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BHIIOASD TPaAH3HCTOP HHMAT

TpausucTop dApPUMYTKA3TUUIAM acbob 6yAub
SAEKTPOH CUTHaAAAPHU Kydyaumupuul Ba ynaul
YUYH uuunamunaou.

Tpan3ucTop HOMH transfer (Ky4uill) Ba resistor
(KapIIMAUK) CY3AapHUHI OUpPUKMAacHu — KydaJguraH
KapIIUAUK.

This is because it can amplify electrical signals by
transferring a current I from a low to a high-
resistance circuit.

Bunonsp mpaH3ucmop  SHT'  TapKaAraH
TPaH3UCTOP TypAapUIaH OUPH.
* Bunonsap: TOK HWKKHU Typaard TalllyB4YuAap

TOMOHUIaH TalIuAa U (3aeKTpOHAAD Ba
KOBakKAap).

«  Ymuw: Tox PN-YTUII OPKAAU YTaIU.

Buroasip TpaH3UCTOP ydTa YHUKHUIIITA 3TaH OyAraH
KypUAMaA.

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 2



KOHCTPYKIHSICH Ba OeArmaamnmn

* Dbunoagap TpaH3UCTOPHUHTI UKKUTA aCOCUU TYPU MaBXKYI:

1. npn TpaH3HCTOD 2. pnp TPAH3HUCTOD

. Emitter | Base | Collector c E Emitter | Base | Collector C

B B
npn | Collector pnp % ‘ Collector
n p
Base — | p Base — | n
M< _|n N/ P
| Emitter M ‘ Emitter

=" W=

P
A =i - N . -
— N ! ey N-
A 4 N '; . P
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KoHCTpPYRIHSA Ba OeArmAaHHIIH

".‘x,"“.'l."!‘ (
: B.!\' ("'“!'-. (%]
n P
3 _ 7 junction
‘ [ =l p | Rl n
(based N Base-Limitter
" | IO p
i temiter) E
NPN BJT PNP BJT
Collector Emitter
Base Base
Emitter Collector

 OMUTTEpAATU MHUA p JaH N TOMOH HVHaAAHINHIA OYVAQIU.

JNEeKTPOHMKA 2-mabpy3a  AbaypaxmaHoB baxpom



PaoA HIIAAIN PEIXKHMH

Tpauzuctop HOpMaa UiiAaraHga (kygatrTupruyg cudaruga
HUIAQTUATAHIA), DMuTTep-6a3a Tumu (BE) miyzpu cwwkuzanH Ba 6asa-
KoAaAeKTOp YTuiiu (BC) meckapu cuwwkuzan 6ynaou.

.
N
I[H
\.‘ i1l 4 o
+| ll
|

. ¢ = -
——— . : 7 &
BE forward BE forwurd-
= | + "
f\.| ."l ‘?" "l
(a) npn {b) pnp
5
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Tpar3ucTOpOara GH3MNK xapaéHAAD

1,,20 W __KII ol,,

2 K
— —i
I, I

IEIH B IKEG RH
IE PeK lj’ﬁ
+ - + —
I I
L ¢ !
E, E,

Bunonsip mpaH3ucmop ¢haon pexxumoa uwinazaHoa 3apsio
mauwyesyursiap ea MOKJIapPHUH2 XapakamyiaHuwu

DNeKTpoHunKa 1-mabpy3a AbaypaxmaHoB baxpom



PaoA HIIAAIN PEIXKHMH

MyYyBO3aHaTAA B9O Tyrpu Ba BK TecKapH CHAXHIaH

P n p p n p

JNEeKTPOHMKA 2-mabpy3a  AbaypaxmaHoB baxpom



PaoA HIIAAIN PEIXKHMH

Imummep Ky MHUKIOpAA TalllyBUHMAApPHU 0Oazara YUKaApUIIL Y4UyH
Kyuiu snecupnam2an Oysanu.

