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Iepiinyn

YKOmOG TNG TapoVCOS TTUYIOKNG €pyaciog €lval 1 HEAETN Kol M KOTOOKELT €vO¢ aisOntnipa
Oepuoxpaociog.

[Ma avto Kot emAégape vo KOTAOKEVACOVE Eva KOKA®UO LITEPOBEpLOVONG EVOG epmoptkol TAoiov
KOL Y10, TNV DAOTOINGN TOV YPEOGTAKOUE L GEPE NAEKTPOVIKOV e€aptnuitev énwg Bepuictop,
OVTIGTAGELS, TUKVOTESG, OOV Ta TomoBEeTNoANE GE £vo, KOKA®UO TAVE GE TAOKETO LE CLYKEKPLULEVN
TpoPodocio twv 12V, yio tnv HETPNOT KOl KATOVOTONG TOV GUYKEKPIUEVOD KUKAMLOTOG.

ApyiKd KATOOKELAGAUE TO KUKA®UA HOG TAV® G raster 6mov 10 SOKIUACAUE oV AEITOVPYEL, Kal
EMELTOL TO TOTODETNOOLE GE KOVTAKL OO KOVIPO TAOKE.

Aapupavovtag vmoyn Ott 1 Agttovpyios TOV KUKAMUOTOG 0pOpE XPNOES GE EUTOPIKE TAOIQL KO
egummpetel éva @dopa Beppokpacidv o omoio eAéyyel, €womotel kot eivol KOTAAANAO Yo TV
opaAn Aertovpyio Kot TV TpOANY” PAAPOV TOV EUTOPIKAOV TAOI®V.

AnAodn  av M Bgppoxpacio TG TPOMOTHPLOG UNYAVIG TOV TAOIOV €vol TOAD vyMAN TOTE TO
KOK AP pog 0o Sdoel eVIOA va avayel £vo KOKKIVO AQUTAKL 1) OTOLodNTTOTE GAAN EVOELE, EVOD
av glpacte ota emBountd Opla Asttovpyiog tOte T0 TPdovo Aoumdkt Oo mapapéverl avorytod. Avtd

emiong umopel va  gpappootel mAVO o©to  Wuyelo TG KOPG  UNXOvVAG  TOL  mTAoiov.



Abstract

The purpose of this dissertation is to study and construct a temperature sensor.

That is why we chose to build an over-the-air circuit of a merchant ship and to implement it, we
needed a series of electronic components such as thermistors, resistors, capacitors, where we placed
them in a circuit on an electronic board with a specific 12V supply, to measure and understand the
particular Circuit.

Initially we built our circuit on a raster where we tested it if it worked, and then we put it in a box of
plywood.

Taking into consideration that the operation of the circuit, concerns uses on merchant vessels and
serves a range of temperatures that it controls, alerts and is suitable for the smooth operation and
prevention of damage to merchant ships.

That is, if the ship's engine temperature is too high, then our circuit will command a red light to
light up or any other indication, and if we are in the desired operating range then the green light will
remain on. This can also be applied to the jacket cooling system of the ship's main engine.



IIporoyog

H mnopoxdteo mroyokn epyocic omotehel €va  KOTOOKELOOTIKO KOKA®UO  €100moinomng
vrepBépovong epmoptkov mAoiov, M omoio eEUINPETEL Y TV TPOGTOCIC TNG TPOMGTHPLOG
punyovng amd vrepBEpuavon).

[TopaKdAt® EMGVLVATTETOL TO CLYKEKPIUEVO KOKAMUO TO 0010 £TPOKEITO Vo acyoANnBoEe Kot O

AOY0G Y10 TOV 01010 €va TETO10 KOKAMUA £ivot amopaitnTo.
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Ewova 1.1: Kdxdlopa ewdonoinong vrepfépuovong tov thoiov

