Common-Gate Stage

* A common-gate (CG) stage senses the input at the source
and produces the output at the drain

* Gate is biased to establish proper operating conditions

 Bias current of M, flows through the input signal source

« Alternatively, M, can be biased by a constant current
source, with the signal capacitively coupled to the circuit
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cLommon=-udtie Stage. Ladrge-signal
¢

« Assume V, decreases from a large
positive value and that A=0

eForV, 2V,-V, ,M isoffand V , =V,

» For lower values of V_, if M, is In
saturation 5

= Eﬂi-,f\..('-’rj,,-a?t Ve — Vi — Vrrr)

« As V, decreases further, so does V.

out
triode region if

| 1, W , " | ,
VoD — E;f--_u_( -r-J..:«T'f Vb — Vin — Vo) Bp = Vi — Vg

driving M, into the

* In the region where M, is saturated, we can express the
output voltaae as 1 -

r r ¢ T r r 7
Vout = VDD — 5 i ow Ve — Vo — Vo )" Kp
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Common-Gate Stage

Input-output characteristic

M, off

M, in .
Triode Region ’ g
: W=V v,
i : , . 1 W : _
e For M, In saturation, V.., = Vpp — 5;;.._,&(.;_.“,}(_{ Vi — Ve, — Ve )* Rp

* Small-signal gain can thus be obtained

OV I | . i IV
= B iy (,_.JJ.—{ 'l-';., -V, =V )1 —1— : i
v, HinCow— (Ve o = VIR ) ( f)\-'-.;-_f;.) ‘D

e Since V7 /OVi. = Ve /0Vse = 1), we have

MWou o Ve Vi — V(1 +7)
= by Cpp——HDIVE — Vi — ¥ [ /] |
B, R FRASTH

= gull+n)kp.

’

Copyright © 2017 McGraw-Hill ________. . . e —... —...CGraw-Hill Education. 51

cgee— -



Common-Gate Stage

* Gain of the common-gate (CG) stage is positive

—— = i Cop—Rp(Vp — Vi — Vra)(l + 1)
() ". [

= gu(l+7n)Rp.

* Body effect increases the effective transconductance of
the stage

* For a given bias current and supply voltage (i.e., a given
power budget), voltage gain of the CG stage can be
maximized by

— Increasing gm by widening the input device,
eventually reaching subthreshold operation

[9,,=1,I¢V,]
— Increasing R, and inevitably, the dc drop across it

e The minimum allowable value of V_ . is V -V, +V,, where

V,, denotes the minimum voltage required by I/,
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Common-Gate Stage

* Consider output impedance of transistor and impedance
of the signal source

 In small-signal equivalent circuit, since current flowing R,
Is _VoutIRDl |

"ot

He+ Vi =0
!’ﬁj{_‘; s+ Vin (1)

_ "'-;'J'f-!--’ / ‘“J'D — U "'1 — Hmb "1

"--"} —

e Moreove

= " o | \ ol
i = — g V1 =gV - —Rs+ Vi, = Vo
() ( J"i}.j_‘) G V1 Gl 1) J’i}-i__) b s o ) (2)
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Common-Gate Stage

e Substituting V, from (1) in (2),

_ "'-lt',""e.-’ : . . n"lj-)-_{ i ‘,’ 2t ]ff}.’u’; . .
5 . — |: TI(;-_,-;];_ + 'fj'-_rJ"f_ E;: ] ‘I It IF )— - ‘I’:f! — . 3 - + ‘I T — " e IJ
18 R R

o)

* Therefore,

""'Ir.'J're..‘ ':l,"s’ i Gl Jf‘;_j + ! i
7 — . 1.0
'1"-;'-;4, Py '\("? m T+ Qb \J 'O / ‘J',“; -+ & ‘}',"_!' hed '}'r J

* The voltage gain expression is similar to that of a
degenerated CS stage
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Common-Gate Stage: Input Impedance

Voo
1 x
= Rp " -
Vi ImVi %ro 65 Imb Vos Rp
M, =
Vi o—“: o Iy =
+
Vx
L R;, =

* From the small-signal equivalent circuit for finding input
Impedance, we have

Vi = —Vx
 The current through r,isequalto I, + g,.V,+g,,.V, =
IX' (gm+gmb) Vx

 Voltages across r, and R, can be added and equated to
Rplx +roldx — (9m + 9up)Vx]| = Vx
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Common-Gate Stage: Input Impedance

Voo |
X
;RD '||—+ % C‘é -
Vi InV1 = Imb Vb R
Yo '_II.: l'o I'x =
Vi (Y
L Rin =_
* Thus, , J
"‘_‘s B Rp+ ro
Ix 14 (gm + gmb)ro
_ {8y |
T (G Gub)TO Gt God
If (9., + 9,.,)r0>>1

* The drain impedance is divided by (g, + g,.,)r, when seen
at the source

— Important in short-channel devices because of their
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Common-Gate Stage: Input Impedance

Voo
1 -
= Rp '||—+ -
Vv ImV C‘*& Imb Vbs R
", g 1 %ro bVb % 5
A | = I'x =
+
Vx
LRin =_
e Suppose R, = 0, then
Vx o)
[ X | e & If,r}'.i‘;'r'- + i ',r;'f.f'.'ej" )
B 1
B 1

o —|_ ﬁ'ﬁ".‘- —|_ ﬁ-”-,;_,"_-,
NS,

* This is the impedance seen at the source of a source
follower, a predictable result since with R, = 0 the circuit
configuration is the same as a source follower
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Common-Gate Stage: Input Impedance

VDD
l.I‘l
M‘I
Vi o—] o
IX
Ve

 If R, is replaced with an ideal current source, earlier
result predicts that input impedance approaches infinity

* Total current through the transistor is fixed and is equal
to /,

* Therefore, a change in the source potential cannot
change the device current, and hence I, = 0

* The input impedance of a CG stage is relatively low only
if the load impedance connected to the drain is small
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Common-Gate Stage

* In a CG stage with a current source load, substituting
R, =< in the voltage gain equation, we get

L — 'i..‘? i T Grnd \J ro+ ]
« Gain does not depend on R,

* From the foregoing discussion, if R, - «, so does the
impedance seen at the source of M,, and the small-signal
voltage at node X becomes equal to V,
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M,
g

—

Common-Gate Stage

r [1+ (Im* Imp) ol Rs

Rs

M, T

'L'_II: =ro

—

)

D

RD+FU

1+ (gm"' gmb)r{}

* In a degenerated CS stage, we loosely say that a
transistor transforms its source resistance up

* In a CG stage, the transistor transforms its drain
resistance down

* The MOS transistor can thus be viewed as an resistance
transformer
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Lommon-uate >tage: uutput

it évx
Voordls =50~
L

* From the above small-signal equivalent circuit, we can
find output impedance as

Rowt = {1+ (g + gms)rolBs + ro t|| R

* Result is similar to that obtained for a degenerated CS
stage
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Common-Gate Stage

* Input signal of a common-gate stage may be a current
rather than a voltage as shown below

* Input current source exhibits output impedance of R,

» To find the “gain” V, /I, replace I, and R, with a

Thevenin eauwalent and use derlved result to write

Vout (¢ + G0 + 1
— y —HRpHp
j-:f',u. "o + VG i Gond .-]'rf_}h'r’ + h'P + h-D

B i {l+ff;,+q srolBp 4+ ro || Bp
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