Baza sMUTTepIaH UHXKEKITUIAQHTaH TalllyBUYUAAPHHUHT KaM MHUKIOPH
KOAAEKTOpPTa eTHub OopryHuda peKoMOMHAaIMgna HYKOTHAUIIUN YUYyH
2Kkyoda Kudurx KUAUO TaiépaaHaiu.

Komnnexmop smutrrepnad d4Yukub 06a3a opkaanm VTraH HoacocHuH
TauryBuYuAapHU Kamaavau. The collector usually has the lightest
doping concentrations of the three regions.

KoanekTOpaa HuUrvAaéTralH TOKHUHT acoCU¥ MaHOacu sMHTTEpaaH
I000pHATAaH TOK xucobraHanu. KoulekmopHuH2 U3 moku skyoa
Kuuurx 6ynaou (YTUIIT TECKAPU CUAIKUTAH).

Konnexmop mokxu 3arokupod2u KyuiaHuul bunan 6owxapunaou

(Ver). Vg HH caaruHa y3rapUilld KOAAEKTOP TOKHUHHU ([o) KaTTta
MUKOOpAA Y3rapuliura Amubd KeAamau.

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 8



PaoA HIIAAIN PEIXKHMH

TpaH3ucmop moxnapu:

1.

. Tyrpu cuaxkuran B3O yrTum

- . P n p
Tyrpu cuaxkuran B3O yrTuin |
OpKaAH KOBAKAAPHUHT @
OupPy3UACH.

OpPKaAU SAEKTPOHAAP
anpdy3udacu (KOBaKAAPHUHT
audpdysugacura KaparaHaa
KUYUK Oyaamu, 4dyHKU 0Oasza
Ky4AW A€THUPAAQHTAH HOMUT-
Tepra KaparaHga  Ky4dCH3
AETUPAQHTaH OYAaau.

OMUTTEPIAAH WHIKEKIHSIAQHTaH avpum KOBaKAap 6azamaH
andpdysussaHaéTrad 9AeKTpoHAap OMAaH peKoMOUHaIMsra yapaiu.
AmummepoaH UHIKEKUUSUIAH2AH KJYnniad roeaxnap Koanexmop
MOMOHUOAH HKAMNAHAOU.

. Teckapu cuaxkurad BK yTuin maiijoHH TOMOHUOAH TOPTHUO OAMHAIUTAH

HOAaCOCHM KoBakAap Aperdu.

. Teckapu cuaxkurad BK yTuin maiijoHu TOMOHUOAH TOPTHUO OAMHAIUTaH

HOACOCHM SAEKTPOHAAP aOpeidu.

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom 9



PaoA HIIAAIN PEIXKHMH

daon pemwuaa MmpaH3uCmop meHaiamMacu.

* ¥YB cxemacH y4yH TOK Ky4dautupuiil Ko3d. dpc :

« Y3 cxemacu y4yH TOK KydanTmpuw Koad. Lpe:

. =1+

Io = Bpc s

=1+ Boc) b W)

{a) npn
VB = Ve + Vg

* Ty¥pu cuaxxkuran Si p-n yruua, Vg = 0.7 V
* FOKopudazu ugodanap gpaon pexcum YyuyH YpuHaAUoOup

DNEeKTPOHUKa 2

AbaypaxmaHoB baxpom

apc < 1

Bpc >> 1

(b)Y prp
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PaoA HIIAAIN PEIXKHMH

My COJF Kypcatuaran 3aHxRupAaru 6apya TOK Ba KyYAAQHHUIIAADHHU aHHKAAILL.
e e o
.BDC =150

EqLL

Vﬂ.a o VEE ﬁ V = 'ﬂ'-a'r A% — FCC
lg = = = == —— = 430 pA =
’ Ry 10 kO 0 p 4 =10V
Bl ——
Ie = Bocly = (150)(430 nA) = 64.5 mA SV =
le = I + Iz = 6453 mA + 430 nA = 64.9 mA

Ver = Vee — IcRe = 10V — (645 mA)(100 Q) = 10V — 645V = 3.55V
V{:E = VEE - VE-E =335V - D?V = 285V

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 11



V3HAHII Ba TYHHHHII PEXHMAAPH

Y3unuw pexxcumnapu:

B3O TeckapH cuaxuraH Ba BK xamM TeckapH CHAXHraH OyVAanm.