TIny": http://www.eleccircuit.com/car-overheating-alarm/

Olot yvopilovpe mdéco onuovtikd gival €vo T€1010 KOKA®UO TOToBeTUEVO 6T TAOTLL OPOV oG
TPOEWOTOLEL Y10 TO oV 1 KOPLoL Unyav] Tov TAoiov Kivduvedel amd vynAn Beppokpacio. H cwot
Agttovpyio TG UNYOVIG KOL 1) TTPOYPOUUUOATICUEVT] GLUVTHPNGN TNG UTOPEL VO, LLOG TPOCTATEWYEL OO
v vepBéppovon. Axkoua, otig Oeppég meployég 6mov 1 Beppokpacio TePPAAAOVTOG Eitvar VYNAN,
TPEMEL VO £YOVUE OOGTH YOEN TNG UNYXOVIG Kot 0 0€PaS El0ay®myns va unv Eemepvaetl tovg 42°C

OTOV 0XETO CAPMOEMC. AKOUN, 01 TPOdYPAPES TOL KA Kataokevaoty| Oa mpémel vo tnpoHvral.



To xKOKAopa Aowmdv ypnowonotetl éva Bepuictop to omoio 1 petafAnt tov avtiotaorn aAAdlel
avéioyoa pe tnv Beppokpacio. Av 1 Oeppokpacio eivor moAd peYAAN, 10 KOKKIVO Aapumikt Ho
avayel, av 1 Oeppokpacio eivor mwoAd yopnAn, tote Oa avdyelr 10 mpdowo Aaumakl. Ot
Oepuoxpaocieg o1 omoieg Aapupdvovior VIOYIV G TETOL0V E100VC KUKADUOATO £XOVV VO KAVOLV LLE TOV
KOTOoKEVAOTH Kot o€ Tt 0éomn avtdg Ba ta opicel, £161 dote To alarm vo ytumnoel 6T ovaAoYEg

Oepurokpaocies.



Kepdioro 1

YMKG KOTaoKEVG

ApyiKd TPOGOUOIOOANE TO KOKAOUG HOG TP TO VLAomowmoovpe. Ta vAwkd ta omoio
YPNOUOTOCAUE Eival 0yTd avTloTaoels, 0vo Tpaviiotop tonwv (PNP) kot (NPN), 600 Aoumdkio
tonov led mpdowo ko koOKKvo, €va Oepuictop, évo OAOKANP®UEVO KOKAMUO EVIGYVLTH TOTOL

LM741, o petafint) avtiotaon, 000 mukvemtég kot Eva otabeporomtn taong 78L05.
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Ewova 1.2: Kdxhopa aictntipao Beppoxpaciog

Inyi:
http://people.cost.cmich.edu/yelaml1k/asee/proceedings/2015/Paper%20files/Student_Papers/2015 ASEE_N

CS_Conference_submission_71.pdf



ITowo cvykekpéva 1o Beppictop pag eivar (NTC) Negative Temperature Coefficient thermistor,
o6mov dNAodn M avtictaon Tov pewdveTal pe v avénon tng Beppokpaciag Tov. To cuykekpuévo
novtélo Oeppictop mov ypnoomoovue 610 KuKAmpd pog givar 10(KQ) MF52-103 3435. O

padnpatikog tonog twv NTC Beppictop avaypleetot TopaKaTo:

_ In(R/Ry)
- 1/T - 1/T,

10 To dniovel Oepuokpacio oe Pabuovg Kelvin (K), Ro givar 1 avtictacn tov Bepuiotop otnv
Beppokpacio 6mov dyel o ohms (Q), T givar 1 Oeppokpacio mov e€gtalovpe o Pabuovg Kelvin, R
etvar 1 avtiotaon tov Bepuictop oty cvykekpipuévn Bepproxpacio T, kot f eivor  petafinty pog
oe Kelvin, pe tv omoio xpnoipomolovpe yio va d0covpe o €0poc ¢ Oeppokpaciog-avtiotoong
nov Béhovpe vo. voloyicovpe. I'a to MF52-103 3435 povtélo tov Oeppiotop, To = 298.15 (K)
(ot0ovg 25 °C), Ro = 10(KQ), kau S = 3950(K) yia to €0pog 25°C pe 85°C. To opdipo tov Oeppictop
avtov givar £10% g avtictaong oty dedouévn Bepuokpacio. Exovrag vrdyw v Bgppokpacia
o6mov 10 Oeppictop apyiler va dyet otoug 25°C eivan 2.5mW/°C. Kdtow amd ovtd 10 6plo 10
Oepuiotop dev Aettovpyel. Emiong mpocéyovpe v tdon v omoia Oa to tpopodotioovpe Kabmg

T0 Oeppictop o KatacTpaEl.

