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Integrated Source Follower

A simpler version:
p VDD

out

Common Gate Amplifier

Non-integrated version
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VDD

R

R, G ’ C,

— | |

— | | ' |l Vou

Vin Rin RC Rout

R2 Rl
FAAWA——WWA— Vi

VDS =VDD _(RD +RC)ID

ﬂnCOXW
D :T(VGS _th)z

2 equations and 2

> unknowns: Vg, I

Rl + R2 R2

—> Vg =V =V :mVDD -Rclp
1 2

from I, you can find Vg and check for ideal MOS saturation condition: Vg > Vg =V, .

Equivalent Circuit

L—' T 1 out
+

VS
r R Rout
Vin
R.




To calculate R;,

Vg Vy
A
<> gsVs CD gm(_vs) r-ds R R
Liest A D H L
. \"
test R i ~ Viest
+ R C test R
C
Vtest ¢
. Viest
(Itest - )RD || RL :Vd
RC
—> Vg4 =V =V,
Vs = Vigg
- Ro [IRe
—> Vg = lest-Rp || RL _Vtest£ +1
C
Also:
Y
d test
gV, + 0,V -——= liest — Res
I’ds C
(RC +Rp IR,
Rc R, || R v
D L test
(gs + gm)vtest F Viest T Mtest = lest — Res
If-ds rds C
R. +R,|IR 1 . R, IR
- Vtest(gs—i_gm—’_ ¢ > H : | = st 1+ = ” -
RC'rds RC I’-ds
s+ R IR
R- — Vtest — rds
in .
biest gs+gm+m_i_i
RcIy Rc
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1
. . . . rds >> + gs
You can simplify the equation; assuming I, is large = On

rds >> RD || RL: RC

1

-1 —
gm+gs+7 gm+gs

Rc /‘
Similar to R, of source-follower

To calculate R, :

Vg
(
VS
) -
R. || Rs biest

Disconnect, now whatever
resistance we find will be in

parallel with R, .

Vg = itest(RC || Rs)

. (Viesy — V)
test s
lest = —0sVs —0nVs + r
d

S

. 1 Voo
= st +(gs +0n +_)Vs =—=
ds ds



i 1 Vies
Itest[1+(Rc H RS)(gS + gm —i—r—)j — _test,

Vtest

%

test

ds I’-ds

s +(Re | R0 + 9 +1]

V
Ryt = Rp 1 -2 = Ry, | (1 + (Re I R)[(T, + gyl +1])

test

R, = Rp || large resistor = R,.

Voltage Gain (A))

CD —OnVs Vs

First simplify it (assume ry >>

Vout :(gs + gm)vs'RD || RL

Vs Vin
R +R

in S

) and ignore I .

On t 0,
N
Vo R,
= | 2= n + .(.R R
> v, Rin+RS(95 9n)-(Rp IR
J
1
R =
in g +g +L
m S RC

out

Ro IR,
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Cascode Amplifier

- Cascode is a combination of a common source amplifier followed by a common
gate.

- The configuration help reducing the Miller effect and thus much higher f, .

- The drawback is you get gain similar to a common source amplifier but by using

two transistors > which means need for higher V,, and higher power

consumption.
VOUt
R
Voo
R,
R Common-gate
A |
| I,
C, M,
Vi, R, Common-source
A
R
Vg =—2—V
Gs R +R, DD
/’lnCOXW ﬂnCOXW
|D1:|D2_ 2L l(VGSI_ tn)2 2|_ 2(\/Gszjtﬁ) >\
has body effect

J find 1, =1, and Vg,
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R
Ve = V. , Voo =V -V, = findVy =V, =V, check Vo >V -V, .
2 R3 + R4 2 2 2 2 1 1 1 1 n
Vo, =Vop —Rplp, = Vi, =V, =V check Vg >V =V,
Small-signal equivalent circuit:
Vg ngz
l I I I * Vou
—_l A R R
ng b Cgs2 CD gmzvgs2 <>gszvsz Irdsz b L
R !
I I Ivsz :le <—‘
+ R '
R R —— ou
IRy Vs, —— Cg CD O, Ves, M
Rin =R/ IR,

To check R, :

V Viest
Sy [
Itestl
rdsl
V52 = Itest'rdsl
i — Viest — V52
lest = _gmzvs2 - gSZVSz +—
I’-ds
2

rds V
i 1 __ test
Viest [1 + 0 e, + 9T + " J = _ftest.

d82 rdsz

CD B ngVSZ CD gszvsz rdSz . RD ‘_‘ R
out
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Vtest 1
— =Ty, 1+rdsl On, +9,, +—
Itest rdsz

Izout I{D || rds [1 IFds (gm gs 1 JJ
2 1 2 2 r
k dsz j
Y

much larger than r,, itself
=R, =Rp-

out

Voltage Gain (A)

out

® gr{zvgsz Mo.v, 1, ShelR

R A v
— 5, I
+
R |IR
V. 1 || ? Vgsl gmlvgsl rd51
in
1
__RIR,
a R R R in ™ Vgsl
s TRIIR,
. , g,
If ry ,rg, canbeignored, then: g, Vv, =-0,V, =g,V DV, =——————V
On, +9s
2 2
Vour = (_gmzvgs2 + gszvsz)RD || RL
Vout = (gm2 + gs2 )Vsz'RD ” RL = (gm;+gs;7'RD H RLLmI_ s,
(gm5’+gszj

R IR,

Vour ==09n -Rp |RL——F=—,
out gm] D ” L RS +R1 || R2 in

R IR,

=—0, Ry |R.——2—
A ==9nRo || “R.+R IR,

— exactly like C.S.