* No current will be in both circuits except the reverse saturation
currents (can be neglected).

IB=O, IC=O, IE=O

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 12



V3HAHII Ba TYHHHHII PEXHMAAPH

TyuuHuw pexxumnapu:
B9 TyrpH cHAkHraH Ba BK xaM TVrpH CHAXHraH OyaazaH.

n P n
n P n
000 000
_/,_l 0000 2000
g \\\ @00
- - ———= o0 o p
e 4 N \ ’
N 7

* The field in the BC junction is no longer sufficient to collect all the
current injected by the emitter.

 In this case, increasing the base current will not result in an
increase in the collector current. We say that the current is
saturated. In this case I. < Bpc fg -

« Saturation starts before the BC junction is completely forward-
biased (Vgc 0.5 ~ 0.7V, Vegay 0 ~ 0.2 V).

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 13



YAaHHIII CXeMaAapH

BBIX

|
|
e —
-
By
I
|
|
Pl

TpaH3ucmopHuU ymymuu 6a3a cxemacu byuu4a ynaHuwu

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom
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YAaHHIII CXeMaAapH

I
—a—
E
— |
|
.I":fﬂ':'
.|r||_- |r.:' Ij'.' -FI:
— .
C E -
Iﬂ * Iﬂ T
B I
{a) (k)
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YAaHHIII CXeMaAapH

A
HI‘[ UHH?{
Jo N1 E2|
Je) T
|
.

TpaH3ucmopHuU yMmymul amummep cxemacu 6yliuda ynaHuwu

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom
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YAaHHIII CXeMaAapH

I !
- {‘ [.
‘C ("
L P
| i -
— 12 — Voo F« n =
= _ -
+ n P
Vg e Vg ==
_-™ ]IrE E E
I

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom
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YAaHHIII CXeMaAapH

JI'-Irll.'.
RH lr')lrl"il‘-.[i"i.
0 1 E .
T +
Ep| _
____+

TpaH3uCmMopHU yMyMul KoJsisieKmop cxemacu 6yliuda ynaHuwu

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom
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YAaHHIII CXeMaAapH

T~ | -
I
-

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom 19



YAaHHIII CXeMaAapH

ODAPAMETP

03

OK

Koadgdmmnesr
Tepenayum Toka K}

<]

10...100

10...100

Koaddumuent
Nepenadl HATPE #e LA
Ky

10...1000

10...1000

|

Koaddumient
VCHIIEHHA 110
MonHEocTH Fp

10...1000

10°._10*

10...100

Bxommoe
conpoTHEIEHHE R 5y

10...100 Om

> 100 Om

> 10% Om

B rmomaoe
COMPOTHEIEHNE Ryrp

- 100 kOM

=10 xOm

0...100 Om

INeKTpoHMKa 1-mabpysa

TpaH3UCTOPHUHI KAWCH DSJIEKTPOAY KHPWII BAa YUKHII
3aHKHPU YUYyH YMyMHH Oymuiura OOFIWK paBHIIIA
TPaH3UCTOPJIAPHUHT yUTa yJaHUII CXEMacu MaBXyIJIup:
yMyMuUii 0a3a, yMyMuil SMUTTEP Ba yMYMHUI KOJIJIEKTOP.
OHr kyn YD cxemacw KyJUTAaHWIaAW, YyHKH y KyBBaT
Oyilya HSHr Karra KydaWTUpuil Ko3()(QULIMEHTHHH,
Ky4JaHUII OYiirda IoKOpY KydauTupin Ko3QOUIMeHTuHI
(kvpum KywiaHUUHUHT (asacunu 180° y3raptupran
X0JI1a), TOK oyiinya FOKOpH Ky4YauTHp UL
K03(p(UIIMEHTHHA Ba  HHCOATaH KaTTa  KHPHII
Kap MIWIUTUHU OJIMII UMKOHUHHU Oep ajiu.

