Common-Sour ce Amplifier DC Bias Point of the Common-Source Amplifier

= “Common” means “grounded” or more generaly, “connected to a DC supply” For biasing, we

1. ignore the small-signal source vs and its small-signal resistance: Rg--> 0 W

¥ | 2. ignore the load resistor (since it's a small-signal resistance, too): R, --> inf. W
- |
ﬁ? l"If:l 1 II_]'EI
‘ EE RJ
. !
) o= Vo + Vow 32 ":*i T o
- i L
L B
AL l}' | | s 1:'-J'f
== = i 3
Yeus| _ H}
T ®
= 0 ——lT
What is going on with the load resistor R ?
DC level of the output voltage is NOT zero ... but
A “typical load” does not draw much if any DC current ... because it is non- Where to set Vo 1?

linear and the load resistor is the load’ s small-signal model!

What isa“typical load”?
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Graphical “Load-Line” Analysis

The current through Ry must equal the drain current.
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What does this equation mean?
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Small-Signal Model of CS Amplifier

= Substitute parameters at operating point selected so that V1 » Vpp 2
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= Find two-port parameters of this amplifier:

“natural” to use the transconductance form

Rin=
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Two-Port Model of Common-Sour ce Amplifier

= Attach the source and load to find output current as a function of the source
voltage

[ z ;.
—p—

Infinite input resistance isideal for avoltage input

Output resistance increases with Ry increasing, but DC drain current 15 will
decrease and g,,, will decrease with 152
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Current-Sour ce Supplies

= A current source to supply current, rather than aresistor, alowsahigh DC
current for the device with alarge incremental (small-signal) resistance
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The plot of ig p Vs. Vg p iS: (note that vgp must be positive)

isup A
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> Vaup

EE 105 Fall 2000

Page 6 Week 9




Common-Sour ce with Current Sour ce Supply

m Rpisreplaced with idealized current source with internal resistance

Voo |

= For DC bias analysis, the small-signal source (with Rg) and the load resistor R
are eliminated, along with the internal resistance ry of the current source
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Graphical Analysisof CS Amplifier with
Current-Sour ce Supply

The region of input bias voltage Vg asfor which the current source and the
MOSFET arein their constant-current regions is extremely small ....

VouT A

> VBias
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Common-Sour ce/Current-Sour ce Supply Models

m  Thesmall-signal model isidentical to the resistor supply, except that the current
source’sinternal resistance r replaces Ry
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Tradeoffs are different from case of resistor load since I isnow decoupled from the
small-signal current supply resistance .
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p-Channel Common-Sour ce Amplifier

= Source of p-channel istied to positive supply; current supply sinkslq,p to
ground or to lower supply

Eliminate small-signal sources; control voltageis Vgg = Vpp - Vpias

m DCbias:
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p-Channel CS Small-Signal M odel

m p-channel MOSFET small-signal model has the source at the top

L
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Transform this into a circuit with vy as the control voltage

Common Gate Amplifiers

= Input signal is applied to the source, output is taken from the drain

= Summary:

current gain is about unity, input resistance is low, output resistance is high

aCG stageisacurrent “buffer” ... it takes a current at the input that may have a
relatively small Norton equivalent resistance and replicates it at the output port,
which isagood current source due to the high output resistance.

Biasing isvery easy ... Igias=- lqup

Note that the source can be tied to the bulk if the deviceisin awell.
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Common-Gate Current Gain A,

m  Small-signal circuit, with output shorted (according to the two-port procedure to
find A)
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Analysisi i = igandiy = —ig—iS =g

Solving for the short-circuit current gain:
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Common-Gate Input Resistance R;,

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

] |
Vi LRl Jh': i =,
[ ]

0

= Add the currents at the input node and set equal to the test current:

N -V, .0
: t ~ Vout
it = OpVgs tImpVi F 6~
t gs b7t e Iy @

= The output voltage = - ioy (foc | R) = (- i) (roc Il R ) (Why?)

Lo a¥t_(roc||RL)itC:)
e = OVt OmpVe T € T -
e Io) %]
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Input Resistance (Cont.) Common-Gate Output Resistance Ryt

= Solvefor the ratio of the test voltage to the test current m Test circuit: leave source resistance Rg of small-signal source current in place;
remove . for analysis and put it back in at theend ...

