6.012 - Electronic Devices and Circuits
Lecture 17 - Linear Amplifier Basics - Outline

 Announcements
Handouts - Lecture Outline and Summary

Web posting - Expanded Lecture 16 foil set
Exam 2 - Wednesday night, November 5, Room 10-250

e Review - CMOS inverters
Noise Margins: when {dv,/dv| > 1, disturbance grows
Gate delay: often defined as average, i.e. (T; 1 + Thrr.0)/2
Power density: PD = Pave@fmaX/Area (Maximum power density is what matters)
Using P, . =fC, V% and noting f .o 1/GD, and Area « W L . ):
PD W €« VDD(VDD - VT)Z/ tOX Lmin2 (Must reduce dimensions and voltage - Lec 25)

e Biasing transistors

Current source biasing
Transistors as current sources
Current mirror current sources and sinks

e Linear amplifiers

Performance metrics: gains (voltage, current, power)
input and output resistances

power dissipation
bandwidth (We'll save this for later - Lec. 22)

Possible amplifier connections of transistors
Clif Fonstad, 10/03

(We leave the 2 out)
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e Linear equivalent circuits:

) a
pn diodes: i
g, = qlI /KT
ga S Co=r Ca=28q%a + Cap(Vyp)
b 4

BJTs: (in FAR) C g =(qlI.I/kT

b o = . o C 8n = gm/BF

+ J g, =I/V,| [or A ILI]
o Vo —=— OmV=x C,=8.T * Cappe(Vir)
g _ C.. Jo fre = th; Z/ZDTJI bel ¥ BE

eo °oe C,=Cyp(Vpo)
MOSFETs: (in saturation)

ge 1 Coo .4 &n=K(Vg- V) =KL

+ | g = M8y /
Vgs —— v M ={egaN/2(12¢,| - V)}?/C, 7]
* TCq OmVgs N/ OmbVos o g =L /V,| [or AL
So ) »i—ss C,=(2/3)WLC '
C,t G-D fringing and overlap
Vs C C Cao == capacitance, all parasitic
bt | b Cap» Cap Cgpt depletion capacitances

Clif Fonstad, 10/03
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e Identifying the incremental parameters in the characteristics

Inig, Inic

>VCE

Im = Alc/KT; g, = B9y, With B = dic/digly; 9, = dic/dVcelq

BJT:
MOSFET: 4io
Om
Q o
|IC. Vas
» Vps

(ip)172 A

—_—
Inc. lvgsl
n
>
Vt VGs = Vps

Om = diD/dVGS|Q; Omb = N9y, With ) = 'dVT/dVBs|Q; Jo = diD/dVDS|Q

Clif Fonstad, 10/03

Lecture 17 - Slide 3



e BJTs and MOSFETSs biased for linear amplifier applications

| +V +V
T (,) IBIAS
h

= o]

=

<' IBIAS S

-V I-V
npn olple

Clif Fonstad, 10/03

Load

+V

O
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* Getting I, ,¢¢ Making a transistor into a current source/sink”

+ +
VREF VREF

— -

VREF VREF

lISINK l|SINK

- l Isource

l Isourck
npn pnp n-MOS p-MOS

BJT current sources/sinks MOSFET current sources/sinks

Must maintain V. > 0.2V Must maintain Vs > (Vger - V1)
[Vec in case of pnp] [Vop > (Vrer + V7) in case of p-MOS]

lsource/sink = [Be/ (Bet+1)] lgs(eaVrer/kT-T) lsource/sink = K(Vger - IV41)2/2
~ |EsquREF/kT

* Some people make a distinction tftheen a "sink" and a
Clif Fonstad, 10/03 source’”; you can call them all "sources" if you wish. Lecture 17 - Slide 5



e Current mirror sources and sinks

BJT
)J mirrors
Q Q

RREF

Q4

RREF

1V

y

1

Vi

i

ISOURCERREF =

2

‘ Isource
lsourceRrer = (Age/ A1) (V.- V.- 0.6)

NOTE: Base currents have not been
V. accounted for in these expressions

MOSFET
mirrors
Q2
‘|SOURCE

Vi

RREF % lgnkRrer = (Aga/Aqr)(V, - V.- 0.6)

N
g

ly.
Vi

ISINKRREF =
RREF %

Q4

(KQZ/KQ1)[V+ - V.- VT - (ZISOURCE/KQ1)1/2]

V. Clif Fonstad, 10/03

-

lv.

l IsINK

g

Koo/ KV, -

V.- V; - (lgne/Kgn) 2]
l IsINK

Q2
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e Examples of current mirror biased BJT circuits:

V+ |V+
| +V E E
T 9 Q
S
vic Vic
% RREF % RREF
Q4 | Q4
IBIAS ] ]
v \ f 1]
QZJ Q3 Q> —>| |<— Q3
Above: Concept rl H
Right: Implementations
lv_ lv.
BJT Mirror MOSFET Mirror
o~ (AQB/ AQZ) |Rer o~ (KQB/ KQZ) lRer

Clif Fonstad, 10/03 Lecture 17 - Slide 7



e Resistor biasing: An older biasing techniques used in discrete
circuits where transistors are expensive.

|

Resistor biasing

lo ~ [(V,-V_)Rg,/(Rg;+Rg,) - 0.61/Re % Re1

O
©

(o]

-
You might call this "poor man's

current source biasing" because it Q1
uses three resistors and only one
transistor. The resistor, R, with a
constant voltage,

(V,-V)Rg,/(Rg+Rg,) - 0.6V, RB2 Re

across it looks like a current source
of magnitude:

[(V,-V)Ry,/(Rg;+Ry,) - 0.6V]/Re.

