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e Common Drain Amplifier
e Common Gate Amplifier
e Examples
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CD Amplifier (Source Follower)

Input Applied / Vout

to Gate Rs \ Output Sensed
= at Source

* It senses the input at the gate and produces the output at the source

 (CS-stage identifies that for achieving high voltage gain, the load
impedance must be large - if CS-stage is to be succeeded by a low
impedance circuitry - a buffer is needed as a low impedance can’t be
driven by a CS-stage amplifier - CD-stage works as a buffer
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CD Amplifier (Source Follower) — contd.

Let us look at the small-signal voltage gain of CD-stage:

< KCL at drain V

V _|_ — out

in { J Vs ImY1 Imb Ybs In*s. ¥ G 35\ R,
) nut Vbs - _Vout

e Simplification gives:

KVL at i ut A/ _ Vout _ ngS
/ Via [1"' (9, + gmb)RS]
Vin =Vi =V Non-inverting action

[Can you derive A, without explicitly using the small]

signal model ?
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CD Amplifier (Source Follower) — contd.

A\/ :V0ut — ngS
Vi [1+ (9, + gmb)RS]

Observations

* ForV, =V, the transconductance g, = 0 and therefore A, =0

* V. increases - |, increases - leads to increase in g, - A, increases and
approaches:

g 1
A=—="—=
Ont0m 1+7

[n decreases with increase ) [ Even for R = oo, the small J

inV,,, - leads to increase signal voltage gain A, <1

in A, 2 nis typically 0.2
\ and therefore A, <1 )
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CD Amplifier (Source Follower) — contd.

Example:

g.,=2 mS
g.,=0.328 mS
R=6 kQ

| > Calculated A= 0.801

T ] Bl .
4.4

[ I._ E. 3

H II .. p -
A wd=1m

©mpem, frea=tK =l -
= r=6K




Inr ECE315 / ECE515

\(\‘31 J
% Lab

. &
Sign Res®

CD Amplifier (Source Follower) — contd.

Example (contd.):

1 ces530 sf_fig3p27 schematic B

Transient Response
Mame

moLse L: R R:

V. =2mV \"/

in, pp

[ Simulated: A =0.798 ]
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CD Amplifier (Source Follower) — contd.

& Definitely not an amplifier

* In the best case scenario when R is extremely high and body effect is

ignored then:
Usefulness as buffer

 How can you ignore body effect?

Definitely not for NMOS
By employing a PMOS and with appropriate biasing
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CD Amplifier (Source Follower) — contd.

Furthermore, the strong dependence of A, on the input voltage makes it

a nonlinear configuration - Its due to strong dependence of |, and
therefore g, on the input voltage V,

in
dftfw{"Aout" Fresult tran-tran') 0.002 0.003 1028 "Rectangular” 1 "default™
Mame

_hgular 1 "det 10

6.0

40
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CD Amplifier (Source Follower) — contd.

V. =330mV

'l ces530 st_figdpz7 schematic 1 Window zs B

dftftv("Aout” Presult "tran-tran™ 0.002 0.008 1028 "Rectangular” 1 "default”)

Marme
W |

ohgular 1 'def 10

I:Cl
|:|-F
.-.":‘
0
| |
o 40 6.0 80 10

a rr» 1~ 1 © 1 ‘1.1 ‘1 . 1 ‘1~ ‘1 11— 1 © ‘1 T ‘1 1 ‘v T T T ]

0.0 .

treq (kHz)
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CD Amplifier (Source Follower) — contd.

* To mitigate this dependence - resistor R, is replaced by a current
source -» the current source is realized using an NMOS operating in
saturation mode

—— V
— Ypp oo
4 1 )
VEH °'_“: H1 g—mb”rm”roz
v A= 1 1
out g— ” I ” l, +——
K mb mj
Current source NMOS Operating in

providing high R Saturation
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CD Amplifier (Source Follower) — contd.
* Let us get back to that example
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CD Amplifier (Source Follower) — contd.

\"

=2 mV Vv

out, pp

in, pp =1.705 mV

[ Simulated: AV=0.8525]
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[x]

result “tran-tran™y

o
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CD Amplifier (Source Follower) — contd.
* Let us look into the small-signal output resistance:

— Voo b (g—h-
ac ;"ﬁ ImV1 ImbVos
“HI:M1 ) T\m

: 4 -] + Ix —ngX _gmeX =0
CI_D out V.=V, Vy C)

R - Body effect reduces the
o , output impedance

* If channel length modulation is taken into account then:

SR, Further Reduction in
. output impedance
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CD Amplifier (Source Follower) — contd.

High input impedance and low output impedance with near unity gain
enables CD stage to work as buffer (not always!) = useful for CS stage
specially when the load impedance is raised very high to enhance the
gain

Reduced output voltage swing when used as buffer for a CS stage

CD topology is nonlinear - due to body effect and channel length
modulation - also the gain is dependent on g,

CD topology generates substantial noise = hence not suitable for low
noise applications (beyond this course!!)
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Comparison of CD and CS Stages

.
DD VQD
Vin —l[7 M, AL
' Vnut Vuut
R
R,
A |CD~ 1 A |C8z_gm1RL
R +—
gml

* CDis non-inverting whereas CS is inverting
* CS provides higher gain

whereas the output of CD stage is 0.5 of the input

For example, if 1/g_, = R, then the gain provided by the CS stage equals 1
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Common Gate (CG) Amplifier

CG Amplifier- Input is applied at the Source and the output is sensed at
the Drain. The Gate terminal is used for establishing appropriate bias
conditions for the transistor.

