluasusdiumu (1,) wasiiemenisiva
vesnszuadunnain Wlalalen (1) ualuanuduadeiianianisluaasnseuavodlnla

lalonaziduiavansaiudnuiunssuedunm (Ly=1) ntusezerdendnnisvetasy

woud
Tarfwualy 10y KCL Alviun A uag A = oV Savials
I=I, (2.16)
=0-Vour (2.17)
"R
Tngil I, Aonszuadunmnan Wlalalen

Vour ABUSSAUNIAUDMNAVD9995

R Aafduniu
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azla

Vour =-I,*R (2.18)
%30

Vour=Iip* R (2.19)
Tnei Lp Panszuaveslnlalalon

@ 3 o (Y] . = 1
WU MUN Vi =A e Tash A Aoens1vee (gain) V093995 Iwivuae
Wuleviu (ohm ) Fevhlifesndeuluzves R 1nnnd waniumaualieast o1agnizen

BNBY1IN 19TVEIBAIANUFTUNIU

2.4.2.2 NSV IMUTINU

1 ) s ;2 'S - = fn!cid 1
’Lumumi’umﬂamuzyml,mmummiﬂ"lﬂuqﬂmmmqaLﬁﬂmaunawmam Ll
6 o & ¢ o - = v ol e a £y v
woud ndugunsaatiauenyyl Nanunsaesntuuliituiwsandunisnadnmans 1o
1 gj s & = A & 2 Ejdy
Na1eguL UL WY N15U3N au AN M3 FWYNNIITAIBUNUOUAEUTNUS Wudu waglundisn
%'L“?faaULLauﬂ'lﬁﬁmﬁwﬁLﬂuﬁwmaﬁfyaunm‘[mamisimwﬁaaULLauﬂﬁlﬁwmagmwu
UNAIDLNLYY

1) 293V81BUUURNEY (Inverting Amplifiers)

- — ‘Rj
AN
i i=0 l’o
n R V]_ 1
— —
Wv Vl s 1’1 N U ju
G a= 0 —
Vv, = — +
v (_) +
V2 v,
0

JUT 2.18 2993988UUURNEY (Inverting Amplifiers) [6]
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< ) o v o v & v oo v
NFUN 2.18 1995V88UVURNEY i iveneuasnaudinsenufiidnumia
a L R [ v ar € =l - ! a Y a =l
vavlunandeaiu Suduwavhlissiuewinailvuafisnnndussiumdlsdunn uaed
Tmsaiuiuivusiuildudunn Samnsauansenuduiusveussiunedudunauay

wwinalalaeivualiidu ke #iluun V, 9115

A (2.20)
9zleri
Vs -V = 0-Vour (2.21)
R R,
Taeil V, AouvaIninunsesiu

Vour ABLTIAULDIVNG
R ADAIAIINAIUNIULT

R, faranusumulaundu

Wawin Vi=V,=0

Vs -0 A 0- Vour (2.22)
R R
& . -Vour (2.23)
R R,
Awld
Vour = _EL =T n (2.24)
Ve R
R 2.25
Vour= ‘?fvs ( )

NaUNsH 2.24 wadwsiioanulailudnsidiuveusiuordiwadousiu
= = L =

dunm vise 8nsnsveneilidnay lneAdnsnveneasluegfuAanudunmitldluieas
ety
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2) 2995988 uuliinniy (Non-Inverting Amplifiers)

s R,
— W
i, i=0 1‘}
gl e
V=Y,
L=0 prem——"
2=‘a —_— +

-
+

) ?\/2 v,

o

L

gﬂﬁ 2.19 wasvenewuuliiundu (Non-Inverting Amplifiers) [6]

A 1 o/ o v A L 1} s 5
97IgUN 2.19 2995v818uuulinndy iandfvenedyaralaglinduis

o (YY) = o § w ) ¢ = i Y Y a
YR IBLTIFUNALT A mLﬂuwawﬂmyﬁmumewmﬁ'ummwmnmwLLiqmumqﬂaauwm (5
fitnsafiuivusefuiladudunn Jeannsauansanauduiusveussiunaiubunnuay

g

wwinalel lnefmualimdu KCL Alwun V, vl

1 (2.26)
2zl
0-V, N Vi = Vour (2.27)
R R,
e V, fousedudiluug V,

= o 3
Vour ABRIIAULDMNA
R FARANAMAUNILYILLN
R; Agrmusunulioundu

Wewin V,=V,=V
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_& _ V; - Vour (2.28)
R R,
Tneii V, Aaunasnifdnusesiu
VOUT =5 &‘H - Gain (229)
V, R
azlel
R
A [1 P Ef)vs (2.30)

P v sl v o [y (] s (3 ] LY
AMNAUNITN 2.29 NEE‘IWSVIFJE)ﬂﬂﬂlﬂtﬂuaﬁ‘iﬂﬂlu%ﬂ\‘lLL‘J\W]HLE]’JWWG]@BLL‘N@U

dunm wie dnsinisverelaniuuan lnednsiversazdusgivmeuduniuilily

N7

3) 1A3V8ENATIN (Summing Amplifier)

Lok R,
K, o———AW—— AN
f Vv
t i
1, R, 1y A=l l /
Vo AN -
V=%
! =0 *
o R, = + +
V, o——an—— v=0
A
o F— —0

3U17’i 2.20 29959818Ra394 ( Summing Amplifier) [6]

| o v A 0. e a v
Qqﬂgﬂﬁ 2.20 NITVYUHETIU VI’]WU'W]L‘T]U?\?Q?@']LUUﬂTﬁW’N ﬂmmﬂ’lﬁmﬂﬂ

¢ ol

1 [ e s b s [ 1
U 115U N15aU waviluiarsesduwendniliduyavaned uaglidnerdnmduninasiy
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R R R
Vour =-2-(W) -—Z(VZ) -R—Z(V3) (2.31)

1

=l - ) ¢
lned Vour ABUTIAULDWINS
Vi,V,,V, faussiudunnusiasen
R, .R,.R, Aafausnumiusiinuiazia

R, Aaranuiunutloundu

4) Wasveenany (Difference Amplifier)

RJ
A
1, =0 i
A BN ‘
L
= —
R v, '3__0 +
4 P A +
+
Al v, 2R v,
* 0

il
k|

gﬂ‘ﬁ 2.21 2WI5V8WHAnNN (Difference Amplifier) [6]

NNFUT 2.21 sgiuineasveenaiadasasiveenasidyyrudunnaos
i wazldilodwndlodyaudunnisassiawawiiu gnihluussandldifievensuaiig
o ‘:ll = 6 4 ¥ s E‘II ar = o i/ € 1 W v
voddyaIuovtivwadin Weglussaunauisansiaiausoiluldusylewideluls
/1 s L3 [
sglarusanumaeinmLdu

1+
OUT=&( R'I/Rf) Yy - &V
R, (1+R,/R.) R,

(2.32)
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I A -V =l s €
e our ABLTIALLDYING
V..V, fiaussrudunaunassi
R,.R,R; Aomanusiumunndunausazen

R, AoAmAuiuniutdeundy

2.4.2.3 n15UsuanaanLas

| 1] & a Y ¢ € a1 oA |
Tunseeltauesluwanflnaunfudrseunsalpauuaudasildfiizenia Inout
2 p

