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CE Cascade Amplifier

O

» Exact analysis too tedious = use computer
» CE cascade has low upper-cutoff frequency
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MOS Cascode Amplifier

Common source amplifier,

followed by common gate
(D b stage — G, is an incremental
ground
Define g _, = L
Va2 -
O—I M2 ol rOl
0., = 1
,=—
Vin O M1 ° I
1
G, =—
RL

R, =current source impedance
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MOS Cascode Amplifier
® CS cacaded with CG = Cascode

» Very popular configuration
» Often considered as a single stage amplifier

® Combine high input impedance and large
transconductance in CS with current
buffering and superior high frequency
response of CG

® Can be used to achieve equal gain but wider
bandwidth than CS

® Can be used to achieve higher gain with same
GBW as CS
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MOS Cascode Incremental Model

+ i
+ L
Im1Vgs1 ¢ R
" C v Mot —% .
in gsi

Imb2Vs2
T ,
v
i
_ L
V0 —G_
L
gmbzvsz + gmzvsz +( )goz
i I
I =V, (gmbz T gm2)+V52902 _G_goz
L
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MOS Cascode Analysis

IL 1+ gOZ :Vsz(gmb2+gm2+902)
L
- i, (1+9,,/G,)

gmbz + gmz + goz
KCL at v,

gmvgsl T V2001 T UmaVso T OmpaVso + goz(Vsz _Vo) =0
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MOS Cascode Analysis

_go 1+9,.,/G _
gml gsl 1( : L)+1 IL:O
B goZ T gm2 T gmb2

—0 mlvgsl

| == _
) 1+ gol(l+gozlGL)
goz + gmz T gmb2 |

V_o: _ —Om _
Vin GL 4 gol(GL + 902)
B goz+gm2 +gmb2_

= TwO0 cases
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MOS Cascode Analysis
CASE 1

Casel: If G, =0

The voltage gain becomes

Vo
= _gm1(902 + gmz + gme)rolroz

in

AMB — _[gmlgOZ T 0mOme gmlgme] LY

AI\/IB = _gmlrolngroz
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MOS Cascode Analysis

CASE 2

gol (GL T goZ)

Case2:1f G, >
goz T gmz T gmbz

The voltage gain becomes

Vo _ AI\/I _ 0 m1
—_— B — G
Vin L
~rre
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MOS Cascode at High Frequency

;
r ds?
ds1

G, Vs2 i; AAAAN Dg
D..S Vv
] out
c L c (Im2tImb2Y Vealds2 e
v ——C. — —— r._=r
in In gm'lvll'lrdS'I 1 2 Ccs ds3

v Sy

The upper corner frequency of the cascode can be
approximated as:

1

o ~
27r,.C,
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MOS Cascode at High Frequency
® Capacitance C,, sees a resistance R,
® Capacitance C,; sees a resistance R,
® Capacitance (Cy,,+C,,,) sees resistance R,
® Capacitance (C;+C,;,) sees resistance (R, | IR,,,)

1 R

=C iRy +Car| (1+ Ry )Ry + Ry |

gsl’ “sig sig

+(Cdb1 +Cy ) Ra1 +(CL +Cosez )(RL / RO“t)
1

2rt,,

fH
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MOS Cascode at High Frequency

If R is large, to extend the bandwidth we must
lower R, . This lowers R,; and makes the Miller

effect insignificant

If Ry is small, there is no Miller effect. A large
value of R, will give high gain
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Effect of Cascoding
(when Rg;,=0)

2m(C + Cpp)

Common Source Cascode
. ¢—o|
Ayt j_
V O—I C; J__I AHRL C!.
Circuit =
V,o—| — —2
= f'\ |J
DC Gain _ngi _AngrrrR;'.
f | I
4348, 27(Cp + Co)R;, 27(Cy + C AR}
m g!l’l
i :

Gain (dB) A
Aﬂgm RE

gk}

f j-iil]i

cascode

fr

fi

(log ‘scale}
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BJT Cascode Amplifier

+V

cc

Common emitter amplifier,
followed by common base
stage — Base of Q, Is an
Incremental ground
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Cascode Amplifier

+V

cc

First stage 1s CE
and second
stage is CB

If R, << 14, the
voltage gain can
be approximated

by
A =—0ua,R,
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BJT Cascode Incremental Model