Ewova 1.3: Ogppictop tomov MF52-103 3435 10kQ



Ot ovo 10 kQ avtiotdoelg onuovpyodv pio otrypaio Taon pe v omoio cuvoéetal otny Béon 4

TOV EVIGYLTN OTMG POIVETOL GTO GYNLLOL.

H petofintm avtiotaon kot 1o Oeppiotop dnpovpyodv o petofAnt tn oty 0éon 7 tov
evioyvt. Oco 10 Beppiotop Beppaivetoan and tovg 25 ‘C €wg tovg 100 °C, n avtictacn tov

ueidveton and 10kQ emg 1kQ.

Ewova 1.5: @éppaven tov Oepuiotop

H ypnon tov telectikov gvioyvtn mov ypnoiponomoape tomov LM741CN €xer 000 Aettovpyiec.
KoBbg 1 avtictaon tov Bepuictop givoar peyoldTepn amd oUT TOV TOTEVGIOUETPOL, N UETPNON
otV é£0do tov evioyvth Ba givan 5 volt. Avtictorya oty avamodn Asttovpyio av 1 avticTooT TOV
Oepuiotop elvar pikpOTEPT OO TNV TN TOL TOTEVGLOUETPOVL, TOTE 1 ££000G TOV evicyvth Ba givor 0

volt. Avt eiva ) xprion TOV KOKKIVOL Kol TPAGIVOL AQUTTHPO OTNV AEITOVPYit TOL KUKADUATOC.



LM741 Pinout Diagram

OFFSET NULL —NC
INVERTING INPUT —V*
NON=INVERTING OUTPUT
INPUT

A — OFFSET NULL

Ewova 1.6: Zuvdeoporoyio Tov ohokAnpopévov kukiopatog LM741CN

Inyn: www.learningaboutelectronics.com/Articles/LM741-op-amp-pinout-connections

Ewova 1.7: Ohoxdinpopévo kdxkopo LM741CN

Inyn: https://commons.wikimedia.org/wiki/File:LM741CN.jp
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‘Eto1 oty €€000 toL KLuKA®UATOG Ppickovior ta 600 Tpaviictop cuVOEdEUEVA LE TOL AQUTAKLO
avtioToya.
To NPN tpaviictop ypnotiponoteiton yio Tov @OTIGUO TOV TPAGIVOL AQUTTAP OTAV 1 ££000G TOV
evioyutn gival ota 5 Volt éto1 dote T0 pevpo va domepdoel péoa and avtd. Otav 1 tdon nécel oTo
0 volt, To NPN tpaviiotop k6fel tnv tdon €£660v TOVL gvicyvTr, o vovTag €mionNg T0 TPAGIVO
AOUTTAKL.
To PNP tpaviictop dovAevel pe tov avtiBeto tpdmo KOPOVTag TO pedUE TOL EVIGYLTH KOt

avapovtog to KOKKIvo Aaumdkt otav 1 €£060¢ Tov evioyvth givon 0 volt.

2N3904 NPN Silicon Transistor
COLLECTOR

3

TO-92
2
BASE

1 1

2 3 EMITTER

Ewova 1.8: Tpaviictop NPN tomov 2N3904

TInyn: www.ardushop.ro/en/electronics/307-npn-transistor-2n3904.html

COLLECTOR
3
TO-92
/ 2

/ BASE

/4
1 ) 1

3 EMITTER

2N3306 PNP -TO-92 Case

Ewova 1.9: Tpaviiotop PNP tomov 2N3906

IInyn: www.electroniccomponents.ecrater.com/p/6796528/50pcs-2n3906-2n-3906-n3906-pnp-to-92
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O otabeporom e Taong tov tomov LM78L05 mov n oyn tov potdler pe tpaviiotop, eival
YLPNOLOG Yo VoL dtatnproovpe TV Tdon otabepn amod to 12V tpopodociag ota SV cuvodevdpevog
oV €i60d0 amd évav mokveot 100uF kot oy é€0d0 avtiotorya and Evav 10uF yio v Aettovpyia
ToV TEAe0TIKOV eVioyVLTH. E@dcov n Aettovpyia twv dtdpopwv aicOntipmv ota mAoio etvot yoUnAng

TéoEMG, TPOPOSOTNGALE TO KOKA®UA pog ota 12V.