YK cxemMacuHu sMHUTTEp KaWTaprud aed aTamagu, YyHKU
SMUTTEpJATH KyWIaHWII KyTOM Ba KaTTaIWK OYyiuya
KApUIIJIATd KyWIaHWl OWJlaH MOC Kelaaud Ba KUiMaT
Oyitnua yHra sikuH Oyiaaau. Maskyp cxema TOK Ba KyBBaT
KydauTHpaau, OUpOoK KywIaHUIIHU Kydatupmaiinu (Ku
< 1). bUpOK SHT KMYWMK KUPHWII KAPUIWINTWra Ba HT
KaTTa YUKMII Kapinwinrura sra 6ynanu. [llynunr yuys y
IOKJIAMAHUHI KUYMK KapIUMIWMTMHU KAaCKaJHUHT FOKOPHU
YUK KapIIWIrd OWIaH MOCHAIITHPHUIN yayH Oydep
Ky4dauTtuprud cudaTuaa UIIaTHIUIIT My MKHH.

Vb cxemacu Ky4JIAHUILTHU Ba KyBBaTHU
KYyYaUTUPWIMIIUHA ~ TabMUHIAWIU, OWUPOK  TOKHH
kydadtupmadimu (K, < 1). YO cxemacu kabu KaTrta
YUKW KAPIIWIWIUra 3ragup. YO cxemacuaaH (papkiu

paBullla Ma3Kyp CXCMAHMHI' KHpHUII KapIIWJIUra
KUYHUKIUDP .
AbaypaxmaHoB baxpom 20



BoAT ammnep TaBCcHDH

TpaH3ucmopHuH2 BAT — mOKHU Ky4naHuwea 6ofnuknuaudup

Kupuw y4yH: Hukuw y4yH:
I; = f(U; : I-=f(U. .
° U, = const : *?\I5 = const
sl v o v, UL -U I

K3 kol Yral 7 Yka2 R Iss > 154

Iy > I3

Is3 > I

Igy > Ig)

irél =0

Us, | U

Y3 cxemacu b6yuuya ynaHaaH Y3 cxemacu b6ylu4a ynaHaaH

mpaH3UucCmopHUH2 kupuw BAT mpaH3uUCmMopPHUH2 YuKuw BAT

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom



BoAT ammnep TaBCcHDH

npn Ic n
A Vs : /W
w
HUHBEPC TYHUIII . - — - M/
> lus .5 E'" /’ll |
Vee I : ,[N
B J
V3UAWII daon — /l.
daoa coxa I : /‘
B ————: |
= _L//
TYHULL i
A Vac Y 14
pnp :
daoa Y3UAUIII I/ In=0 | )
| AR
>
VBE As long as BC junction is reverse biased
TYHULL MHBEPC (Veg > Veggan ). the  collector is able to
withdraw apc I (Bpc Ig) and the current will

depend only on J and not on Vgg.

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 22



Ipax 3dderTH

SIMutTep Baza Konnektop

baza monysuisinust 3 dextu Uyg KydTaHUIITMHA OIIUIIN TY()anian KOJIEKTOP
VTUIIMAA XOKMHUH 3apsgHd  OLIMIIM XUCOOMTa KOJUIEKTOP YTHIIWHU
KCHTAHWIIM OWIAH OOFIAHTAaHAWP. YTHUIIMHHM KCHIAMWIIM OKOPH OMIIH
Oynran Oasza Kamiamu xucooura o3 Oepranu yuyyH Uyg KywIaHUIIUHU
ONIMINU Oa3a KaUIaMUHM KAIUHJIWTMHA KaMauuinura oiaud keixaau. Moc
paBula 0a3zala KOBAKJIIAPHU SJICKTPOHJIApP OWIaH PEKOMHUHALMAIAD COHHM
Kamauiura, o ko3 guureHTy Ba |, TOKHA omuiunra oJaud Keaaau.

