CHAPTER 5

Bipolar Junction
Transistors (BJTs)
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» The drift currents are limited by the number of minority carriers
» Small net currents flow by the drift of minority carriers
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» Large net currents flow by the diffusion of majority carriers




Mode EBJ CBJ

Cutoft Reverse Reverse
Active Forward Reverse
Reverse active Reverse Forward
Saturation Forward Forward
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> Generally, « > 0.99 (<1), 8 > 100
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» A diode is placed between base and emitter and a voltage
controlled current source is placed between the collector
and emitter.
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As R:increases, V, drops and eventually
forward biases the collector-base junction.
This will force the transistor out of forward
active region.

Therefore, there exists a maximum tolerable
collector resistance.
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» Transconductance, g,, shows a measure of how well the
transistor converts voltage to current.

» It will later be shown that g, is one of the most important
parameters in circuit design.

16



> Omn can be visualized as the slope of I versus Vg
» Alarge I; has a large slope and therefore a large g,,,.
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» The figure above shows that for a given Vg swing, the
current excursion around I, is larger than it would be
around l;,. This is because g,, is larger I,.
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Em=1c/Vr
r?T = B/glﬂ

Figure 6.40 Two slightly different versions of the hybrid-m model for the small-signal operation of the BJT. The equivalent circuit in
(a) represents the BJT as a voltage-controlled current source (a transconductance amplifier), and that in (b) represents the BJT as a current-controlled current
source (a current amplifier).

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.



M O
[T ®

(a) (b)

Figure 6.41 Two slightly different versions of what is known as the T model of the BJT. The circuit in (a) is a voltage-controlled current source
representation and that in (b) is a current-controlled current source representation. These models explicitly show the emitter resistancere
rather than the base resistance r,_ featured in the hybrid-n model.

Microelectronic Circuits, Sixth Edition Sedra/Smith Copyright © 2010 by Oxford University Press, Inc.
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» Here, small signal parameters are calculated from
DC operating point and are used to calculate the
change in collector current due to a change in Vgg.
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—Vc.=18V

I =3x107'"° A, # =100, Q,: active region

(@) EWA| 2E] 7} 55 (active)d A o A &2 stoh= A& S ke 2}

lc =6.92mA, IcR: =692mV, Vo1 =Vec —Rc I =1.108V (active region)
(D)3 =7} Imve] A E AL o = A5 5 F5tofet

AVgyr =100Qx0.267mA = 26.7mV

» In this example, a resistor is placed between the power supply and collector, therefore,

providing an output voltage.
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» Since the power supply voltage does not vary with
time, it is regarded as a ground in small-signal
analysis.
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» The claim that collector current does not depend on V¢ is
not accurate.

» As Vg increases, the depletion region between base and
collector increases. Therefore, the effective base width
decreases, which leads to an increase in the collector
current.
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» With Early effect, collector current becomes larger than
usual and a function of Vg
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» Early effect can be accounted for in large-signal model by
simply changing the collector current with a correction

factor.
» In this mode, base current does not change.
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» With the polarities of emitter, collector, and base reversed,
a PNP transistor is formed.

» All the principles that applied to NPN's also apply to PNP’s,
with the exception that emitter is at a higher potential than
base and base at a higher potential than collector.
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