Lecture 20

Transistor Amplifiers (II)
Other Amplifier Stages

Outline

e Common-drain amplifier

« Common-gate amplifier

Reading Assignment:
Howe and Sodini; Chapter 8, Sections 8.7-8.9
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1. Common-drai\p amplifier
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« A voltage buffer takes the input voltage which may have
a relatively large Thevenin resistance and replicates the
voltage at the output port, which has a low output
resistance

« Input signal is applied to the gate
e Output 1s taken from the source

« To first order, voltage gain = 1

» Input resistance is high

* Output resistance is low
— Effective voltage buffer stage

How does it work?

T= i, cannot change = v T

Vgate source

— Source follower
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Biasing the Common-drain amplifier
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signal source
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Assume device in saturation; neglect Rq and R; ;
neglect CLM (A = 0)
Obtain desired output bias voltage
— Typically set V1 to” ’halfway” between V¢ and
Vpp-
Output voltage maximum V-V e

Output voltage minimum set by voltage
requirement across Igp.

Veias =Vas + Vour

1
Ves = Vin(Vsp) + [-tt

V 5L Hn Cox
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Small-signal Analysis

Unloaded small-signal equivalent circuit model:

G D
+
© dmVgs % o
S
Vin o
% foc Vout
> + Vgs - _’;_
Vin @) nggS % ro//roc Vout

Vin =Vas T Vout

Vout = gm"gs(”o /' Foc)
Then:
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Input and Output Resistance

Input Impedance : R;, =
Output Impedance:

+ Vgs - o ﬁlt
ng Vin @ gmvgs % ro//foc O w

v, =0; v, = Vg

effectively: :
resistance of ° 4\ "
value 1/g +
m S ImVt % ro//foc () Vit
1 1
Rout = 1 ~
8m T Em
ro /!l Fpe
Small!
Loaded voltage gain:
Ry Ry
A, = A, = R R = 1
LT Bout Ry +—
Sm
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Effect of Back Bias

If MOSFET was not fabricated in an isolated p-well,
then body is tied to wafer substrate (connected to V)

VDD
signal source
| Rs |
| WAL Vss
| = o signal
|
Ve N) | + load
'L | G IsupP RL
- VOUT
VBIAS =/
il ]
Vss
Two consequences:
* Bias 1s affected
— Vi, depends on Vg

— Vps=Vss—Vour#0

« Small signal figures of merit affected
— Signal shows up between B and S

— Vs — “Vout
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Small-signal Analysis (with back-bias)
See text pp.523-527 for details

G D
+
O gmvgs L ImbVbs % fo
S
Vin N
% foc Vout
B -
Vbs=-Vout
T Vos - :
Vin M gmvgs © ImbVout % ro/lfoc  Vout
A, = im - ﬁmg <1
Em+8&mp+——— Em T Emb
rp !l ¥pe
Also:
| 1
Rout = 1 ~ g, +g
8m T 8mb T m mb
¥y /] Fpe

6.012 Spring 2009



Common-Drain Two-Port Model

(&t &up)
—o ®
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® _ o

* Open circuit voltage gain ~ 1
* Input resistance ~ CS Amplifier

— We want a large input resistance because the
controlled generator 1s voltage controlled

* Output resistance << CS Amplifier

— We want a low output resistance to deliver most of
the output voltage to the load
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Relationship between circuit parameters and device
parameters:

W

Em :JZIDIIUncox

Sm

Circuit Parameters
Device* Ayl Riy Rt
Parameters &m oC 1
gm* Zmb gm * gmb
Isur 1 . . v
w1 : : v
1,Cox T - - v
L1 - : T

* Vias 18 adjusted so that none of the other
parameters change

Common Drain amplifier 1s often used as a voltage
buffer to drive small output loads (in multistage
amplifiers, other stages provide the voltage gain).
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2. Common-Gate Amplifier:

VDD
isup (v)

Jout signal
° ° load

Vss

* A current buffer takes the input current which may
have a relatively small Norton resistance and
replicates the current at the output port, which has a
high output resistance

« Input signal is applied to the source
e Qutput is taken from the drain

e To first order, current gain = 1
— 1y = -1 ,,.(Current Buffer)

* Input resistance is low

* Output resistance 1s high
— Effective current buffer stage
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Biasing the Common-Gate Amplifier:

Assume device 1n saturation; neglect R and
R;; neglect CLM (A = 0)

VDD

Isup (¥)

louT

J%V:L

() IBias

Isyp + lour +1p1as =0

Vss
Select bias such that I,;,;=0 = V= 0.

Assume MOSFET in saturation (no channel modulation):

W 2
Ip == HnCox (Yes —Vr)" =1Isup = ~IBias
But V. depends on Vg:

Vr =Vro + 7n(\/‘2¢p - VBs _V_2¢p)

Must solve these two equations iteratively.
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Small-signal equivalent circuit (unloaded)

iout
D <
G

+

Vgs Q@ dmVgs  ImbVbs % ro

S §roc

@ is

Vbs=Vgs

iout

it s@® Vvgs MDgmvgs @ gmbvgs % fo

+

l
. . __ Tout __
L = T low — Aio . —1
L
A, 1s the short circuit current gain.
Not surprising, since in a MOSFET: 1, =0
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Input Resistance

+
vgs ©gmvgs O gmbvgs % o

Vgs='Vt

QO gmvt © gmbVt % o

§ foc//RL

Do KCL on input node:

. Vt_it ¥ //RL
It —8mVt — SmbVt — (Oc )= 0

rO
Then:
[ 4 Joc /I Ry 1
| 4 I,
Ry = .t = @ 1~ N
LA Y +r— Em T &mb
0
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Output Resistance

+

Vgs @ 9Imvgs @ ImbVgs % o f it
- foc %

Qv

+
Vgs @ dmvgs QO ImbVgs % o tit

Qv
% *

Do KCL on input node:

v, +v
. t )
it —8mVgs — 8mbVgs __rg_ =0
. 0
Notice also:

—_ !
Vog = —It R

Then:
Rout — roc / 7"0|:1 + Rs(gm + gmb + l]i|
v

o

R =~r [ [ro 1+ ngS)] ~r |/ [(gm ro)RS]
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Common-Gate Two-Port Model

lin iout
O— » @
§ 1 —1. r lr +g.r R
8m + 8mb n oc o T 8mlof's
@ ® ® ()

* The output resistance depends on the source
resistance

— The CG current buffer 1s not unilateral
« Input resistance << CS Amplifier

— We want a small input resistance because the
controlled generator is current controlled

e Output resistance >> CS Amplifier

— We want a large output resistance to deliver most of
the output current to the load
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Relationship between circuit figures of merit and
device parameters:

/4
m :leD_:uncox

L
S8mb = L Sm
226, —Vas
1
o~ /lnID
Circuit Parameters
Device® Aol R;, R gus
Parameters -1 — :gmb TS
Iyop 1 - v v
w1 _ v T
1 Co T - v )
L1 _ T T

* Vias 18 adjusted so that none of the other
parameters change

Common Gate amplifier is often used as a current
buffer 1.e. transform a current source with medium
source resistance to an equal current with high source
resistance (in multistage amplifiers, other stages provide
the current gain).
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What did we learn today?

Summary of Key Concepts

 Common-source amplifier: good voltage amplifier

better transconductance amplifier
— Large voltage gain
— High input resistance
— Medium / high output resistance

 Common-drain amplifier: good voltage buffer
— Voltage gain = 1
— High input resistance
— Low output resistance

« Common-gate amplifier: good current buffer
— Current gain = 1
— Low 1nput resistance

— High output resistance
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