EE 330
Lecture 34

e High Gain Amplifiers
 Cascode and Cascade Configurations
e Biasing



Current Sources/Mirrors Summary
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Multiple-Output Bipolar Current Source and Sink
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Current Sources/Mirrors

multiple sourcing and sinking current outputs
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m and k may be different

Often M=1



Review from Last Lecture

Layout of Current Mirrors

Example with M = 2

Standard layout
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Better Layout
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Even Better Layout

M= 2W, +4AW L+2AL
W, + 2AW L+2AL

M= 2W, + 4AW L+2AL
W, +2AW L+2AL

This is termed a common-centroid layout



Review from Last Lectur

igh-gain amplifier
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 Nonideal current source decreased the gain by a factor of 2

 But the voltage gain is still quite large (-4000)
Can the gain be made even larger?



High-gain amplifier @
Can the gain be made even larger?

The Cascode Configuration
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The Cascode Amplifier (consider npn BJT version)
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 Actually acascade of a CE stage followed by a CB stage but usually
viewed as a “single-stage” structure

« (Cascode structure is widely used
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Basic Amplifier Structures @

. Common Emitter/Common Source

. Common Collector/Common Drain

. Common Base/Common Gate

Common Emitter with R/ Common Source with Rg

~ WN B

. Cascode (actually CE:CB or CS:CD cascade)
Darlington (special CE:CE or CS:CS cascade)

o

The first 4 are most popular



Cascode Configuration

s -
V2 %ﬂnz v gm2V2 %902
CE Vl %ﬂ v gm1V1 %901

N

Standard Form for Amplifier Two-Port
(Vx+V2)902+Vogm2=Ix } '

N ) F; E)z {vl = ilRIN v AVR(UZ
V1 9m1-V2 (901+9m2) = Ix D S iR, ALY,
Observing V,=V, and eliminating V, between these two equations, we obtain
1

011
and o) {901+902+9n2+9m2}_v {9m1(902+9m2)}
X=X IN
Jo2 (901+9n2 ) Jo2 (9n2 001 )

ViN=h ®




Cascode Configuration

I

Vx
_|_
J77%9112 %gmzvz %goz
+
V|N Vl ml gmlvl 901

Vye=ly o {901"'902"'9112 +0m2 } Vo {9m1(902+9m2 )}
902 (901+9m2) 902 (9mr2*901)

1

I1r1
It thus follows for the npn bipolar structure that :

A _ _{gm1(902+gm2)}~_{gmlng}
VCC™ =

Vin=h e

Jocc

5 Avecs

902 (9m2+901) | | 90292 n
Un V., Once
gocc:{ Jo2 (9o1+9m2) } ~ {QOZQHZ} _
9011902 9112 +Um>2 Om2 J7

dncc = 9m1

Vour



Cascode Configuration @

V
- N_{gnmng}

"o, 9ncc = Ym
Vi f S
Om1 Om1
A = - ~—| == P
Ves vee {902 } LJOJ
g
docc = %

» Voltage gain is a factor of B larger than that of the CE amplifier with current source load
« Output impedance is a factor of B larger than that of the CE amplifier



Cascode Configuration @
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Ayce = {gml}s{zvﬁ } /3 =[-8000]100
do1 Vi

Aycc = —800,000

This gain is very large and only requires two transistors!

What happens to the gain if a transistor-level
current source is used for I5?



Cascode Configuration
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Cascode Configuration

‘vOUT
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High-gain amplifier comparisons
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It thus follows that

_ Jdocc
Av=Aycc { }
do3ztdocc

But  Qgocc™ 9os/B

N g _Ay
Ay = AVCC{ OCC} ~ Avce
do3 B

This is a dramatic reduction in gain compared to what the ideal current
source biasing provided




Cascode Configuration

- docc | . Avce
[ Ay =Aycc {} =
Vout g03 B
o, But recall ]
Aycc = {ml}ﬂ
o, Y901
vV
& f Thus 7
Jdo1

_'cy 1
Ay =-|; M :—\/C—F};—sooo
CQ Vi
o

» This is still a factor of 2 better than that of the CE amplifier with transistor current
source | a g = - Im1

2901
It only requires one additional transistor
» But its not nearly as good as the gain the cascode circuit seemed to provide
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Cascode Configuration Comparisons

Voo

VCC
lg Vour g VYY QZ
Ay =—m
Vi 0 V go VOUT
Vin 1,Q
RN ~_ "9m1 _9mi1
Vee AV ~ =
Vi Jo1+902 2901

Vour

12

Ay =—|—9m1 _[M}

g0:|-+903 J03

VSS
Gain limited by output impedance of current scource !

