CS Stage with Source Degeneration

« Degeneration resistor R in series with source terminal
makes input device more linear

— As V, increases, so do /I, and the voltage drop across
RS
— Part of the change in V, appears across R, rather

than gate-source overdrive, making variation in /,
smoother

« Gain is now a weaker function of g,
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CS Stage with Source Degeneration
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* Nonlinearity of circuit is due to nonlinear dependence of
I,upon V,

* Equivalent transconductance G, of the circuit can be
defied as ' = ¢Ip/dVi,

Ip = [(Ves)

Vour = VDD — ID KD (, dp
o o T o,
Ay V.., = —(dlp / () Vo i p df OVes

g L
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CS Stage with Source Degeneration

Vs = Vi, — Ip Hg

i

Nes/OV, =1 — RsdIp/OV,, G = 1 +rf:’zw'r'- s

e g is the transconductance of M,

« Small-signal voltage gain A is then given by
A, = -G, Ep
— D
1+ g, Fs
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CS Stage with Source Degeneration

« Same result for G, is obtained from small-signal

equivalent circuit, by noting that
Vi, = V1 +Ip s

S
* As R, increases, G,, becomes a weaker function of g, and
hence I,
Re>1/0. G, =1/Re . Al =~ AV, [ Rq
° For P .-"Ilj’tr’ il i iﬁ', I-e., I BTL P

« Most of the change in V,, across R and drain current
becomes a “linearized” function of input voltage
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e Including body-effect and channel-length modulation, G,
Is found from modified small-signal equivalent circuit
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CS Stage with Source Degeneration

Large-signal behavior

- e
VTH Vin Vru Vin
R.=0

I, and g, vary with V, as
derived in calculations in
Chapter 2
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* At low current levels,
turn-on behavior is similar
to when R.=0 since

al/g. > Rs

i, 55 Tl

e Asovel .. lhd g,
Increase, effect of R,
becomes more significant
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CS Stage with Source Degeneration

* Small-signal derived previously can be written as

A= Kp

|
— + Rg
Yo

* Denominator = Series combination of inverse
transconductance + explicit resistance seen from source
to ground

* Called “resistance seen in the source path”

* Magnitude of gain = Resistance seen at the drain/ Total
resistance seen in the source path
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CS Stage with Source Degeneration

* Degeneration causes increase in output resistance

I'x
'||—+ ® 2. o
Vi (%)Qm"ﬁ %ro é)gmbvbs +§ Vy
Iy =

Rs

e Ignoring R, and inclu;ding body effect in small-signal
equivalent model,

\-"1 — 5= j.’-‘f Hﬁ'
Ix —(gmi+ gms)V1 = Ix + (gw + gws) Rslx
Rouwp = l = 'i..f:' o T Gund j / '}'5] ro+ Hs

= [14+ (st gms)rolls+ ro.

o r_ is boosted by a factor of {1 + (g_,+g,,)Rs} and then
added to R,

o Alternatively, R, is boosted by a factor of {1 + (g,.+g,.,.)r.}
and then added to r,
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CS Stage with Source Degeneration

« Compare R,= 0 with R,>0

I'x
'||—+ ® 2. o
Vi (%)Qm"ﬁ %ro é)gmbvbs +§ Vy
Iy =

Rs

o If RS - 0, G "'1 = Hunb \"Ia',as =0 and f_‘.‘{ = "u"l_?{ f ')

+IfR,>0, [x1s > 0 gnd Y1 < 0 obtaining negative gV,
and gmbvbs

e Thus, current supplied by V, is less than V,/r, and hence
output impedance is greater thanr,
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CS Stage with Source Degeneration

Intuitive understanding of increased output impedance

*Apply voltage change AV at output and measure resulting
change Al in output current, which is also the change in
current through R,

AV

*Resistance seen looking into the source of M, is 1]

(gm + gmb)

Voltage change a~*~c< D i= |

G ¥ Gvnb

]
————||itg+ T
G 4 Gl | s + 1o

[ £
AVgrs = AV
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CS Stage with Source Degeneration

Intuitive understanding of increased output impedance

Change in current across R IS
R AVrs

s

1

= AP . .
1 + Y + 4 '.r;'r'.z'_'eﬂ Hsro + s

AV
*Output resistal = [1 + (g, + g0} islro + R
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CS Stage with Source Degeneration
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* To compute gain in the general case including body effect
and channel-length modulation, consider above small-
sighal model

* From KVL at input,
Vi = Vin + Vour Rs/Rp

* KCL at outr 1+ ~iviag,

g |'J"'£.|'l ! 7 F
Lo = —-2%_ (g.Vi+ gmbVis)
ji‘rj

Vi [ (\ Y R ) i . Rs ]
== T — |4m g “out 375 et Vit
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CS Stage with Source Degeneration
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* Since voltage drops across r, and R, must add up to V__,,
"r'l-J.,ea
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* Voltage gain is therefore
"'";'J'fe. t — GO i Iy
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Lemma

e In a linear circuit, the voltage gain is equal to -G,_R

out

— G, denotes the transconductance of the circuit when
output is shorted to ground
- R, represents the output resistance of the circuit

when the input voltage is set to zero
° Norton eq inv/alant Af a linaarv Aivernnt
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