BIPOLAR J




Trne BJT — Eloglar Junctior Transyz{or
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Cross Section c Cross Section
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Schematic Schematic

Symboel Symbol
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» Collector doping is usually ~ 10

+ Base doping is slightly higher ~ 107 — 10#
Emitter doping is much higher ~ 1Q'S
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e le
E = VCE + C
Vee IE Vee
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Veg = Ve ™ Vae
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mgiL2in1sistor, mot live circult.

pnp
lg=lg It
Vee = Vg~ Vg

Note: Thecepuationssseencabovecare dollthe



DC 6 and DC «

B = @unmamermiitesraturaniggdn
o = @unmankdasssaturentogdn
p= lg a= lg

Is lle

The relationships between the two paramelens ane::

a= fB B= o
B+1 1-a
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=JT =xarmols
Using Common-Base NPN Circuit Configunatiiom

™~
Nt

Given: |5==580AA Jd==1 1A
Find: g, B, anda

Solution:
= g = lig, # e, =D OEBMANH11NMA=11085mMAA
B = lg // Ig,=1 mAV /DOTEMAN==220
o = g/ le=1 maV/ N TBEMM=0062388

132
m
|

Il

o eould also be calculated using tihe value of 3 Witth
the formula from the previous slide.

m

a= B = 20 =0.95238
B+1 21




8 mA

6 mMA

4 mA

2 mA

ST Transconcucianca Guive
Typical NPN Tiransiston:'

Collector Current:

I@ =@ II@%@M&WWT
Transeonduetanee:
(slepe of the euive)

m = IC /IH/\@E VBE

lgs = The: nevese Saitunaiomotures it
of the B-E Junction.
V3= KTg = 26 mV (@ TR30004)
n = the emission coefficient andiss
usually ~1



Mocdes of Ouaratior)

Active: * Most important mode of opeatiom
+ Central to amplifier operaition
* The region where culrent curves aire practicailly ffait

Saturation + Barrier potential of the junctions cancel each other out causinga
virtual short
CUtofr: « Current reduced to zero

* |deal transistor behaves like zim opem Wit

IENsice is aied a mode of nperation cated
silva, ViRigici raraly used.



Trnree Tyoss of 8JT Siasing

Biasing the 'r_srlala or refers o applying voitage to gat the transisior

i
achieve certain operating conditions.

Common-Base Biasing (CB)) - input =Vg &l
output =We88d -

Common-Emitter Biasing (CE): imput = X4e88lds
output = \e88dc

Common-Colllector Biasing (CC): input = Vg &lh
output = Vge&lE
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Cornrniori-gasa

Although the Common-Base configuration is not the most commoniiasing)
type, it is often helpful in the understanding off how tte BITwarkss.

=rnitter-Current Curvas
le

Active Region

g
g
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Comman-Base

| e VE
Cireuit Diagram: NENTTaasist0r C E
| | Ves Vee
The Tele:BeitvwliBissasssumpbiomnsd iadt |
can be made for the attributes of the B
common-base biased circuit in the
different regions off opeiaticon. Given flara - -
Silicon NPN transistoir. B
VCB VEE
Ragion of Cc-85 E-B
~ \Y. .
Operation © = Vae Ves Bias Bias
Active Bl =Vt ~0.7V <oV Rev. rwd.
Saturation Wiz ~0V ~0. 7N =0.7TVYV~-<0 Fuwd. Fud.

CE
None

(SN )Y Q oV Rev. RSy,




Cireuit Diagram

Region of Description
Operation

Active Small base current
controls a large
collector current

Saturation Vcegay ~ 0.2V,Vce
increases with I

Achieved by reducing
b 0, Ideally, Ic will

B T~ -y

Collector-Current Curves

le
Active
Region
Ig
VCE
Saturation Region
Cutoff Region
lg=®@



Cornrnor-Collactor

The Eemmen-Eelieeter
Biasing eireuit is basically
gguivalent 8 the comme-
emitter Biaged eireuit
exeept insiead of Iesking
ai | 38 & IuACHeR of Vce
and |z we are looking at \c.
Alge, siRee ¢ =1, aRd & =
\c/\e ek means!e e

Emitter-Current Curves

[3

Active
—Region

Saturation Regjioin

Cutoff Regjion
|g =@



=oer-Voll 8JT Moaodal

The Eber-Moll Model for BJTs is fairly complex, but it is walidl it /|
regions of BJT operation. The circuiit diagram below shows all the
components of the Eber-Moll Whodiz)i:

le lc

orle orle




=oer-Voll 8JT Moaodal

‘
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= Commaon-kasa currant gain (in forward active motde)
= Common-basa current gain (In invarsa aclivea mode)
rRavarse-3aluration Cumrant of 8- Juncticn

= Ravarsa-Saluration Currant of 8-C Junction
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lc =ogle—lr  lg=lg~lk
lg = I~ oglr

lr = lgs [exp(QVee/kT)—1] g = lig[Esm@Nae/KIT)— 1]

k1 lzg & log are not given, they can e determingd using various

als
=Y _ pom2 o
BJT paramatars.




Srnzall Sianal SJT =quivalant Circuit
The small-signal model can be used wihem the: BIT iss im the: acitue: regjom. TeessmadH-
signal active-region model for a CB ciicuiit is Sihownsiaw:

g le

Fz = (B + 1) *niWh, lg

Recall:

B = |@// ||@
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Note: Chonmasn Efnittesr
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Early Effect Example

Given: The common-emitier Giiicuit RRIDW With I, =228, Ve =16V,

B =10fhaneive 8&0.
Find: a) Theddeal cobiestescuriepht
b) The actual collector cuifieni
Circuit Diagiain
Vee
le B=100=IJl,
a)
le = 100 * llg,= QD™ (ZHxHDEN)
T le =25 MmN
VCC — IB

b) lg'=lg Vee#l1 =25x10° 15+ 11 =2.9€ mA
V, 80
.96 mMmA




