L ecture 24

Multistage Amplifiers(l)
MULTISTAGE AMPLIFIER

Outline

Introduction

CMQOS multi-stage voltage amplifier
BiCMOS multistage voltage amplifier
BiCMOS current buffer

Coupling amplifier stages

o &~ Wbk

Reading Assignment:
Howe and Sodini, Chapter 9, Sections 9-1-9.3
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1. Introduction

Most often, single stage amplifier does not accomplish
design goals:

e Need more gain than could be provided by asingle
stage

 Need to adapt to specified Rg and R, to maximize
efficiency

= Multistage amplifier

‘{DD
signal source
I Rg |
N
o |
: G | vour S RL
S
= Vaias Vss v
| ssues:
e What amplifying stages should be used and in what
order?

 What devices should be used, BJT or MOSFET?
 How ishiasing to be done?
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Summary of single stage amplifier characteristics

Key
Stage Avor Aio Rin Rout Function
Common Transcon-
o0
Source | A,,=—0,(/r) Fo Il oc ductance
amplifier
Common —— Om 1 Voltage
. Avo ~ 0 BUff
Drain O9m + Imb 9m + 9Imb uffer
Common o 1 Current
Gate Ajp ~-1 o o Foc /1o (1+ gmRs)] buffer
Common Transcon-
Emitter Ao=-tnllo/Mtod r ro !/ foc ductance
amplifier
Common 1 Rs Voltage
Ap =1 4B T IR)| —+—=
Collector ° I o B buffer
Common Ao ~-1 1 Current
Base 10 a Foc /1o (1+ gm(r,,// Rs ))] buffer

Differences between BJT'sand MOSFETSs

BJT MOSFET
rﬂ—gﬂ_; Imb * Im
Im :\I/_th > Om :Jz%ﬂcoxb
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2. CMOS Multistage Voltage Amplifier

Godls:

o ngh voltage gal n, Avo
 Highinput resistance, R,
* Low output resistance, R,

Good starting point: Common-Source stage:

Rs rofiToc
ﬁﬁN\—; VATAYR i
+ +
Vs_’l:) Vin ( )-gmlroffroc¥in - Vout é RL
* Rin:OO

e A,=0,(r//r.), probably insufficient
R,.= (r///r0), too high

out™
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CMOS Multistage Voltage Amplifier (contd.)

Add second CS stage to get more gain:

Rs ro1frec ro2fifoc?

— A AN ; AN .
+ + +
Vg _(:) Vin1 ()-8m1rot/roe1Vin1 Yout1=Vvin2 ()-gmalroz/irocoVin2 vouiz % RL
Cs CS
* Ri n— P

Avo:gml(roll / rocl) gmz(rozl / r002)
o R, = (re,llry), still too high

Add CD stage at output (toreduceR_,):

Rg raﬂ”‘hﬂ Emﬂ"l'gmﬁﬂ
—ire We—r1e 1
% C) "in <t>‘4“'°i" ¥ind <t2 | R
_ . Mt Bt
ES_ES. b » @ | &
* Rin:OO
9m3
. A= gml(rol | I’ocl)g m2(r02 | r002) ]
Ny 1 Im3 + Ymb3
. ut =
Im3 + 9mb3
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3. BICM OS multistage voltage amplifier

A, (CE) > A, (CS) becauser (BJT) > r (MOSFET), but..

CS stage is best first stage, since R;,=x.

How about adding a CE stage following the CS stage?

RS (rol|| rocl) (rozll rocZ)

M ) —eo 00—
+ +

+
+
Vs<_> Vi At | Vi ;r % Ao Vot §R|_
_ . . o o
CS CE

However, inter-stage loading degrades gain:
Rout1=To1llToct >> Rin2 =1z
There isavoltage divider between stages

Rinz ~ Rin2_z 'z
Rout1+ Rin2  Routt  Tox Il Toc1

<<1

Additional gain provided by the CE stage is mostly lost
to inter-stage loading.
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BiCM OS multistage voltage amplifier (contd.)

Use two CS stages, but add CC stage at output:

I I
i QL " 02|| oc2
Rs (o211 Toco) m3 Bu3

—\W-pe Wy —W—e | e

+

Vs<i> \{n All'A\QVin Vin?’ gr 3+B03(r03”r003”RL) i \{n3 \Gut §RL

0 | 00—

CS-CS cC

| nter-stage |oading:
Rout2 =102 lIfoc2:  Ringz =3 +ﬂ03("03 | o3 || RL)

Then, inter-stage loss:
Rin3 I3+ Bo3(fo3ll Toc3 I RL)

Rout2 + Rinz o2 1 foc2 + 23+ Bo3(fo3 Il foc3 I RL)
Better than trying to use a CE stage, but still pretty bad.

The good thing isthat R, , has improved:

out

+ +
Om3 3 Im3 fo3
Since, in general g.(BJT) > g,,(MOSFET), R, could be
better than CD output stage if r,||r,., IS not too large.
Otherwise, CD output stage is better.