General Case

When 1y, .1, cannot be ignored:

Sy

v __ RIR,
Vg _Vgs == 5 5 Vi
' " Rs+R/[[R,
V -V
gm Vgs + 2 _ out
Ty RollR

N ~ J \ J

current in M1 current in load

Vour = Vs Vout .
On, Vs, + 05V, — t= — find v, as a function of v,
2 2 2 2 rds RD || RL 2
~ ' — Y
current in M2 current in load

s, m, s, rdsz out rdsz RD RL

1 1 1
—
rds2 RD RL
V, =V

s, out 1
On, +0, +——
r-dsz

RIR, Ve _ =V

out

gml'— in =
Rs +R/ [ R, e, Ro IR
1 1 1
R, IR, s, Ro R) 1 1 1
gml'—vin = Vout S e B
Rs +R [ R, 1 Fas, Ro R,
gm2 + gs2 R
L ds, |
p_Vu__g RIR 1
o | OVRGRIR (L, 11
r-dsz RD Rl_ 1 1 1
1 « R7+R7
gm + gs 4+ — rdsl D L
7 2 rdsz




Bandwidth
. . . - (g m, + gs2 )
Miller effect of C, does not exist, because the gain of first stage A, =————
O,
—> bandwidth is expected to be much higher.
HW: find BW of cascode using OCT method.
Integrated Cascode
VDD VDD
|_
R2 VOUt
RL
\Y
gt’ c ™
Vv
I R, I £ P
S R
R C o j [‘__
—n—]
v, Ré -

élwm
il
L

~
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-1

out
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Folded Cascode

e Advantages = only 2 transistors are stacked = low V.

e Disadvantages = use PMOS as gain stage.
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MQOS differential pair

Without V. both

in>
transistors are biased at

exactly same Vg . With

. Vi'v& . .
identical W/L ratio

Vbias T | — | — Ibias
D, D, 2 :

* Identical waveforms only 180 different in phase

- The sum of two waveforms is Ov.

—> Source of the two transistors although at high impedance in DC is AC ground.

. V. . . . .
= |dl = gml V= 0, % <+—— 1gnoring transistor output resistance
_|_
ON78
N 2
Since: v, = -
- @ Y » VvV
iy, =+0, vV =-0 Yin
d, m,* m 2

lout = Id2 - Idl = OnVin



If the load is an active load (current mirror), then:

Differential Input - single-ended output

DD

My o M.

—

To calculate A, let’s ignore I, of all transistors.

Rout = I’dsnmos H I’dspmos

O, = 9n, = Un
On, = 9m, = U0 .
T CD g'mVX
e ® g, - . +
_ v.
CD gV,
-1

52
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' Vi — mVin
OV =—0On |n2 - V= g' 4

s A _ngin __gmvin
Idl_gm x_gm'g—' 4_ 7

m

Vour = Rigad-(—la, —1g,) = Rigag-InVin

R d = RL H Rout = RL || I’ds,mms || rdspmos

loa

Note that in this case the active load is actually in the AC path. Now consider the

following circuit:

V.
% R2 Vour = RIoad On- I%

because you don’t have

[—_> 4—-] amplification through PMOS

transistors.




[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
[}
|
!
i Linear region
[}

Turns out that the linearity is improved compared to single stage device.

(Constant gain as you
increase the input signal:

Bipolar transistor current Mirrors

Vee
Ii”l é R | | VBEI =VBE2
g, T le, l |
—> out
| l l VBEI/
c | nv.
: :l C |Cl =AE1.|S.e T
VBE/
nv.
1 |CZ =AE2.I5.e T
| . : .
% = AEZ <« ratio of emitter areas determine the current.
CZ 1

Assuming both transistors are identical except for emitter area = same |
- same [
- same N

54



V.. 0.
= flg +1g + = Iy =—= 0.7
1 El 1 R
| Vee —0.7
B —
Ri1+ 4+ =
{ / AEI]
l. =1, =8, =8 A, |
C, = Tout — B, — 'AEI
AEZ E2
Vee A B A
IOLIt l = ] 'Iin
1+ B+
R[ J p A
E, 1
p 1
if Ao = = = A = 1
AEI AEZ out 2+,8 in 1+2/ﬂ in
Rout _r02
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I | = VDD - ZVBE _ VDD 1.4
in C, R R

— I — AEZ I — AEZ I _ 'AE2 VDD 14
out C, AEI . AEl . AEI . R



In order to increase the output resistance:

VCC

2

VCC

Cascode Current Source

VCC

=WV

VCC
Iin éR
l Iout
~ L
&« [~
~ L
« [~

Wilson Current Source

VCC

s

l IOU'[

\ /
ﬁ'%<

=r, (1+ szRe)

D gmvbe1 é

D g mee2 é

_ VCC 2VBE .
n R
r
Rout = ﬂ y )
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