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Figure 4.1 The npnBJT. Figure 4.16 The pnp BJT.

L22 - 13Apr09 2



fg 1 Al fe (MA)
TEEE

i
ST
Rid 5 fy =50 u
=0 K 40 A
ain 4
3 oA
40| 3
" 3‘:!}.1.-\
04 =
: 103 e
(- i 1
=1 e (W) 0 Pep (W)
i .2 4 0.6 0.4 s i ) 4 3 3 1o T
{al Input characteristic . o [ ki Uu1put:.:hilr5|un:-rii11u5
Figure 4.4 Common-emitter characteristics of a typical npn BJT.
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L22 - 13Apr09 Figure 4.17 Common-emitter characteristics for a pnp BJT.
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L22 - 13AprO9 Figure 4.18 Common-emitter amplifier for Exercise 4.8.
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(a) Active region

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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(b) Saturation region

Figure 4.19b BJT large-signal models. (Note: Values shown
L22 - 13AprO9 are appropriate for typical small-signal silicon devices at 6
a femperature of 300K.



npn pnp

N O0—— —o00
N 00— ——0 s

Vi S0V VB 05V Vo >—05V Vg >-05V

(¢) Cutoff region

Figure 4.19c BJT large-signal models. (MNote: Values shown
L22 - 13AprO9 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.
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L22 - 13AprO9  Figure 4.30 Current sources are useful in biasing IC amplifiers.
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Figure 4.31 Circuit for Exercise 4.18.
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L22 - 13Apr09 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.
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n-channel enhancement
MOSFET in ohmic region

Channel —O0 *'1Y%

Vs =0 0<VD VDS, sat

O_| l' EOx, x> 0 ‘_O
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Conductance of
inverted channel

* Q= - Cox(VeeVr)
* g = C o (Vec-V7)/q, (# inv elect/cm?)
» The conductivity o, = (n',/t) q u,
+ 6=0,(Wt/L)=n’.qpn, (W/L)=1/R, so
I V/R = dV/dR, dR = dL/(n'.qu, W)
Vo
I(I)dL VICoX((Ve Ve )= V1) unWdV
S
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Basic I-V relation
for MOS channel

Wu,.C
Iy = uan O (Z(Ve ~Vi Vos — Vs ) Wbs <V -Vt

At Vos =Vpssat =V —Vr, Qn(y=L)=0= Sat.
so let Iy be given by ID(VDS,sa’r )

fOr' VDS > VDS,SC(T = VG — VT SO

W, C
I = ID,saT = 2nL o (VG - Vi )2
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I-V relation for
n-MOS (ohmic reg)

T, =0 W ~ Ve s - Vo) Note for

2
ohmic
Ws 2V ~Vr =Vbossatr T -
result is non - physical. I 4 \\ | non-physical
' D,SGT--
At VDS,sa‘r' Ngy=L = 0 |-
"
assume that channel curr. .
is const for Ve >V :
DS = b5 sat saturated |l

CH. W
Ib sat = = ZOX 3 (Vos — Vi )

L22 - 13Apr09
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Universal drain

characteristic
Ty =MWy Tosar=""5" | Yos
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Characterizing the
n-ch MOSFET

0 R
E :

v WBs=V%s. V20 \/(”nC'Ox Wj
VDS ZVGS —VT , SO

Ch, W
ID,SC(T = Hn Zox L (VGS o VT )2

L22 - 13Apr09 18




Low field ohmic

characteristics

Ch. W
ID = Hn ZOX L (Z(VGS — VT )VDS — VDZS)'
for ohmic region. Furthermore, let
VDS << VG — VT' so that

. W
Ip ~ mnCox L(VGS ~Vr Mos

w .
=KP L(Ves - Vr )VDS , KP=p,C Ox

Ves Vs <<V -Vt L
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MOSFET circuit

parameters
Transconduc tance
oL,
Im = &,
Vg s e
Ims = WHEC Ox Vs, saturation

ImL = W“'LCO" (Ves — Vs ), ohmic region
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MOSFET circuit
parameters (cont)

Output or drain conductance

oI,

94 = —avbs

Vs
9qs = 0, saturation

wWu,.C' .
9dL = urll O (Vc;s - Vi _VDS)f ohmic
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Substrate bias effect
on Vs (body-effect)

Letting V; calculationbe relative to Source

qN ><d ,max
C Ox

><d,max - \/28(22;\]_'_ VSB) , SO AvT = VT (VSB)_

Vi = Vg = Ve — 20, — , where

2e..qN
Vi(Vig =0)= 20, + Voo = 20,
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Body effect data
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22 - 13Apr09 Fig 9.9, Device Electronics for Integrated Circuits, 2nd ed., 23
. Pr by Richard S. Muller and Theodore I. Kamins, Wiley, NY, 1986
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« Where not otherwise noted, figures with a
figure number (e.g., Fig 3.2) are taken
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- Electronics, 2nd edition, by Allan R. Hambley,
Prentice Hall, Upper Saddle River, NJ, © 2000.
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