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Chapter Goals

Understanding of concepts related to:

Transistors as linear amplifiers
dc and ac equivalent circuits

Use of coupling and bypass capacitors and indsi¢tomodify dc and
ac equivalent circuits

Concept of sme-signal voltages and curre
Small-signal models for diodes and transistors
|dentification of common-source and common-emig@plifiers

Amplifier characteristics such as voltage gaipunand output
resistances, and linear signal range

Rule-of-thumb estimates for the voltage gain ahomn-emitter and
common-source amplifiers.
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Introduction to Amplifiers

Amplifiers usually use electronic devices opemimtheActive Region
— A BJT is used as an amplifier when biased in tmevérd-active region

— The FET can be used as amplifier if operatederpinch-off or
saturation region

In these regions, transistors can provide highagad, current and power
gaine

Bias is provided to stabilize the operating pé¢the Q-Point) in the desired
region of operation
Q-point also determines

— Small-signal parameters of transistor

— Voltage gain, input resistance, output resistance

— Maximum input and output signal amplitudes

— Power consumption
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Transistor Amplifiers
BJT Amplifier Concept

v t
0.708 V e

0.700 V

0.692V

The BJT is biased in the active region by dc vatagurce/ge. Q-pointis
set at [, Veg) = (1.5 mA, 5 V) withl; = 15pA (B = 100)

Total base-emitter voltage i8¢ = Vg + Vi,

Collector-emitter voltage isv.g = 10— i-R- This is the load line equation.
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Collector current

Transistor Amplifiers
BJT Amplifier (cont.)

40 mA
bt
las . .
] i R If changes in operating currents and
30mA e W R voltages are small enough,_ then
aT— and_vCE Waveforms are undistorted
20mA \ 2@ \1j = 20 A replicas of the input signal.
I
: Vi = 0.700 V
i Q-point U N~ n-1sua A small voltage change at the base
&mf = 0.692V causes a large voltage chang
. =10 .. .
oal |, Weedine\ T K collector. Voltage gain is given by:

oV 2V 4V 6V 3V 10V 12V
Collector-emitter voltage

V., 1657180 _ -
8 mV peak change e gives SpA A= V. 0.00810° 2061180" =-206

change ing and 0.5 mA change .

Minus sign indicates 18(@hase shift

0.5 mA change im; produces a 1.65 V petween th einput and output signals.
change in/.¢ .
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Transistor Amplifiers
MOSFET Amplifier Concept

A vps (D) +10V
6.7V
Rp<3.3kQ

48V

29V

[
4.00 V

350V

p
3.00V |- —

Drain current

4.0mA

3.0mA

20mA

1.0 mA

Uys (1)
T hUi (D) Vg =40V

VGS = 35 V

Q-point \/ Vg =30V

\\\ Vis =25V

| |

ov

| | 1
2V 4V 6V 8V Iov 12V

Drain-source voltage

= Vas

gs
_40180°
1710°
A, =-4.00

MOSFET is biased in active region by dc voltagerseV;s Q-pointis set at
(Ip, Vpg) = (1.56 mA, 4.8 V) withVgg= 3.5V

Total gate-source voltage &;s= Vst Ve

1V, ,change in/g5 yields 1.25 mA  change in, and a 4 Y ,change in/g
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Transistor Amplifiers
Coupling and Bypass Capacitors

+Vee =12V ] . .
Capacitors are designed to provide

negligible impedance at frequencies of

Czﬁ"" Interest and provide open circuits at dc.
. . Rl%:o C, and_C2 are low impe_dance coypling
ke S - capacitors or dc blocking capacitors
Ry Vg — whose reactance at the signal freque
— Ry o IS designed to be negligible.
1.5 kQ C,Is a bypass capacitor that provides a

— low impedance path for ac current from
emitter to ground, thereby removiRy

ac coupling through capacitors Is (required for good Q-point stability)

used to inject ac input signal and

extract output signal without from the circuit when ac signals are
disturbing Q-point considered.
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Transistor Amplifiers
dc and ac Analysis — Two Step Analysis

* dc analysis:

— Find dc equivalent circuit by replacing all capais by open circuits
and inductors by short circuits.