1 R 1 f r
Rout = Rout3 = out2 _ _— M
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BiCM OS multistage voltage amplifier (contd.)
Better voltage buffer: cascade CC and CD output stages

What isthe best order?
Since R;,(CD)=ww, best to place CD first:

1 1, 1
Rs (roall o) O3 + Iid) I Boa(0a+ o)
e A . il :

+

- + + a
Vs() Vin AnAVin | Vin3 s Vi =1 4+ BoyR ol rg) 7 Vi Vour R.

CS-CS Chb-CC

| nter-stage loading:

Rin3 ~1
Rin3 + Rout2
Rina - 4 +,Bo4(r04 || Foc4 |l RL) ~1
_ "1 N
Ringa + Rout3 + 14 +,Bo4(ro4 IToca |l RL)
Im3 + Imb3

The output resistance is excellent:

Rout3 1 1
Rout = Routs = +—
- S Y ﬂo4(9m3+9mb3)
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4. BICMOS current buffer

Goals;

« Unity current gain, A.=1
« Very low input resistance, R,
e Very high output resistance, R,

Start with a common-base stage:

* Rin —gi
m

* Rout=Toc |l {ro [1"‘ Im (72 I Rs )]}
Note that if R is “high enough”, R... ~ I ||(Bf.).

Canweincrease R
stage?

further by adding a second CB

out
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BICMOS current buffer (contd).
CB-CB Current Buffer

liny linz
— @ | O

.CD gr%%r}_ﬂ | >t %olrolrm o %Dnz §\ =R

CB - CcB \

[gm2r02(r 2” Bolro]_“ rOCl)] || loc2

Now

Rout = Rout2 = Toc2 |l {VOZEH Om2(rz2 | ROUtl)]}

Plugging in Ry ~ Focll (BotFoct)-

Rout = Toc2 | {roz [1+ Om2 (ryzz I Toc1 ||,801r01)]}

But, since Mo << rocl” (Blrocl)’ then
Rout = foc2 |l [foz (1+ 9m2r7z2)]z foc2 || CBOZrOZ)

Did not improve anything! The base current limits the
number of CB stages that can improve the output
resistance to just one.

Since the CG stage has no gate current, cascade it with
the CB stage
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BICMOS current buffer (contd).

CB-CG Current Buffer

Iinl Iin2 Iout

i M — -~ 0| —
is@) Rs g_il l ing Bolrol|| loc1 (.%12 “ling § R
\ o o—

CB - | cG ) \

[gmzroz(Bolrol ” rocl)] ” I’oc2

Rout = Rout2 =Toc2 | [r02(1+ ngRoutl)]

Plugging in Ry = Focll (Botroct)-

Rout = foc2 |l [rozgmz(rocl ||,801r01)]

Now R, hasimproved by about g, .., but only to
the extent that r, is high enough...
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5. Coupling Amplifier Stages
CAPACITIVE COUPLING

Capacitorsthat have large enough value behave as AC
short, so the signal goes through but bias is independent
for each stage.

Example, CD-CC voltage buffer:

50V 50V
40V o 3.2V
25V 25V
| !
Pt P2 Assumes Vge = 0.7 V
« Advantages

— Can select bias point for optimum operation

— Can select bias point close to the mid-point of the
power rails for maximum voltage swing

« Disadvantages

— To approximate AC short, large capacitors are needed
and they consume large area.
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Coupling Amplifier Stages (contd.)
DIRECT COUPLING: share bias points acr oss stages.
Example, CD-CC voltage buffer:

ﬁ V 5.0V
47V 0—{ 3.2V
25V
ISUPl ISUPZ
Assumes Vg = 0.7V
« Advantages
— No capacitors needed
— compact

« Disadvantages
— Bias point shared:constrains designs.
— Biasshifts from stage to stage and can stray too far
from center of range
— Generally requires level shifting to bring signal back
to center of range.
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Coupling Amplifier Stages (contd.)

SOLUTION: use PMOSCD stagefor level shifting.

Assumes VBE =07V
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Coupling Amplifier Stages (contd.)
Summary of DC shiftsthrough amplifier stages:

Transistor Type

Amplifier
Type NMOS PMOS npn pnp
v+t YAl vt YAl
. IN
| .
Common =P ._iE 'sUp IN J
Source/ ouT ouT ouT
Common N A IN ouT
Emitter ._| i&Jp i iSJP
(CSCE)
V™ V™ Vau Vas
V+ V+ V+ V+
. K} Y
lqyp IN iqup IN
Common — J
Gate/ o7 — ouT
Common OUT — ouT
Base _| — Xl
(CGCB) | — 2 isup IN isup
£ ?
Vi Vi V™ \Vau
v+t vt vt A
Common ',N_| E iup IN | iup
Drain/ ouT ouT OUT
Common OUT N
Collector —e IL\I_| |
(CD/CC) isup@ Isup
V™ V™ V™ V™
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What did we learn today?

Summary of Key Concepts

e Toachieve design goals, multistage amplifiers are
often needed
e |In multistage amplifiers, different stages are used to
accomplish different goals
— Voltage gain: common-source, common emitter
— Voltage buffer: common drain, common collector
— Current buffer: common gate, common base
e Inmultistage amplifiers, attention must be paid to
Inter-stage loading to avoid unnecessary |osses
— Must select compromise bias,
— Must pay attention to bias shift from stage to stage
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