A
w
:*_C?
<

M2 EVm2 <4> Im2Vr2
+ ImVr1

- o

Mo $ R,

Vo = _gmzRLsz

V.I r
V_, =— X2 Iy o =1+25 |V,
rX2 +r7z2 r7Z'2
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BJT Cascode Analysis

V

X -
+ gmlvﬂl — _gmzvﬂz
r7Z'2 T rX2

Ilgnoring r.,

2 —
T gmlvﬂ'l o _ngVﬂZ

r7Z'2
1
gmlvizl — V7r2 ng +r_
T2

o IL LINOIS

llllllllllllllllllllllll

ECE 342 — Jose Schutt-Aine




cor
Electrical an
University of Il

= ILLINOIS
1d Computer Engineering
linois at Urbana-Champaign

BJT Cascode Analysis

§
7l IN
R+, +T1,
V . = gmlryzlvin . 1
72
R,A+Tr,+T1, 1
gm2 T
r7Z'2
V = _ngRLgmlrﬁlvin 1
0
R +r.+r 1
S x1 1
gmz +—
r7z2
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BJT Cascode Analysis

Vo _ _ngrﬂZlerﬁlRL

Vin (RS +rxl+r7zl)(1+ ngrﬂZ)

Vo _ _161:82 RL

Vin (Rs + rxl + r;zl)(/BZ +1)

If R, << r+r_,, the voltage gain can be
approximated by

A =—0ua,R,
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BJT Cascode at High Frequency
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Define r. as the internal
Impedance of the current
source. R includes
generator resistance and
base resistance r,, base
of Q1
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BJT Cascode at High Frequency

C, =0
WS 2
|
+ +
Vm(’\) x1 — Cx Im1Val ‘2 7T Cro
L el L b2 |
c2
v.,, Thereis no Miller
multiplication from
Im2Vr2 oz — T~ Cout2 s T Coues the Input of Q2

(emitter) to the
output (collector).

e ILLINOIS

ca and Computer ECE 342 - Jose Schutt-Aine 21

Univ of Ilin tU l (.h mp ign




BJT Cascode at High Frequency

Define R, =r_., || I,

A=A 1 1 1
"1+ ja)Cﬂl(rﬂl | R) 1+ Jor,C,, 1+ JoR,C,,

¢ _ 1 f = L

> 2rr,C 7 2x(r,IR)C,
1 1

A= Ay f f
1+ | 1+ |

fin—high 1:out—high
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outcs

BJT Cascode at High Frequency

B 1
out—high 27TC0ut R3

f

Cout = Cout2 + C

outcs

= current source output capacitance
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Cascode Amplifier — High Frequency

RS rx1 C|TI
—— AW
X |l +
+
VsC) 1 =V, =—=C_, Im1V, V,
JT_ ] -0
High-frequency incremental model
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Cascode Amplifier — High Frequency
Applying Kirchoff’s current law to each node:

GV, =|G,+0,,+5(C,; +C,, ) [V, =5C,V,

y7x!

O — (gml _SCyl)Va +|:g7z2 + gm2 T S(CnZ +Cyl ):|Vb _(gzzZ + gm2 o SC;[Z )Vd
0= _(g;zz _SCﬂz )Vb +|:gx2 +0. "‘S(szz +C,u2 ):|Vd —sC,,V.

1270

0 =—0,V, +(gn; =SC,; Vg +(G, +5C,, )V,

Find solution using a computer
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Cascode Amplifier — High Frequency

As an example use:

g =0.4 mhos =100

r,=250 ohms r,=20 ohms

C. =100 pF C,=5 pf

G;=5 mmbhos G¢'=4.5 mmhos

ZEROS (nsec?) POLES (nsec™)
s,=8.0 s4~=-0.0806
s,=-2.02 +j5.99 s,=-0.644
s.=-2.02 - j5.99 s=-4.05
S,=-16.45
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Cascode Amplifier — High Frequency

If one pole is at a much lower frequency than
the zeros and the other poles, (dominant
pole) we can approximate ®;,5

w,,; =0.0806 x10°rad / sec
o =12.9 MHz

For the same gain, a single stage amplifier
would yield:

@, =0.0169 x10°rad / sec
f. =27 MHz

Second stage in cascode increases bandwidth
oL ILLINOIS
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