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Fig 4.5.2 Circuits to improve the frequency response of CS amp
(a) CD-CS series connection (cascade) => reduce Rs
(b) CS-CG series connection (cascode) => reduce voltage gain by decreasing RL
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Fig 4.6.1 Low frequency small-signal equivalent circuit of general amplifier
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Fig 4.6.2 General amp with a voltage source input and a resistor load
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Cascode amp (small RL) Ch 4

CG

CS

CS converts voltage to current (V=»1),
CG conveys current to load (I1=>1)
(1) The same voltage gain as a single CS amp

(2) Higher bandwidth than a single CS amp
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Fig 4.6.3 Cascode amplifier (a) circuit (b) operating point computation R
“I'DC
Va = Vee ~Ves2 ~ Vec ~Ves2 = Vg —Vbsarz —VrH2z = Voo - Wy VTH2
#nCox (j
L),

For max VO headroom, set VGG = 2 VDSAT+VTH, VA=VDSAT(=VI-VTH) => VO > 2 VDSAT,
but little headroom for VA (problem) = Set VGG = 2 VDSAT + VTH + Vmargin 5
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lg1. = Om Vi

Va = —lg1 (T liRi2) = —lg1-(rplirs2) ~ —igg rep = —g—ml’Vi

Ipc C) gRL Im2
S O9m o, _ [ W/L)

Va = i = Vi

: Om?2 (W/L)>

 w W/ =W/, Va/Vi~-1

2 CGDl Due to Miller effect
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Va = —lg1-(ro1llRi2) = —lg1-fox = —9milo1 Vi
VDD

Ipc <>
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Cascode amp (Small signal analysis: Gm)

Ch 4
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&%) EECE569 Analog IC Cascode amp (calculate RO: qualitative) Ch 4

v = Vg = |

x " Vo1

Vo & (Om2+9mp2)To2:Va = (Om2 + Imp2) o2 *To1 * Ix

Vv
R, = -2
° i Ro

U

Om2 To2 " To1
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EECE569 Analog IC Cascode amp (Small signal analysis: Ro) Ch 4
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V

A = — = —Om {(Fo1Im2To2) [ RL}

Vi R,

R, I A

V, = (R| ||ro)°g Vi R 2 Vo
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Ro of CS amp with Rs Ch 4

4%
%@f EECES69 Analog IC

<iR S
71 _

Ro :(gm+gmb) r.0°Rs R I
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Y/o
Y/o Y/o | VIV
V w V, w
mes 7 ne—ls 21 Vine s, 7
(a) (b) (c)
(@) (b) (c)
Linear VOUT > VDSAT > 2 VDSAT > 2 VDSAT
Gm 1 0.5 1
Ro 1 4 gm X ro

Av (Gm x Ro) 1 2 gm X ro o

Razavi
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Folded cascode:
(1)relaxes voltage headroom problem
(2)Larger current than the regular cascode

(a) (b)
PMOS + NMOS ~ NMOS + PMOS ,

Razavi
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T V
DD
F Rout
l’ir|(>--||:f: ’b’_l
Ab,:! l—-—*l l/i,
!
Vb3 '_".: Mg

Rour = [1 + (gm2 + gmb2)ro21(ro1llro3) +roz.
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Razavi
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Vs —{|* M,
Voo —{[* M,

Vin °_|I: M, +— Vout
M2 :-"_° Vb
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Razavi
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&%) eecese9 Analog Ic - Frequency response: Cascode amp with R load Ch 4

]
VEMD (l%p’fa — - é? -
R ml
Cove |y Rs | Cgs1 + (1 + ) Coni
I T Vout ! 8m2 T §mb2 !
Vb H——It M2 I CDBZ+ CL
4 x *
Cas2 X gm2 + &mb2
Capi Wp,x =
Ol 2Cep1 + Cpp1 + Csp2 + Cas2

lj-l-:w1 Ic[,m...cSBz Not much affected by RD increase

Cas1 =
T ; . |

a)p,y ==
Rp(Cpp2 + Cr + Cip2)
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Razavi



{;@w% CECES69 Analog IC | Fred. response: Cascode amp(current source load) ch 4

Y
M2 # » oVout
Vb'—“: =roo T Cy
B R Y = S—
In@ T Cx * %%sC, 1+4sr,C,

Loyt = (l + 8m2ro2)Zx + ro2
~ Zout: capacitive, pole at 1/(ro1*Cx)

Razavi
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