LM78L05
Voltage Regulator

(TO-92)
Plastic Package
QUTPUT INPUT
\
GND
T
Bottom View

Ewévo 1.10: otabeponomrig tdong tomov LM78L05

Inynq: https://www.amazon.com/LM78L05-Voltage-Regulator-5v-92/dip/B008PT78GC

Ewéva 1.11: Linear Regulator LM78L05

12



TéNog, Yoo TV TPOPOOOGID TOL KLKADUOTOG HOG KOl TNV GOAANYNM g taong tov 12V,

YPNOYLOTOUCAE o Prataplofnkn mov eumnpetet oelpd pratapudv Tomov AA tov 1,5V 1 kdbe
Ho 6€ oelpd OTmg PAETOLE TOPAKATM:

aunex(y snid

Ewova 1.12: Mrotapieg o€ ogipd




Kepdioro 2

YLomoinon Tov KUKAONOTOG

AoV ovykevipooope OAd Ta amopaitnto niektpovikd eEaptripata PAETOVTOS TO TOPATAVED

OYNUO TOV KUKAMUOTOG KOTOOKEVACUUE GE TPAOTN (AT TO KUKAOUO TOV® GE PACTEP OTOL TO

TpoPodoTNoape [ Téomn 12V.

SRR R R RTY §

ERRE R R R
T A A A A s

Ewova 2.1: Kataokeun KOKADOUATOG GE pAGTEP
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Ewova 2.2: Otav n Oeppoxpacio pag eivor oto exilountd opio

FALTMFUL

Ewova 2.3: Otav Bpiokdpocte oto Opia g vrepfépuaveng
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Me 10 TOADUETPO HOG LETPALE LE TO EVOL AKPO TNV ££000 TOL EVIGYVTY| KOl LE TO AALO TNV YEi®ON,
OTNV TWPOKEWEVN TePITT®OON T0 (-) NG TPOPOdOGiag MO, €Tl MOTE Vo SOVUE TNV Opopd
SUVaIKOD 6NV AEITOLPYiO TOL KUKADUOTOS LLOGC.

‘Enerta apov eidape 6Tt 10 KOKA@UA pog Asttovpyel, to tomobetnoape oe pio EOAVN KATaoKELN,
Byalovtag eEmtepikd Toug 2 axpodékteg (+) kat (-), o 600 AQUTAKIO LOG, TO POOGTATY KOl TO

OepuicTop Yo LETPNGELS OL OTTOIEC UTOPOVV v ANPOoLV apydTEPQL.

Ewova 2.4: Tonobéton kukAmdpatog o€ EOAVN KOTAGKELT|
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Ewova 2.5: O aioOnmpag o€ Aettovpyia

17
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Ewova 2.7: Ztn @don g vepbéppovong
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Kepaiaro 3

Avaivon Tov K06Toug KaTaokevng

e avTo 10 KEPAAOo Bo avaADGOLE TO GUVOAMKO KOGTOG KATUGKELNG TOL KUKAMOTOG KoL TNV

dlpodpemon kdbe eEaptnaTOg GE TiVOKOL.