= 1 @t = al =t ] J o & A 1 o aa
Offset Voltage ﬂi@ﬂ?LL?ﬂﬂUE}@ULﬂV}VI’NBUWG\ NRUTBDIATAMURANANY R TDALTIAUN

PALANTDg T BUNAYT 2 vasesuuentd Feilnamtannisauldnsiiundolidng

[

L2 s I = e =) ¢ o = 5
ﬂummmeuluLLaaismwwuaLLas‘mamma%‘uaws’m%mas Wﬁ’JU‘UEJQEJ‘HW‘G]UU’tJ‘EJ'iEJ

NaR 199 ULaul

OFFSET
NULL o NG
IN(-) ‘ 0 Vee
IN (4] e OUTPUT
OFFSET
Vee o NULL
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2.6.1 JUNUUTDMADALDADA
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2.6.1.1 VinaAwaadALUU Lamp Type
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2.6.1.2 viaoAwaasAwuL Surface Mount Type (SMT)

fidnwae packet 1uduneg danmaiuisalunisdunszuasaug 20 mA-
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2.6.1.3 viaan Hi Power LED

v‘flwaamuaa%‘ﬁ%ﬁmﬁLﬁ‘t&ﬁ%’lﬁuaqaﬂwqamﬂf] vzilAuTauiaTuLINY

pesilgunsniinldsruteanuieufiousie aghatu Snaed (Heat Sink) Tedrulvajazsinun

1/

a o e o =3 21 5w ) - w .=I
QqﬂaQNLual} NUAUSALUR ‘WaEJQJ’UUi‘lﬂﬂG’?EJ UINUALUN LLﬁSW’lmm‘iauuLﬂm 35U 2.30

q Y Y

".h\ -‘. ‘_'Fa

3UT 2.30 waen Hi Power LED [12]



36

2.7 svid ASCII
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2.7.1 33n1581UAIINANTINLDEN

MNANTIUBANUUT 2.31 Fnsemidnwsitdesmsunusa wy n srursaly
AITILUIRINTIHIUME bT b6 b5 uaz ba Adild Ae 1010 ntugrurrsialunsis
WWIUBUATIANL b3 b2 bl uaz bo Adild Ae 0001 ﬁuﬁuiﬁaLmu%’auuawaaﬁ”aé’nm n
Ap 1010 0001

2.8 gUwuumsderitudaya

I o dl o 1 3 U d! g o Y =
JULUUrRsEmEaE gy uda sUsENRUMeagdituanilsastuly yhldAe

| | W o ' = (] %) 1Y vd -
Powmsdsdeyalfinnnimilsemie jukuuresmsdeindeyaudsldidu 2 suuuude
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2.9 viann1stUaedulusunsy Arduino IDE

Wsunsunldauiululasroulnsataas Arduino S3eidunianisin Arduino

IDE (Integrated development environment) Ei’iqmmm’l,%’mulﬁwzwuszuwﬁﬂ‘ﬁmi
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1) TAs9a3190197 (Structure) saudsiazAnsi
2) Wendu (Function)
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e‘a‘l‘d" v e v [ 2/
Tunildeld I, wirdu 800 mA aglden B wiriu 25 azld

800x107
I, =
25
1.5 92 mA
wme Ry 16
R. = (\/input —VBE) (33)
B IB
Tngil Vo ABLIIAUAIUANIIN Arduino

input

Vge FBUSIRUANASDUTLUELALDTANDS

We V,, ., WU 5V uay V. wirdu 0.7V agld

input

(5-0.7)
I = X

32x10
R;=1343Q
R, ~120Q

dlaussunauen R, v agvililamn I, wag 1. Indu 35.8 mA uay 0.895
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aumu R (Vo)

Vre=1cRe (3.4)
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el Vee= 0.895%9.75

Ve=8.7263 V
USRI URNATDNTDURBYIADALENADSLALANALANDS

VCE = VCC 'VRC (3.5)
azlel V=32 - 8.7263

V,=232737V

1 A =l e &
AINTELaANYIRdanes (1;)

A+ 5 (3.6)
a¢la I = (0.895) + (35.8x107)
I, = 0.9308 A

B 1, Almenilndidaiuen 1.
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Wum Auaz A= 0V an

=1, (3.7)
¥ s 0 - Vour (3.8)
m R

Tagil I,, Aonszuaduwman Inldlalen

Vour ABWTAUN AU IVINAYD99993
R ADFAIAIUYIU

< | v v a a Y v
dialtemsumu (R) 50k Q warlinszuadunailanvindu 9.1 pA v¢ls

q

Vour="-li, XR (3.9)
%30
Vo= Iy XR (3.10)
e [y Ponsziaveslvldlalen
Vo, = 9.1x10° % 50,000

O

Ay oo = G

AT 3.1 HANTATINATLSIFU IR e e ULl AuraysTaYNg

JPULVN (cm) NILUADBUNA (pA) WSIAULRYING (V)
50 9.1 0.455
100 21 0.255
150 o 0.155
200 ikt 0.110
250 i 0.095
300 1.2 0.060
350 i 0.055

400 1.0 0.050
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Wewn V=0 vilw

Vin 'O=O - Vour (3.13)
R4 R5

Vour_ 15 (3.19)

V. R4

Gain = Yot 2O
V. 20k
Gain = Vour _ -10
Vin
ouT - Vi % 200k

as 1 i A = ] o
gNAIBYINITANNIMUID V, dpwnnu 0455V

v 0.455
ﬁ):ﬂlﬂ VOUT: —W X 200k
Vour = 4550 V

dmsunisinadulsingiteseeeduondditnuiilann Tugui 3.4

UuagAaeadiuiueeULenliiate wainisifsunlasamdsuuwinty Taaiils

L ow/ (3.15)

diolif R6 1Tu 5.6k Q uar R7 1y 100k Q
ol Vour _ 100K
V. 56k
Gain = hT— =.17.857
V.

in
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o 1 o d‘ 1 1 u
gnfBgINITAWIMe Y, Sawviiiu 18.800 V

9 -4.550
leﬂ VOUT= -(_5‘61(—) X IOOk

Vour =81.250 V

:J o 1 at & 1 LX) A 1
M50 3.2 HaNSAIMATLTIR U YINAYBte s ULeuddIuve e &y sy uiue

ALYV
35UEN 4 (cm) wsudunm (V) useiueviynesy  usadiuienvinnesy
wondaTinuiniy  wendiiinuwiiy
10(V) 17.857 (V')

50 0.455 4.550 81.250

100 V257 Va 0] 45.535

150 0.155 1.550 82.142

200 0.110 1.100 27.678

250 0.095 0.950 16.964

300 0.060 0.600 10.714

350 0.055 0.550 9.821

400 0.050 0.500 8.928
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durisihuavauldlusudieadu fwihilunsmuaufiemanisinavesnszualaih (i
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2

1NN nszansamuALUTInanssualnilduas pwamnsadifintuldinsvansie

funelufms1udames

BD139 pinout

1. Emitter
o 2. Collector
1, 7 3. Base

UM 3.11 nswdawas BC139 [16]

