L ecture 18

Transistor Amplifiers(l)
Common-Sour ce Amplifier

Outline
« Amplifier fundamentals
« Common-source amplifier

e Common-source amplifier with current-source
supply

Reading Assignment:
Howe and Sodini; Chapter 8, Sections 8.1-8.4

Announcement:
Quiz #2: November 15, 7:30-9:30 PM at Walker.
Calculator Reguired. Open book.

uiz Review: Monday, Nov. 13, 7:30-9:30, Rm. 1-390
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Summary of Key Concepts

o Figuresof merit of an amplifier

— Gain

— Signa swing

— Power consumption

— Frequency response

— Immunity to process and temperature variations
e Common-source amplifier with resistive supply

— For high gain, large R, required

— Large R, consumes alot of S real estate.

— Large R, eventually compromises frequency
response

* Performance of common-source amplifier improved
using current source supply.

o Computation of two-port network parameters of a
voltage amplifier
— voltage gain, input resistance and output resistance
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1. Amplifier fundamentals

Goal of amplifiers.  signal amplification

VO a
+V

¢ input signal

Features of amplifier:

* Output signal isfaithful replica of input signal but
amplified in magnitude.
o Amplifier exhibits power gain:
— Control of the flow of energy from power supply to
output load in response to input signal.

« Activedeviceisat the heart of amplifier

e Need linear transfer characteristicsfor distortion
not to be introduced.
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“MoreRealistic” Transfer Characteristics

VO a

input signal

» Transfer characteristics linear over limited range of
voltages. amplifier saturation

« Amplifier saturation limits signal swing.
« Signal swing also depends on choice of bias point,
Q (also called quiescent point or operating point).

Other features desired in amplifiers:

e Low power consumption.

* Widefrequency response [will discussin afew
days|.

e Immunity to process and temperature variations.
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2. Common-Sour ce Amplifier:

Consider the following circuit:

Consider it first unloaded by R, . How does it work?

* Vo Rpand W/L of MOSFET selected to bias
transistor in saturation and obtain desired output
bias point (i.e. V5,1 = 0).

e Vgs- P ip- P ig- P vgr

« A, =V, /V,<0; output out of phase from input, but
If amplifier iswell designed, |A, [>1.

Watch notation: v 1 (1)=V g 1Vt
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Load line view of amplifier:

load line

Vaa-Vss=VpDVss

TvaaVss

VaeVss=Vr
£y

Vour

Transfer characteristics of amplifier:
VouT 4

Voo

USS 5
0 VT Vop-Vss VeaVss

Want:
* Biaspoint calculation;
e Small-signal gain;
e Limitsto signal swing
* Frequency response [in afew days]
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Bias point: choice of Vs, W/L, and R, to keep transistor
In saturation and to get proper quiescent V1.

Assume MOSFET isin saturation:

W
Ip = ZWHCOX(VGG - Vss- VT)2

/= VoD - Vourt
R Ro
If we select V 5,+=0:
_ _ W 2 VDD
Ip = IR =M Cox(Vag - Vss- Vr) ===
2L Rp
Then:
2 \bp
Vee = W - Vss- V7
RDT”hCox

Equation that allows us to compute needed V ; given
R, and WI/L.
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Small-signal voltage gain: draw small-signal equivalent
circuit model:

< Ro
G D .

=+ + +

) ImVgs % o Vout

=
5
=
is
7]

ey

O i
¥

+ +

Vin @ gmVin g (ro//Rp) Vout

Vout = - ngin(ro //RD)
Then unloaded voltage gain:

V
Ao = —out — . gm(ro// RD)
Vin
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Signal swing:

Vss
o Upswing: limited by MOSFET going into cut-off.
Vout,max= VDD
* Downswing: limited by MOSFET leaving saturation.

Vpssat = Ves- VT
or

Vout,mim Vss= VGG - Vss- Vr
Then:

Vout.min= Veg - VT
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Effect of input/output loading:
VDD

g — — — — — =

Vss
 Bias point not affected because selected V ,=0.
* Upswing limited by resistive divider:
R
+Rp

Vout, max= VDD R,

* Downswing not affected by loading
e Voltagegain:

— Input loading (R¢): no effect because the gate does
not draw any current;

— Output loading (R, ): R, reduces voltage gain
because it draws current.