— Find Q-point from dc equivalent circuit by usingpaopriate large-
signal transistor model.

e ac analysi

— Find ac equivalent circuit by replacing all capar@ by short circuits,

Inductors by open circuits, dc voltage sourcesHtmyigd connections
and dc current sources by open circuits.

— Replace transistor by its small-signal model
— Use smalll-signal ac equivalent to analyze ac ciematics of amplifier.

— Combine end results of dc and ac analysis to yoeéd voltages and
currents in the network.
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Transistor Amplifiers
dc Equivalent Circuit for BJT Amplifier

Vee=12V

Rp & 22kQ Vic
I I R, §30(} kQ R 22kQ Disconnected
R, S eda Cy— oo Ry + Disconnected )
Vo RJ
1 kQ 100kQ < Y
& = 1 kQ "
= .
160 kQ i — (3o R,glé()kQRE 13 KO =

« All capacitors in the original amplifier circuit are repldce
by open circuits, disconnectinvg, R, andR,; from circuit.

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13-9
1/9/12 McGraw-Hill



Transistor Amplifiers
ac Equivalent Circuit for BJT Amplifier

Capacitors are replaced by short circuits

P

+

Re R3
5
22 kQ 100 kQ

(©) (d

e [o ,
1 kQ RL§U
U; C) Ry 2104 kQ i i
i % 7 R,=R||R, =100kQ[300kQ
_l_ R=RCHR3 =22k§2”100k§2
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Transistor Amplifiers
dc and ac Equivalents for a MOSFET Amplifier

Full circuit Lo 32 dc equivalent

+
Rj' R'{ U{J R
| T : —
v |l M | M *
- Le R3§ Uy
UF 2

L
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Small-Signal Operation
Diode Small-Signal Model

-  The slope of the diode characteristic at the
52 Q-point is called théiode conductance
and is given by:

——————————————————————— Slope = g, ;
. T i ¢ = o1 =I_Sexp Vol_ I+
Q-point I d av VT V VT
| D g - point
| I I
|
—* g g,=L=—0 =401  for I >>I,
| v 0025v " ?
-+ . T
VD UD . = . -
 Dioderesistanceis given by:
+ iD: ]D+‘id' +* id 1
vp =Vptuy Va € 1y d _g
d
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Small-Signal Operation
Diode Small-Signal Model (cont.)

D | e Qgyls small but non-zero fdp, = 0
because slope of diode equation is
Diod .-
Meinanc nonzero at the origin.

« At the origin, the diode conductance
Slope = g and resistance are given by:

g, =— and r, Vi
V. |

vp =Vp+uy, Vi 1yg
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Small-Signal Operation
Definition of a Small-Signal

Now let’s determine the largest magnitudespgthat represents a small signal.

. V, . V,+Vv

|D—ISex;{VET’— DID+|d—ISexp{f{/Td—

|D+id:|Sexp{VD}—1+|Sex;{M1 Vord( Va2V
V2 VoIV 2V, 6|V,

Subtractind, from both sides of the equation,
3
. vV, 1V

Forigto be a linear function of signal voltage v, << 2V;=0.05V or
Vy<5mV. Thus/ <5 mV represents the requirement for small-signal
(linear) operation of the diode.

Vg

V.

T

2
1
i

. V .
= d | = =
[, (ID+IS)\T gV, = I,=1,+g,Vv,
T
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Small-Signal Operation
BJT Small-Signal Model (The Hybrid-Pi Model)

Iy, L.

(.
; + +
Ly |) [ v
O - Q U Upe Iy z 1 r,
+ - 8Vce EmVbe
Upe -
= O
O

O

Ol ~ 4+ 0

The bipolar transistor is assumed to be operating in the ForwanrdeA&R#gion:

i Dlsexp[ﬁJ(h Vﬂj and iy 0-C (Ve 2 Vi)
VT A IBF
Using a two-pory-parameter network:
Ic = gmvbe + govce
Ib = ngVbe t grvce

The port variables can represent either time-varying part of\oltalges and
currents or small changes in them away from Q-point values.
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Small-Signal Operation

BJT Small-Signal Model (The Hybrid-Pi Model)