P a g =i & = g I as
MNFUN 3.11 M3 Tames BD139 dUmsuBamesuuu NPN. Auseiugean
wwIneealanneihayy1aimesidu 80 Vdc Muswugiansynininoaaniaesuay

s 1 - « U A
UUdA 100 Vde UWSInUSEUINNBNIRasiaguIlud 5Vdc mnizuagaqﬂwmﬂaal,amma% 1.5

i - = % = o
Adc mnIzuagegnviug 0.5 Ade gaumgiilumslasiu -55 fia 150 °C

3.2.4 aUuau

6 & € & a o o e a < o w
pavuanUidugUnIsmvinleasBiannselindidigiinuuianioniasves

Y lagmslindsauanundsdieliuagnsmunudyaaiedaliisusanion

@

Fyraudunn witlvuielvaindn lumumnedl Mveredyginviinisna S BIRTRLNGRET

YoawnaIe In

OFFSET NG

NULL

IN(=) N Vee
b ‘ -

i (Top View)

Vee NULL

JUt 3.12 laezunsumeluvesesyuend LM741 uas LM358 [17]
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1IN3U7 3.12 lnezunsunisluvesesvuond LM741 way LM358 1Ju
WITVYIUWUUADATA (Direct couled amplifier) ﬁﬁé’m'}ms‘umaqamn’L%’msﬁauné’ULmU
aulumuauanuaiznisihau shlianisvhiusessesldfufummimedneluresest
woutd wvsnelulszneusmesasveneiidesynsuiu ledeeuweudiduleduanddluan
auleslediiag lWAsleFeauuondfivndunwn 2 91 Sundrvudlinduia (Non-Inverting
Input) ¥38 ¥1 + uazandnduina (Inverting Input) 3891 - druniesueeniifie sy
LEn Lﬁaé{’mjymﬂamﬁwﬂajné’uLWaﬁ’zU_,fynmmaﬁmaaﬂﬂzﬁgwam&ﬁ’umaﬁ'mﬁw LA
Houdyaandrfivndinduina dyyrunieeenaziinadsisly 180 aeen PNdeyeyn

N19AULTN

3.2.5 faguniulvii

pasunuliin (Resistor) Lﬂuquﬂifﬁﬁwﬁm'ﬁumﬁmtawwmﬁmﬁqﬁiﬂums
frunsinavesnsaudlnihawdugunsaiiiiliunnilan dsade fo R finuanddlunisan
nszuauazissiulii Tnsamasai luldles usesulninssuanss wazusesulnii
nzuaadiu vy Tovit (OHM) Weauwnudeiniosmnesnwsnanluso fe o

fadumutuiinatsuuy W fduniusiadied (Fixed Resistors) A7
FunturiiaFoudild (Variable Resistors) Aagunusiausuuseile (Adjustable
Resistors) #sinuvn wilaudsAle (Tapped Resistors) wasiafuniusiinfitay (Special

Resistors) lun1sad19199saseidladnasldausdiuniu 2 ¥ia Ao saduniusinaias

v = aj ! 14
wazmIMUNUTtaUasuRle

2. Metal film

vd
4. Epoxy coating *

: 5. Leads ';"_—":ﬂ..—'—— .
1. End cap - -
3. Ceramic . .

JUT 3.13 fdumuriiadimi (18]
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3.2.7 @194
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aedimmhiveuseguniainigluraasinlimiaesasidenludsdniled

Hulugalnsfimsldaumuinduwuug-fuasuuud-de fguil 3.16

3UN 3.16 @ duuuug-f wazuuug-le [20)
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3.2.8 Arduino Uno R3

D

[

: I . W v = |
Arduino Uno R3 tfuuasa Arduino wlm'ﬁummuwu’mmqm AIsuUN 3.17

YU

losansialaduna dulnglusiaauay Library s1ee Awautuan Support 98198471U
vefaihduvdn uardersnathede nsdiit MCU e Auasnsodesndouesddie
Arduino UNO R3 wisgiogeanidu 2 wuu auailnvesdy Microcontroller 7
14 lauA Arduino UNO R3 uuusssuan a8148UMCU uuu DIP (Dual Inline Package) &4
Wuduilidsuidniy Socket Bniteansanenudsuld wae Arduino UNO R3 SMD a¢lddy
MCU Uy SMD (Surface Mount Device) #1iluduiignianifinasuuveiaias vasn
Snvuziagliaunsnneaudeuiuld deuesauuy sMDadifunuiignaindainliainign
NUBTALUUDIP udvapsuasafiifleddy awpuazmsldauiviloutunnuszns Taed

] s L3 % s =
AUUsENaURANYDIUBIA Arduino Uno R3 Magun 3.18

5Uf 3.17 va3a Arduino Uno R3 [21]

Reset Button  Ground Digital Pins

.Hﬁgsgfylll R

N £ e T I Bl LTI

=% Arduino (UNO emon =] Power LED
l m “RXTX LEDS

Power Jack Power Pins  Analog Pins

USB Socket

5Uf 3.18 dhuusenaundnuesuesn Arduino Uno R3 [21]
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3.2.9 Character LCD Display wuu 12C

98 Liquid crystal display (LCD) LﬂuaaLLamwagﬂmeﬁﬁﬁﬁamﬁﬁm’lﬁmuﬁ’u
Aussuvauenailaiiagnaunsnats wiinas LCD dwsuuvnanswaduisnusedond
Character LCD %aﬁnwiﬁmumﬁaé’nmw%aé‘ﬂmizﬁmm'inLt.amwalilﬁagjl,l.é"a WAZWUUT
mm‘mLLamwaLﬁugUmwm%aé’zuué’ﬂwm’lﬁmmﬂmuﬁmms‘uaqpﬂ’ﬁmuﬁeﬂ'jw Graphic LCD
wonaniunwdaduseitinismdniumldianzay ilniisduuuuaggusnnanizianzas
TUNSUARING 19U WIRNIRIReE LASEIANLAY wiUaing Judu

o -

2 - 1 P =l =l 1 ' - 1
WU LCD NUNISI%0UMLUY 12C B50L58N9NDE19IINISITDUAD MUY

. ) o = 2 Y ¢ e 9 o
Serial QﬂLﬂu‘WU'ma Hab) ﬁiﬁ;Jﬂﬂm?lUVluﬂWiauﬂuuaiﬂ 12C Bus V'I'Vl'ﬂﬁﬂfl'ﬂ‘ﬂﬁ']ulﬂa&’ﬂ?ﬂ

'
=

g97ulazdannsaudumaIunIuUsUATld dusuusumuduades Tuguwuy 12C 2l
a " W - - [ =4 o %) o
lunisWensiodu Microcontroller Wie 4 91 (uy Parallel 14 16 21) @avinlleaula

1 Q’ é/ L A
JULAEFALAINUINEIVU mg‘dw 3.19

3Uf 3.19 Character LCD Display wuu 12C [22]

lunsmuauviedenu Tneriluse LCD axfidmuniugu (Controllen) aelush
ui Jldanunsodestaidadmiumugumaininuveste LCD (20) wuidienfufuee LCD
WUUDTIUAIRD LCD 16x2 ﬁﬁmsdﬁauﬂagﬂuw 12 Fldaniios 4 0ild lunisideusas
Wit

