Folded cascode amplifier: quiescent current and total supply current

In order to avoid turning off
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Folded cascode fully-differential amplifier: noise analysis

VCMFB

These devices give
common mode
contributions
(except when the
amplifier is
unbalanced by a
large differential
input voltage)

All these MOSFET
form common gate

/ stages.

w y Their noise and offset
| o contribution can be

neglected up to

Voz relatively high

frequencies
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Fully-differential amplifier: noise analysis

Devices that gives a
significant contribution to the

VCMI;M IE amplifier noise and offset
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Calculation of the input referred noise (and offset).

' i | i od—n 02-n Vol—n = Rout (lsc2—n o lscl—n )
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Calculation of the input referred noise.

V: —

n

{iscl—n - n3 lnl _ ln9 o (lsc2—n o lscl—n ) (lscl—n _ lsc2—n )
lsc2—n = _ln4 o ln2 o lnlO gml gml

(in2 _in1)+(in4 _in3)+(in10 _in9)

v =
gml

This expression can be used for both the noise and offset

analysis
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Noise

(in2_in1)+(in4_in3)+(in10_in9) S :2511+S13+S19

— vn 2

Vn gml gml
Expressing the S, as a function of the PSDs of the gate referred voltage

noise (S,)

> S +g28 +g2S g2 8o
Svnzzgml v1+gm3 v3+gm9 v =2 Sv1+ Sv3+ S
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Svn — 2(Sv1 + }732Sv3 + F9ZSV9) (F; — gm3 — ID3 VTEl
4 m  Ip Vigs
F — gm9 — ID9 VTEl
9
L g&m  Ip Vigo
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Fully-differential amplifier: noise analysis

-

Tvdd :> F,= Ems _ Iy Vi _ 2VTE1
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bfgs | ( , F3 IS difficult to make <<1 since it /
e h\"gl_’ M10~ includes a factor of 2 and making

reduced output swing

V1gs >> Vg4 Would result in
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Thermal noise
S — 2(Sv1 + }7325\/3 + F9sz9)

vn

Thermal noise: §, = 2(§kTL+F2 5 I<TL+F2 S kTL]
3 gﬂﬂ 3 gm3 3 gm9
1
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A more power-efficient solution: fully differential telescopic amplifier

T Vdd
VCMFB(M? $ 2 M8 il Only these devices Licten = 7ha Ty
o {[ { j <— | give a significant i = —i , —i .
. contribution to noise e ne o
M5 M6 L L
1 ,—1 +\1,—1
Vi3 © {l"_ = Svm _ 2(SV1 4 F72SV7) Vn — ( n2 nl) ( n8 n7)
Vio '*—DV Emi
v, o 1,V V .
1 I—I—ll__, y F,=8n1 _ I’” VTEl = VTEl Compared with
Efn ws M4 Vﬂ Sm o1 VTE7 TET the folded cascode
R 8] =
' Svnetn = 2°§kT—(1+ F,) (less noise for the same g, 1)
Vk10——-|E| I gml
MOb | | o _7 _ _
" | L, =1,=21, =2g,Vy (halfthe current for the same g,
bias OI\E—”:
a "
7 (... but also much smaller input and output ranges)
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Input referred offset of the fully-differential Folded Cascode

T Voo (optional)
VCMFE( N : - (2 =8) (s —03) + (G0 —09)
CLNIB— I : gml
Vv [ V y = AL, + Al + AL,
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Frequency response of the folded cascode op-amp

T Vg Let us analyze the frequency
y ll1 1,1 A (s) response of the output short
M s | I-CG circuit currents.
M3 M4

N The drain current

v, V., e v.. variations produced by
D—Il__,L Y ka 51— > the input pair reach the

M1 M2 Vo1r:b—~ v,, output port passing
Vo {_I fsorh] = M7y M8 llfgce through the common gate

p

I—
] | N
’ Molbj |’ ”LJ,— P stage
bias © | 'l—) = |_> . .
MOa _] M9 ] W10 Let us indicate the
B transfer function of the

common gate as A, -5(S)
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Frequency response of the folded cascode op-amp

T Vid V% T Cop . \égz
/ | i
VCMFB IF_ l ! \ l i
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Differential mode analysis

Vos C Voz
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<3 1 D
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/Zout (S)

Differential mode analysis

.
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iSCT iSCZ
. isc2 — (gml
77 \
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Differential mode analysis

V
I Va /" Common gate ) v =g v A (R 1
V l? IT ’ 1 SC Rout
CMFB m_l | l
o = | jicp_cg l
M3 M4 — 1 1
I Add (S) — gmlRout
Vi Viz sz f 1+ > 1+—
D—||: :]|—<:l \MSE—_’I @ w0,
M1 . M2 V, <3—¢ V Add (0)
V0 _{7_' _=I_ — M8 _ 1
oL llo = - Dominant pole: @, = C R
Voo o |[2 | llg oD N out
| | . L,
M0a L’l M9 M10
. . : : : . _ 8us _ 8ms
1 First non dominant pole: @,; = ==
Cp—cg CgsS
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Differential mode analysis: stability in closed loop configurations

Unity gain angular-frequency:

Wy = By Ay (0) _ 8wl _ 8&m
0d
a)pd — - lR oD " “out oD
oD~ “out
First non dominant pole: @, =@ ., = ~ Sms Unity gain case with only
C s load capacitance to gnd
To have about 70° phase margin: o, =3, Cp=C;

Increasing the equivalent load capacitances (C,) reduces the unity gain
angular frequency (®,y4), improving the phase margin but also reduces
the GBW.
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Mention to common mode stability
Considering small

Tvdd wz signal components, this
I, CMEB Is a feedback loop that

Vours 1} . can lead to instabilit
4 circuit y
M3 M4
Vi [ Viz V
ol ot wedka ws '_’} o The dominant pole of the
A . common mode loop is still
| § Vi | fzgl_ L due to the output capacitance
| I '—) 'I—> O:E CL
Mitb| sMOb | C, ™ l’z
:]: 1 | The load capacitances, if connected
M11a MOa | . M9 L’l M10 between the outputs and ground,

mn help reducing the 0-dB frequency of
the CMFB loop, improving stability
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An open-loop, fully-differential instrumentation amplifier

B I
Due to the local feedback loops ~ V,, =V, ; Ve, V. Ly =—r+1y
formed by A1-M1 and A2-M2 Ve, =V, [> R - R ~ /
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