]
-0
Iy
S - Q U(.'e
o o

Ic - gmvbe + govce
Ib - gnvbe + grvce

e DI@X[{%}(H%J
T A

—
C
i 0-C
F

Ly
O——

+.
Upe

O

[, is called thesmall-signal common-

emitter current gain of the BJT.

i

[0)+]
=
= o
T S
=
O | «& % 0O
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8V
m_— =_>
Vee=0 aVBE Q'pOint VT
g —_¢C alC — IC
0
Vbeso aVCE Q-point VA +VT
y O, _ ¢
Vbe Vee0 aVBE Q-point /BOVT
i aig
gr - a - O
weo O VCElQ-point
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BJT Small-Signal Operation
Current Gain & Intrinsic Voltage Gain

Br
" Bo>Br | Bo<Br
Iy ;C
o B
lgo_gmrﬂ_

1—|C{16'_8FJ
I Fe 9ic Q- point

B> G- foric<ly,andf, < fB-fori.>1.
However, for simplicity3- and s, will be
assumed to be equal

Intrinsic voltage gain is defined by:

U =g, = IC (VA +VCEJ — VA +VCE
V; | V,
For V. <<V,
\Y/
7 DV—A 40V,

T

U represents the maximum voltage gain
an individual BJT can provide and does
not change with operating point.

Jaeger/Blalock
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Small-Signal Operation
BJT Hybrid-Pi Model - Summary

iy i. ¢ Transconductance:

. @ -0

+

_
rE§ 8mVbe § Fo Uee gm_\/CD4OIC
T

& ° O  Input resistance:

r :IBOVT :IBO
The hybrid-pi small-signal model is the "ol g,
Intrinsic representation of the BJT. _ _
Small-signal parameters are controlled Output resistance:

by the Q-point and are independentof v, +V__ _V
geometry of the BJT r = ATYeE YA

lc lc

or 'Bo:gmrn
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BJT Small-Signal Operation
Equivalent Forms of Small-Signal Model

B i, c
O—»—— )]
+

Upe 'n § EmUbe Fo

E

Voltage-controlled current sourcgyv,, can be transformed into current-controlled
current sourct
Vbe = Ibrn
gmvbe = gmlbrﬂ = olb
. . VvV .
Ic = olb +-—= D/Bolb
rO

Basic relationship.= A, is useful in both dc and ac analysis when the BJT is in
the forward-active region.
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BJT Small-Signal Operation
Small-Signal Definition

i =lsexp %J: Sexp[%j Oic =1, +i, = Isexp(\\// Jexp(l//be]— I exp(l//bej
T T T T T

2 3
e +i =1, 1+£EJ+1£E +1(EJ + (1)
Vi) 2\Mh 6\V;

2 3
DiC:|C L&]+}[E] +£ EJ + (1]
V. ) 2\v. ) 6L\

For linearity,i. should be proportional t¢ with v, << 2V; orv,,< 0.005 V.
V, V,
< Ul £1+Vbe]—l +l.2=.+Q.V,,

“\
T T
The change in, that corresponds to small-signal operation is:
lo _ Vbe . 0.003/ —~0.200
. V. 0.025/
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 20
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BJT Small-Signal Operation
Small-Signal Model fopnp Transistor

- e For thepnptransistor
<_> Ve =11,
T io=1.-1,=B 1= P,

« Signal current injected into ba
causes decrease in total collector
c current which is equivalent to
o Increase in signal current entering
* collector.

—+ So the small-signal models for the
npn and pnp devices are identical!
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CommonEmitter Amplifiers
Small-Signal Analysis - ac Equivalent Circuit

VCC: 12V

Ry |+ R, | TN
Vo MWy * Q
100kQ | - L ke R L+
* -

Uy /

Signal 160 kQ

source

e ac equivalent circuit is constructed by assuminad &ll capacitances
have zero impedance at signhal frequency and dag®kources are ac
ground.