1) GND 1Ju Ground Tdsasening Ground vessEUY Microcontroller AU LCD

2) vee Wulmdsnasiitoulsiiu LCD fuwrm +5vDC

3) SDA (Serial data) Lﬂwwﬁ’[‘ﬁumﬁuéaﬁaaﬂa

4) SCL (Serial clock) \undyaraundinilunsiudedoya
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3.2.10 dafiwos

v aa v a = < A W oo w [ < A o &
iaatwmesdadunildluiniasilefanlwinddyuan Suesestietaiiugiu
e 9 lunstadmialwihfiugiudie o wu nssua usedu dadum Gudu Taglusas

- L3 v o 1 a L2 d
Un8392UTENaUMENISVINIUNATE D195 Aa3UN 3.20

-

DT-0205A

U 3.20 in3eslaifines [23]

v da

3.2.11 angiwas

i
=l a o U

Lﬂ%‘aqi’mﬂ%mmamaaﬁuaaLﬁu (ANUEIN9) ‘luﬁuwmwumwmaau #2199¢
uanslumizeves LUX (§9330) uaziitvuwin (Sange) Lux Jumbsuinsgiuvesnisin
AutNvesuas (FedsanunsaSenin “Amnuadng’ wie “A3NAI19”) 1 anddlanvinfiu
ANAT VBRI LATINTiB U Miens ke nsinuaslneUsnaaely
andiiwasineldiiuinlunsaiiou (fied, fc, FCD) MSadndluszuy S| fasaiieuwindy
a}%wﬁagLuumaqmm‘mmLLﬁumamawiami’mﬂm wﬁaé’m‘fﬂwﬁﬂuqmuﬁiam5'1\1mm

Megandumnes AUl 3.21
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SUM 3.21 Leasdndiines [24]

3.2.11 sadadaladlal

- = d' o v s c{ s 1 s
soadalaalay Ao in3esldinduanalni edulni Sasusesuas sl

Vs a o o v g [ @ ¢ a
msltinanud Tamavosdyarn uadlddmiunisianiunan dwoadalaalavasianua

= 1 = v s i
aaﬂmL‘fJum’]W ?N%LLamwam‘u‘maammwwmumaﬂamﬂai’ ﬂ'ﬁgﬂﬁ 3.21

SUl 3.22 peadalaalay
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3.3 NFAANUNANIINAADS

lunsdaiutuiinuanisaaes ldlinsnageuinszeynisiudedoya nns
e 1 t 1 A s L k2
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Tuiegiramsnivdsteyaliszornidlnavnalvwu fagud 3.23

U 3.23 nsinszeenanisiudedoya

3.3.2 nMsnadaulnmunssnulnidinaznszualnnivesniasu

o 1 s : 2 = sf' & =l as 1 o/
nsinrusesulni9sldeeadalaalavdaduinsesdlolunisinaiusasuaea

Ayeyradlii Tnenadsldvinisasedyaaiiueundgauunn 5V ienud 1000 Hz way
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3.3.4 NsvadaUszUUINaRINITIEYAuMdineTuaAns
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AMuAAT compare match register TWlUswNs1 N19¥1991 Timer g5uduiaus 0 Tuauds
A1 compare match register 429198171A1 Timer gniAdesidu 0 aziinng interrupt ol
wagluvirauseluileridu ISR luvaued Timer fdaaduiulmiluiFos devhanluileddu
ISR AsUTBY cycle Aagnduludarmdman Tnefiluileddu ISR azifunsivunlyueadid

anuzdu High avdhelilnin uazivualiueadiflaoiusiiu Low ssvhldlngy 2y

I |
= 1

Meznsewiumudeyaiilddoudluudiiesnnldaudidagann syl

k2

ansanendeyaininisnseniussadandu ununwirvutuneunisdeulusunsy

madefied 1k Hz, 2k Hz ua 4k Hz FaguURl 3.27, 3.28 uaw 3.29 Ay



ra!

1) AMA 1k Hz
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Y
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Compare match register
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( Timer Tu CTC Mode
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1AM interrupt

O
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boolean togglel = 0;
boolean togglel = 0;
boolean toggle2 = 0;

void setup(){
pinMode(8, OUTPUT);
pinMode(9, OUTPUT);
pinMode(13, OUTPUT);

cli();//stop interrupts

//set timer0 interrupt at 2kHz
TCCROA = 0;// set entire TCCROA register to 0
TCCROB = 0;// same for TCCROB
TCNTO = 0;//initialize counter value to 0
// set compare match register for 2khz increments
OCROA = 124;// = (16*1076) / (2000%64) - 1 (must be <256)
// turn on CTC mode
TCCROA |= (1 << WGMO1);
// Set CS01 and CS00 bits for 64 prescaler
TCCROB |= (1 << €S01) | (1 << CS00);
// enable timer compare interrupt

TIMSKO |= (1 << OCIEOA);

TCCRI1A = 0; // set entire TCCR1A register to 0
TCCR1B = 0; // same for TCCR1B
TCNT1 = 0; // initialize counter value to 0

// set compare match register for 4000 Hz increments

OCRIA = 3999; // = 16000000 / (1 * 4000) - 1 (must be <65536)

// turn on CTC mode
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TCCRI1B |= (1 << WGM12);

// Set CS12, CS11 and CS10 bits for 1 prescaler
TCCR1B |= (0 << CS12) | (0 << CS11) | (1 << CS10);
// enable timer compare interrupt

TIMSK1 |= (1 << OCIE1A);

//set timer2 interrupt at 8kHz

TCCR2A = 0;// set entire TCCR2A register to 0
TCCR2B = 0;// same for TCCR2B

TCNT2 = 0;//initialize counter value to 0

// set compare match register for 8khz increments
OCR2A = 249;// = (16*1076) / (8000%*8) - 1 (must be <256)
// turn on CTC mode

TCCR2A |= (1 << WGM21);

// Set CS21 bit for 8 prescaler

TCCR2B |=(1:<< £521);

// enable timer compare interrupt

TIMSK2 |= (1 << OCIE2A);

sei();//allow interrupts

V//end setup

ISR(TIMERO_COMPA_vect){//timer0 interrupt 2kHz toggles pin 8
//generates pulse wave of frequency 2kHz/2 = 1kHz (takes two cycles for full wave-
toggle high then toggle low)
if (toggleO)
digitalWrite(8,HIGH);
togglel = 0;
}
else{

digitalWrite(8,LOW);
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togglel = 1;
}

ISR(TIMER1_COMPA_vect){//timer1 interrupt 1Hz toggles pin 13 (LED)
//generates pulse wave of frequency 1Hz/2 = 0.5kHz (takes two cycles for full wave-
toggle high then toggle low)
if (togelel1){
digitalWrite(9,HIGH);
togglel = 0;
}
else{
digitalWrite(9,LOW);
togglel = 1,
}

