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e Common Source Amplifier with Constant Current
Source, Triode Load, Source Degenerated Resistor
e Examples
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CS Amplifier with Constant Current Source

Voo * Now consider this NMQOS amplifier using a

current source.

* Note no resistors or capacitors are
present!

4| Q * This is a common source amplifier.

* |, stability is not a problem!
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CS Amplifier with Constant Current Source (contd.)

Q: | don’t understand! Wouldn’t A: Remember, every real current
the small-signal circuit be: source (as with every voltage
source) has a source resistance r,.
A more accurate current source

!2(7") =222

model is therefore:

Qs

vi(?) ICD 3!:

IGeaIIy, 1, = . However, for good current sources, this output resistance is)
large (e.g., 7, = 100 kQ). Thus, we mostly ignore this value (i.e.,
approximate it as r, = o), but there are some circuits where this resistance
\ makes quite a difference. - This is one of those circuits! )
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CS Amplifier with Constant Current Source (contd.)

* Therefore, a more accurate

e . * And so the small-signal circuit
amplifier circuit schematic is:

becomes the familiar:

Voo
r(d) 3+ 7 5
.—o vo(t) —OEQ.( 9,
4| Q; | @
ul UCD vi(?)

T
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CS Amplifier with Constant Current Source (contd.)

 Therefore, the small signal model is:

<
T+ j
S
‘ﬁ':
AW —
o U9
4A'A'A
o
0
o~

C

Now go ahead and do the analysis
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Constant Current Source

PFET ideal current source
NFET ideal current source

As long as a MOS transistor is in saturation region and A=0, the

current is independent of the drain voltage and it behaves as an ideal
current source seen from the drain terminal.
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Example of poor current source

Voo w4
Voo —[= M,

e O

Since the variation of the source voltage directly affects the current of a

MOS transistor, it does not operate as a good current source if seen
from the source terminal
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CS Amplifier with Constant Current Source (contd.)

___________________________ 'll—l

Zi:::r: vh._“'_* M, — I_Vi ImaV1 =02

___________________________ "

T Vout Vout
Vino_IIa_M1 Vino—] o1

= M4 = =
"k * The dc voltage Vq, is constant and

= roz therefore v, =0 - leads to g ,v, =0
Vout
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CS Amplifier with Constant Current Source (contd.)
'A\/ :_gml(roluroz)
 Both the load and the device operates in saturation
* The gain is loosely dependent on |V,s| of M, - as it regulates ther_,

* The voltage |Vyg, minl=1Ves,— Va2 | can be reduced - by increasing (W/L),
—> increases V;—> in essence the output voltage swing

* r,, can be increased - by reducing the channel length modulation effect
—> through increasing the length and width of M, - while keeping
|Ves, — Vol constant - However, this also brings large capacitance at
the output of M.,

e At a given drain current, W has to increase with the increasing L (r, a L/I)
for obtaining higher gain

* If length of M, is increased by a factor - then the width has to be
increased proportionally - for a given |,,, Vs,—V+, is directly proportional
to (W/L), = if W, is not scaled properly then it will reduce V.=V, - will
effectively lead to reduced voltage swing
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CS Amplifier with Constant Current-Source Load (contd.)

* Furthermore, just scaling of L, leads to reduced g, , - in essence
possibility of reduced gain

W 1
* However, — 2| — C |
gml ol \/ (leﬂn ox D ﬂlD

* The gain will increase with increasing L; considering that A depends
more strongly on L than g does

 for M,, increase in L, while keeping W, constant - increases r_ , =

increases gain of the CS amplifier - but decreases |Vs,| = reduces
the output voltage swing
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CS Amplifier with Triode Load

I;l- Vop Voo . 1
—C M, | Ronz " ,UpCox(VV / L)z (VDD —Vy,— |VTP )
Vb L]

Vout E> Vout A\/ = _gmlRonZ A\/ = _gml(rol i Ronz)
Vino—lﬁ-M.l Vin°—| M‘l

The main limitation of this technique is the dependence of gain on the
process parameters - because R, is dependent on these parameters

Process parameters are temperature dependent - makes gain
dependent on temperature