~ \it ~ l+(roc| R) =,

n it Om*Omp*(19) = (K ) L I’=
v oy e L =T

the input resistance is afunction of the load resistance R, ... T A T'-’
m Evaluate the relative sizes of the terms: “ i 'g_j o
Omisaround 500 S

Omp is around 50 N6

-u-—!":l'u'ii_
o

/ &
Urgisaround 5 or less, so neglect versus gy, + gy s
current supply is usually good enough that r oc| | R @R_ = Circuit analys's exercise:
it helpsto note that v, = i;Rg
Vv, 1+R =, m  Kirchhoff’s current law at the source resistor node: sum currents leaving node

in i g+ 0 VsV _
! m - =mb R _gmvgs_(_gmbvs)+r_ =0

o

What about ratio of R_and r,? It depends...
el 16 _
V= + = =
. seR gm gmb r

IF R_<<r,, then we get asimpler form of the S ro? o

m Substituting v; = i; Rgand solving for the output resistance = (v; / iy) || roc
l_,1 (forroe o >>Ry)

n Im*9mb Im Rout = roc||(RS[ro URS+gmro+gmbro+l])

... quite amess
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Common-Gate Output Resistance (Cont.) Common-Gate Two-Port Model

= The output resistance is afunction of the source resistance Rg

see Appendix to Chapter 8 for an analysis of the error in using the two-port ‘w -
approach for the common-gate amplifier — ———%
m Evaluate therelative sizes of the terms: =1 S =
=t B * T el Tt Oy Al
O isaround 500 n N |

Omp is around 50 N6

rqisaround 200 kW Design tradeoffs:
OmTo=(0.5)(200) = 100 >> 1 Ideal current buffer has R;, = 0 W need to increase g, to approach this goal
= Simplifying Also, anideal current buffer has Ry, = infinity Wk
Rout @oc| | ([ro *(Omf o Impl0)RD) = roc| |[ro(1 +(Im* Imp) R increase gm f, ... and use agood current supply with alargerq.

If we neglect the backgate generator (gmp << Om)

Rout @ o |[1 o1+ (8R!

= The output resistance of the common-gate can be very large ... on the order of
100 timesr,, ... if the current supply’ sresistance is large enough not to limit it.
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Common-Drain Amplifier

P-Channel Common Gate Amplifier
= Also called a*“source follower” for reasons that will become clear shortly
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For DC hias, neglect small signal source (and its resistance) and the small-signal

Small-signal model isidentical to n-channel version
load resistance; iq)p = lqp

Note that
Vout = Veias—Ves

The DC gate-source voltageis:
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DC Transfer Curve

p-well CMOS process means that the source and bulk can be shorted ... not true for
an n-well process.
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The threshold voltage V+,, is not a constant, since the source-bulk voltage Vg
increases as Vo1 increases:

Vin = Vron™* gn[«/ (Vour—V)—2f - J2f p:|
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DC Transfer Curvefor Common-Drain Amps

4 Vour

> VBias

Simpleidea: dlope of transfer curve isthe voltage gain ... about 1

The common-drain is a voltage buffer

dv
= OUT ¢
dvg|as
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Common-Drain Open-Circuit Voltage Gain

For finding A, exactly, remove the source and its resistance and the load resistance
... apply atest voltage and find the output voltage

L __/}?:JJ"-.-."H B antour -3: A
Q) | |

—"

KCL at source node:

Vout

_gm(vt_vout) _(_gmbvout) =0
roc| |ro

& 1 0
Vouts—— * I+ Iyt = IV
out m mb m't
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Output Resistance of Common-Drain Amplifier

m L eave the source resistance attached while exercising the output with a test
voltage

Ay

Ky

KCL at the source node ... remover, || roc and put it back in

it + gm(o _Vt) + (_gmbvt) =0
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.0 1 & 1
Ryut = (Follfod) |62 = (1g|[Too) || 2 0 =
oo = el g = ol 8 ™ T roa v omom
Typically, ro || Foc>> Om + Omo
out@ .
Im* Imb
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Common-Drain Small-Signal Model Summary of MOSFET Two-Port Models

Input resistance isinfinite: open-circuit from gate-source

Tennastor Ty
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If source and bulk can be shorted (possible for aMOSFET in awell), then the gate L L] g LTl
is essentially 1 (since backgate generator has zero vg, controlling it.) = _|__| —[_-
[ML I LY] £
Lol = 1 a oy - | ]
Output resistance isideally zero for avoltage-output amplifier: typical values Commi £| (311 Tm g T iy + mgris
Huw
O =500 8 i A L tye ° :
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The output resistance can be reduced by increasing the transconductance ...
(WIL) can be made hugein order to drive R,; toward zero.
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Assessment of MOS Amplifiers

Common-source is the only stage that provides gain
Common-gate can buffer a poor current source into anearly ideal one

Common-drain can buffer a poor voltage source into a nearly ideal one

We need more than one stage to approach an ideal amplifier (of any of the 4 types)
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