* Assume that Q-point is already known.
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CommonEmitter Amplifiers
Small-Signal Equivalent Circuit

R, .
* Input voltage is applied to the base terminal
« Output signal appears at collector termr

« Emitter iscommorto both input and output signals
Thus circuit is termed a Common-Emitter (C-E) Arhiphi

 The terminal gain of the C-E amplifier is the gammm the base
terminal to the collector terminal
ce _ V¢ _ _
Af=%=gR  R=r[R|R

b
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CommonEmitter Amplifiers
Input Resistance and Signal Source Gain

0

+
r, R- Ry Y,
8mUpe § B Vi
E |
- [
Ry
Define Rz as the input resistance looking i R =% -
the base of the transistor: B _I =x
The input resistance presenteditis: R,=R +R;|Rs =R +R|r,
The signal source voltage gain is: ACE — Vo — Vo Vb _ pcE RBHrn
t
Vi VYV, R +Rs|r,
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 24
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CommonEmitter Amplifiers
“Rule of Thumb” Design Estimate

A =AF DAL f =T0R REG[R|R

Typically: r.>>R. and R,>>R. A" 0-g,R. =-40I.R.

|.R. represents the voltage dropped across colledmtoe R,
A typical design pointis | R. :V_:C))c

0 ASE D—4OV—:°;:3 =13.3/,.

To help account for all the approximations and reweimber that is easy to
remember, our "rule-of-thumb" estimate for the &g# gain becomes

A\(/:E D_]'OVCC
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CommonEmitter Amplifiers
Voltage Gain Example

Problem: Calculate voltage gain, input R,
resistance and maximum input signal level 3OUkQ§ 2 kO
for a common-emitter amplifier with a

specified Q-point R, //C'f""

Given data: 4 = 100,V, = 75V, Q-pointis | 1ea / |

(0.245 mA, 3.39 V) o( ) T7 i
Assumptions: Transistor is in active regio Signal 160k

source

Bo = . Signals are low enough to be
considered small signals. Room temperature.

Analysis.

gm=4OIC=4O(O.245nA):9.80mS r”:’g -_100 =10.2kQ
9.8mS

O
_Va+Vee _ 75V +3.3%
° 0.245mA

Vo
100 kQ =

: CB—)OO

=320kQ R, =R||R, =160kQ|300kQ =104 kQ

R =r||R.|R =320kQ|22kQJ100kQ=17.1kQ  Ry|r, =104kQ|10.2kQ =9.29kQ

Jaeger/Blalock Microelectronic Circuit Design, 4E
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CommonEmitter Amplifiers
Voltage Gain Example (cont.)

Analysis (cont):
_ Rr. | ( 9.2%Q j_ _
=- =-9.8mY17.kQ =-168( 0.903=-151
A ng‘{R, +RBr,,J S ) 1kQ +9.2%KQ §0.90%
R, =R +R|r,=10.3kQ
v =y | el v, <0.008/ v < 5mv(10'3kQJ =5.54mV
R +R|r, 9.2

Check the rule-of-thumb estimate:A’" 0-10(12 =-120  (ballpark estimate)
What is the maximum amplitude of the output signg):<5.54mV(-151) = 0.837V
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CommonEmitter Amplifiers
Voltage Gain Example (cont.)

Simulation Results. The graph below presents the output voltage for an
Input voltage that is a 5-mV, 10-kHz sine wave.

Note that although the sine wave at first looksdydbe positive and
negative peak amplitudes are different indicathmggresence of
distortion. The input is near our small-signalitifor linear operation.

|}

0s 50 us 100 us 150 us 200 us 250 us 300 us

Time
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1/13/12 M cGraw-Hill



CommonEmitter Amplifiers
Dual Supply Operation - Example

+3V

Re Analysis. To find the Q-point, the
ok f*l*[‘” dc equivalent circuit is constructed.
SN T 101 (A DI (L6x109=5
v, R e K . Ry | 45V
? R'” 00kQ | i i 1 = E 10 kQ —
Ry Cy—e0 = [] |B—371 ,UA

|.=65 =241 LA

16 kQ

Q-5V

 Problem: Find voltage gain, input
and output resistances for the circuit
above

 Givendata: f =65,V,=50V

 Assumptions: Active-region
operationVge= 0.7 V, small signal
operating conditions. OV =367V

100 kQ

| =661 =245 uA

5-1041 .-V, .—(1.6x104)| _—(-5)=0
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CommonEmitter Amplifiers
Dual Supply Operation - Example (cont.)