Can we design a better current source?
In particular, one with a higher output impedance?



Better current sources

Need a higher output impedance than g,

The output impedance of the cascode
circuit itself was very large !

Can a current source be built
with the cascode circuit ?
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Cascode current sources
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Cascode Configuration

Vce
\V Qs
Vyy Q4 Jdo1 2
Vout
Ay =—[8000]22° = 400,000

Vo 1LQ2 °

This gain is very large and is a factor of 2 below
that obtained with an ideal current source biasing

[
Although the factor of 2 is not desired, the
performance of this circuit is still very good

This factor of 2 gain reduction is that same as was
observed for the CE amplifier when a transistor-
level current source was used



Cascode Configuration Comparisons

Vee

. Vce Vour
Vour Vyvy
'gm VOUT
Vin Q1 A — g 1
V _ A ~ &
Jo W& Ay = 9 m1 . Ve {901}6
" A= -8,000 o1~
VT 7O Vee A,=-4,000 Vss | A,=-800,000
Vour
Vour
g AvEs {gml} :
Ay, = _{Ll} Jdo1 |2
o 901
U AV: -400,000

Can we use more cascoding to further increase the gain?



High Gain Amplifiers Seldom Used Open Loo

Voo K

Vour _
Vi 1 Q Jdo do1 |2
ve HA=-8,000 ' A,= -400,000
A Vour
(UIN

VOUT = A % +VOUTQ

If A,=-400,000 and V,, increases by 1mV, what would happen at the output?

Vg1 Would decrease by 400,000 x 1mV=-400V



The Cascode Amplifier (consider n-ch MOS version)

-

Avec = _{gmlng}
J01902

- | 901902
Qocc =|—
Om2
[ My
Ui Same issues for biasing with current
source as for BJT case
VSS

With cascode current source, gain only
drops by a factor of 2



The Cascode Amplifier (consider

VCC

Vour

"~y

-{

Im19m2

J01902

|

VZZ

Vi Mz

Vi, f M
VSS

i { gml}
do1

112

Avce

(vOUT

n-ch MOS version

Voo
VYY ltM4

—{EMS

Vour

Ve M
o TW
VSS

Avee = _1{9m19m2}
2| 901902




Current Source Summary (BJT)

Basic
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Current Source Summary (MQOS)

Basic
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High Gain Amplifier Comparisons ( n-ch MOS)
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High Gain Amplifier Comparisons (BJT)

Vop
| VCC
B

Vour VYY
Vin Q1 Vourt
Vin Q1
Vee
- V
gm EE {U|N
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90

‘vOUT

2 Y01 Ay z—{%}ﬁ o
01

» Single-ended high-gain amplifiers inherently
difficult to bias (because of the high gain) Ay
* Biasing becomes practical when used in
differential applications {

* These structures are widely used but usually Ay=-—
with differential inputs

m} B
do1



The Cascode Amplifier

« Operational amplifiers often built with basic cascode configuration

« CMFB used to address the biasing problem

e Usually configured as a differential structure when building op amps
 Have high output impedance (but can be bufferred)

 Terms “telescopic cascode”, “folded-cascode”, and “regulated cascode
often refer to op amps based upon the cascode configuration

DD

M :’]1 | }[i Ms
Mg:]}—v‘%—[:lvl
it Sk

I
VBS M 11

\Y

SS
Telescopic Cascode Op Amp
(CMFB feedback biasing not shown)



Cascade Configurations

Vout

M2

VSS

Two-stage CE:CE or CS:CS Cascade

Avycg =7

Avcem =7



Cascade Configurations

Voo |VDD

51 g2
Vout

(U|N MZ

V|SS VSS
Two-stage CE:CE or CS:CS Cascade

AvCR E{ “Im1 H'ng} ~ 9Imi9m2 _ BM
901%9,2 |l Y02 J,2902 Jo2

Avem = {'gml}{'gmz} _ 9m19m2
901 ]l Y2 901902

e Significant increase in gain
« Gain is noninverting
e Comparable to that obtained with the cascode but noninverting




Cascade Configurations

|VDD

(UIN

VSS VSS
Two-stage CE:CE or CS:CS Cascade

~ -g -0 - 9m19 g
AVCB={ ml }{ m2 }_ ml¥m?2 :B ml

001t903%9:2 || 9021904 | 29,2002 2902
A :{ “Im1 H “Im2 }:gmlng
VCM
Jo1+t903 || 902 t 904 | 4901902