Triode loads consume less voltage headroom as compared to diode-
connected load - Here, V, =Vpp

ut,max
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CS Amplifier with Source Degeneration

VDD

small signal
model
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CS Amplifier with Source Degeneration (contd.)
Vo ___ 9aRo

A= (1+ g, R )

in

Therefore the voltage gain:

* Theinput resistance: R =
. Valid as long as
* The output resistance: R , =R, M. is in
1
R saturation
* ForlargeRg: A :_R_D ¢ | Linear
S

VDD _ IDRD >Vin _VT

Voo =Vin +V; > 15R, <€

A, drops when: V_, -V, +V; <I,R, {=—== M, goes in triode

Even with all the supposed benefits of this configuration,
the major drawback is the reduced small-signal gain
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CS Amplifier with Source Degeneration (contd.)

Equivalent Circuit
Transconductance

G o9 _
"T1+g,R. (Wg,)+R

For large V., (while M, still in saturation) - g is high > G_

approaches 1/R
= A Linear

\ Reduced Gain
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CS Amplifier with Source Degeneration (contd.) yin,,__":'
R R
A”:_(lfmgtli'{):_ ! 2 Ratio of 1\
ms —+R V\ impedances in p—) —
(gm Sj P . 9m
the drain and =R
source path % S
RS+L
With channel length modulation and body effect m
KCL at output:
| R

= t
IOUt _ gmvl _ gmbvx _%

2’ 0 | R
%RS :>Iout:gm(vin_IoutRS)+gmb(_|outRS)_%s

KVL at input: g ot _ Onlo
Vin :V1 + | RS V, Rs +[1+ (gm + gmb)RS]ro

out




D

ECE315 / ECE515

La

QC)D
?"
C.
% S
&
% &
|

Sign ReS

CS Amplifier with Source Degeneration (contd.)

Output Resistance

"np—

+

.[x

I
]

Current through Rq is |y
=V, =—I R,
Current through r, is:

— Ir0 = IX _(gm +gmb)V1

Rg KVL at the output: Vy = I’O[lx +(9, + gmb)RSIX]+ IRy

VX

— Rout =7 ro [1+(gm + gmb)RS]+ RS :[1+(gm + gmb)ro]RS + ro

X

Usually, (g, +g,)r, >>1

Rout ~ (gm + gmb)roRS + ro

— Rout ~ [1+ (gm + gmb)RS]roE

Output impedance has
increased by this factor

efinitely a good prospect for applications

Yes! It comes with a price/ requiring higher output impedance

-> reduced gain
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CS Amplifier with Source Degeneration (contd.)
Small-signal gain

., F ° Vout A = _\ﬁ
Vin ) V_1 ImVy ro ImbVbs Ry Vin
Rs

- _ gmran

Ro B +[1+ (9 + In)R T

Rout

A= s T[1+ (9 + 9 Rs ], .
R, +R; + [1+ (gm + gmb)R W(gm + Opnp) R Simplification
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Example -1

* Assuming M, in saturation, calculate the small signal voltage gain of
the following:

KCL at the output node:

Re =R

V.. —V. Vv Vv
out in out out __
—out I o gmlvin 4 —out , _out O

? A/ _ M - gml R|:
V. 1 1 1
in + +
\ RF r01 RD)
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Example — 2

* Assuming both M, and M, in saturation, calculate the small signal
voltage gain of the following:

KCL at the output node:

l"in

-V Vv
out _ out
ng(Vin _Vout)+( - }_gmlvin + =
r02 rol

4 )
A\/ :Vout _ O~ 9o
Vin gm2 + 4+ —
r02 Ifol
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Example -3

* Assuming both M, and M, in saturation, calculate the small signal
voltage gain of the following:

- Vpp

_||: M2 KVL in the mesh created ( V,
lein +—

by M,:
SHev
D

t
V gmlvln + rou
— out
Vil =9m2 — OmiVin + V., =— 102
ol r02 + —
gm2 r
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Example — 3 (contd.)

)R +V, =V, — 0.,RpVi, +( &jvxzvout
r01

V.,
gmlvln +

r01

* Simplification of the expressions gives:

[1+ &j( gmlvin + h}
r°1 r02 _

g mlRDVin —

L3