Next we construct the ac
equivalent and simplify it.

lllll

Rm .-_I

g =401 =9.64x10- §
r=Po 67410
401,

_VatVer _023 10
IC

*

100 k()

FT + .F'”
H_'- l vh" Emb iy
67410 | - 23k
Cr

10 k2

AN

220 kQ

MA

R,=Ryr,=6.31kQ

(2]
3300 100 kG % Fx %

L O
+ Fa l't":tl‘ ;
-—
Uhe Emln Rou
= 223 k2 10 kL2
& O

Ru= RCHrO =9.57kQ

R

7= =g (RulR)| 2 | 040

Gain Estlmate:ﬁ\?E 0-10(Vec +Vee ) =-100

Jaeger/Blalock
1/28/12
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Small-Signal Operation
MOSFET Small-Signal Model

«—0
+
Ig | [
O e I | Uc-‘.’i‘
+ L
¥ ~
o ® o

Using a tw-porty-parameter networ
Ig - gnvgs t gr Vds
d = gmvgs T govds

The port variables can represent either
time-varying part of total voltages and
currents or small changes in them away
from Q-point values.

_lg | _ 0ig
T T
98 lv,=0 GS|Q-point
_ g _ Oig
&= V.| v
ds ly,=0 DS [Q-point
_y _ 0i,
O = v.|  ov
98 |v,.=0 GS|Q-point
_y _ 0i,
%= V.| v
ds ly,=0 DS |Q-point
K

Jaeger/Blalock
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Small-Signal Operation
MOSFET Small-Signal Model (cont.)

1, =0
K, 2
'E‘:" o Iy = 7(\/63 _VTN) (1+ /]VDS)
+
le — .
. |
- I “og=del =0
UEH - aVGS Q-point
o 3 O :
g = Ol -0
aVDS Q-point
Ig - gnvgs + grvds = alD :&(VGS VTN)(1+ /]VDS) — 2l D
| = aVGS Q-point 2 GS _VTN
Id - gmvgs T govds _ P
o =aaID =/]%(VGS TN)2 1+/]/|]€/ = 1o
Vbs Q-point DS j +VDS
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 32
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Small-Signal Operation
MOSFET Small-Signal Model - Summary

g i; D

G
o— 2 * L Transconductance:
+

v

O

Since gate is insulated fro

VGS _VTN

® O

@
S

Output resistance:

channel by gate-oxide input — _1+AV;s 1
resistance of transistor is infinite. g, Aly Al

Small-signal parameters are
controlled by the Q-point.

For the same operating point,
MOSFET has lower _1+AV¢ spl 2K, 2K

Amplification factor forAVp<<1:

M. =0T
transconductance and an output mo Al Mg
resistance that is similar to the BJT.
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 33
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MOSFET Small-Signal Operation
Small-Signal Definition

Assume v, <<1. Then i, D%(VGS—VTN)Z for Ve =Ve—Viy

. . _ K, 2
For Ves =VGS+Vgs' lp = ID g = ?[(VGS_VTN) +2Vgs (VGS_VTN) +V§s:|

: K
Oi, = 7”[2ng (Vas—Vin) + vss]

For linearity,i; should be proportional tg, and we requirev;, << 2v (Vs —Vsy)

or VQS << Z(VGS _VTN) - Vgs = O'Z(VGS _VTN)

Since the MOSFET can be biased wih {- V;\) equal to several volts, it can
handle much larger valuesgf than corresponding the valueswffor the BJT.
The change in drain current that corresponds to small-signal operation is

i_d:% <L02V -V R I_d<04
ID (ID}VQS_VGS_VTN[ | ( > TN):l ID_ |

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 34
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MOSFET Small-Signal Operation
Body Effect in Four-terminal MOSFETSs

