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EE415/515 Fundamentals 
of Semiconductor Devices

Fall 2012

Lecture 13: Bipolar 
Junction Transistor 
(Chapter 12.1-12.3)

NPN & PNP BJTs
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NPN BJT doping
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~1019/cc

~1015/cc

~1017/cc             
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Forward-active 
NPN BJT operation

Electrons injected into B by fwd 
bias BE diode, diffuse across 
base, and swept into C by elec 
field in rev bias CB sp ch region. 
See back to fwd/rev bias diode 
for carrier concentrations at the 
space charge region edges.
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First approximation:
Linear nB(x), 
i.e. no recombination
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Holes

Fwd bias hole                    (Replace base holes
current                               lost to recombination)

Modes of 
Operation
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Load line IC=(VCC-VCE)/RC
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Forward active:
Amplification
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Minority carrier distributions:
Consider each region in turn in forward-active mode 
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Consider forward-active 
minority carriers in each region: 

base, emitter, collector
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n++ p+ n

Note:
Assume xC>>LC=Lp

But xE finite and pE(x/=xE)=pE0

(excess → 0 for infinite 
surface recombination 
velocity at contact.) 
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Base region electrons (assume zero field)
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Linear approximation in base
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Typically sinh(x) ≈ tanh(x) ≈ x & cosh(x) ≈ 1
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Emitter region holes
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Collector region holes
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Other operation modes

Forward-active current gain IC/IE
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Current components: electron and hole fluxes → J-
nE & J-

nC for BJT action
n++p+n → J-

nE>>J+
pE;  space charge recombination & generation currents JR & JG

J+
pC0 ideal B-C reverse saturation current; J+

RB base recombination current
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Evaluation of current components
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JR forward bias BE recombination
JG reverse bias BC generation

JpE at x/=0
JpC0 at x//=0

JnE at x=0
JnC at x=xB

JRB=JnE-JnC

replaces holes lost by base recombination

Current gain components
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Emitter injection efficiency γ
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Emitter injection efficiency γ (cont’d)
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Base transport factor αT
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Recombination factor δ
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Recombination factor:
additional surface recombination 
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Current gain α=γαTδ, β=α/(1-α)
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Ex 12.1  Calculate the emitter injection efficiency for 
BJT parameters NB=5x1015/cc, NE=1018/cc, DE=10cm2/s, 
DB=20cm2/s, xB=0.80µm, xE=0.60µm.
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Ex 12.2  Calculate the BJT base transport 
factor for xB=1.2µm and LB=10.0µm.
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Ex 12.3 Calculate the BJT recombination factor for NB=5x1015/cc, 
DB=20cm2/s, LB=10µm, xB=0.80µm, xBE=0.10µm, τ0=10-7s, VBE=0.65V. 
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Ex 12.4 Determine base doping concentration for NPN BJT 
emitter injection efficiency γ=0.9950, for DE=DB, LE=LB, xE=xB, 
NE=6x1018/cc.
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Ex 12.5  Determine the minimum BJT base width for a base 
transport factor of αT=0.9980, for DB=10cm2/s and τB0=10-7s. 
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Ex 12.6 Determine VBE for δ=0.9950 
if Jr0=10-8A/cm2 and Js0=10-11A/cm2. 
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Ex 12.7  Assume γ=αT=0.9980, Jr0=5x10-9A/cm2 & Jr0=5x10-9A/cm2. 
Find CE current gain β for (a) VBE=0.550V and (b) VBE=0.650V. 
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Alternative analysis: 
Carrier distribution in base

 Consider In the N base, minority carrier (hole) concentrations
• At edge of EB depletion region:

• At edge of CB depletion region:



 Boundary conditions:
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Re-write result above as:

See two components, 
net δp, and linear 
approximation

Minority carrier distributions

0 if )p(x i.e.
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Analysis: Terminal currents
 From diode theory:
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Streetman Example 7.2

Find currents IE, IC, IB for VCB=0 (as shown), so 
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Refer back to slide 5 and Streetman Fig 7.7(a) (slide 33) for 
the linear approximation of the base hole concentration  
(∆pC = - pn ≈ 0) so IB, IC, IE as in Streetman Ex 7.2 (last slide) 



11/12/2012

19

Approximate base current
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Current ratios
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