Lecture 17:

Common Source/Gate/Drain
Amplifiers

Prof. Nikngad
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ecture Outline

e MOS Common Source Amp
o Current Source Active Load
o Common Gate Amp

o Common Drain Amp
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on-Source Amplifier

Isolate DC level
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lI-Signal Analysis
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Two-Port Parameters:

Generic Transconductance Amp
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o-Port CS Model

Reattach source and |load one-ports.
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Maximize Gain of CS Amp

A ==9.R I

« Increasethe g, (more current)

o Increase Ry (free? Don’t need to dissipate extra
power)

o Limit: Must keep the device in saturation

Vbs =Vop ~IpRs >VDS,sat
o For afixed current, the load resistor can only be
chosen so large

o Tohavegood swing we' d aso liketo avoid getting
to close to saturation
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ent Source Supply
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o Current independent
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th Current Source Supply
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Line for DC Biasing
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Both the |-source and the transistor are idealized for DC bhias

analysis
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-Port Parameters

i From current

out

PR "—/ source supply
+
‘s <Y> Em'egs = To Toc Vour

@

1

Q
3

Department of EECS University of California, Berkeley



Prof. A. Niknejad

annel CS Amplifier

Vop
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rt Model Parameters

mall-signal model for PMOS and for rest of circuit
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on Gate Amplifier

ad DC hias:

Isup | UP | BIAS = | DS
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Input Resistance
Vgs:_vt o <? ¢ ': ';f_‘: =

At input: it = _nggs +0,,V +[Vt Vit j
r

OUIPLLVOITAgE: v = i, (1, 1R) =i, (1 1R,)

WV
L:h

[

0]

0 = OoVh + O, +["t (| RL)'tj

Department of EECS University of California, Berkeley




EECS 105 Fall 2003, Lecture 17 Prof. A. Niknejad

Approximations...

o We have this messy result

Rn Vt ) 1+rOC”RL

r0
o But we don’t need that much precision. Let’s start
approximating:
R .o
I I

0 0
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On* 0 > 1 IR =R

Ri, =
gm + gmb
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utput Resistance
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utput Resistance

Substituting v, = I;Rg

R o) T

0]

itRS[i-l_ gm + gmb +lj :i
The output resistance is (V,/ 1)|| 1 o

R = Tec |l [ R (é" +g.r +0..0, +1D
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Approximating the CG R,

Rout = r0(: ” [ro T gmroRS T gmbroRS T RS]

The exact result iscomplicated, so let’stry to
make it simpler:

., =5004S g, =50uS r,=200kQ

Rout Do 1o + 9loRs + RS

Assuming the source resistance islessthanr,

Rout = Toe 11T + GmloRs] = Toe 1l 11 (1+ 91 Rs )]
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Two-Port Model
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Function: acurrent buffer

e Low Input Impedance
e High Output Impedance
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on-Drain Amplifier
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Weak I,5 dependence
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D Voltage Gain
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CD Voltage Gain (Cont.)

V
KCL at source node: ﬁ = O (Ve =Vou) = Do Vour
oC 0

1
+9.+09 |v.. =g.V
(roc ” ro gmb gmj out gm t

Voltage gain (for vz NOt zero):

VOUt — gm
Vin % T O TOn
rOC ” rO
VOUt gm —~ 1

Vin gmb T gm
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utput Resistance

W
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Sum currents at output (source) node:

V, :
Rout = ro ” roc ”I_t It = gmvt + grrbvt
t

1
R =
t gm + gmb
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CD Output Resistance (Cont.)

oIl Foc 1S Much larger than the inverses of the
transconductances = ignore

Rout
gm + gmb |
[‘;".l.l.lh: t‘;"!m-!J
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Function: avoltage buffer

e High Input Impedance
 Low Output Impedance
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Transistor Type
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