In D
= O Drain current depends on threshold voltage which in
G = B +  turn depends ongg Back-gate transconductanceis:
o—f—o | |
- + Uds g..= dip __0ip
Ugs Ups aVBS Q-point aVSB Q-point
- S - . ] J oV, J
o 0 =—{ D | =N ==(=9./7)=9./7
b
[aVTN aVSB . "
Q-point
G o—o oD O )
.\ P 0 <n < 3 is called the back-gate
Vs EmVUgs EntVbs Ty Uy Ups transconductance parameter.
O G O
The bulk terminal is a reverse-biased diode. Hence, no

conductance from the bulk terminal to other terminals

Microelectronic Circuit Design, 4E Chap 13- 35
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MOSFET Small-Signal Operation
Small-Signal Model for PMOS Transistor

Ip

—_—

R
I i
- b
By O Usa +
()
®
b
=
;L’ |
O - | I
_I_
Ug.';
O

For aPMOStransistor Vsg = Ve ™ Vyq

iD =15 _id
Positive signal voltage,, reduces source-
gate voltage of the PMOS transistor
causing decrease in total current exiting the

drair, equivalent to an increase in i
signal current entering the drain.

The NMOS and PMOS small-signal
models are the same!

G O0—0O ® O D
+

Ugs Bmgs Ty

O

Jaeger/Blalock
01/18/12
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CommonSource Amplifiers
Small-Signal Analysis - ac Equivalent Circuit

+12V
Rp

! Cz—)oo 3 + Rl
7 | i 1 m Vo ANA—9 |1 m
1kQ 100kQ § — 4
'I—ﬂ/
RD§ Rzg

// RI§ - v; (D RG:R1||R2§ , Uy
Signal 1.5 MQ Rg m— s - -

source

Uy

e ac equivalent circuit is constructed by assuminad &ll capacitances
have zero impedance at signhal frequency and dag®kources are ac
ground.
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CommonSource Amplifiers
Small Slgnal Equwalent Circult

R[ Ug Uy

g v
m=gs
) Uf R( y v 25

* Input voltage is applied to the gate terminal

« Output signal appears at the drain tern

« Source ixommorto both input and output signals
Thus circuit is termed a Common-Source (C-S) Angalif

 The terminal gain of the C-S amplifier is the ghiom the gate
terminal to the drain terminal

F=t=-gR  R=|RR

9

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 38
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CommonSource Amplifiers
Input Resistance and Signal-Source Gain

R, G D R, Vg Vd
+ + + +
" Ro ey 8mUygs r; Rp Ry v, v; Rg Uy RL§ v
- S . . .
L | | |
= i)
DefineR as the input resistan: Re=—=Rg
looking into the base of the transistor. i
R, is the resistance presented/to R.,=R +R;
The signal source voltage gain is: ASS = Vo_VoYs_ AS° Rs
Vi VgV R+R;
CS _ RG
A\/ - ngL
R+Rs
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 39
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CommonSource Amplifiers
“Rule of Thumb” Design Estimate

cS _ Rs cs cS _ _
A\/ - ngL[R'_I_RGJD t t ngL RL_roHRDHR3

Typically: r, >R, and R,>>R, ACS[-g R, = _(VID_R\.}
Ves— VN
"

| R, represents the voltage dropped across drainoeRst

A typical design point is IDRD:V—;D with  V,—V;, =1V

D A\?S U=-Voo

Our rule-of-thumb_estimatfor the C-S amplifier:
the voltage gain equals the power supply voltage.
Note that thic is 10 times smaller than that for the BJT!

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 40
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CommonSource Amplifiers
Voltage Gain Example

Problem: Calculate voltage gain, input
resistance and maximum input signal leve
for a common-source amplifier with a
specified Q-point

Given data: K,=0.50 mAN2, V=1V,

A =0.0133V4,
Q-point is (0.241 mA, 3.81\

Assumptions: Transistor is in the active =
region. Signals are low enough to be
considered small signals.

Analysis.

Uy

/
Signal
source

(0]

O =+/2K, I 5 (1+ AVps) =0.503mS

R, =R||R, =892kQ

1.5 MQ

-1
=4 *Vos |+VDS:328kQ

R = rOH RDH R, =17.1kQ

Microelectronic Circuit Design, 4E
McGraw-Hill

Jaeger/Blalock
1/25/12
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CommonSource Amplifiers
Voltage Gain Example (cont.)