ISR(TIMER2_COMPA _vect){//timer] interrupt 8kHz toggles pin 9
//generates pulse wave of frequency 8kHz/2 = 4kHz (takes two cycles for full wave-
toggle high then togsle low)
if (toggle2){
digitalWrite(13,HIGH);
togele2 = 0,
}
else{
digitalWrite(13,LOW);
togele2 = 1;
}
}
void loop()
}
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boolean toggle0 = 0;
boolean togslel = 0;
boolean toggle2 = 0;

void setup(X
//set pins as outputs
pinMode(8, OUTPUT);
pinMode(9, OUTPUT);
pinMode(13, OUTPUT);

cli);//stop interrupts

TCCR1A = 0; // set entire TCCR1A register to 0

TCCR1B = 0; // same for TCCR1B

TCNT1 = 0; // initialize counter value to 0

// set compare match register for 200 Hz increments

OCR1A =9999; // = 16000000 / (8 * 200) - 1 (must be <65536)
// turn on CTC mode

TCCR1B |= (1 << WGM12);

// Set €512, CS11 and CS10 bits for 8 prescaler

TCCRIB |= (0 << €S512) | (1 << CS11) | (0 << CS10):

// enable timer compare interrupt

TIMSK1 |= (1 << OCIE1A);

TCCR1A = 0; // set entire TCCR1A register to 0
TCCR1B = 0; // same for TCCR1B

TCNT1 = 0; // initialize counter value to 0

// set compare match register for 400 Hz increments

OCRIA = 39999; // = 16000000 / (1 * 400) - 1 (must be <65536)
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// turn on CTC mode

TCCRI1B |= (1 << WGM12);

// Set €512, CS11 and CS10 bits for 1 prescaler
TCCRIB [= (0 << C512) | (0 << CS11) | (1 << CS10);
// enable timer compare interrupt

TIMSK1 |= (1 << OCIE1A);

TCCR1A = 0; // set entire TCCR1A register to 0

TCCR1B = 0; // same for TCCR1B

TCNT1 = 0; // initialize counter value to 0

// set compare match register for 800 Hz increments

OCR1A = 19999; // = 16000000 / (1 * 800) - 1 (must be <65536)
// turn on CTC mode

TCCRIB |= (1 << WGM12);

// Set CS12, CS11 and CS10 bits for 1 prescaler

TCCR1B |=(0'<< €512) | (0 << CS11) | (1 << CS10);

// enable timer compare interrupt

TIMSK1 |= (1 << OCIE1A);

sei();//allow interrupts

}//end setup

ISR(TIMERO_COMPA_vect){//timerQ interrupt 2kHz toggles pin 8
//generates pulse wave of frequency 2kHz/2 = 1kHz (takes two cycles for full wave-
toggle high then togele low)
if (togele0)
digitalWrite(8,HIGH);
togglel = 0;
}
else{

digitalWrite(8,LOW);
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togelel = 1;
}
}
ISR(TIMER1_COMPA_vect){//timerl interrupt 1Hz toggles pin 13 (LED)
//generates pulse wave of frequency 1Hz/2 = 0.5kHz (takes two cycles for full wave-
toggle high then toggle low)
if (togglel)
digitalWrite(9,HIGH);
togglel = 0;
}
elsef
digitalWrite(9,LOW);
togelet =1;
}
}
ISR(TIMER2_COMPA_vect){//timer1 interrupt 8kHz toggles pin 9
//generates pulse wave of frequency 8kHz/2 = 4kHz (takes two cycles for full wave-
togsle high then toggle low)
if (toggle2){
digitalWrite(13,HIGH);
toggle2 = 0,
}
elsef
digitalWrite(13,LOW);
toggle2 = 1;
}
}
void loop()f
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#include <Wire.h>

#include <LCD.h>

#include <LiquidCrystal 12C.h>
#define 12C_ADDR 0x27 // <
#define BACKLIGHT PIN 3

LiquidCrystal 12C lcd(12C_ADDR,2,1,0,4,5,6,7);
long freq, tempo;
int pulsos;

boolean pulso;

void setup()

{

lcd.begin (16,2); // <

Serial.begin(9600);

// Switch on the backlight
Lcd.setBacklightPin(BACKLIGHTaPIN,POSITIVE);
lcd.setBacklight(HIGH);

led.home (); // lUidasnwsit 0 unaii 1

void loop()
{
tempo = millis();
if(digitalRead(2)==HIGH)
{
if(pulso==HIGH)
{
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pulsos = pulsos + 1;

}

pulso=LOW;

}

else{
pulso=HIGH;

}

if(ttempo%1000==0)
freq = pulsos;
Serial.print("Frequency : ");
Serial.print(freq);
Serial.printin("Hz");

if ((freq>900)&&(freq<1010))
lcd.setCursor(0,0);
lcd.print("Location");
lcd.setCursor(10,0);
led.print("ID: ");
lcd.setCursor(14,0);
led.print("01");
lcd.setCursor(0,1);
lcd.print("Room: ");
led.setCursor(6,1);

led.print("Livingroom");

else if ((freq>1900)&&(freq<2010)X
lcd.setCursor(0,0);
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led. print("Location");
lcd.setCursor(10,0);
lcd.print("ID: ");
lcd.setCursor(14,0);
led.print("02");
lcd.setCursor(0,1);
led.print("Room : ");
lcd.setCursor(7,1);
lcd.print("Bedroom”);

else if ((freq>3800)&&(freq<d010))
lcd.setCursor(0,0);

led. print("Location");
lcd.setCursor(10,0);

led.print("ID: ");
lcd.setCursor(14,0);
led.print("03");

lcd.setCursor(0,1);
led.print("Room : ");
lcd.setCursor(7,1);

lcd. print("Workroom");

else {

lcd.clear();
lcd.setCursor(0,0);
lcd.print("Nothing");
}

pulsos=0,
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121

o E:J o d o 1 A o 1 s L4
2) ﬂ?ﬂﬁﬂ?ﬂiU‘U@@Lﬂi@ﬂiﬁuﬁl’lLL‘MUGﬂ']Eﬂua']ﬂ'ﬁ WBTEYRAILNUN SUEURUYBAR

#include <Wire.h>

#include <LCD.h>

#include <LiquidCrystal_12C.h>
#define 12C_ADDR 0x27 // <
#define BACKLIGHT PIN 3
LiquidCrystal 12C led(I2C_ADDR,2,1,0,4,5,6,7);
boolean pulso;

volatile int pwm value = 0;
volatile int prev time = 0;
volatile int mmm = 0;

long freq, tempol, tempo;

int pulsos, datal, data2, data3, datad, data5, data6, data7, data8, data,

void setup() {
lcd.begin (16,2); // <
// Switch on the backlight
led.setBacklightPin(BACKLIGHT PIN,POSITIVE);
lcd.setBacklight(HIGH);
lcd.home 05 // WUfigasnusd 0 waadt 1
Serial.begin(115200);
attachinterrupt(0, rising, RISING);
+
void rising() {
mmm = micros();
tempol = mmm - 5000;
ifttempo1%5==0){Dec0();}
return mmm;

}



void falling() {

}

Serial.println(".");
delay(10);

attachinterrupt(0, rising, RISING);

void loop()