DNeKTpoHMKa 1-mabpy3a AbaypaxmaHoB baxpom 23



BJT characteristics

EXAMPLE Sketch an ideal family of collector curves for the circuit shown for I
m
= 5 pA to 25 pA in S pA increments. SBpc = 100

Ke

SOLUTION WA

-

+

e Qe #
>I3nc = 100 == Vi
+H, === .

IJIC [l-.l'haﬁ.} =
r fg =25 HA
2.5
pr,_
50 b —— I =20 gA
-
|
. ! — fg= 15 uA
I.. —
|
L0 :_ —— Ipg=10 uA
: fa=5puA
0.5 | B
I
|
] Ll
{}| CE
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HIinyH HyKTa Ba IOKAAMAa YH3HFH

Oxnama 4usuzuHu maxjaunu:

Kupuimn 3aHxXupu yuyyH I
aHukaaHr. (Tyrpu cuaxkuran BO
yruimnr  yuyyH Vpgp 0.7 V
oyannuaaH o garaHUHT).
IOkaama 4YH3UFUHHU 4YHU3UHI Ba
UIIICU HYKTaHW aHUKAQHT.

Ic = Boc Is

Vee = IcRe + Vg
Bapuya 6a3za Tokaapu = y4yH
TYUUHUIIHY ~ OOIIAQHUIITHUIAEAPAN
oup xuaA. By xuimat Veggay ~ 0 —
0.2 V KOAAEKTODP  SMUTTED
TYHUHUII KYy4YAQHUIITHU ne6
aTarau.

DNEeKTPOHMKa

'(b Sa
IC{.\'all -\[
.

W
Ry A
Boc= 100 T Ve
+ . ) P .
VHB%

Ic
A

I SESE— et

i

1

¥
i e i
e
|

{

:

4

|

L.

A

1

.

i

/
/

2-Mmabpy3a

- \ Vi e
/ e -
v Cuto
J ~
- - ———
v V. Vee
CE(sat) CC
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HIinyH HyKTa Ba IOKAAMAa YH3HFH

A
Iy
I max
I = Is
K Hac2 0 Hac
% _,A
AN A
= I
SN | Junus nacpysxu
2 1
SN
= | ~
E - Iﬂl =0
|
Lo L 1

=
=

I" .-"'- OIN :_f -"-' IG =)

fin-

‘ UKB«Z:UKEI rac = Uxs0 Uskol Eq Ug

KoAAekTOp TOKHMHHM y3rapUIlId TPaH3UCTOPHUHI  YHUKUII
TaBcudu O6yiinya KYpHUIl MYMKHH.

DNEeKTPOHMKa

2-Mmabpy3a AbaypaxmaHoB baxpom
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HIinyH HyKTa Ba IOKAAMAa YH3HFH

=
] K
IOkaama 4Yu3uUru Kyuugaru wudomaa
OUAAH aHUKAAHAIU:
A .
EI{
— ]+
, _E-Ug )
K R A U BBIX
K ] 5]
—
IOkaama 4yM3ury OFHINU Ry KapIIHMAHK , I
OUAQH aHUKAAHAIIU: K max
I K Hac2 Iﬁ Hac
R. = P _ t
K — 1 — gOt . 3 Jlunus nazpysxu
K max ;
=)
II{U Iﬁ =0
WPWWC/W .

JNEeKTPOHMKA 2-mabpy3a  AbaypaxmaHoB baxpom



Operating point and load line

EXAMPLE Determine the mode of operation of the transistor of the circuit
B shown. Assume Viggay = 0.2V, Bpc = 50

SOLUTION

Re S1OKD
There are three methods to Ry t
solve this problem: ——*‘I nwm\e—é ) Boc =50 - 0V

Vg ——

+

— —
= -—

1. Draw the collector characteristics and the load line. Then determine the
Q-point.

2. Assume the transistor is in the active mode (I = Bpcls), then find V. If
Ver > Vegsar), then the transistor is really in active mode. Otherwise, it is

saturation.

