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Simplified Structure of a BJT and Symbol
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Regions of Operation of the BJT

Collector-Base Junction (CB)

Forward-biased

Reversed-biased
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Operation in the Active Region
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Operation in the Active Region (cont)

Forward-binsed Reverse-biased

= Junction BE behaves as a
forward biased diode
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= A - Junction CB behaves as a

current controlled current source
I =ai;

Since i_ =i +i, then i_= % j = /[

IE_IC-'_IB C_l— B — B

iE = iB(IB+1)

Typically, 32.3 < £<332.3
Typically, 0.970 < < 0.997 |

Dr. J. E. Rayas Sanchez



BJT Operation and Modeling
Dr. José Ernesto Rayas Sanchez
February 8, 2007

Models for the Active Region (NPN)

iB :IieVBE/VT
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Models for the Active Region (NPN)
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Models for the Active Region (PNP)
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Models for the Active Region (NPN)
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I-V Characteristics (i — Vgg)
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I-V Characteristics (i — Ve Ideal)
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I-V Characteristics (i — Vg Real)
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Ic increases with v due to the Early effect
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Early Effect and Early Voltage (V,)
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NPN BJT Models in the Active Region - Summary

Neglecting the Early effect:
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Considering the Early effect:
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PNP BJT Models in the Active Region - Summary

Neglecting the Early effect:
E
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BJT Models for the Cutoff Region
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BJT Models for the Saturation Region
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Ic-Vee Characteristics
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Ic-Vee Characteristics Including Breakdown

icl

h

=

Saturation
region

8 i

e Active region o=
ig= Ip
- [iiy
i

WJ
ig=--

13:0

P

Ai
R 4 —
0 VCE(J
Zooming the

saturation region

Dr. J. E. Rayas Sanchez

10

-

T Uerp

BVero

19

20



BJT Operation and Modeling
Dr. José Ernesto Rayas Sanchez
February 8, 2007

Active Region vs Inverted Active Region)
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Typical Variation of gwith I and Temperature
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Variation of gwith I, — An Example
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