ApBuodg EEaptpartog [Teprypaon [TocotnTOL Kootog (€)
M8420-LM741C TeleoTIKOG 1 0,49
eVIoYLTNS(OAOKANPOUEVO)
70622571 Mmnat/Onkn E2 AA 8M 1 0,76
IMA
CAM-LR6-4 Mnatapiec AA 1,5V 8 4,00
REG-78L05 Yrafeporom g Tdoemg 1 0,25
5V
2N-3906 PNP Tpaviictop 1 0,10
2N-3904 NPN Tpavictop 1 0,20
LED RED LED 5mm kokkwvo 1 0,10
LED GREEN LED 5mm npdovo 1 0,10
MF52-103 3435 O¢puiotop 10kQ 1 0,40
PEC 100uF 63V IMukvog 100pF 1 0,10
ELNA 100Mf 100V [Mukvetmcg 10pF 1 0,05
RESISTOR Avtiotoon 150Q 1 0,06
RESISTOR Avrtictoon 1kQ 1 0,12
RESISTOR Avtiotaon 10kQ 3 0,60
RESISTOR Avtiotoon 200Q 1 0,08
RESISTOR Avtictaon 1IMQ 1 0,20
EL.WIRE KaAiddio 0,5mm 2 0,60

20




2YNOAO

8,21
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Eniloyog — Zvunepacparo,

SOUQOVO PE TNV VAOTOINOM Kol TV TANPT KATOVONGOT TOL KUKAMUATOS, CUUTEPAVALE TAG £YEL
TOAD ONUOVTIKO POAO M YPNOT €VOC TETOOV KLKAMUOTOG Kol 1) TOTOOETNGN TOL WAVL GE pio
€YKATACTOON, M omoio. pmopel vo Kataotpagel amd vynAég Oepuoxpaciec mov Eemepvive To

emBopunto Op1lo Aettovpyiog Tovg.

Ymhpyovv moAAEG XPNOES OVTOD TOV KUKAMDUOTOG TOL KOTUCKEVACOLE, KOl 1] EPUPUOYT] TOV TAVE®
oTo eUmOpIKd Aol gival €icov amapaitnTn), 0V GKEPTOVUE WG 1 TOPUKOAOVONCT OAMV TV
unyovev, Bontntikdv punyavnudtov, oviAldv KAT., yivetol HEcm dopdpov oenTpwv TEcEMV

Kot OeproKkpacLOV.

H tomoBétnom 1ov cvykekpipévov awsntipo aAld o€ mowo eEeAtypévn popoen tov, umopel va
tonofetn el yio Tov ELeyx0 TOV SIKTVOV YHEEWMC YAVKOD vEPOD TNG KUPLOG UNYOVAG TPOWGCNS TOV

TAolov.

Aniadn av n Beppokpacia tov e&gpyoévov vepol amd To Yyuyeio g punyovng etvat Tve amd to
O0po, N tPodikn PoAPida eréyyov doev emTpémel 10 vePO VO MEPAGEL EVTOG TNG UNYOVNG WE
OMOTEAEGLLO, VAL TO EMGTPEPEL Tio® 610 Yoyeio. To avtictoryo pumopet va emrevyBel av to vepod ivan
yopunAoTeEPo g embountig Beppokpaciog émov TO0 emavokLVKAOPOpel oTo dikTvO YWLPIG TNV

S1EAEVLON TOL EVTOG TOV YVYELOVL.

Tehkd, mopoatmpnoape mog péco amd €va pKpd KOOGTOG ayopds @OBNvedv MAEKTPOVIKAOV
eCaptudtov, uropel va emttevydel o T€T010V €100V KOTAGKELY], TOL £YEL MG GKOTO TNV ATOPLYN

™G VIEPHEPLAVOG KOl KATAGTPOPNG KPICIU®V EYKATAGTACEDV OAAGL KO UNYOVOV.
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Hopaptnpuo

Y& outn TNV evoTNnTo. EMCLVATTOVTOL To Topakdto data sheet tov kdbe mAektpovikdv

eCaptnudtov.