3. Assume the transistor is in the saturation mode (Vog = Vegeay ), then find
I.. If I. < Bpcly , then the transistor is really in saturation mode.

Otherwise, it is active.

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 28



BHIOOAAD TPAH3HCTOP IapaMeTpAADH

Tranzistorlar uchun chegaraviy ekspluatatsion parametrlar
ma’lumotnomalarda keltiriladi:

Maksimal ruxsat berilgan ozgarmas kollektor-emitter kuchlanishi
Ukemax;

Maksimal ruxsat berilgan ozgarmas kollektor-emitter kuchlanish
IHIPHIS1 Uke.i.max;

Kollektorning o‘zgarmas yoki impulsli toki Iy . Ik i max
Kollektorning o‘zgarmas yoki impulsli sochuvchi quvvati Py .,
Pk.i.max;

O‘tishlarning chegaraviy harorati Ty .« Yoki asbob qobigining
harorati T ;.-

JNEeKTPOHMKA 2-mabpy3a  AbaypaxmaHoB baxpom
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DHIIOAADP TPAH3HCTOPHH TEIIHAHIIH

Teshilish  turlari. Tranzistorlarda  teshilishlarni  rivojlanish
mexanizmlari turlicha bo‘lishi mumkin. Biroq bunga bog‘liq bo‘lmagan
holda ularni shartli ravishda birlamchi va ikkilamchi teshilishlarga
ajratish mumKkin. Tranzistorlardagi birlamchi teshilishlar
qaytaruvchanligi bilan farqlanadi. Tranzistor birlamchi teshilish
rejimiga tushsa, ularning normal ishlashi buziladi. Biroq tranzistorlar
teshilish rejimidan chiggandan so‘ng esa ular o“Zzlarining ishlash
gobiliyatini qayta  tiklaydi. Istalgan  ikkilamchi teshilishlar
qaytarilmaydigan boladi. Bunga sabab o‘tishni buzilishi tufayli
tranzistorning degradatsiyasi yuz beradi. Birlamchi teshilishlarning
asosiy turlari: ko‘chkili, issiqli va toklidir.

Electronic devices (802311) Lecture 7

10/1/1434 Dr Tarek Abdolkader
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DHIIOAADP TPAH3HCTOPHH TEIIHAHIIH

Kop holatlarda baza va emitter orasiga R, qarshilikni ulash
tavsiya qilinadi. Bu holda ko‘chkili teshilish kuchlanishi

Uwo kuchlanish - baza wuzilgandagi (4,=0) teshilish
kuchlanishi;

Uer>Uieo kuchlanish — baza va emitter orasiga R, qarshilik
ulangandagi teshilish (R.=0 da);

Ukeq kuchlanish - bazani emitter bilan tutashtirilgandagi
(R,=0) teshilish kuchlanishi. Bu barcha kuchlanishlar
kollektor-baza o‘tishining teshilish Uy, kuchlanishidan
kichik bo‘ladi, ya'ni

JNEeKTPOHMKA 2-mabpy3a  AbaypaxmaHoB baxpom
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DHIIOAADP TPAH3HCTOPHH TEIIHAHIIH

Rb:OO

w0>R,>0

/ Uk

N

UkeO UkeR Ukeq Ukbtesh

Bazasida turli xil garshiliklar bo‘lgandagi
tranzistorning ko‘chkili teshilish rejimidagi volt-
amper tavsifi

DNEeKTpOHMKa 2-mabpy3a AbaypaxmaHoB baxpom 32



DHIIOAADP TPAH3HCTOPHH TEIIHAHIIH

Tranzistorlarning ikkilamchi teshilishi birlamchi teshilishlarning
birini rivojlanishidan so‘ng yoki birlamchi teshilishning rivojlanishi
bolmagan holda Dbevosita yuz berishi mumkin. Ikkilamchi
teshilishning bevosita rivojlanishi kollektorda nisbatan katta
kuchlanishlar boflgan soha yuz beradi va «tok ipi» nomlanuvchi
jarayonning rivojlanishi bilan boglangandir. Bunda kollektor toki
kollektorning kichik sohasida markazlashadi. Natijada mazkur soha
erib kyetadi va kollektorning baza bilan tutashuvi yuz beradi.
Ikkilamchi teshilishlar maksimal quvvatlar giperbolasidan kichik
kuchlanish va tok giymatlarida bo‘ladi.

