Gain-Bandwidth (GBW) Product

Vb /)

Il
1

* * +—o Vout
Vin%\,} %cg‘s Gngvm%Rout +CL

'l' 9b
1 —sC d/gm
Av = — mRou g
\ (5) . 1+ s(Cga + C;:}

DC gain Ag = ngout/
- ) 1
Bandwidth (BW) w_34 = w, = v/
( ) i i (ng + CL)Rout

G SXB dwidth(GBW duct g
ain fl)( produc L E‘i‘ CJ

Need: Large DC gain and large GBW product

Ve
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Technology Limitation

DC gain Ag = gm(RL || rdﬁ)\/T

2
Max DC gain Ag, . = gmTds =
ax galn Omax gmlds AVOV

IJ’HCOX(W/L)V%V 3,\,.

P

v

ng + Cy, bf_ﬁd +®

£ o — 2nCe(W/L)
7 A(Caa+ i)

Wugh =

Cea =kcW  Cp =0
A

2 nCox
AO * Wy b|max — H = constant
g
. —o )\kcL
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Graphical lllustration

|Av(s)la
A A Ap1Wugbl = Ao2Wugb2 = Ap3Wugbs
01

\ Wugbl Aoz
Ao2 o

» logw

Wugbl Wugb2 Wugb3
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Cascoded CS (CCS) Amplifier

Common source + Common gate = Cascode

Vop Rout = RL | (roz + ro1 + gm2r02r01)

R -
= 8m1 ~ 8m1
VBZ ! -L I‘01 + 1/gm2 \~—"
t— C m\’m’ low-
> )2 I L )

DC gain A, = -G, Ry

t
J

AV ~ _(gmlrol)(gm2r02) for large I{L
]

-

A, x (gmro)?

—_—

M\ '. ‘Vu‘ r %Ml

Gain is boosted by g1,
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Bandwidth Extension

g,mZ = 8m2 T 8mb2

1

RS [Cgsl + (]— + ginl) ngl]
—J N gm
e——
(\*% wmi r L)/Cﬂdl
<1

g,mz B @__”_‘"
' e
= Cascode transistor reduces the gain from node Y to Rin

node X = suppresses miller effect

3
o _aV, o YH /\\}
! C 31,

= Negligible impact of R, on this benefit \

Smi1
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CCS Amplifier Frequency Response

gRL Ay (F”dB
}Tovout
III_@_III M2 ICL k/’z
X ¢ - \n
I: M B_f L\ L”
Vin 1 L \ 0
o A —8rm2
= P Cgs2 + ngl
—
—1 w gmi1
Wp.out ~ Z
prout RoutCL ngl
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CS Vs. CCS Ampllfler

Ay (s)|aB P K%\m o2 - Vo)
A J -
(gmlrol)(gm2ro )
— Wl gmi
ug —CL
CCS
gmlrol /
CS
0 +— logw
Wugb

S. Saxena & Q. Khan EE5320: HO#4

38




Common-Gate Amplifier

J_ Vout
. =+
Yout V1 g;nvl Io CL Ry,
IR 1
- RS -
¢=©
Vin Ny = ®

Vout(S) 1+ g, To
vin(s) - o _|_ RS + g;nroRS _l_ RL

-

-
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CG Amplifier Input Impedance

Rplr +ro (It — g/, Vr) = Vo

R, = T Vr  Ri+tr, o
IT 1+g;nro

1 Ry
Rin%— 1—|—— 1fg:nr0>>1

1n~ lf]-:{L << I'o andg o >>1

if Ry, > r, and g ro > 1

1n ~
gmro
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CG Amplifier Output Impedance

\q ™7 VT = Is (I’T —|— g;nRSI’T) —|— I,TRS

v
Rout = — = Ry, || (ro + Rs + graloRs)
It “ —

Rout ~ RL ” o (]- + g;nRS)
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CG Amplifier Frequency Response

o
RLNW\/ €, ( gteguf) Cqa )

_1__(_|5_ J_ Vout
v1 %)g;n’vl %Po CL g;L
: 1]

S. Saxena & Q. Khan EE5320: HO#4

if ro, = o0 —_—
(.
1
1 —I— ngS C
1+ 5 1 S (]_ -+ RLCLS)
/ - L |
(g, + Rs)
C .
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Source Follower

Izt%m

Vout (S) . Ri L gm -

: 1 1
vin(S) Rp 4~ gm

Rs
avaY,
90 _
Vin 5 V1 EmU1
Vout o —

. J gm RI

v

| L9mi,
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Source Follower Frequency Response

<

-~

S

'

b
11
1S+

> 09

3

c

-
— N\ —o

H

o)
o

|||—

o

5

o

<

Q

g

= 1 1 ¢ Vout
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Source Follower Input Impedance

1 W O
VTé Icgd Cgs 01 ng::vl It = It + I,

/

I
Vp=—" I’
T SCgS+(T+

ngT 1
R! || —
s BLllG)

NRYC TR LD Y .
Cpgss Cgss” 14+ Ry Cys Cgas

Zin(S) —
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Source Follower Input Capacitance

for ‘RLCLS‘ <1

Zm 1
1 R/
+0+ ORI g

gsS gs

Zin (S) ~

gmb
gm _l_ gmb

Cin(S) ~ ng -+ Cgs(

A very small input capacitance until moderate frequencies
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Source Follower Output Impedance

_ Rg
RS J=' WV N L
I: R;ut Cgs - U1 EmU1
Vin T -

|
=
=
T
®.
=
Q
g
||I—@—o
5

vlcgss + 8mv1 = —Ir

V1CgsRgs + v, = =V

RSCgss —|— 1 1

| IRy,
gm + Cgss  sCr, L=

)

Zout (S) —

L

S. Saxena & Q. Khan EES320: HO#4 47




A closer look at SF Output Impedance

|2l =1 R N
| 20| &£ —L ¢ Out(s) ~ 1T _I:SC gs® ? e, Cap
o L gm il J p = _Im V)
= Co g
v l:l\ ’ é 1 §KV
Zou()| 15 S Wi o o] 7 g 1
1 A o ) l —l
&m , .
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