{

tempo = millis();

if(digitalRead(0)==HIGH)
{
if(pulso==HIGH)
{
pulsos = pulsos + 1;
¥
pulso=LOW;
}
elsef
pulso=HIGH;
}

ifttempo%1000==0){

freq = pulsos;

if (data==120)
lcd.setCursor(0,0);
lcd.print("Location");
lcd.setCursor(10,0);
led.print("ID: );
lcd.setCursor(14,0);
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lcd. print("01");
lcd.setCursor(0,1);
lcd.print("Room: ");

lcd.setCursor(6,1);

lcd.print("Livingroom");

else if (data==102){
lcd.setCursor(0,0);
lcd.print("Location");
lcd.setCursor(10,0);
led.print("ID: );
lcd.setCursor(14,0);
lcd.print("02");
lcd.setCursor(0,1);
lcd.print("Room : ");
lcd.setCursor(7,1);
lcd.print("Bedroom”);

else if (data==85)
lcd.setCursor(0,0);
lcd.print("Location");
lcd.setCursor(10,0);
led.print("ID: ");
lcd.setCursor(14,0);
lcd.print("03");
lcd.setCursor(0,1);

lcd.print("Room : ");
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lcd.setCursor(7,1);
led.print("Workroom");
}
else {
lcd.clear();
lcd.setCursor(0,0);
led.print("Nothing");
}
pulsos=0;

}

//Function
void Dec0()f
Serial.print("Binary : ");
ifldigitalRead(0)==HIGH)
{
Serial.print(" ");
}
if(digitalRead(0)==LOW)
{
Serial.print(" ");
}

delayMicroseconds(3750);

Decl();

void Dec1()X
if(digitalRead(0)==HIGH)
{
datal=128;
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Serial.print("1");
}
if(digitalRead(0)==LOW)
{
datal=0;
Serial.print("0");
}

delayMicroseconds(1250);

Dec2();

void Dec2()f
if(digitalRead(0)==HIGH)
{
data2=64;
Serial.print("1");
}
if(digitalRead(0)==LOW)
{
data2=0;
Serial.print("0");
}
delayMicroseconds(1250);
Dec3();

void Dec3(){
if(digitalRead(0)==HIGH)
{
data3=32;
Serial.print("1");
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}
if(digitalRead(0)==LOW)
{

data3=0;

Serial.print("0");
}
delayMicroseconds(1250);
Decd();

void Decd(){
if(digitalRead(0)==HIGH)
{
datad=16;
Serial.print("1");
}
ifldigitalRead(0)==LOW)
{
datad=0;
Serial.print("0");
}
delayMicroseconds(1250);
Dec5();

void Dec5(){
if(digitalRead(0)==HIGH)
{
datab=8;
Serial.print("1");
}
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if(digitalRead(0)==LOW)
i
data5=0;
Serial.print("0");
}
delayMicroseconds(1250);
Dec6();

void Dec6(){
if(digitalRead(0)==HIGH)
{
data6=4;
Serial.print("1");
}
if(digitalRead(0)==LOW)
{
data6=0;
Serial.print("0");
}
delayMicroseconds(1250);
Dec7();

void Dec7(){
if(digitalRead(0)==HIGH)
{
data7=2;
Serial.print("1");
}
if(digitalRead(0)==LOW)
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i

data7=0;

Serial.print("0");
}
delayMicroseconds(1250);
Dec8();

void Dec8()
if(digitalRead(0)==HIGH)

{

data8=1;

Serial.print("1");
}
if(digitalRead(0)==LOW)
{

data8=0;

Serial.print("0");
}
delayMicroseconds(1250);

data = datal + data2 + data3 + datad + data5 + data6 + data7 +
data8;

Decimal = data;
Serial.print(" Decimal : ");
Serial.print(Decimal);
Serial.print(" ASCI "),
Serial.write(Decimal);
delay(15);
attachinterrupt(0, falling, FALLING);
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BPW34, BPW34S

v www.vishay.com

Vishay Semiconductors

Silicon PIN Photodiode

o a5

DESCRIPTION

BPW34 is a PIN photodiode with high speed and high
radiant sensitivity in miniature, flat, top view, clear plastic
package. It is sensitive to visible and near infrared radiation.
BPW34S is packed in tubes, specifications like BPW34.

FEATURES
* Package type: leaded
* Package form: top view

&

Pb-iree

* Dimensions (L x W x H in mm): 5.4 x 4.3 x 3.2

* Radiant sensitive area (in mm2): 7.5

¢ High photo sensitivity gl?nl'ﬁ

¢ High radiant sensitivity GREEN
u_mii

* Suitable for visible and near infrared radiation
* Fast response times
* Angle of half sensitivity: ¢ = + 65°

¢ Compliant to RoHS Directive 2002/95/EC and in
accordance to WEEE 2002/96/EC

Note
** Please see document “Vishay Material Category Policy”:
www.vishay.com/doc 799902

APPLICATIONS
* High speed photo detector

PRODUCT SUMMARY
COMPONENT lra (HA) 9 (deg) Ag.1 (nm)
BPW34 50 +65 430 to 1100
BPW34S 50 +65 430 10 1100

Note

* Test condition see table “Basic Characteristics”
ORDERING INFORMATION
ORDERING CODE PACKAGING REMARKS PACKAGE FORM
BPW34 . Bulk MOQ: 3000 pcs, 3000 pes/bulk Top view
BPW34S Tube MOQ: 1800 pcs, 45 pcs/tube Top view

Note

¢ MOQ: minimum order quantity
ABSOLUTE MAXIMUM RATINGS (T, = 25 °C, unless otherwise specified)
PARAMETER TEST CONDITION SYMBOL VALUE UNIT
Reverse voltage Ve 60 v
Power dissipation Tam £25°C Py 215 mw
Junction temperature Tj 100 °C
Operating temperature range Tamb -40to+ 100 °C
Storage temperature range Tag -40to + 100 °C
Soldering temperature t<3s Teg 260 °C
Thermal resistance junction/ambient Connected with Cu wire, 0.14 mm? Rina 350 KW
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Vishay Semiconductors

BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)

PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT
Breakdown voltage lg=100pA, E=0 Vier) 60 Vv
Reverse dark current Vp=10V,E=0 lis 2 30 nA
Ve=0V,f=1 E=0 C F
Diode capacitance A ini e 2 " g
VR=8V,f=1MHz,E=0 Cp 25 40 pF
QOpen circuit voltage Ee = 1 mW/cm?, 4 = 950 nm Vo 350 mv
Temperature coefficient of V,, Ee = 1 mW/cm?, & = 950 nm TKvo -26 mV/K
. Ep =1 kix I 70 pA
Short circuit current
. E, = 1 mW/cm?, & = 950 nm 0 a7 pA
Temperature coefficient of Iy Ee = 1 mW/ecm?, & = 950 nm TKk 0.1 %6/K
Ea=1kix,Vg=5V bra 75 HA
Reverse light current E.=1mW/cm?, ).=950nm,
Va=5V (1 40 50 HA
Angle of half sensitivity 0] + 65 deg
Wavelength of peak sensitivity Ao 900 nm
Range of spectral bandwidth 204 430 to 1100 nm
Noise equivalent power Va=10V, A = 950 nm NEP 4x10°14 W/VHz
Rise time Vr=10V, R = 1k, 4 =820 nm t 100 ns
Fall time Vg =10V, R =1k, A =820 nm 1y 100 ns
BASIC CHARACTERISTICS (T, = 25 °C, unless otherwise specified)
1000 A
7 3
g 'd S V,=5V
b | - 1.2 L
g 100 / 2 W T
] T ﬁ -
*x g 1.0
[
o L x
B0 A 2
s g o8
[ ,/ T
e 7 V=10V s f
1 f~ | A 2op
20 40 60 80 100 0 4 €0 B 100
948403 s~ Ambient Temperature (*C) B} 5i1g Toms - Ambient Temperalure (°C)

Fig. 1 - Reverse Dark Current vs. Ambient Temperature

Fig. 2 - Relative Reverse Light Current vs. Ambient Temperature
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RoHS
Compliant

Package Dimensions:

145

\

* All dimensions are in mm
* Tolerance: £0.6mm unless otherwise noted.

