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Ebers-Moll Equivalent Circuit

This model for the BJT applies to general device structures, with the four 
parameters IES, ICS, αF, and αR being linked by ÒreciprocityÓ

αFIES = αRICS = IS 

■ Ebers-Moll must be simpliÞed for hand calculation
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Diode Currents:
IF = IES(eVBE ⁄ Vth−1)

IR = ICS(eVBC ⁄ Vth−1)
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Forward Active Model

■ IR is negligible --> can neglect current through B-C diode

■ Eliminate forward-biased diode by replacing with a 0.7 V battery:
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Saturation

■ Include both diodes in the circuit ... both as batteries

note that the batteries make the controlled current sources irrelevent to the 
circuit.
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Dispositivos Semiconductores

Base recombination

Emitter efficiency
γ = Electron current injected into the B / E current
Doping differences make hole current small

Base transport factor
αT = electrons reaching C/electrons injected into B

Forwad current gain
αF = γ αT ; percentage of E current reaching C
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Dispositivos Semiconductores

Collector cut-off current ICBo
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Icbo is actually larger than Ico: 
Extra junction leakage
Thermal generation in the depletion region
Avalanche multiplication at higher voltages

Ico is (ni^2) temperature dependent
Icbo duplicates every 10oC

If Ie=0, then Ic=Icbo
If Ib=0, then Ie=(β+1) Ico




