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G,, can also be obtained by inspection of the
circuit. Since for Q,, collector current is the
output current and emitter current is the input
current (CB configuration), then current gain of

Q,is = 1.

|

}
&

[ e

Hence, current gain of the cascode is equal to
the current gain of the CE Q;.

For the CE, a, = [3.

From the previous slide, we know that Ri="x

_g Vi log—
We know that a;, —fil—fxg/?- R.Gy

Hence, G, =s=P =g
Ri Ir1 2
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To determine Ry :

R, =

0 -
It

vj=0

When v;=0, then v,=0.
Hence, g,,,v;=0

Atnode C, :

It = gm2V2 + Ir02

KVL at the output loop,

_Vt+ir02(r02)_v2 =0
-Vt+(it-gm2V2)(l’02)-V2 =0
Vi il =OppValr -V, =0
Vi =il (Imaloz +1)V,
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V2 § r01
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= &h
Vt - Itr02 _(ng lo2 +1)V2 ‘f % uIIM
{50 T 0
j= V2 & oy 4

v rol//rnz UMIVERSITI SAINS MALAYSIA

V= itr02 '<gm2r02 +1)('it )(rolllrn2)

RO:(\_/tj:r02+(gm2r°2+1) — enough

)
lor I'n2
where r,t=B°
Om
R =r +(gm2r02+l)
@) 02 i_l_gmz
fo1 Boz
_ 1 _
gm2'|'r
= o2
Ro =T, 1+1+gmz
| lo1 Boz ]
9m2+r
R.=r.l1+ 02
0~ 'o2 1 [:H_gmzl’olj
L rOl Boz 4




lo2

1 lo1
Om2 +r lo1gm2+—
Roy=r,|1+ 02 =r |1+
C 1(1+gm2rolj 2 (Hgmzrolj
| fo1 BoZ h i
Ifro, =r,,, i ]
+
RO = r02 1+gm2r011
1+gm2rol
B BOZ
If Omz o1 =~ BOZ ’ R =r 1+gm2r01+]_
o o2 Om2lo1
| B2
R =r 1+Boz(gm2rol+1)
© o ngrol

If BOZ >>1’ then gm2 rol >> 11 RO =r 2|:1+Bo2ngrol
0

|

Oma2lo1

Ro =Ty (1+B02 )

Ro = ooz

|
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Ro =12

Hence, the CE-CB connection displays an output resistance that is
larger by a factor of about B,, then the CE stage alone (R, of CE is r,
If R IS neglected)
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Open circuit voltage gain :

Vi lo Vi Cy o
B 3
Hence, 4, :_rOZBozgml 2@ Q) t+
\BHS_I_*
. _ . . E
For a CE amplifier,  a,=-0,, if Rg is not I 2

iIncluded. Thus, the magnitude of the

) . . : C '
maximum available voltage gain is higher Vo
by a factor 3,, than for the case of a single + _®

transistor. vV, Ey R
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3.4.2.2 The MOS Cascode

A
Vv
<+

VsZ = Vdsl
\Vj 1 =V.

gs
0s2 ==V,

R. =



G, D, i
—O 4+ <— .
Vv ngVgsz D2 é
gs2 =—0mVs2 lo2 g m2Vgs 5 Vo=0
- + — 952 == gmzvsz r02 _
D1 S, R § !0
N Dl S,
951 gmlvgsl ol Vis1 + %
_ v
— 931 gmlvgsl ol Vdsl
Gu=" I ]
M= KCL at node D,
| Vo:O . 1
+ j— .
i =g, v+ 0 o[t 1) | Imt
KCL at node D,, o Smiti T for| Gma+
— — L 0 p—
. _lo _ Om1
. | 1 GM - =
- Vds1 = 40 :
o=V~ o = Gm1Yi r 1 Vi14 1 < enough
lo2 oLl -Om2- 1
- 1 i fo2 | lo1| Om2 +I’
Iy = Vdsl[_gmz _J 02
r02 8
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Vv
W 1 Gy =Om| L 5
rol(gm2+rj Oma2lo1+2
02

If 9.l >>1, then Gy, =0,

1
g mlrolﬁg m2 +j
GM — fo2

1 This  equation shows that the
r°1(gm2+r02j+1 transconductance of the cascode is
always < 0., If 0.0, >>1 the
gmllrgm2r01++1—‘ gm1 difference is small. The main point here
Gy = Is that the cascode configuration has
{gm2r01++1} little effect on the transconductance

i T since the overall G,, for the CS is g,,..