V.

Clif Fonstad, 10/03 Lecture 17 - Slide 8



 Final comments on current sources:
What do they look like incrementally?

They look like a resistor with conductance g,
For example, consider an n-MOS sink:

d

‘|SINK 9 e— —d
Vgs =0 Vgs bs -
i %\o $ =0 %g° Jo
Se °S s, b, g

—k

VREF

Vbs=0

P

How do you do better?
The Wilson connection:

check it out for yourself

Clif Fonstad, 10/03

Vi
RREF%

Q1

Q3

| v |

v |

}_

il

KN

}_

il

| 4 |

Isink

Q2

Q4
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¢ Linear amplifier performance metrics:

The characteristics of linear amplifiers that we use to compare
different amplifier designs, and to judge their performance
and suitability for a given application are given below:

iin [ ut
—> ——
* Linear + AGED
Vin g Vout of
_ Amplifier - circuit
L aa— o
Voltage gain, A =v_ /v,
Current gain, A 1oLy
Power gain, Apower P, /Pin = Voudout Vinlin = AvA;

Input resistance, r;, =v, /i,

m i

ﬂ

Linear +
Amplifier Viest

: ﬂ

Output resistance, r ,; = Vi /L With v,, =0

DC Power dissipation, Py = (V, - V)(QI;46'S)
Clif Fonstad, 10/03 Lecture 17 - Slide 10




 Three BJT single-transistor amplifiers

| Vs

Load

1
L |BIAS<'> ==CE

V.

COMMON EMITTER
Input: base
Output: collector
Common: emitter

<

(o)

e
- Load

= Clif Fonstad, 10/03

| v+

Load

Lo
| +
Vout

L C
= L
IBIAS VIN

V.

COMMON BASE
Input: emitter
Output: collector
Common: base

+ N

Vin Vout

| Load

C
[
" lBias CD o

V. -
EMITTER FOLLOWER
Input: base

Output: emitter
Common: collector
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e Three MOSFET single-transistor amplifiers

+ = V. =

) Tc IBIAS VIN SOURCE FOLLOWER
E i Input: gate
Output: source

| V.|. | V+ V+
o o
9 9
M hi Co
1Co 1<© in =
I+ I v+ J__ Vout
+ Vout _| 417_ C Oflt - IBIAS<'> -
tin 1 = L 1
J:— BIASC -

) V. Common: drain
COMMON SOURCE COMMON GATE Substrate: to source
Input: gate Input: source; Output: drain

Output: drain Common: gate; Substrate: to ground =
Common: source +
Substrate: to source =
| _
+ Y + +
AI + — Vin
+ Vout Vin

Vin

4 Load

<
o
e
| Load L

Clif Fonstad, 10/03 = Lecture 17 - Slide 12 =



e Single-transistor amplifiers with feedback

| V-
o
i
o)
_
1o
I+
v
\',i' o?t
in J_
. . |
J__ IBIAS F -
Ce

V.
Parallel feedback

also termed "emitter degeneration”

+ 1
k:
+
Vout 3
Vin
RF

Clif Fonstad, 10/03 =

Load |

Rr I
I+
E Vout
Vln

J_
|BIAS<'> ==CE

V.

Series feedback

.+‘ -
*
- Load H
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6.012 - Electronic Devices and Circuits
Lecture 17 - Linear Amplifier Basics - Summary

e Biasing transistors
Current source biasing: a current source is used to establish a stable bias pt.
large signals models are used in this analysis
Transistors as current sources: great as long as in saturation or FAR
Current mirror current sources and sinks: it takes one to know one

e Linear amplifiers

Performance metrics: gains (voltage, current, power)
A, =V, Vi A =1, /i, A =v i /v i

out’ "in? M out' "in® ““power — "outout’ "in'in

input and output resistances
Fin = Vin/ Lino I.out = Vtest/ test with Vin = 0

dc power dissipation: (V, - V)(ZI4;,4'S)
bandwidth (We'll save this for later - Lec. 22)

Possible amplifier connections of transistors:
Simple stages: Common emitter, common source
Common base, common gate
Emitter follower, Source follower

Stages with feedback: Parallel (Degeneracy in emitter/source)
Series
Clif Fonstad, 10/03 Lecture 17 - Slide 14



