5.6.2. Large signal model (Char ge control model)

The charge control mode of a bipolar trandgstor is an extenson of the charge control nodel of a
p-n diode.
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Under forward active mode of operation, this modd can be smplified snce the reverse mode
components can be ignored. A trandent modd can be obtained by adding the rate of change of
the charges over time. To further smplify the mode, we aso ignore the minority carrier charge
in the emitter. This resultsin the following equations:
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As an example we now apply this charge control modd to the abrupt switching of a bipolar
tranastor. Consder a gmple circuit as shown in Figure 5.6.2. As one agpplies a pogtive voltage
to the base, the base-emitter junction will become forward biased so that the collector current
will gtart to rise. The input is then connected to a negative supply voltage, Vg. This reverses the
base current and the base-emitter junction capacitance is discharged. After this trandent, the
tranggtor is eventudly turned off and the collector current reduces back to zero. A full analyss
would require solving the charge control modd equations smultaneoudy, while adding the
externd circuit equations. Such gpproach requires numeric smulation tools.

To amplify this andyds and provide indght, we now assume tha the base current is congtant
before and after switching. This gpproximation is very good under forward bias since the base-
emitter voltage is amost congtant. Under reverse bias, the base current will vary as the base-
emitter voltage varies, but conceivably one could design a circuit that does provide a congtant
reverse current.

The turnon of the BJT condgts of an initid dday time, tg1, during which the base-emitter
junction capecitance is charged. This dday is followed by the increase of the collector current,



quantified by the rise time tie This rise time is obtaned by goplying the charge control
equation for the base current while applying a base current Igg, with the voltage source Vgg:
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This differentid equation can be solved resulting in:
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If the device does not reach saturation, the charge reaches its steady State vaue with a time
congtant t, g, which equas the minority carier lifetime of the BJT. This results in a rather dow
turn-on of the device. One therefore increases the base charging current, Igg, SO that the device
does reach sauration. The corresponding collector current will be proportiona to the excess
minority carrier charge until the device reaches saturation or:
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A larger base voltage, Vgg, Will therefore result in a larger charging current, Igg, which in tumn
decreases the rise time and causes the BJT to saturate more quickly. There dso will be more
excess minority carier charge sored in the base region after the BJT is turned on. The rise time,
trise, IS then obtained by finding the time when the saturation current is reached or:
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While switching back to the negative power supply, Vg, the base current is reversed. As long as
ggnificant charge is dill dored in the base region, the collector current will continue to exis.
Only after this excess charge is removed, will the base-emitter junction capacitor be discharged
and the BJT be turned off. The removd of the excess charge can take a dgnificant dday time
labeled as tqo on the figure. Again we can caculae the time evolution of the excess charge and
cdculate the collector current from it. To first order the dday time, tq -, equas:
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The actud fdl time, t;, depends on the remaining storage charge at the onset of saturation as well
as the charge stored by the base-emitter junction capacitance.



Figure5.6.2 Switching behavior of a BJT: @ bias circuit used to explan the switching
behavior. b) Applied voltage and resulting collector current.