R, G D
gy + I
mYgs mvgs
U; R v gs o Rp R; v, U; Rg Ugs
= g e =
L |

[
Ry

g, =0.503mS r,=328kQ R, =892KkQ R =17.1kQ

cs__ R |__ ( 892kQ j:_ _
AC ngL(R A RGJ 0.503ng(17.kQ) 15990 8.60( 0.999=-8.59
_ _ _ R, R, _
R =R +R, =893kQ Vgs—vi(Rl+RGJ_>‘\4‘(R|+RGJSO.2(VGS Viy)
V..~V O /ﬁ =0.982V 0)v|<0.2( 0.982/)(%j =0.197V
K. 8920

Check the rule-of-thumb estimate:A™® 0-V,, =-12V (ballpark estimate)

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 42
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CommonSource Amplifiers
Voltage Gain Example (cont.)

Simulation Results. The graph below presents the output voltage for an
Input voltage that is a 0.15-V, 10-kHz sine wa\idne expected output

voltage amplitude is |vo|

Note that although the sine wave *°"

at first looks good, the positive
and negative peak amplitudes
different indicating the presence

= 8.59(0.15) = 1.29 V.

oV
of distortion, and the amplitude | is”
actually larger than expected.
The input is near our small-signal
limit for linear operation 2.0V
0 50 us 100 us 150 us 200 us
Time
V(R3:2)
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C-E and CS Amplifiers

Output Resistance

out

ANMN—
1kQ /
-/
1% //
Signal
source
O
& ® I
R- R|CE Rp
§ R, § Ry out § R, § Rg
& O =
Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 44
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C-E and CS Amplifiers
Output Resistance (cont.)

. - '_/ ® o)
I 0 I 1 M
R¢ § RICE Ry RCS
§ R‘, RB out g R, RG out
@ O @ O

Apply test source, and findi, (withv. = 0)

Vbe:O - ngbe:O Vgs:O - gmvgs:O

DF{)utzﬁzRCHro |:H%ut:\i/_le:\)DHro
R)utDRC for ro >>RC I:{JutDRD for r.o >>I:\)D

For comparable bias points, output resistances of C-S and C-Eiamaife similar.
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JFET Small-Signal Operation
Small-Signal Model

_<_O
ld 5
l' .
o_.f_...l Uds gg:i: aIG :@ [10 for |G:O
+ r,  OVgs O-point V;
v _
gs .
- ol 21 I
— Ypb — D DSS —
© ¢ O gm _OV _V —V L2 V2 (VGS VP)
2 GS Q_point GS P P
. V :
Ip = |Dss(1_$j (1+/1VDS) 1 aID |D
P T Vool
for vie=Vv -V, ° DSIQ-point  —-+Vpg
\"/
I =lggl €Xp -2 |1
VT
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JFET Small-Signal Operation
Small-Signal Model (cont.)

For small-signal operation, the input
signal limit is:

+ 0 Q
H:,.t

<=
s
=

8 mvg_\-

Vs <0.2(VasVe)

o |

The amplification factor is given by:
Since JFET is normally operated

with gate junction reverse-biased, 1 vV
—_ — = j PS 2 IDSS
.= ISG H; —ng’O—ZV RY; DAN |
rg =00 GS P P x
Jaeger/Blalock Microelectronic Circuit Design Chap 13- 47
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CommonSource Amplifiers
JFET Example

+12V

27 kQ
C; >

| kQ =
e 7 v V= ~(2x10%)(1x10°)

out

R!
> Rg R;| 1
C R,

2 k€2

Problem: Find voltage gain, input
output resistances.

)(\SQ/%r.]Odza{/al: Ihss= 1 MA,Vp = -1V,

Assumptions: Pinch-off region of
operation.

Analysis. Dc equivalent circuit is
constructed/;= 0, /5= /.
V =—-2000

+

1-\’6st
&

00kQ
Choosé/c less negative thavt..

VDD :+]2V

OV =-0.EV

a
|,=0.250mA

" 12=27,0001_+V__+2000
OV, =4.75/

Jaeger/Blalock Microelect
1/28/12 M
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CommonSource Amplifier
JFETExample (cont.)