1.  Thermistor MF52-103-3435 IInyn: http://www.eaa.net.au/PDF/Hitech/MF52type.pdf

2. Operation Amplifier LM741CN TIInyn: http://pdfl.alldatasheet.com/datasheet-
pdf/view/53590/FAIRCHILD/LM741CN.htmi

3. Transistor NPN 2N-3904 IInyq: http://pdfl.alldatasheet.com/datasheet-
pdf/view/15077/PHILIPS/2N3904.html

4.  Transistor PNP 2N-3906 IInyyn: http://pdfl.alldatasheet.com/datasheet-
pdf/view/15078/PHILIPS/2N3906.html
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Electronic Alliance
www.eaa.net.au

NTC THERMISTOR OF MF52-TYPE
n n SERIES SPECIFICATION

* Qutline :

The MF52 thermistor is a small-sized,epoxy-resin coated NTC resistor made from new-type material
with new craftsmanship.It is featured with advantages including high precision and quick reaction

* Application :

Air conditioners, heating facilitied,electronic thermometers ,fluid level sensors,automobile electronics
and electronic table-calendars.

* Features :
1.High testing precision;
2.Small and quick in reaction;
3.Long and good service;

4.Good interconvertibility and consistency.

* Part NO. :

mEs2] [E (103 ] [CH J[CL ] [(347]
O © ® @ © ®
D Drop-like NTC thermistor
@ E : Epoxy-resin coated package S : Silicone coated package
® R25: 10KQ-103
@ Tolerance: F : £1% G : £2% H : £30%J : £5% K : £10%
® L : B25/50 H : B25/85 T : Special
® B-value : 347 : 3470 338 : 3380 we adopted the former three digits

1/3
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Electronic Alliance
www.eaa.net.au

* Dimensions(mm) :

. = 3

/ﬂ

o] ‘

* Specification

Model R25 B value  Dissipation ime SRTpEAE
Constant Range

MF52 100Q-10KQ 3100K

MF52 200Q-10KQ 3270K

MF52 500Q-15KQ 3470K

MF52 1KQ-50KQ 3600K ?Z.Sm.W/ C ' S7'S _40°C~+120°C

MF52 SKQ-50KQ 3950K in static air ~ 1n static air

MF52 10KQ-100KQ 4050K

MF52 10KQ-100KQ 4150K

MF52 20KQ-500KQ 4300K
Remarks:

1) Tolerance of the resistance: F : £1% G : #2% H : 3% J : 5% K : £10% .

2) The Tolerance of the B-value is 1% in response with a rated resistance for which the precision
is £1%, The tolerance of B-value is+2% under other circumstances.

3) Products with specifications unmentioned in the table above are available upon customers'
request.

* Cautions :
1) The two ends of the lead is not supposed to be loaded with excess pulling stress,owing to the
small size and small welding spot of MF52-srs products.
2) Soldering is supposed to be done 5Smm away from the root of the lead,and only for a brief

moment.
3) Thermistor of MF52-srs are not supposed to be exposed directly in water while working.

2./3
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SEMICONDUCTOR®

www.fairchildsemi.com

LM741

Single Operational Amplifier

Features

« Short circuit protection

» Excellent temperature stability

+ Internal frequency compensation
+ High Input voltage range

+ Null of offset

Description

The LM741 series are general purpose operational amplifi-
ers. It is intended for a wide range of analog applications.
The high gain and wide range of operating voltage provide
superior performance in intergrator. summing amplifier. and
general feedback applications.

8-DIP

Internal Block Diagram

OFFSET o °o o -

NULL
IN(-) ‘ o Vee
IN (+) (6) outeur
OFFSET
Vee o NULL

Rev. 1.0.1

©2001 Fairchild Semiconductor Corporation
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LM741

Schematic Diagram
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Absolute Maximum Ratings (Ta = 25°C)
Parameter Symbol Value Unit
Supply Voltage Vce +18 V
Differential Input Voltage VI(DIFF) 30 Vv
Input Voltage \ +15 \%
Output Short Circuit Duration - Indefinite -
Power Dissipation PD 500 mwW
Operating Temperature Range
LM741C TOPR 0~+70 °C
LM7411 -40 ~ +85
Storage Temperature Range TsTG -65~+ 150 €©
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LM741