J

LED Chip Lens Colour
Ant Part No. Material Colour Coordinates
703-0149 InGaN/! Sapphiré Warm White Water clear
Absolute Maximum Ratings at Ta=25°C:
Parameter Rating Unit
Power Dissipation 2730 mw
LED Junction Temperature 120 @
Reverse Voltage 5 '
D.C. Forward Current 700 mA
Pulsed Forward Current; tp< 100us, Duty Cycle =0,005)*1 1000 mA
Operating Temperature Range -40to +75 T
Storage Temperature Range -40to +100 N
e
Electric Static Discharge Threshold (HBM) 6000 I v

lmnm-ﬂmummaﬂmhm(m‘mfm-;mmmmumwrmmdmmgmw')mwswmn No licence is granted for the use of it

other than for information purposes in connection with the products to which It relates. No Bicence of any intallectusl rights is granted. The Information is subject to +

for the the sui y of tha products for their purpose and no! any assumptions omitted.
from any rellance on the Information of Lse of it (including liability resulting from negliganca or whara tha Group was aware of tha poasibility of such loss or damage arsing)
from its r is the rag racemark of the Group © Pramier Farmell pic 2011

Liability for loas or damoge
is axcluded This will not oparata to imit of restrict the Group's liability for death oF personal inury resulting

www.element14.com
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3W High Power LED multicomp

RoHS
Compliant
Duty Cycle:
F D=-1_-?-
Notes:

1. Proper current derating must de observed to maintain junction temperature below the maximum.

2, All products not sensitive to ESD damage (6000 Volts by HBM condition),

3. Be careful with powered up current limited power supply, because of current spikes during power up and/or connection. Best practice is to
connect the LED then turn up the voltage gradually. People building their own power supplies should design for minimum current spikes
during power up and connection,

4. For best results the customer needs to provide proper control of the thermal path, protect against electrical overstress conditions and ensure
the emitters are properly attached to the mcpeb/ heat sink.

5. It s recommended that the temperature of lead does not exceed 55 °C.

6. Itis recommendded to apply an electrically isolated heat conductive film between slug and contact surfaces.

Electrical & Optical Characteristics:

Parameter Symbol | Condition TR Unit
Min. Typ. Max. y
FULL - 170 Y
Luminous Flux RankL1 | @ IF=700mA 160 - 180 Im
Rank L2 180 - 200
RankV1 28 F 3.1
RankV2 3 = g3
Forward Voltage RankV3 | VF IF=700mA 33 - 35 \%
Rank V4 85 o 37
Rank V5 37 - 38
Correlated Colour Temperature &CT IF=700mA = 2700 - K
CIE Chromaticity Coordinates: X Axis X IF=700mA - 04578 - -
CIE Chromaticity Coordinates: Y Axis ¥ IF=700mA : 04101 - -
Reverse Current Ir Vr=5V - - 50 HA
View Angle 28% IF=700mA . 130 * deg
Thermal resistance Junction to Case RO IF=700mA - 15 - °C/W

Notes: 1. The dala is lested by an IS Lesler.
2. Customer's special requirements are also welcome,

Important Notice: Tmnmmmdlrsom:emtma Information”) belong to the membars of Premier Farnell group of companies (the "Group”) or are kicensed 101t No licenca is grantad for the use of it
nlhwlhanhﬂmmionwpoou in connection with the products to which It relates. Nakovmdarvymihqupmpw is granted. Tha Information is subject 1o change without notice and roplaces
The Information supplied is baliavad to b accurate but the Group assumes No respons: bl for its accuracy or completenass, any error In of cmission from it or for any usa
mmnﬂ( Umnlmdnmwmmformhlnfmm and the suitability of tha products for thair purposa and not make 6Ny assumpPions basad on infaemation included of omittad
Liability for loss or damage resulting from wmmmwm&mummncmmmmmmmummmmummmmw of such loas o damage orising)
is excluded mlenxupunlnblinilnrmstﬂcllm&u.pnﬁabﬁtytomwmurpsmﬂhmmmﬁngmltsmglgamn is the reg the Group. © Premier Famell pic 2011

www.element14.com



LM741
Operational Amplifier

General Description

The LM741 serles are general purpose operational amplifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.
The amplifiers offer many features which make their applica-
tion nearly foolproof: overload protection on the input and
output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

&National Semiconductor

August 2000

The LM741C is identical to the LM741/.M741A except that
the LM741C has their performance guaranteed over a 0°C to
+70°C temperature range, instead of -55°C 1o +125'C.

Connection Diagrams

Metal Can Package
HC

(&)
OFFSET NULL v‘
INVERTING INPUT(2)

@)

(6) outPuT

NON=INVERTING INPUT 9 OFFSET NULL

DS009341-2
Note 1: LM741H is available per JM38510/10101

Order Number LM741H, LM741H/883 (Note 1),
LM741AH/883 or LM741CH

See NS Package Number HO8C Ceramic Flmpm(HI
e p——
+OFFSET NULL ::, He
W] LM7a1W v
+INPUT ] 1 oUTPUT
ye :ﬁ ~OFFSET NULL
DS008341-6
Order Number LM741W/883
See NS Package Number W10A
Typical Application
Offset Nulling Circuit
DUTPUT
V-
DS008I41-T

Dual-In-Line or S.0. Package

N/
OFFSET NULL—{1 B—NC
INVERTING INPUT — 2 7=v
NON~INYERTING — 3 6 }-ourpur
INPUT
v 5 |~ OFFSET NULL

DS0093413

Order Number LM741J, LM741.J/883, LM741CN
See NS Package Number JOBA, MOBA or NOBE

© 2000 National Semiconductor Corporation ~ DS009341

www.national.com
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Absolute Maximum Ratings ot 2)

It Military/Aerospace specified devices are required, please contact the National Semiconduclor Sales Office/

Distributors for availability and specifications.