Gy =0m| - :

f
Om2lo1 +L1+1
M2




Another way of deriving to this
conclusion is by inspecting the circuit.

For CG,
R, =1/g,,.

The current g.,v; will mostly flow
through this Ri rather than rol as
1 Om <<To1

Fora CG,
a=1

Hence, the output current will then be
the same as the input current to the
CG, which is g, V;.

Gy =1o Vi = 0mVi Vi =0y,

M
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Dl— f
_l"
VbIas ——T G I:)
S
= D
| _. Vo
S E I:Ml
\;1 @ S
— Rg
G, D, i
O + ’éo
ngV S2
= Vg _—g?nzv52 % ly
Dl Sz R §

— 951 % gmlvgsl ol Vdsl

+
Vo
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Determining RQ

G 2 Dz | o
O 4+ <—
g mZVgsz
e— V952 = —g szsg r02
+
Gl D]J SZ R !0
+ + .\
V.
- Vgsl g mlvgsl r-01 Vdsl
_ |s
G 2 Dz it
—O 4+ <—
g mZVgsz
—— VgSZ = —g m2V52 r02 A
- Dl! SZ

k) &h
[
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-

Ro=-"

It

vj=0

When v;=0, g,,,,v;=0.
KCL at node D,,

- Vfoz
I =-Om2Vas1 +

lo2
Vr02 = Vi~ Via

: Vi-Vds1
It_Vdsl(_gm2)+ r
02

. 1
Iy :Vdsl('ng' j*‘vt

lo2 o2
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KCL at node D,,

: 1 Vi
I =Vge| Qo= |+
lo2 o2

Vdsl = Itrol

.. 1 Vi
Lt =ilor| Gmz-— |+—
lo2 o2

- fo1 _

I | IHroaQm2+— |r, =V,
lo2

I:QO = r02 + rolrozg m2 + r01

Ro *0malorlo2

MRS
Mt IEM
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G, D i
2 t
—O 4+ <—
g mZVgsz
— VgsZ = —g m2V52 r02 A
- Dll SZ
+
V
Vdsl
r01 -
R
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This equation shows that the MOS cascode increases the output
resistance by a factor of about g, .r, as the R, for CSisr, if Ry is
not included.

Ay = -G M R 0
Ao = "Im1Ima2lo1lo2

2 .
a,, :—(gmro) «ifg,,=9.,andr, =r.,

The output resistance can further be increased by using more
than one level of cascoding. However, number of levels of
cascoding is limited by the power supply voltage and signal
swing requirements.
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Two-stage Amplifier (Cascade)

BJT Cascade Voo Zin

+
Vi
Find: (a) a,=Y - %
Vo1
(b) Z|n2
(C) av1_VO1
Vin
(d) Z|n1
(€) a,="°
Vi

LUNIVERSITI SAINS MALAYSIA

Given :

Rg; =R;//R, =5kQ
Rg, =R, /IR,, =5kQ
R; =1kQ

R, =20kQ

R, =10kQ

M., =1500Q

o =33.333Q

U1 =26.67/MS

14
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+
Vi
= Ly
R i Bl Cl, Bz iol C2
+ > O
+ Y Fo1 Ra [Ra (R r”%l_ foo Re, ¥
in
Vi Rll R12 I’,,l Vol Vo
|_> - gmlvin <_I I_» g m2Vol .
O
| E 1 E
Zinl ' Zol Zin2 ’
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R, Bl Cl, Bz I\ol Cz
+ 7 O
+ Fo1 Re Ra Ry 2 L Re, +
Vin +
Vo ZRuZR.Z (V) () v
— gmlvin gm V, _
e b s
Zinl El Zol Zin2 E2

