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Figure 4.1 The npn BJT. Figure 4.16 The pnp BJT.
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Fi  4 4 C i  h i i  f  i l BJTFigure 4.4 Common-emitter characteristics of a typical npn BJT.

Figure 4.17 Common-emitter characteristics for a pnp BJT.L22 - 13Apr09 3



Figure 4.18 Common-emitter amplifier for Exercise 4.8.L22 - 13Apr09 4



Figure 4.19a BJT large-signal models.  (Note: Values shown
are appropriate for typical small-signal silicon devices at

a temperature of 300K.
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Figure 4.19b BJT large-signal models.  (Note: Values shown 
are appropriate for typical small-signal silicon devices at

a temperature of 300K.
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Figure 4.19c BJT large-signal models.  (Note: Values shown 
are appropriate for typical small-signal silicon devices at

a temperature of 300K.
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Figure 4.26 Circuit for Exercise 4.12.L22 - 13Apr09 8



Figure 4.30 Current sources are useful in biasing IC amplifiers.L22 - 13Apr09 9



Figure 4.31 Circuit for Exercise 4.18.L22 - 13Apr09 10



Figure 7.3  The offset voltage can be reduced by 
cascading a complementary (pnp) emitter follower.
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Figure 7.12  Typical biasing circuit for a bipolar IC.L22 - 13Apr09 12



n-channel enhancementn channel enhancement
MOSFET in ohmic region
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Conductance ofConductance of
inverted channel
• Q’n = - C’Ox(VGC-VT)
• n’  = C’O (VGC-VT)/q  (# inv elect/cm2)n s = C Ox(VGC VT)/q, (# inv elect/cm )
• The conductivity σn = (n’s/t) q μn

G  (Wt/L)  ’  (W/L)  1/R  • G = σn(Wt/L) = n’s q μn (W/L) = 1/R, so
• I = V/R = dV/dR, dR = dL/(n’sqμnW)
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Basic I-V relationBasic I V relation
for MOS channel
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I-V relation for I V relation for 
n-MOS (ohmic reg)
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Universal drainUniversal drain
characteristic
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Characterizing theCharacterizing the
n-ch MOSFET
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Low field ohmicLow field ohmic
characteristics
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MOSFET circuitMOSFET circuit
parameters
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MOSFET circuitMOSFET circuit
parameters (cont)
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Substrate bias effect Substrate bias effect 
on VT (body-effect)
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Body effect dataBody effect data

L22 - 13Apr09 23Fig 9.9, Device Electronics for Integrated Circuits, 2nd ed., 
by Richard S. Muller and Theodore I. Kamins, Wiley, NY, 1986



References and EndnotesReferences and Endnotes
• Where not otherwise noted, figures with a , g

figure number (e.g., Fig 3.2) are taken 
from:
– Electronics, 2nd edition, by Allan R. Hambley, 

Prentice Hall, Upper Saddle River, NJ, © 2000.

L22 - 13Apr09 24