Electronic devices (802311) Lecture 7

10/1/1434 33
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BunmoAap TpaH3HCTOP KaAHT cHbaTHAA

I, A

100

IK.i.maks
IK. maks

10

0,1

Bipolyar
kollektor

<1 mks

| 100 mks

—1 mks

- t,=10 mks

UKE!V

tranzistorning

1000 1
UKE.i.maks

statik (a) va
Impulsining turli

davomiyligidagi impuls rejimidagi xavfsiz

ishlash sohasi

DNEeKTpOHMKa 2-mabpy3a

Statik XIS quyidagi sohalar bilan
chegaralanadi: tokli teshilish (1),
issigli  teshilish  (2), ikkilamchi
teshilish (3) va ko‘chkili teshilish (4).
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BJT data sheet:

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by 2N3903/D

General Purpose Transistors
NPN Sili

COLLECTCR
3
2
BASE
1
EMITTER
MAXIMUM RATINGS
Rating Symbol Value Unit
Collector—Emitter Voltage VCEO 40 Vdo
Collector—Base Voltage Voo 60 Vde
Emitter—Base Voltage VEBO 6.0 Vde
Collector Current — Continuous Ic 200 mAdc
Total Device Dissipation @ Tp = 25°C Pp 625 mw
Derate above 25°C 5.0 W
Total Device Dissipation @ Tg = 25'C Pp 15 Watts
Derate above 25°C 12 mWrEC
Operating and Storage Junction TJ. Tsig -55to +150 °C
Temperature Range
THERMAL CHARACTERISTICS*
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RaJa 200 AV
Thermal Resistance, Junction to Case Rauc 833 W

* Indicates Data in addition to JEDEC Requirements.
ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

2N3903
2N3904*

“Motarola Preferred Device

CASE 2904, STYLE 1
TO-92 (TO-226AA)

Characteristic symbot | tin | wax | unit
‘OFF CHARACTERISTICS

Collector—Emitter Breakdown Voltage (1) V(BR)CEO 40 —_ vdo
(I = 1.0 mAde, Ip =0}

Collector—Base Breakdown Voltage V(BRICBO 60 — Vde
{Ic = 10 pAde, Ig = 0)

Emitter—Base Breakdown Voltage V(BR)EBO 6.0 — Vde
{IE = 10 pAde, Ic = 0)

Base Cutoff Current IsL — S0 nAde
(VCE = 30 Vde, VER = 3.0 Vdc)

Collector Cutoff Current ICEX — 50 nAdc
{(VeE = 30 Vde, VEp = 3.0 Vdc)

1. Pulse Test: Pulse Width =< 300 ps, Duty Cycle < 2.0%.

Preferred d are Molorola hoices for future use and best overall valus.
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ELECTRICAL CHARACTERISTICS (Ty = 25°C unless otherwise noted) (Continued)