Electrical Characteristics

(0°C <TA<70 °C Vcc =£15V, unless otherwise specified)
The following specification apply over the range of 0°C < TA < +70 °C for the LM741C; and the -40°C < TA <+85°C

for the LM741I

LM741C/LM7411

Parameter Symbol Conditions - Unit
Min. | Typ. | Max.
Rs<50Q “ “ .
Input Offset Voltage Vio mV
Rs<10KQ - - 7.5
Input Offset Voltage Drift AVIO/AT - - - uv/eCc
Input Offset Current llo - - - 300 nA
Input Offset Current Drift AllO/AT - - - nA/°C
Input Bias Current IBIAS - - - 0.8 HA
Input Resistance (Note1) R| Vce = +20V - - - MQ
Input Voltage Range VI(R) - +12 | #13 - \%
Rs>10KQ - - -
Vce =+20V
Output Voltage Swin Vo(P-P s _ _ - \%
1 i
3 8 H ®-F) Rs>10KQ +12 | +14 -
Vce =+15V
Rs>2KQ +10 | +13 -
Output Short Circuit Current Isc - 10 - 40 mA
o . Rs<10KQ, Vem = £12V 70 90 -
Common Mode Rejection Ratio CMRR dB
Rs<50Q, Vem = 12V - - -
o ; Vce = +20V | Rs<50Q - - -
Power Supply Rejection Ratio PSRR dB
PP to 5V Rs<10KQ 77 | 96 -
Vce =120V, ) ) }
Vo(p-P) = +15V
3 ; Vce =+15V,
Large Signal Voltage Gain Gy Rs>2KQ VOE.p) = +10V 15 - - V/mV
Vee =+15V, } ) )
VO(P-P) = £2V

Note :
1. Guaranteed by design.
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LM741

Typical Performance Characteristics
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Figure 1. Output Resistance vs Frequency Figure 2. Input Resistance and Input

Capacitance vs Frequency
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Figure 5. Input Offset Current vs Ambient Temperature Figure 6. Input Resistance vs Ambient Temperature
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DISCRETE SEMICONDUCTORS

DATA SFIEET

2N3904
NPN switching transistor

Product specification 1999 Apr 23
Supersedes data of 1997 Jul 15

Philips
Semiconductors
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Philips Semiconductors

NPN switching transistor

FEATURES

e Low current (max. 200 mA)
¢ Low voltage (max. 40 V).

APPLICATIONS
¢ High-speed switching.

DESCRIPTION

NPN switching transistor in a TO-92; SOT54 plastic
package. PNP complement: 2N3906.

Product specification
|

2N3904

PINNING
PIN DESCRIPTION
1 collector
2 base
3 emitter

GoE=

MAM279 3
Fig.1 Simplified outline (TO-92; SOT54)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
Veeo collector-base voltage open emitter - 60 Vv
Vceo collector-emitter voltage open base - 40 \
Vego emitter-base voltage open collector - 6 Vv
Ic collector current (DC) - 200 mA
lom peak collector current - 300 mA
lem peak base current - 100 mA
Piot total power dissipation Tamb <25 °C; note 1 - 500 mWwW
Tstg storage temperature -65 +150 °C
T junction temperature - 150 °C
Taib operating ambient temperature -65 +150 °C

Note

1. Transistor mounted on an FR4 printed-circuit board.

1999 Apr 23



Philips Semiconductors Product specification

NPN switching transistor 2N3904
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 250 KIW
Note

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS

Tamb =25 °C.

SYMBOL PARAMETER CONDITIONS MIN. MAX. | UNIT
lceo collector cut-off current le=0;Veg=30V - 50 nA
leBo emitter cut-off current lc=0;Vgg=6V - 50 nA
hee DC current gain Vee =1V; note 1

