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BJT — Early effect (base-width modulation)

emitter base collector

NDE, NAB, NDC — uniform doping levels in emitter, base, and collector.

WE, WB, WC — physical widths of emitter, base, and collector.
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bigger!!

The base-collector depletion layer is more important in this case.  

Xpc ∝ VCB VCB = VCE − VBE
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We will ignore Xpe and focus on Xpc.
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Xc → total depletion layer width{

Xco → total depletion layer width 
when VCB = 0.

Xpco → depletion layer width on 
base side of BC when VCB = 0.
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The term in brackets on the left is the electron current if there were no 
base-width effects. The right-hand factor is the current enhancement due 
to base-width modulation at the collector end.
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Effect of base-width modulation

Silicon BJT with uniform doping: NDE = 1018 cm–3,  NAB = 5x1016 cm–3, 
NDC = 5x1015 cm–3, WE = 1 µm, WB = 1 µm, WC = 5 µm.

βF = 70, Xpco = 0.041 µm.

IB = 10 µA

IB = 20 µA

IB = 30 µA
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Model the current enhancement using a simple correction:

iC → iC ⋅ (1 +
VCE

VA )

VCE (V)

I C
 (m

A
)

IB = 10 µA

IB = 20 µA

IB = 30 µA

VA is the Early voltage, chosen to best fit the current enhancement.

VA = 70 V
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To reduce the base-width modulation effect, we need to have most of 
the base-collector depletion width occurring on the collector side of the 
junction.  In order to do that, we need NDC < NAB. 

In a typical BJT, the “doping rank” is: NDE > NAB > NDC.

Even though the BJT appears to be a symmetric sandwich, the need to 
have high current gain and low base-width modulation makes any 
practical BJT very asymmetric — there is a correct direction for proper 
use.  The low doping in the collector, needed to minimize the Early 
effect, leads to the very poor reverse current gain of typical BJTs. 

The base-width effects are easily incorporated into the Gummel number 
view of BJT current.  The physical narrowing of the base can be 
expressed as a reduction in the base Gummel number, leading to an 
increase in the current.
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