Common-Base | nput Resistance R;,

= Apply test current, with load resistor R present at the output

+

(1)

The transconductance generator dominates the sum of the currents at the input
node since gy, >> r,* and g, >> ;L and

Rin:i
Im
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Common-Base Output Resistance R,

= Test circuit: leave source resistance of input current in place; remove r. for
anaysisand placeit in parald ...

OV § r0

»  Complicated analysis (see Section 8.8), with the final result boiling down to:

Rout = I’oc| |[ro(1 + gm(rn| | Rg))l

If the Rgis much greater than r, then the output resistance is approximately:

Rout = roc||[Bro]
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Common-Base Two-Port M odel

Note that the output resistance depends on the source resistance -- which means
that the CB current buffer is not unilateral and the two-port formal model is not
strictly valid. However, the error in using the model is small (see Appendix

A8.1).

Iin Iout
—_— -
Q— ® @

Controlled source can be flipped to make current gain + 1.
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Common-Gate Amplifier

» Circuit configuration: analogous to common-base

f

The backgate can be tied to the source if the deviceisin awell.

It is obvious that the current gain for this amplifier must be unity, since the gate
current for aMOSFET is zero
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Common-Gate Two-Port M odel

= Theresulting two port model is.

N out
o——— ® @
1 .
@ ® ® o 5)

The input resistance is the same as for the CB for the case where source and
backgate are shorted. When thisisn’t the case, the backgate generator is added in:

R = in = ;
gm"'gmb

i or
n gm

= Theoutput resistance issimilar to the CB result with r--> infinity

Rout = roc||ro[1+ngS]
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Common-Collector Amplifier

» Circuit configuration

V+

—
()

8<

—
YW

e

|||r

o

&

|

» Biasing: if transistor is“on” (i.e., not cutoff), then

Veias- Vour=0.7V
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Common-Collector asa Small-Signal Amplifier

= Linear relationship between output voltage and total input voltage indicates that
the CC amplifier is a voltage buffer -- the voltage gain is about equal to 1.

= Small-signal model and procedure for finding A, for two-port mode!:

+
Vi § M IV o

(]

oc == Vout

= Circuit analysis: current through ro. || 1o ISV / e+ O g >

V, —V Y

t~ Yout out

+ OV~ Voup) =
m\ 't out
o Mt . roc||ro
multiplying by r,;and recognizing that g, ;= Bo

vVi—v_ . +[B (v.—-V = (1+ vV, —V _ Jout'n
t ~Vout T Bo(Vt =Vout) = (1+Bg)(Vy—Voyue) = r ||r
oC (0]

solving for the open-circuit voltage gain:
1

Av: . =1

1+ L
roc||ro(Bo+ 1)
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Common-Collector Input Resistance Ry,

» Procedure: apply pure test source, leave load resistor R, in
-- very important for CC amplifier

+ § rT[ BOIb

(4 ) - |

note that current through rg. || 1o [IR_iSi; + Bg it >

Rin = 't (Bo + 1)(roc| |r0‘ ‘ RL)

»  When the load resistor is much smaller than the output resistance of the
transistor and the current source resistance, then the input resistance of the CC

amplifier is approximately R, =r;+ (Bo + R
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Common Collector Output Resistance

= Apply test current source at the output, leaving any source resistance Rg attached
at the input.

Y = I

rIO DE)C +
4(7)

KCL at the common node + algebra -->

EE 105 Spring 1997
Lecture 18




Common Collector Two-Port M odel

» Final result: pretty good voltage buffer:

g, + Rs/B,
\Wy—e
+ +
Vin rn + Bo(ro oc D]RS) Vin Vout
@ - - @

Note: this model is approximate and can give erroneous results for extremely
low values of R, . However, it is very convenient for hand analysis.
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Common-Drain Amplifier

= Similar configuration to common collector.

o) | (UM o S
\@Asé[) @iwe Your =R VBIAS%? om VO_“T

Analysis: much the same asfor CC amplifier -- if Vg isn’t zero, then the voltage
gain is degraded from about 1 to 0.8-0.9
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Common-Drain Two-Port M odel

s  Two-Port moddl:

1
(Om* Inp)
o—° W °
Im
i LG gl
o - | °

If Vg = 0, then theinput resistanceis A, = 1 and R, = 1/ gy, (for hand analysis)

The CD amplifier is areasonable voltage buffer, especially for large (W/ L) -->
large g,
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Single-Stage Amplifier Configurations

= Two complemetary versions exist for each amplifier type.

» CS/CE, CG/CB, and CD/CC have similar topologies (and properties)

Amplifier Transistor Type
Type
NMOS PMOS npn pnp
\Vai \Vas vt \Vas
i IN
upP ._| ist IN
Common
Source/ ouT ouT ouT
Common IN
Emitter o—| i .
i
(CSCE) SUP uP
V-~ \
vt v*
_ K)
iqup IN
Common ouT
Gate/ —
Common ouT
Base
(CGICB) — i
N UP
L
A V-~
v+ v+
IN . .
o—] lsup IN isup
Common
Drain/ ouT ouT ouT
Common ouT IN IN
Collector _ o—| i
(Cb/cC) Iqup Sup
' V-~ \% A\
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Two-Port Parameter s for
Single-Stage Amplifiers

Input Resistance

Output Resistance

Amplifier Type Controlled Source
PIIEr P Rin Rout
Common Gm=9m [ ol foc
Emitter
Common Gm=9m/ (1+9nRe) ri(1+g, Rg) Foc I [(X + gmRE) o]
Emitter +Rg forry;>>Rg, Rg
Common Gm=09m infinity ol Foc
Source
Common A=-1 1/9m Foc I (2 + Im(rwlIRS) Tl
Base for g Rs>>1
Common 1/ 9m (v =0) Foc l[(1+ 9mRIral, (Vr=0)
Gate A=-1 -otherwise- -otherwise-
1/ (gm + gmb) l'oc || [(1+ (gm+ grrb)RS) Ifo]
both for g,Rs>> 1
Common A=1 Mt Bollo ll Focll RL) (1/9m) +Rs/ By
Collector
Common A =1ifvgy=0, infinity 1/9mifvg =0,
Drain -otherwise- -otherwise-
Im/ (Im* Imb) 1/(9m+ Gmp)

Note: appropriate two-port model is used, depending on controlled source
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Ultra-Simplified Two-Port Parameters

= Oyp = 0, common base has reasonable source resistance --> Rg>> r;

Amplifier Type Controlled Source Input Resistance R, | Output Resistance R,
Common Gm=09m [ roll foc
Emitter
Common Gm=9m infinity Ioll Foc
Source
Common A=-1 1/ gm Foc [ (Bro)
Base
Common A=-1 1/9m Foc [(1+9m Ry rol
Gate
Common A=1 et B (ro ll Tocll R (1/gm) +Rs/B
Collector
Common A=1 infinity 1/9m
Drain

» thistableisadequate for first-cut hand design
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