Ic=0.1mA 60 -
lc=1mA 80 -
Ic =10 mA 100 300
Ic =50 mA 60 -
Ic =100 mA 30 -
VcEsat collector-emitter saturation voltage | Ic = 10 mA; Ig = 1 mA; note 1 - 200 mV
Ic =50 mA; Ig = 5 mA; note 1 - 200 mV
VBEsat base-emitter saturation voltage Ic =10 mA; Ig = 1 mA; note 1 - 850 mV
lc =50 mA; Ig = 5 mA; note 1 - 950 mV
Ce collector capacitance le=ig=0;Veg=5V;f=1MHz - 4 pF
Ce emitter capacitance lc=ic=0;Vgg =500 mV;f=1MHz |- 8 pF
fr transition frequency Ic=10mA; Vge =20 V; f=100 MHz |300 - MHz
F noise figure lc =100 nA; Vee =5 V; Rg = 1 kQ; - 5 dB
f=10Hzto 15.7 kHz
Switching times (between 10% and 90% levels); see Fig.2
ton turn-on time lcon = 10 MA; Igon = 1 MA; - 65 ns
ty delay time Igoft = =1 MA - 35 ns
tr rise time - 35 ns
toff turn-off time - 240 ns
ts storage time - 200 ns
t fall time - 50 ns
Note

1. Pulse test: t; < 300 ps; 6 < 0.02.

1999 Apr 23 3
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DISCRETE SEMICONDUCTORS

DATA SFIEET

2N3906
PNP switching transistor

Product specification 1999 Apr 23
Supersedes data of 1997 Jun 20

Philips =y
Semiconductors & pH I LI p
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Philips Semiconductors

PNP switching transistor

Product specification
|

2N3906

FEATURES PINNING
¢ Low current (max. 200 mA) PIN DESCRIPTION
¢ Low voltage (max. 40 V). 1 collector
2 base
APPLICATIONS 3 emitter
¢ High-speed switching in industrial applications.
DESCRIPTION i
PNP switching transistor in a TO-92; SOT54 plastic 23 —
package. NPN complement: 2N3904. e 2
3
MAM280
Fig.1  Simplified outline (TO-92; SOT54)
and symbol.
LIMITING VALUES
In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Veeo collector-base voltage open emitter - -40 \"
Vceo collector-emitter voltage open base - -40 Vv
Veso emitter-base voltage open collector - -6 \%
Ic collector current (DC) - -200 |[mA
lem peak collector current - -300 ([mA
lem peak base current - -100 [mA
Piot total power dissipation Tamp <25 °C - 500 mW
Tstg storage temperature -65 +150 |°C
Ti junction temperature - 150 °C
Tamb operating ambient temperature -65 +150 |°C

1999 Apr 23 2



Philips Semiconductors Product specification

PNP switching transistor 2N3906
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE UNIT
Rihj-a thermal resistance from junction to ambient note 1 250 K/W
Note

1. Transistor mounted on an FR4 printed-circuit board.

CHARACTERISTICS
Tamb = 25 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
lceo collector cut-off current le=0;Veg=-30V - -50 nA
leBo emitter cut-off current lc=0;Vegg=-6V - -50 nA
heg DC current gain Vce = -1V, note 1; see Fig.2

Ic=-0.1mA 60 -
Ic=-1mA 80 -
Ic=-10mA 100 300
Ic =-50 mA 60 -
Ic=-100 mA 30 -
VeEsat collector-emitter saturation lc =-10 mA; Ig = -1 mA; note 1 - -200 [mV
voltage lc = -50 mA; Ig = -5 mA; note 1 - -200 ([mV
VBEsat base-emitter saturation voltage Ic =—=10 mA; Ig = —1 mA; note 1 - -850 [mV
lc =-50 mA; Ig = -5 mA; note 1 - -950 ([mV
Ce collector capacitance le=ig=0;Veg=-5V;f=1MHz - 4.5 pF
Ce emitter capacitance I =ig=0; Vgg =-500 mV; f = 1 MHz = 10 pF
fr transition frequency lc=—10mA; Vge=-20V; f=100 MHz |250 - MHz
F noise figure lc =-100 pA; Vce = -5 V; Rg = 1 kQ; = 4 dB
f=10Hzto 15.7 kHz
Switching times (between 10% and 90% levels); see Fig.3
ton turn-on time lcon = =10 MA; Igon = =1 MA; Igess = 1 MA | - 65 ns
ty delay time - 35 ns
tr rise time - 35 ns
toff turn-off time - 300 ns
ts storage time - 225 ns
t fall time - 75 ns
Note

1. Pulse test: t, <300 us; § < 0.02.

1999 Apr 23 3
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