Its characteristic can be studies through large-signal behavior as well.

For large V;,, i.e. for V;,, > V), — Vp: M, is off and therefore: V,,; = Vpp

1 W 2
For lower Vi,;: b =2 Hn OXT(Vb -V, =Vy)
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Common Gate (CG) Amplifier (contd.)

* For saturated M;: V , =V, — I,R, =V, —(%,un OXVTV(Vb -V -V, )ZJRD

* Then small signal gain is: %:—[% OXVTV(Vb -V, —VT)£ 1—ZLDRD

in in

: oV W
* Since, aVT/OVin = aVT/aVSB =7: 6\;Ut =uC, — - (V, =V, =V5 )(1+7)R,

in

ﬁ[p” n(L47)Rs ]f\

Higher as compared to CS gain

Non-inverting Amplifier
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Common Gate (CG) Amplifier (contd.)

KVL in loop-1: KVL in loop-2:
VOU _Vou Vou
V, - RDt R, +V, =0 V.=t (R—Dt_ 9.V, — gmbvlj_ RDt R, +V,
. oo . . Vout . . (gm + gmb)ro +1
Simplification gives: V.o A = (9. +0. )R +R +R.
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CG Amplifier (contd.)

Vou (9, +9,.,)r, +1 Non-inverting with slightly
W =A= r+(g,+9.,)LR +R + R, Rp s higher value as compared to
the CS stage = body effect is
useful in this scenario

* If the resistor R, is replaced by a V.,
=A=(9,+9,)r +1
current source then: Vv A = (90 + Gl

In

Rp = oo for an ideal current source
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CG Amplifier (contd.)

* Let us look at small-signal model — without channel length modulation
and biased with a constant current source

L at this node

loop-1 (9,,+9.,)V, +\;§“‘ =0

D

v, +Vv. =0

[:w =(9n + 9u)Ro —gm(1+n)R]
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CG Amplifier (contd.)

* Input Impedance

KVL in loop-1: KVL in loop-2:

V==V, RDIX+r0[IX_(gm+gmb)vx]_vx

Vi __ Rotr, Ry 1
IX 1+(gm + gmb)r (gm + gmb)ro (gm + gmb)

La
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CG Amplifier (contd.)

Vy __ Ro+r, Ry 1
IX 1+ (gm + gmb)ro (gm + gmb)ro (gm + gmb)

e Case-l: R, =0 ‘ R =

VX ro

I, 1+(9, +09.,)r,

* Case-ll: Rjisanideal currentsourceie, Ry > mmp R, >

It is apparent that the input impedance of common-gate stage is low
only if the load impedance connected to the drain is low

La
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CG Amplifier (contd.)
e Output Impedance

Rout = {[1+ (gm + gmb)ro]RS + ro} ” RD
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Example-1

* Derive the small-signal voltage gain expression for the following amplifier.
Consider the cases when channel length modulation are absent and
present.
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Example -1 (contd.)

* Case-l: A = 0 both for M; and M, - In such a case M, presents a
degenerating impedance of 1/g,, to a single stage CS amplifier as shown

below.
Voo

Vin :V1 + gml\/l-i

m2

Simplification gives: V,, =-9..V/R, SA=— Ry
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Example -1 (contd.)

* Case-ll: A = 0 for M; and A # O for M, - In such a case M, presents a
degenerating impedance of (1/g,., || r.,) as shown below.

simplification gives: | A= 1 1
+ ” r-02
' Y,
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Example — 1 (contd.)

* Case-lll: A = 0 for M,and A # 0 for M; = In such a case the small signal
model looks like:

W& Vout
+
Vln V1 ¢ g m1V1 rOl gmb Vbs RD

1

- gm2



Sign ReS

Hp ECE315 / ECE515 C)

Example — 2
 Derive expression for the small-signal voltage gain of the following circuit.
(Assume: A # 0 for both M; and M,. Neglect body effect)

Gate and Source are fixed.
— Vpp Therefore this NMOS works as
a constant current source with
Vin II: an impedance r_, across its
drain and source

—SET N
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\ Example — 2 (contd.)

Vin :Vl +Vout \ , gmlvl(rol ” r02) :Vout

gml(vin _Vout)(rol ” r02) :Vout

[ A\/ — \\/;ut — 1 (rol ” roz)
) {— + (rol | roz)}
gml
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Example -3

* Whatis R, in the following circuit. (Assume: A # 0 for both M; and M,
and both are in saturation.)

Gate and Source are fixed.
Therefore this NFET works as
a constant current source with
an impedance r_, across its
drain and source
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“Example - 3 (contd.)

0
VX
= = r,+ 1, +1,(0..0, +9.,0,) =R,
X
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Example — 3 (contd.)

Rout — r02 + r01 + rol(gm1r02 + gmb1r02)

— I:Qout — r02 + r01 [1+ roz(gml + gmbl)_

[ Rout =I,+r, [1+ rol(gml T gmbl)]:

However: rol(gmlroz + gmblroz) > r01

— rol(gmlroz + gmblroz) > r02

[ Ry (gml T gmbl) Fo1o2 ]