(Note 7)
LM741A LM741 LM741C
Supply Voltage 22v 122v t18v
Power Dissipation (Note 3) 500 mW 500 mW 500 mwW
Differential Input Voltage +30v +3ov 130V
Input Voltage (Note 4) 15V 15V 15V
Output Short Circult Duration Continuous Continuous Continuous
Operating Temperature Range -55'C to +125°C -55'C to +125°C 0°C to +70°C
Storage Temperature Range -65°C to +150°C -65°C to +150°C -65°C to +150°C
Junction Temperature 150°C 150°C 100°C
Soldering Information
N-Package (10 seconds) 260°C 260°C 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215'C
Infrared (15 seconds) 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of soldering
surface mount devices.
ESD Tolerance (Note 8) 400V 400V 400V
Electrical Characteristics (ot 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Input Offset Voltage Ty =25C
Rs 10 kQ HOPles0 20 | 6.0 mv
Rg < 500 08 | 30 mv
Tamin < Ta £ Tauax
Rs < 500 4.0 mv
Rs <10 kQ 6.0 7.8 mV
Average Input Offset 15 uvrc
Voltage Drift D
Input Offset Voltage Ta = 25°C, Vg = 220V +10 +15 +15 mV
Adjustment Range
Input Offset Current Ta =25°C 3.0 30 20 | 200 20 | 200 nA
Tamin S Ta < Tamax 70 85 | 500 300 [ nA
Average Input Offset 05 nA"C
Current Drift
Input Bias Current Ta=25C 30 80 B0 | 500 80 | 500 | nA
Tain TS Tamax 0.210 1.5 0.8 pA
Input Resistance Ta = 25°C, Vg= £20V 10 | 6.0 03| 20 03 | 20 MO
T DS Ty, 05 MO
Vg = £20V
Input Voliage Range Ta=25C +12 | +13 v
Tamin S Ta € Tamax 12 | 13 \
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Dual Low Power
Operational Amplifiers

Utilizing the circuit designs perfected for recently introduced Quad

Order this document by LM358/D

LM358, LM258,
LM2904, LM2904V

DUAL DIFFERENTIAL INPUT

Operational Amplifiers, these dual operational amplifiers feature 1) low OPERATIONAL AMPLIFIERS
power drain, 2) a common mode input voltage range extending to
ground/VEE, 3) single supply or split supply operation and 4) pinouts
compatible with the popular MC1558 dual operational amplifier. The LM158 SEMICONDUCTOR
series is equivalent to one—half of an LM124. TECHNICAL DATA
These amplifiers have several distinct advantages over standard
operational amplifier types in single supply applications. They can operate at
supply voltages as low as 3.0 V or as high as 32 V, with quiescent currents
about one—fifth of those associated with the MC1741 (on a per amplifier
basis). The common made input range includes the negative supply, thereby
eliminating the necessity for external biasing components in many
applications. The output voltage range also includes the negative power b ;
supply voltage. N SURRDY
® Short Circuit Protected Outputs PLASTIC PACKAGE
® True Differential Input Stage CASE 626
® Single Supply Operation: 3.0 V to 32 V
® Low Input Blas Currents 5@
® Internally Compensated ]
® Common Mode R Extends to Negative Suppl D BUFFES
e ega PPl PLASTIC PACKAGE
® Single and Split Supply Operation CASE 751
® Similar Performance to the Popular MC1558 o
® ESD Clamps on the Inputs Increase Ruggedness of the Device without
Affecting Operation
MAXIMUM RATINGS (T = +25°C, unless otherwise noted.) PIN CONNECTIONS
LM258 LM2804
Rating Symbol LM358 LM2904V | Unit
Power Supply Voltages Vde
Single Supply Vee 32 26
Split Supplies Vee. VEe +16 +13
Input Differential Voltage VDR 432 +26 Vde
Range (Note 1)
Input Common Mode Voltage Vicr —0.31032 | 0.3t026 | Vdc
2
Range (Note 2) ORDERING INFORMATION
Output Short Circuit Duration tsg Continuous Oporating
Junction Temperature Ty 150 °C Device | Temperature Range Package
St Te rature R T; -5510 +125 °C LM2904D S0-8
il e st i e TA = —40°10 +105°C
Operating Ambient Temperature TA °C LM2904N Plastic DIP
Range
4!
LM258 -2510 +85 - LMEB0ND TA = —40°fo +125°C =
LM358 Oto+70 - LM2904VN Plastic DIP
LM2904 - —40 10 +105 SO-8
LM2904V = —40 1o +125 Jl::zsaz Ta =-25°to +85°C
258
NOTES: 1. Split Power Supplies. Fasl 0P
2. For Supply Voltagas less than 32 V/ for the LM258/358 and 26 V for the LM2904, the LMas8D S0-8
absolute maximum input voltage is equal to the supply voltage. Ta =0°to +70°C
LM358N Plastic DIP
@ Motorola, Inc. 1996 Rev2
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Plastic Medium Power Silicon

NPN Transistor

- . . designed for use as audio amplifiers and drivers utilizing complementary or quasi

complementary circuits.

* DC Current Gain — hgg = 40 (Min) @ Ig = 0.15 Adc

* BD 135, 137, 139 are complementary with BD 136, 138, 140

BD135
BD137
BD139

1.5 AMPERE
POWER TRANSISTORS
NPN SILICON
45, 60, 80 VOLTS
10 WATTS

CASE 77-08
TO-225AA TYPE
MAXIMUM RATINGS
Rating Symbol Type Value Unit
Collector-Emitter Voltage VCEO BD 135 45 Vdc
BD 137 60
BD 139 80
Collector-Base Voltage VcBo BD 135 45 Vdc
BD 137 60
BD 139 100
Emitter-Base Voltage VEBO 5 Vdc
Collector Current Ic 1.5 Adc
Base Current g 0.5 Adc
Total Device Dissipation @ Tp = 25°C Pp 1.25 Watts
Derate above 25°C 10 mW/°C
Total Device Dissipation @ Tg = 25°C Pp 125 Watt
Derate above 25°C 100 mwW/C
Operating and Storage Junction T4, Tstg -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Case (iN]e} 10 *CwW
Thermal Resistance, Junction to Ambient 6JA 100 “Cw
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BD135 BD137 BD139

ELECTRICAL CHARACTERISTICS (Tg = 25°C unless otherwise noted)
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Characteristic Symbol Type Min Max unit

Collector-Emitter Sustaining Voltage* BVgEO® Vde
(Ic =0.03 Adc, Ig = 0) BD 135 45 =

BD 137 60 —
BD 139 80 —

Collector Cutotf Current lcBO nAdc
(Vog =30 Vde, Ig = 0) = 0.1
(VeB = 30 Vde, Ig =0, Tg = 125°C) - 10

Emitter Gutoff Current IEBO - 10 pAdc
(VgE = 5.0 Vde, Ig = 0)

DC Current Gain hpg* —
(I =0.005 A, Vo = 2 V) 25 -
(lc=0.15A Vg =2V) 40 250
(lc=05AVoE=2V) 25 .

Collector-Emitter Saturation Voltage® VCE(sat)’ — 0.5 Vde
(Ig =0.5 Adc, Ig = 0.05 Adc)

Base—Emitter On Voltage® VBE(on)" - 1 Vde
(g = 0.5 Adc, VGE = 2.0 Vdc)

* Pulse Test: Pulse Width = 300 us, Duty Cycle S 2.0%.
100 ==—c=c=c
. 50 ——H
o - 0.1 ms—
Z 20 SR\S:.hn.,;Qsm - <X
L
g 10 = éﬁ
[+ =Y — o
E 5= =128 de =
- ANAN
5 NN
8 NN
=P R ] . %%g’—*‘
8 oo —t
3 BD135 N
= oooe BD137
BD139
0.0 L .
1 2 5 10 20 50 80

VcE. COLLECTOR-EMITTER VOLTAGE (VOLTS)

Figure 1. Active—Region Safe Operating Area

Motorola Bipelar Power Transistor Device Data
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