I Characteristic Symbol Min Max Unit
ON CHARACTERISTICS
DC Current Gain1) bFE —
{Ic = 0.1 mAdo, Vg = 1.0 Vdc) 2N3903 20 —_
2N3904 40 —
(Ic = 1.0 mAde, VG = 1.0 Vdc) 2N3903 35 —
2N3904 70 —
tle: = 10 mAdc, VGE = 1.0 Vdo) 2N3903 50 150
2N3904 100 300
{Ic = 50 mAde, VCE = 1.0 Vdc) 2N3903 30 —
2N3904 60 -
(I = 100 mAdc, Vg = 1.0 Vdc) 2N3903 15 —
2N3904 30 —_
Collector-Emitter Saturation Voltage{(1) VGE(sat) Vdc
(Ic = 10 mAdc, Ig = 1.0 mAdc) — 0.2
{lc = 50 mAdc, Ig = 5.0 mAde — 0.3
Base-Emitter Saturation Voltage(1) VBE(sat) Vde
(I = 10 mAdc, Ig = 1.0 mAdc) 0.65 085
{Ic = 50 mAdc, Ig = 5.0 mAdc) — 095
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product fr MHz
{Ic = 10 mAdc, VoE = 20 Vdc, f = 100 MHz) 2N3903 250 —
2N3904 300 —
Output Capacitance Cobo — 4.0 pF
(¥op =5.0Vde, I =0,f=1.0MHz)
Input Capacitance Cibo —_ 8.0 pF
(VER = 0.5 Vde, Ic = 0,7 = 1.0 MHz)
Input Impedance hie kQ
{Ic = 1.0 mAdo, Vg = 10 Vdo, f= 1.0 kHz) 2N3903 10 8.0
2N3904 1.0 10
Voltage Feedback Ratio hye x 10-4
{Ic = 1.0 mAde, Vg = 10 Vde, f= 1.0 kHz) 2N3803 Q1 5.0
2N3904 05 8.0
Small-Signal Current Gain hfe —_
{Ic = 1.0 mAde, VcE = 10 Vde, f= 1.0 kHz) 2N3903 S0 200
2N3904 100 400
Output Admittance hoe 10 40 pmhos
{Ic = 1.0 mAde, Ve = 10 Vde, 1= 1.0 kHz)
MNoise Figure NF dB
{Ic = 100 pAdc, VGE = 5.0 Vdc, Rg = 1.0k @, f=1.0kHz) 2N3803 - 6.0
2N3904 — 5.0
SWITCHING CHARACTERISTICS
Delay Time (Vg = 3.0 Vide, Vpg = 0.5 Vde, ty - 35 ns
Rise Time l¢c =10 mAdc, 151 =1.0 mAde) i — 35 ns
Storage Time (Voo =3.0 Vde, Ig =10 mAde, 2N3903 ts - 175 ns
g1 = Ip2 = 1.0 mAdo) 2N3904 — 200
Fall Time tf — S0 ns

1. Pulse Test: Pulse Width < 300 ps; Duty Cycle < 2.0%.
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2N3903 2N3904
2N3903 2N3904
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Tpau3ucTOp KydJanTHpPrud cudaruma
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* KyuaiiTupuin y3rapyB4YaH CHUTHaA
aMIIAUTYOJAaCUHU UUSUKAU  OLIUIITUPHUILL
XapaéHuaup. >

« Tpausucrop ¢daoa pexumaa 6a3a TOKHHH Ve A
YU3UKAU omuupanu (I, = B L)
* KoanekTOp TOKHAAru KarTta y3rapuiusap V,

KOAAEKTOPD Ky4AQHUIIU A KaTTa
V3rapuiisapra oaub Keaamau.
 KyunanuwHu kyuaumupuw - V. [V

HUuCOaT OpKasu aHUKAAHAIU. >
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BunmoAap TpaH3HCTOP KaAHT cHbaTHAA
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(a) Cutoff — open switch (b} Saturation — closed switch
* Kupunr KydaaHHUINHU HOA (TIACT). * Kupuni kydyaauuinu + Vgg (FoKOpw).
* TpaH3UCTOP Y3UAHUIII PEKUMHUAA. * TpaH3ucTOp TYHHUII pPEXXUMUIA.
* Bba3a TOKHU HOA. * ba3a TOKHY I0KOpH.
* KOAAEKTOP TOKU HOA. * KoAAEKTOD TOKH I¢(sqy) (HOKOPM) .
* KO yTumi y3uaras. « KO yTuW Kucka TyTalnras.
* Vg = Ve (roxopn) * Vee = Vegsay ~ 0.2V (low)

Transistor switch is called an inverter because
low input results in high output and vice versa.
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