(a) Final stage voltage gain, a.

a'v2

av2

av2

av2

_Vo
Vo1
_9 m2Vol( l2//Rc2 )
Vo1
= -26.67m(33.333k//20k)

=-333.37
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+ > o]
+ V. Fo1 Re, | Ra |Ry |22 e |R., T
E Ru R L " (\lf) \él C\l,) V,
r — .levm -~ .gm2v01 -
Zlinl = Zoll | Liny =

(b) Final stage input impedance, Z,,  (c) Initial stage voltage gain, a,,

_ Vo1
a .=
Zin2 :\i/m v Vin
o1 i _
Zin2 — R21 //R22 //rﬂ2 a,,= Om1Vin ( lor//R c1/IR 21//IR 22//I’n2)
_ _ Vin
Z. ,=5k//1500=1.154kQ 2676
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+ > O
+ Fo1 R R R, Mz lo2 Re +
Vin
Vo ZRuZR,ZM (L) Ve () Ve
- gmvin mVo —
[ sl e pva] |
Zlnl El Zol Zin2 — E2
(d) Amplifier input impedance, Z,, (e) Rq1//R12 /T
. V. = .
Zin1:V.In " RulIRi2 lre+R;
i
i Vi_ B5KIM500 _o sar
Zin1 =Ry /IR T4 Vi 5k//150041k

Z, . =5k//1500=1.154kQ
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Overall voltage gain of the cascaded amplifier, a,

y Vo _Vin XVo1 9 Vo
Vi Vi Vin Vo1
a, :O.5357><av1 Xa, o =4778.97

a =

The total gain of the cascaded amplifier is the multiplication of the
gain at each stage of the cascaded network.

C.B; I C,
+ > | O
V. Fo1 R Ra |R 22 22 foz Re. *
r in Vi
7l <\1,2 y _1 < VO
— m1Vin V _
<-| I—> ng ol
® @ O
El Zol | | Zin2 E2
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MOSFET Cascade
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. C | .
N[ | ! L
’ I\ 1 I : Ml CC M2 +
+ + RL V|_
V' Vin RlZ R22 —
L L 4
|
Rin = Ro
. . . \'
Find (a) Voltage gain ratio av=\;
|

(b) The current gain ratio a="

20
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I G, D, I G, D, I
> o > o) >
+ Ru| Ry + Fo1 Ro: Rx |R 22 Fo2 Ro:| R L

' Vi (V) e (@) i

o gmlvgsl g 2V ys2 _
r ® ® - D

Rir L R,
(a) Voltage gain ratio
_ Vi _9 m2Vg32r02//R p2//R L

Vgs2 Vgs2 Vgs1 = Vi
8yp = "Umalool R pa/ IR

av2

VL _Vgs2, VL Vg1

5 = Vas2 - “OmiVgst for//Rp1//R21//R 2 a Vi Vg1 Vg2 Vi
vl
) Vgs1 Vgs1 g = Om10 mgl‘oll’oz(R p1//R21/IR 22 )(R p2/IR |_)
dyg = 'gmlrolllR D1//R21//R22 Y |:rol+( Rp1/IR21/IR 22 ):“:roz +( Ro2//RL ):|
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I G, D, lx G2 D, I
> O > o) >
Ru| R + Fo1 Ro; R R22+ Fo2 R REI—
D 33 Q " '
— - gm1V931 ngVgsz - o
@ @
IQin Sl —— 82 RO
— |7|_ _ V|_(R11//R12) _ aV(R11//R12)

Th rrent gain rati a;
(b) The current gain ratio, & ] RV, ~

q = Omigmalorfo2 (Ro1//R21//R 22 )(Rp2/IR L)
Y [r01+(RD1//R21//R22)][r02+(RD2//RL)]

g = gm1gmzfotfoz( Ro1//R21//R 22 )(Rp2//RL )R11//R 12
" [+ (Roo//R21/IR22) | tea+(Roa//RL) |[RL]
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