Next we construct the ac
equivalent and simplify it.

cs
()ut

R

r, 1 21.3 kQ

l kQ ll]
+
U(?
@ | MQ %Ra Ve | 27k J 100kQ Y -

‘ \/IDSSIDS(HAV )=1.05 mS

1+ AV =-20.3
r=——D5=219 kQ2
M
DS
Jaeger/Blalock Microelectronic Circuit Design Chap 13- 49
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BJT and FET Small-Signal Model Summary

TABLE 13.3
Small-Signal Parameter Comparison
BIPOLAR
PARAMETER TRANSISTOR MOSFET JFET
I a7 210p 2
Transconductance g, — — = ./2K,I _—=
# Vr Vos — Vi P Vos— Ve  [Vel
I o )80 ﬁu VT
nput resistance rp=—— = 0 o)
gm ]C
1 Ly 1 Yy
V, &+ Voo \ = DS 1 = DS 1
Output resistance r, M sy A A e
IC ]C ID )"]D ]D }\.ID
2 1 +V 2 1 +V
.. . Va+Vee . Va A o ~ 1 [2K, A o o Ipss
Intrinsic voltage gain 1, _ = — L =, — = —
) Vr Vr Ves — Vrw A Ip Ves — Vp AlVp| Ip
Small-signal Upe < 0.005V Ves < 0.2(Vgs — Vin) Vgs < 0.2(Vgs — Vp)
requirement
dc i-v active region expressions for use with Table 13.3:
v Vi kT
BIT: Ie =Ig lexp | —=£ ) —1| |14+ =52 Vp = —
Vr Va q
K, 2 w
MOSFET: [Ip = T(VGS — Vry)“(1 + AVps) K, = MHCDXI
5
) Vis
JFET: In =dpssl 1 = —— | €1+34¥os)
Vp
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Common-Emitter/Common-Source Amplifiers

Summary
COMMON-EMITTER AMPLIFIER COMMON-SOURCE AMPLIFIERS
Terminal gain A,, —gm Ry —Zar
Rule-of-thumb estimate for g, R; —10Vee —Vpp
Voltage gain A, Ay =2 = —g. (Rot|| R3) ( Kin )
\7 Ry -+ Kin
Input resistance R;, Rgl||rx Rg
Output resistance Ry Rellr, & Re Rpllr, = Rp
Input signal phase 0.005 V 0.2(Vgs — Vrn) or 0.2(Vgs — Vp)
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Amplifier Power Dissipation

VCC: ]2V

R;

Static power dissipation in 300k
amplifiers is found from
their dc equivalent circuits.

(a) (b)

(a) Total power dissipated in the C-B and E-B (b) Total power dissipated in the transistor is:

junctions is: B B
Pp = Vpslp + Vgsle = Vpslp

Po = Veele + Vaelg Where Vee = Ve + Ve Total power supplied is:

Total power supplied is: Ps=Vpp Ip+VppZ(R+R,)

Ps =Vcele + Veele

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 52
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Amplifier Signal Range

R, Re | +
: "?e[. Cy— oo 2 I Vee™
30 kQ ae TcRe VR (1)
| I 10
II | Uy e RR + g 8
I I )i Up gu o~ . P
© 8 U S N
- 'y \ C
Yi R 7 T N4 A\
1 4
0kC VC'E Ueplr)
- 10kQ 5 e
- 0
_ . ) . 0.000 0.001 0.002 0.003 0.004
Vee =V —V, Sinat whereV,_ is the Time ()

output signal. Active region operation

requires/, 2V, S0V, <V -V, Similarly for MOSFET< and JFET<:

Also: Vg () = 1cR. ~Vi,sinat 2 0 Vyy <M 1Ry, (Vos = (Ves—Vin)]
D Vm < m|n|:| CRC! (VCE _VBE)] V|\/| < mln[l DRD’(\/DS_(\/GS_ P))}
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End of Chapter 13

MICROELECTRONIC
Circuit Design

Jaeger/Blalock Microelectronic Circuit Design, 4E Chap 13- 54
1/28/12 McGraw-Hill