Note factor or 2 and 4 reduction in gain due to actual current source bias



Cascade Configurations

‘ Vbp

‘vOUT

Vss

Two-stage CE Cascade Three-stage CE Cascade

Large gains can be obtained by cascading

Gains are multiplicative (when loading is included)

Large gains used to build “Op Amps” and feedback used to control gain value

Some attention is needed for biasing but it is manageable

Minor variant of the two-stage cascade often used to built Op Amps

Compensation of two-stage cascade needed if feedback is applied to maintain stability
For many years three or more stages were seldom cascaded because of challenges

In compensation to maintain stability though recently some industrial adoptions



Differential Amplifiers

VOUTl VOUT2

Basic operational amplifier circuit



Amplifier Biasing

Amplifier biasing is that part of the design of a circuit that establishes
the desired operating point (or Q-point)

Goal is to invariably minimize the impact the biasing circuit has on the
small-signal performance of a circuit

Usually at most 2 dc power supplies are available and these are often
fixed in value by system requirements — this restriction is cost driven

Discrete amplifiers invariable involve adding biasing resistors and use
capacitor coupling and bypassing

Integrated amplifiers often use current sources which can be used in
very large numbers and are very inexpensive



Amplifier Biasing

Example:

out

Ay=-0nRL

Desired small-signal circuit
Common Emitter Amplifier

(vinéif R51//R|32

Actual small-signal circuit

Ay=-0mn (R //R¢;)

out

R//Rcq

C
L i

(vin% E L
Re2 % Re,

T Cs

NS

Biased circuit



Amplifier Biasing

Example:
‘vout eie
8/}79
R|_ 8/70“/ CO/))
Uin b/(,ee’)f,g
Desired small-signal circuit
Common Emitter Amplifier Voo
Rs1 Rea

Biased small-signal circuit



Amplifier Biasing

Example:
8
/es/bg
S C
Vin - Vout bOw/)fl))po,)
N Q
) b/‘,e Nt
Desired small-signal circuit vV
Common Collector Amplifier DD
V
Vi, @ out
L@ Ry

VSS A4

Biased circuit



Amplifier Biasing

Example:
R>
R, ANV
Vin —I— Vout 8.
- 6\%.
\96 ©
o, C
4. O
2, %,
Desired small-signal circuit /)6,0’)
Inverting Feedback Amplifier % Q’),&

Biased circuit

‘vOUt




Other Basic Configurations

C

Darlington Configuration

PLASTIC
ENCASEMENT

fitd

S. DARLINGTON
SEMICONDUCTOR SIGNAL TRANSLATING DEVICE

Filed May 9, 1952

« Current gain is approximately B2
« Two diode drop between B and E_

2,663,806



Other Basic Configurations

/2
| 7

Q1 Q>

.M| Fe
L%

Sziklai Pair

~ Ma;
y 7, 1957 G. C. SZIKLAI 2,791,644
PUSH-PULL AMPLIFIER WITH COMPLEMENTARY TYPE TRANSISTORS
Filed Nov. 7, 1952

« Same basic structure as Darlington Pair

« Current gain is approximately B, B,

« Current gain will not be as large when B,< 3,
« Only one diode drop between B and E_;



Other Basic Configurations

Vb

Vbb
Ig2
Ig1
Vour l‘_‘J M
———‘ 2

M
ViN ‘{ M, Vin gi !

RL Vour
Ma
IBl

Re
IBZ (optional)

i
(c) (d)
Vop Vbp
Buffer and Super Buffer o1
Vour Vin ‘i My
Voltage shift varies with V, in buffer Vi . Vour
Current through shift transistor is Re

constant for Super Buffer as V,, changes
so voltage shift does not change with V,
Same nominal voltage shift (@) (b)



Other Basic Configurations

Low offset buffers

| Vee |

Ig2
Vour
VOUT VINA‘ Ml AHEAZ
Vin Q1 2 ~ Z

L

IBl

| Vss
VEe

» Actually a CC-CC or a CD-CD cascade

« Significant drop in offset between input and output
« Biasing with DC current sources

« Can Add Super Buffer to Output



Voltag

Other Basic Configurations

e Attenuator

Vb Vb
i

VOUT

« Attenuation factor is quite accurate (Determined by geometry)
e Infinite input impedance

« M, in triode, M, in saturation

« Actually can be a channel-tapped structure

VOUT
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