
Dispositivos Semiconductores

Reverse-Active Region
� In reverse-active, IB>0, BC junction is forward biased and BE 

junction is reverse biased
� VCE<-0.1V,  VBC~0.7V, VBE<0
� Example: VBE = -2V, VBC = 0.7V

� BC junction injects electrons in the base, and they are swept 
into the Emitter. Larger base current. 
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The Saturation Region

■ VCE(sat) = 0.1 V (approx) from the characteristics --> both the emitter-base and 
the base-collector junctions are forward-biased

■ Law of the Junction --> Þnd minority carrier concentrations in the
emitter, base, and the collector

■ Both junctions are injecting and both are also collecting ... since the electric Þeld 
in the depletion region remains in the same direction under forward bias.

■ Separate the electron diffusion current in the base into two components: one due 
to the emitter-base junction (with zero bias on the base-collector junction) and 
the other due to the base-collector junction:
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Saturation region currents
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Ebers-Moll Model

■ Electron diffusion current in the base: multiply by the emitter area

■ Emitter current IE: three components

1.  - I1 due to injection of electrons from the emitter-base junction,

2. - I1 / βF due to reverse injection of holes into the emitter, and

3.  I2 due to collection of electrons from the base-collector junction.

■ Collector current IC: three components (by symmetry)

1.  - I2 due to injection of electrons from the base-collector junction,

2.  - I2 / βR due to reverse injection of holes into the collector, and

3. I1 due to collection of electrons from the emitter-base junction 

βR = αR / ( 1 - αR) is the reverse current gain
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Ebers Moll model
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Ebers-Moll Model (cont.)

■ ÒStandard formÓ for Ebers-Moll equations:   deÞne two new constants

IES = IS / αF and ICS = IS / αR,

■ Emitter current:

■ Collector current:

■ The collector current and the emitter current represent two diodes with current-
controlled current sources coupling the emitter and the collector branches
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Carrier Fluxes in Saturation

■ Both junctions injecting and collecting; holes injected into collector recombine 
with electrons upon reaching the n+ buried layer

■ For bias condition shown, IC > 0 ... injection from emitter-base junction still 
dominates. (could have IC = 0 or even IC < 0)
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majority hole flux from base contact 

 n+ buried layer

n-type collector 

p-type base 

 n+emitter
 n+ polysilicon

hole diffusion flux

majority electron flux from collector contact
to recombine with hole diffusion flux

majority electron flux from collector
contact supplying injection into base minority hole diffusion flux
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