AV |=9m( /Rp 1R ) < gm(fe //Rp)
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Generic view of the effect of loading on
small-signal operation

Two-port network view of small-signal equivalent
circuit model of avoltage amplifier:

R, isinput resistance
R, ISoutput resistance
A, I1s unloaded voltage gain

Rs Rout
' + e +
vs O Vin ZRn  OAvovin ot Z RL
':npult unloaded circuit out;}lut
oading loading
ltagee divid Vin = Rip =—5—
Voltage divider at input: in = Nin
= P Rin +Rs
AvoVin
Voltage divider at output: Vout = RL
= P Rout + RL

L oaded voltage gain:  —.out — Rin Avo R
V¢  Riy tRg RL + Rout
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|nput Resistance

e Calculation of input resistance, R,;:
— Load amplifier with R
— Apply test voltage (or current) at input, measure test
current (or voltage).

For common-source amplifier:

. +
Vi Vgs ImVgs (ro//RD) % RL
: Vv
iy =0P Rip=-t =¥
t

No effect of loading at input.
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Output Resistance

« Calculation of output resistance, R,;:
— Load amplifier with Rg
— Apply test voltage (or current) at output, measure test
current (or voltage).

For common-source amplifier:

- +\
Rs § Vgs Q) gmvgs < (ro//Rp)

Vgs =0P OmVgs =0P V¢ =it(1o// Rp)

It

ROUt — V — ro //RD

It
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Two-port network view of common-sour ce amplifier

Rs Rout
—IMA— — — AM e

+ +

+ +
vs O Vin ZRin O Avovin vou  Z RL

mpu? unloaded circuit out;}lut
loading loading

RL
RL 15 /l RD

VOUt — Rln AVO RL
Vs  Rip tRg R+ Rout

= - gm(ro I RD)

Or:

Vout _ _ om(ro //Rp /I R )
Vg
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Design issues of common-sour ce amplifier
(unloaded)

e To maximize gain: want R high
Avol :gm(ro I RD)

: Vpp —
. Togethighl|Ayol P Rp- P |D:%
D

Rewrite |A, .| in the following way:

W VDD 1
Aval » OmRp = 2l p —MChy -
| V0| IdmkD \/ D L MhCox ID M \/G

Then:

Rp- P Ip P gm P [Ay-

| ssues:
« Large R, consumesalot of S real estate.

« Large Ry eventually compromises frequency response

Solution: CS amplifier with current source supply
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3. Common-sour ce amplifier with current-
sour ce supply

_______ . signal

5
I
|
2
S
=
VR
D

Vgs

Loadline view:

. load line
lsup=lp 4 }

| ,J VGeVss=VYop-Vss

i
SUP T TveeVss
: VagVss=Vr

6.012 Electronic Devices and Circuits—Fall 2000 Lecture 18 16



3. Common-sour ce amplifier with current-
sour ce supply (contd.)

Current source characterized by high output resistance:

I’-Out = rOC'

Voltage gain:
Avol = gm(ro I roc)

significantly higher than amplifier with resistive supply.

Can implement current source supply by means of p-
channel MOSFET:

VDD

Ve wc]E] Lisup

signal source

—_—a

?]’D

Rs |

WA E%
V‘Sé VOUT
Vaa I

Vssg
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What did we learn today?
Summary of Key Concepts

» Figuresof merit of an amplifier

— Gain

— Signal swing

— Power consumption

— Freguency response

— Immunity to process and temperature variations
e Common-source amplifier with resistive supply

— For high gain, large R, required

— Large R, consumes alot of S real estate.

— Large R, eventually compromises frequency
response

* Performance of common-source amplifier improved
using current source supply.

» Computation of two-port network parameters of a
voltage amplifier
— Vvoltage gain, input resistance and output resistance
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